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Visual Abstract
IMPORTANCE Trials showing equivalent or better outcomes with initial evaluation using [= Editorial page 902
coronary computed tomography angiography (cCTA) compared with stress testing in patients
with stable chest pain have informed guidelines but raise questions about overtesting and
excess catheterization.

Supplemental content

OBJECTIVE To test a modified initial cCTA strategy designed to improve clinical efficiency vs
usual testing (UT).

DESIGN, SETTING, AND PARTICIPANTS This was a pragmatic randomized clinical trial enrolling
participants from December 3, 2018, to May 18, 2021, with a median of 11.8 months of
follow-up. Patients from 65 North American and European sites with stable symptoms of
suspected coronary artery disease (CAD) and no prior testing were randomly assigned 1:1to
precision strategy (PS) or UT.

INTERVENTIONS PS incorporated the Prospective Multicenter Imaging Study for the
Evaluation of Chest Pain (PROMISE) minimal risk score to quantitatively select minimal-risk
participants for deferred testing, assigning all others to cCTA with selective CT-derived
fractional flow reserve (FFR-CT). UT included site-selected stress testing or catheterization.
Site clinicians determined subsequent care.

MAIN OUTCOMES AND MEASURES Outcomes were clinical efficiency (invasive catheterization
without obstructive CAD) and safety (death or nonfatal myocardial infarction [MI]) combined
into a composite primary end point. Secondary end points included safety components of the
primary outcome and medication use.

RESULTS A total of 2103 participants (mean [SD] age, 58.4 [11.5] years; 1056 male [50.2%])
were included in the study, and 422 [20.1%] were classified as minimal risk. The primary end
point occurred in 44 of 1057 participants (4.2%) in the PS group and in 118 of 1046
participants (11.3%) in the UT group (hazard ratio [HR], 0.35; 95% Cl, 0.25-0.50). Clinical
efficiency was higher with PS, with lower rates of catheterization without obstructive disease
(27 [2.6%]) vs UT participants (107 [10.2%]; HR, 0.24; 95% Cl, 0.16-0.36). The safety
composite of death/MI was similar (HR, 1.52; 95% Cl, 0.73-3.15). Death occurred in 5
individuals (0.5%) in the PS group vs 7 (0.7%) in the UT group (HR, 0.71; 95% Cl, 0.23-2.23),
and nonfatal Ml occurred in 13 individuals (1.2%) in the PS group vs 5 (0.5%) in the UT group
(HR, 2.65; 95% Cl, 0.96-7.36). Use of lipid-lowering (450 of 900 [50.0%] vs 365 of 873
[41.8%]) and antiplatelet (321 of 900 [35.7%] vs 237 of 873 [27.1%]) medications at 1year was
higher in the PS group compared with the UT group (both P < .001). Author Affiliations: Author

CONCLUSIONS AND RELEVANCE An initial diagnostic approach to stable chest pain starting :g'ilc'la;'ons arelisted at the end of this

with quantitative risk stratification and deferred testing for minimal-risk patients and cCTA .

. X . . . o . Group Information: The PRECISE
with selective FFR-CT in all others increased clinical efficiency relative to UT at 1year. Investigators are listed in
Additional randomized clinical trials are needed to verify these findings, including safety. Supplement 5.
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Risk-Based Testing vs Usual Testing in Stable Symptomatic Patients With Suspected Coronary Artery Disease

oronary artery disease (CAD) commonly presents with

stable symptoms, often requiring multiple diagnostic

tests.! Previous randomized clinical trials including the
Scottish Computed Tomography of the Heart (SCOT-HEART)
and Prospective Multicenter Imaging Study for the Evaluation
of Chest Pain (PROMISE) have shown similar or better clinical
outcomes using coronary computed tomographic angiogra-
phy (cCTA) as the initial or subsequent evaluation.?> Signifi-
cant questions remain regarding unneeded testing in low-
risk patients and excess referral to invasive catheterization
using cCTA.

The American Heart Association(AHA)/American College
of Cardiology (ACC) guidelines are agnostic regarding testing
modalities, rating both cCTA and stress imaging as class 1 based
on randomized clinical trials showing an excellent prognosis
with both.2"* Further, the evaluation of lesion-specific
ischemia in intermediate (40%-90%) stenoses using nonin-
vasive cCTA-derived fractional flow reserve (FFR-CT) is rec-
ommended as class 2a and may simplify the clinical care
pathway.>® Current data suggest that the use of FFR-CT may
improve catheterization yield in initial testing”® and com-
pared with use of functional stress testing (predominantly
stress electrocardiogram) as a second test in patients with in-
termediate lesions on cCTA.*°

Risk-based determination of the need for testing in low-
risk patients is accepted in the AHA/ACC," European Society
of Cardiology,'? and National Institute for Health and Care
Excellence® guidelines, but implementation into routine prac-
tice remains limited.>!° Risk algorithms to assess pretest like-
lihood of disease have been derived from multiple cohorts, 15
but none have been prospectively validated for the purpose
of selecting patients for deferred testing in a randomized clini-
cal trial.

The Prospective Randomized Trial of the Optimal
Evaluation of Cardiac Symptoms and Revascularization
(PRECISE) study was designed to address unresolved con-
cerns raised by the SCOT-HEART and PROMISE trials regard-
ing the effects of a cCTA-based initial strategy on low-benefit
referrals to invasive catheterization and to assess the oppor-
tunity to avoid all testing in select low-risk patients.

Methods

Study Design

PRECISE was a pragmatic randomized clinical trial enrolling
from December 3, 2018, to May 18, 2021, of patients without
known CAD or prior testing, who had stable symptoms of sus-
pected CAD recommended for nonemergent testing.'® The
study population was typical for a European/North American
patient cohort with the majority self-identifying with
non-Hispanic White race and ethnicity. Privacy rules pre-
cluded assessing more detail about non-White race and eth-
nicity. Patients with unstable symptoms, previous CAD test-
ing with the past year, or cCTA contraindications were
excluded, and study conduct followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guidelines
(Supplement 1, Supplement 2, Supplement 3, and the
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Key Points

Question What is the optimal initial evaluation pathway to reduce
unnecessary testing and catheterization referral for stable,
symptomatic patients with suspected coronary artery disease
(CAD)?

Findings In this randomized clinical trial including 2103
participants, prior to any testing, a precision strategy using the
validated Prospective Multicenter Imaging Study for the
Evaluation of Chest Pain (PROMISE) minimal risk score to guide
deferred testing for minimal-risk patients and coronary computed
tomographic angiography with selective fractional flow reserve for
all others improved clinical efficiency (catheterization without
obstructive CAD) with no statistically significant impact on safety
(death, nonfatal myocardial infarction) at 1year.

Meaning The precision strategy is a clinically efficient and
potentially safe initial approach for evaluating patients with
new-onset stable symptoms and suspected CAD.

eAppendix and eMethods in Supplement 4). The protocol was
approved by the appropriate regulatory bodies for the
coordinating center, sites, and core laboratories. All participants
provided written informed consent.

Precision Strategy Intervention

Participants were randomly assigned 1:1 to precision strategy
(PS) or usual testing (UT), stratified by site, intended first
test if randomly assigned to UT, and minimal vs moderate-
high risk using the validated PROMISE minimal risk score
(PMRS).1*1719 Participants in the PS group with a PMRS thresh-
old value of greater than 0.46 were assigned to deferred
testing. This cut point defined the lowest risk decile among
PROMISE participants.® All other participants in the PS
group (ie, those with a PMRS <0.46), or those with known
atherosclerosis such as vascular calcification on chest CT, re-
ceived cCTA with selective FFR-CT for site-read 30% to 90%
stenoses.

Among participants in the UT group, site clinicians chose
the initial testing modality, including exercise electrocardio-
gram, stress echocardiogram, stress nuclear myocardial per-
fusion imaging (single-photon emission CT or positron emis-
sion tomography), stress cardiovascular magnetic resonance
imaging, or catheterization.

AllPS and UT testing was performed according to local pro-
tocols, and all subsequent testing and care decisions were made
locally. Guideline-directed medical management was recom-
mended for participants in both arms, and relevant resources
were provided.

Outcomes and Follow-Up

The centrally adjudicated primary end point was a composite
of clinical efficiency as a gatekeeper to invasive testing (cath-
eterization without obstructive CAD) and safety (death, non-
fatal myocardial infarction [MI]) at 1 year. Catheterization with-
out obstructive disease has been used as a primary,”-!°
secondary, or component end point® in other studies. Obstruc-
tive CAD was defined as any angiographic stenosis with inva-
sive FFR of 0.80 or less or instantaneous wave-free ratio of 0.89
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Figure 1. The Prospective Randomized Trial of the Optimal Evaluation of Cardiac Symptoms and Revascularization (PRECISE) Trial Profile
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This diagram describes each phase of the PRECISE trial, including enroliment
and intervention, allocation, follow-up, and data analysis. Data on all 2103
participants were included in this intention-to-treat analysis. PMRS indicates

Prospective Multicenter Imaging Study for the Evaluation of Chest Pain
(PROMISE) minimal risk score.

or less, or, if not performed, any stenosis of 50% or greater on
quantitative coronary angiography, in a vessel 2 mm or larger
in diameter (eMethods in Supplement 4). Prespecified
secondary safety end points included a win-ratio analysis of
the primary end point (hierarchy: 1 = death, 2 = MI, and
3 = catheterization without obstructive CAD),?° individual
safety components of the primary end point (death, MI), un-
planned cardiovascular hospitalizations, and unstable an-
gina. Prespecified secondary efficiency end points were cath-
eterization without obstructive disease and revascularization
after catheterization. Other end points included anginal symp-
toms using the Seattle Angina Questionnaire,?! medication use,
and radiation exposure obtained at 45 days, 6 months, and 12
months. One nonfatal MI was determined by the Clinical Events
Committee to have preceded randomization and was ex-
cluded. One fatal MI was included as a death, as per the pro-
tocol (eMethods in Supplement 4) and the statistical analysis
plan (Supplement 2 and Supplement 3). Testing was con-
firmed by medical records; events, unplanned cardiovascu-
lar hospitalizations, and ischemia-driven revascularizations
were independently adjudicated.

Statistical Analysis
Assuming an 8.0% 1-year event rate with UT, we estimated that
a2 90% or greater power to detect a 37.5% reduction in the pri-
mary end point, with a 2-sided a of .05, would require 2096
participants. This estimate included a 10% attrition rate, 10%
crossovers, 10% in whom site clinicians planned initial cath-
eterization, and assignment of 20% of PS to deferred testing
with subsequent testing in 30% (eMethods in Supplement 4).

Baseline characteristics were reported as mean (SD) or me-
dian (IQR) for continuous variables and as count (percentage)
for categorical variables. Comparisons were conducted using
the Wilcoxon rank sum test and Pearson x? test.

Primary treatment comparisons were performed as inten-
tion to treat with a time-to-first-event analysis using the log-
rank test. Kaplan-Meier event rates were estimated from the
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time of randomization. Relative treatment effect size was quan-
tified using hazard ratios (HRs), with 95% ClIs estimated using
Cox proportional hazards models. Proportional hazards as-
sumptions were checked by examining treatment by log
(time) interaction terms and by Schoenfeld residuals (eMethods
in Supplement 4). A significance threshold of 0.049 was ad-
justed for 2 interim analyses (eMethods in Supplement 4).

Adjusted HRs and 95% CIs were estimated using Cox pro-
portional hazards models including age, sex, CAD equivalent
(diabetes, peripheral artery disease, or cerebrovascular dis-
ease), and intended first test stratum if randomized to UT.
Treatment effect sizes were estimated for the primary end point
in prespecified subgroups.

To further investigate the impact of PS vs UT, we con-
ducted 2 sensitivity analyses: 1 prespecified per-protocol and
1 post hoc using the Society of Cardiac Angiography and
Interventions (SCAI) definition?? instead of the Fourth
Universal Definition of MI?2 for periprocedural MI. All analy-
ses used SAS software, version 9.4 (SAS Institute Inc).

. |
Results

Participants and Characteristics

The PRECISE trial enrolled 2103 participants at 65 North Ameri-
can (1125 [53.5%]) and European sites from December 3, 2018,
to May 18, 2021. Median (IQR) follow-up was 11.8 (11.3-12.3)
months; 12-month data were obtained for 2027 participants
(96.3%) (Figure 1). Mean (SD) age was 58.4 (11.5) years, 1056
were male (50.2%), and 1047 were female (49.8%). A total of
1767 participants self-identified as non-Hispanic White (84%)
race and ethnicity (Table 1; eTable 1in Supplement 4). Chest
pain was the most common primary symptom (PS group, 870
[82.3%]; UT group, 876 [83.7%]), with pretest probability of ob-
structive CAD 0f16.0% (IQR, 10.0%-26.0%).> Cardiac risk fac-
torsincluded dyslipidemia (PS group, 668 [63.2%]; UT group,
681[65.1%]), hypertension (PS group, 642 [60.7%]; UT group,
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Table 1. Characteristics of Trial Participants at Baseline,

Table 1. Characteristics of Trial Participants at Baseline,
According to Study Group (continued)

According to Study Group
No. (%)
Precision strategy  Usual testing
Characteristic (n=1057) (n =1046)
Age, mean (SD), y 58.0(11.5) 58.9 (11.6)
Sex
Women 508 (48.1) 539(51.5)
Men 549 (51.9) 507 (48.5)
Racial or ethnic minority group?® 165 (15.6) 171 (16.3)
Cardiac risk factors
Body mass index, mean (SD)®  30.2 (6.6) 29.9(6.2)
Hypertension 642 (60.7) 606 (57.9)
Diabetes 176 (16.7) 197 (18.8)
Dyslipidemia 668 (63.2) 681 (65.1)
Family history of 404 (38.2) 395 (37.8)
premature CAD
Peripheral arterial or 65(6.1) 56 (5.4)
cerebrovascular disease
Current or past tobacco use 544 (51.5) 554 (53.0)

Sedentary lifestyle,
No./total No. (%)

Risk burden®

388/1056 (36.7)  379/1046 (36.2)

Absence of any CV risk factors 67 (6.3) 61 (5.8)

No. of risk factors per patient, 2.3 (1.2) 2.3(1.2)

mean (SD)

PROMISE minimal risk score, 0.24(0.12-0.41)  0.23(0.11-0.41)
median (IQR)

PROMISE minimal risk score
>0.46 (minimal risk)

Pretest probability,
median (IQR)

ASCVD 10-y risk,
mean (SD), %

ASCVD 10-y risk,
median (IQR), %

Use of relevant cardiovascular

214(20.2) 219 (20.9)

16.0(10.0-26.0)  16.0(10.0-26.0)
11.32 (10.77) 12.28(12.0)

7.92 (3.41-15.71) 8.22(3.29-17.25)

medications
B-Blocker 253(23.9) 240 (22.9)
ACE inhibitor, ARB, or ARNI 377 (35.7) 359 (34.3)
Lipid-lowering medication 437 (41.3) 430 (41.1)
Antiplatelet medication 314 (29.7) 312(29.8)
Antianginal medication 109 (10.3) 118 (11.3)
Anticoagulant medication 30(2.8) 30(2.9)
(continued)

606 [57.9%]), any tobacco use (PS group, 544 [51.5%]; UT group,
554 [53.0%]), and diabetes (PS group, 176 [16.7%]; UT group,
197 [18.8%]), with median (IQR) 10-year atherosclerotic car-
diovascular disease (ASCVD) risk (based on asymptomatic in-
dividuals) of 8.0% (3.4%-16.5%) (Table 1).*

Trial Intervention: Initial Testing

Overall, 1937 participants (92.2%) were tested (or deferred) as
randomized. Compared with the UT group, in the PS group, test-
ing was less frequent (883 [83.5%] vs 978 [93.5%]; P < .001), and
a positive test was more likely (162 of 883 [18.3%] vs 130 of 978
[13.3%]; P = .003) (eTable 2 in Supplement 4). Among the 1057
randomly assigned to the PS group, 422 (20.1%) were classified
as minimal risk and assigned to deferred testing (Table 1 and
Figure 1). Most participants classified as minimal risk (138
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No. (%)
Precision
strategy Usual testing
Characteristic (n=1057) (n =1046)
Primary presenting symptom¢?
Chest pain 870 (82.3) 876 (83.7)
Dyspnea on exertion 107 (10.1) 105 (10.0)
Other 80(7.6) 65(6.2)
Type of angina
Typical (cardiac) 249 (23.6) 257 (24.6)
Atypical (possible cardiac) 600 (56.8) 597 (57.1)
Nonanginal (noncardiac) 14 (1.3) 7 (0.7)
Dyspnea 86 (8.1) 77 (7.4)
Unable to characterize 108 (10.2) 108 (10.3)
Diagnostic test performed® 883 (83.5) 978 (93.5)

Results of first test after
randomization

Positive for obstructive CAD or
ischemia, No./total No. (%)°

162/883(18.3)  130/978 (13.3)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; ARNI, angiotensin receptor/neprilysin inhibitor; ASCVD, atherosclerotic
cardiovascular disease; CAD, coronary artery disease; CV, cardiovascular;
PROMISE; Prospective Multicenter Imaging Study for the Evaluation of Chest
Pain.

2 Racial or ethnic minority group was self-reported by the participant. Privacy
rules only permitted collection of White/non-White and Hispanic/non-Hispanic
race and ethnicity information from participants. We have summarized these
data as White/non-Hispanic vs other (ie, either non-White or Hispanic).

Body mass index is the weight in kilograms divided by the square of the height
in meters.

¢ Risk factors included hypertension, diabetes, dyslipidemia, family history of
CAD, and tobacco use.

dOther primary symptoms were (in descending order of frequency for overall
group): palpitations, arm or shoulder pain, fatigue/weakness,
epigastric/abdominal pain, neck or jaw pain, dizziness/lightheadedness, back
pain, syncope, and diaphoresis.

€ The P value for the comparison between precision strategy and usual testing is
P<.001

f Positive diagnostic test results include inducible ischemia or obstructive CAD
on functional or anatomic testing, as defined in the eMethods in
Supplement 3, and excludes uninterpretable tests. The P value for the
comparison between precision strategy and usual testing is P = .003.

[64.4%]) did not undergo testing during follow-up (Figure 1).
Among all PS participants, 835 (78.9%) underwent cCTA (in-
cluding 323 of 337[95.8%] successful FFR-CT) at a median (IQR)
of 15 (7-29) days. Among 1046 participants in the UT group, ini-
tial testing included 333 stress nuclear (31.8%), 313 stress echo-
cardiography (29.9%), 116 exercise electrocardiogram (11.1%), 101
stress cardiac magnetic resonance imaging (9.7%), and 101 cath-
eterization (9.7%) (eTable 3 and eFigure 1in Supplement 4). Me-
dian (IQR) time to first test was 15 (6-33) days. Testing compli-
cations were rare (eTable 4 in Supplement 4).

Primary Net Effectiveness End Point

The primary end point event occurred in 44 participants (4.2%)
in the PS group and 118 participants (11.3%) in the UT group
(unadjusted HR, 0.35; 95% CI, 0.25-0.50; adjusted HR, 0.29;
95% CI, 0.20-0.41; P < .001) (Table 2, Figure 2A),%* due to a
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Table 2. Primary End Point and Additional Clinical Events According to Study Group

No. (%) Hazard ratio (95% CI)
Precision
strategy Usual testing
End point or clinical event (n=1057) (n =1046) Unadjusted Adjusted?® P value
Primary composite end point 44 (4.2) 118 (11.3) 0.35 0.29
(0.25-0.50)  (0.20-0.41)
Death or nonfatal myocardial 18(1.7) 12(1.1) 1.52 1.57
infarction (first event only) (0.73-3.15) (0.76-3.27)
Death from any cause 5(0.5) 7(0.7) 0.71 0.74 <.001
(0.23-2.23) (0.24-2.35) .
Nonfatal myocardial 13(1.2) 5(0.5) 2.65 2.67
infarction (0.96-7.36) (0.94-7.52)
Invasive cardiac catheterization 27 (2.6) 107 (10.2) 0.24 0.19
without obstructive coronary disease (0.16-0.36) (0.12-0.30)
Unplanned hospitalizations,
including admissions with death
or MI, No. (%)
cv 31(2.9) 21(2.0) 17
For unstable angina 9(29.0) 5(23.8) .30
Catheterization and revascularization
procedures
Invasive catheterization, 135(12.8) 177 (16.9) .007
No. (%)
Rate of finding obstructive CAD on 108/135 70/177 <.001
catheterization, No./total No. (%) (80.0) (39.5)
Participants in trial without 27 (2.6) 107 (10.2) <.001
obstructive CAD (QCA),
No. (%)
Catheterizations with subsequent 97/135 54/177 <.001
revascularization, No./total No. (%) (71.9) (30.5)
Total revascularizations, 97 (9.2) 54 (5.2)
No. (%)
PCI, No. (%) 77 (79.4) 37 (68.5) <.001 Abbreviatioqs: CABG, coronary artery
. bypass grafting; CAD, coronary artery
CABG, No. (%) 21(21.6) 18(33.3) disease; CV, cardiovascular; FFR-CT,
Revascularizations performed 49 (50.5) 26 (48.2) NS noninvasive coronary computed
for high-risk anatomy, No. (%)" tomographic angiography-derived
Reva§cu}ari;ations during unplanned 15 (1.4) 8(0.8) NS fractional flow reserve; Ml,
hOSPIﬂtallZathﬂS, NA NA myocardial infarction; NA, not
No. (%) applicable; NS, not significant; PCI,
Ischemia-driven revascularizations, 96 (99.0) 54 (100) NS percutaneous coronary intervention;
No. (%) QCA, quantitative coronary
Lesion-specific FFR-CT, angiography.
No. (%) (FFR-CT data available R . .
for 76/97 participants with Hazard ratio was adjusted for age,
revascularizations) sex, and coronary artery disease
>0.80 2(2.6) NA NA equivalent (diabetes, history of
peripheral artery disease or
<0.80 74(974) D D cerebrovascular disease), and
0.76-0.80 12 (15.8) NA NA intended first test strata (invasive or
<0.75 62(81.6)  NA NA noninvasive).
S )
Total clinical events, including 41(40[3.8] 30(30[2.9] High-risk anatomy was defined
first and recurrent nonfatal Ml participants)  participants) using QCA data as 2- or 3-vessel
and death, (No.[%])¢ disease, left anterior descending
All death or nonfatal Ml 18 (1.7) 12 (1.1) artery with 70% or more stenosis or
left main artery with 50% or more
All death 5(0.5) 7(0.7) 20 stenosis.
All nonfatal Ml 13(1.2) 5(0.5) © Statistical testing for recurrent
Unplanned CV hospitalization 23(22[2.1] 18(18[1.7] events was performed using the

excluding admissions with
MI or death

participants) participants)

negative binomial methods for
recurrent events.?*

lower rate of catheterization without obstructive CAD in PS (PS
group, 27 [2.6%]; UT group, 107 [10.2%]; HR, 0.24; 95% CI,
0.16-0.36), with no statistically significant difference in the
safety components of death (PS group, 5 [0.5%]; UT group, 7
[0.7%]; HR, 0.71; 95% CI, 0.23-2.23), death or nonfatal MI
(PS group, 18 [1.7%]; UT group, 12[1.1%]), and nonfatal MI (PS
group, 13 [1.2%]; UT group, 5 [0.5%]; HR, 2.65; 95% CI, 0.96-
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7.36) (Figure 2B). The nonsignificant difference of 6 more
eventsin the PS group (0.3% of trial cohort) was largely attrib-
utable to differences in type 2 MlIs (5 vs 2) and periprocedural
MIs (4 vs 1) (eTable 5A-B in Supplement 4). One-third of MIs
occurred before testing (PS group, 3 of 13 [23%]; UT group, 2
of 5[40%]). No PS participant assigned to deferred testing died
or had an MI.
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Figure 2. Composite Primary End Point and Components as a Function of Time After Randomization
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Shown are unadjusted Kaplan-Meier estimates of the primary composite end
point (death from any cause, nonfatal myocardial infarction [MI], invasive
catheterization without obstructive coronary artery disease [CAD]) (A) and the
components death or nonfatal Ml (B). In both panels, the inset shows the same
data on an enlarged y-axis. The hazard ratios were adjusted for age, sex, risk
equivalent of CAD (history of diabetes, peripheral arterial disease, or

cerebrovascular disease), and the prespecified intended functional test if the
patient were to be randomly assigned to the usual testing (UT) group. A, The
adjusted hazard ratio for the primary end point for the precision strategy (PS),
as compared with UT, was 0.29 (95% Cl, 0.20-0.41). B, The adjusted hazard
ratio for death or nonfatal Ml for the PS, as compared with UT, was 1.57 (95% Cl,
0.76-3.27).

Primary results were consistent in prespecified sub-
groups including age, sex, race, geographic region, CAD
equivalent, pretest probability, 10-year ASCVD risk, and
PMRS risk strata (Figure 3). A significant interaction term by
intended first test stratum suggests a greater effect in the
planned invasive arm. There were 3 SARS-CoV-2-related
deaths (1 PS, 2 UT); excluding these events did not change
the primary end point.

Secondary Efficiency End Points

Among those receiving an initial noninvasive test, partici-
pants in the PS group received fewer second tests (30 of 879
[3.4%] vs 87 of 877 [9.9%] in the UT group). Among PS,
135 (12.8%) underwent catheterization, of which 108
(80.0%) showed obstructive CAD (Table 2; eFigure 2 in
Supplement 4).2* More participants in the UT group under-
went catheterization (177 [16.9%] vs 135 [12.8%]; P = .007),
but fewer showed obstructive CAD (70 [39.5%] vs 108
[80.0%]; P < .001). Revascularization was performed more
commonly in the PS group than in the UT group (97 [9.2%]
vs 54 [5.2%]; P < .001), due to more percutaneous coronary
interventions with PS (77 [79.4%] vs 37 [68.5%]) with simi-
lar number of coronary artery bypass graftings (21 [21.6%]
vs 18 [33.3%]) (Table 2).2* All but 1 revascularization was
adjudicated to be ischemia driven (PS group), 15 were
unplanned in the PS group vs 8 in the UT group (Table 2),%*
and 49 revascularization procedures (50.5%) were high risk
in the PS group vs 26 (48.2%) in the UT group (2- or 3-vessel
disease, left anterior descending artery >70%, or left main
stenosis).
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Secondary Safety End Points

The safety composite of death/MI was similar (HR, 1.52; 95% CI,
0.73-3.15). Win-ratio analysis prioritizing the safety compo-
nents of death and nonfatal MI over catheterization without ob-
structive disease favored PS (2.81; 95% ClI, 1.26-6.41; P < .001)
(eTable 6in Supplement 4). In a prespecified per-protocol analy-
sis, the difference in nonfatal Mls in PS (10 [1.4%] vs 4 [0.8%])
was smaller than in the intention-to-treat analysis and re-
mained nonsignificant (eTable 7A in Supplement 4). In a post hoc
analysis of the intention-to-treat population using the SCAI defi-
nition of periprocedural M, the difference was also smaller (10
[1.2%]vs 5[1.3%]) (eTable 7B in Supplement 4). Considering only
nonperiprocedural MIs, the difference is further narrowed (8
[0.8%] vs 5 [0.5%]) as is the difference in the composite death/
nonfatal MI safety end point, to 3 events.

Unplanned cardiovascular hospitalizations including ad-
missions with death or MI (PS group, 31 of 1057 [2.9%] vs UT
group, 2101046 [2.0%]; P = .17) and unstable angina (PS group,
9 0f1057[29%] vs UT group, 5 of 1046 [23.8%]) were uncom-
mon and similar between groups (Table 2).2* In post hoc analy-
ses, adding unplanned cardiovascular hospitalization to the
primary end point did not change results (adjusted HR, 0.39;
95% CI, 0.29-0.53), nor did including unplanned revascular-
izations (adjusted HR, 0.40; 95% CI, 0.29-0.54) (eTable 7D in
Supplement 4). Total clinical events including recurrent death
or MI events and unplanned cardiovascular admissions with-
out MI or death during the same episode of care, and exclud-
ing catheterization without obstructive disease, did not dif-
fer between arms (Table 2).2* Mean (SD) estimated radiation
exposure in PS was 5.2 (5.4) mSv vs 4.7 (6.0) mSv in the UT
group (eTable 8 in Supplement 4).
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Figure 3. Effects of Precision Strategy on the Primary End Point, According to Baseline Characteristics

Precision strategy
No./total No. (%)

Usual testing

Characteristic No./total No. (%)

Sex
Male 27/549 (5.6) 60/507 (12.7)
Female 17/508 (3.4) 58/539 (11.8)
Age,y
<65 20/737 (2.8) 60/693 (9.4)
265 24/320(8.8) 58/353 (18.0)

Race and ethnicity
39/892 (4.8)
5/165(3.2)

White/non-Hispanic
Other?
Geographic region

103/875 (12.6)
15/171(10.3)

North America 19/609 (3.8)
25/448 (5.6)

38/596 (7.7)
Europe 80/450 (18.0)

CAD equivalent (diabetes or peripheral
arterial or cerebrovascular disease)

Yes 12/226 (5.5)
No 32/831(4.3)
Primary symptom presentation

37/237 (15.8)
81/809(11.2)

17/249 (7.0)
16/600 (3.2)

Typical angina (cardiac) 41/257 (16.3)

Atypical pain (possible cardiac) 66/597 (11.8)

Dyspnea 4/86 (4.8) 7/77 (15.5)

Nonanginal (noncardiac)/other 0/14(0.0) 0/7 (0.0)
Intended first test is

Invasive 8/105 (7.7) 68/105 (66.1)

Noninvasive 36/952 (4.2) 50/941 (6.3)
PROMISE minimal risk score

Minimal 2/214(0.9) 13/208 (8.0)

Elevated + atherosclerosis 42/843 (5.4)

Diamond and Forrester pretest probability, %

105/838 (13.2)

<5 0/63 (0.0) 1/44 (2.3)

5-15 11/411 (2.8) 39/411(10.5)

>15 26/475 (6.1) 74/483 (16.4)
ASCVD 10y event risk score, %

<7.5 3/356(0.9) 25/345(8.4)

7.5-15 17/374 (4.6) 32/327 (9.9)

>15 24/327 (8.5) 61/374(17.7)

Hazard ratio Favors : Favors Interaction
(95%CI) precision strategy : usual testing P value

42
0.40(0.253-0.627) —a—
0.30(0.173-0.511) ——

.32
0.30(0.183-0.502) ——
0.43(0.267-0.692) —

.96
0.35(0.244-0.511) —a—
0.34(0.125-0.943) e —

14
0.49 (0.280-0.843) —

0.29 (0.182-0.448) —a—

.68
0.32(0.165-0.607) —a—
0.37(0.247-0.559) —.

45
0.41(0.230-0.714) ——
0.23(0.132-0.395) ——
0.50(0.145-1.696) - =
NA

<.001
0.06 (0.030-0.131) <=——
0.71(0.465-1.095) —a

.23
0.15(0.033-0.653) <«—®———

0.38 (0.264-0.541) —

.88
NA
0.27 (0.139-0.532) —
0.33(0.214-0.522) —

11
0.11(0.034-0.374) <«—&——

0.45 (0.248-0.804) —
0.42(0.265-0.681) —a—
O.bS 0.‘25 0.‘5 1 i é

Hazard ratio (95% Cl)

The primary end point was the combination of all-cause death, nonfatal
myocardial infarction, or invasive catheterization without obstructive coronary
artery disease (CAD). Unadjusted hazard ratios for the precision strategy as
compared with usual testing are shown; the horizontal lines indicate 95% Cls.
ASCVD indicates atherosclerotic cardiovascular disease; PROMISE, Prospective
Multicenter Imaging Study for the Evaluation of Chest Pain.

2 Other indicates non-White or Hispanic race and ethnicity. Privacy rules only
permitted collection of White/non-White and Hispanic/non-Hispanic race and
ethnicity information from participants. We have summarized these data as
White/non-Hispanic vs other (ie, either non-White or Hispanic).

Medication Use and Quiality of Life

Use of antiplatelet and lipid-lowering medications increased
among PS (P = .004 and P < .001 for Cochrane-Armitage time
trends, respectively) but not UT (P = .15 and P = .79, respec-
tively), resulting in higher use among PS at 1 year: antiplatelet
agents, (321 0f 900 [35.7%] vs 237 of 873 [27.1%]; P < .001) and
lipid-lowering medications (450 of 900 [50.0%] vs 365 of 873
[41.8%]; P < .001) without a significant difference in antihy-
pertensives (eTable 8 in Supplement 4). The proportion of par-
ticipants with frequent angina (Seattle Angina Questionnaire
angina frequency score <80) declined from baseline in both
groups and was similar at 12 months (141 of 894 [15.8%] for PS
vs 140 of 868 [16.1%] for UT; P = .84); results were similar in
typical angina (eTable 9 and 10 in Supplement 4).
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Discussion

For the first time, to our knowledge, the PRECISE study dem-
onstrates in a large randomized clinical trial that a novel ini-
tial care pathway of risk-guided patient-specific testing defer-
ral for minimal-risk patients combined with cCTA with selective
FFR-CT for the remaining patients improves clinical effi-
ciency (catheterization without obstructive CAD) with no sta-
tistically significant adverse effect on safety (death or MI) at
lyear.

The PRECISE trial was designed to test patient selection
and refinements of cCTA-based evaluation strategies in pa-
tients with stable chest pain who were previously tested in 2
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large randomized clinical trials.?* Those trials clearly demon-
strated equivalent or better outcomes for cCTA compared with
usual stress testing but a propensity for initial cCTA testing to
lead to over testing and unnecessary catheterization referral.
The PRECISE PS was designed to improve these 2 weak points:
(1) to reduce excess testing in the lowest-risk patients where
diagnostic yield is extremely low and (2) to reduce excess re-
ferral to catheterization. The use of a validated risk score in
the PS addressed the former problem, whereas the selective
use of FFR-CT addressed the latter. Of note, the PRECISE trial
cannot address alternative approaches not tested in the trial.
The PS tested in this trial is concordant with current AHA/
ACC Chest Pain guideline recommendations' and extends the
evidence base supporting them for management of stable chest
pain.

Both the PROMISE and SCOT-HEART trials confirmed ex-
cellent prognosis in the population of patients with stable chest
pain while also highlighting unresolved inefficiencies in non-
invasive and invasive testing. The PROMISE trial showed a low
rate of the composite end point of death, nonfatal MI, un-
stable angina hospitalization, and major procedural compli-
cations of 1.5% per year, with no difference between arms.?
However, the trial has been criticized for testing very low-risk
patients and a 50% higher rate of catheterization in the cCTA
arm.? The initial report of the SCOT-HEART trial also showed
a low rate of cardiovascular death or MI (2% per year) and a
borderline difference which became significant by 5 years.? The
SCOT-HEART trial also noted higher initial new referrals to cath-
eterization in the cCTA arm (94 vs 8) with higher late referrals
with standard care.? The PRECISE trial provides a pragmatic
pathway addressing both concerns, providing randomized evi-
dence in support of a quantitative algorithm for deferred test-
ing and for the use of cCTA with selective FFR-CT as the ini-
tial test. Our findings provide practical data addressing the
recognized need to improve the evaluation of patients with
chest pain.'-12

Catheterization without obstructive disease was selected
as the clinical efficiency measure reflecting the role of nonin-
vasive testing as a gatekeeper and its association with an ex-
cess risk of major procedural complications,* lower health-
related quality of life, and increased costs.?> Additionally,
invasive procedures may lead to unnecessary revasculariza-
tion of borderline lesions in the absence of ischemia.?® Fur-
ther, catheterization without obstructive disease has been used
as a primary or secondary end point or component in previ-
ous trials®>#71° and adopted as a quality metric within the US
(National Cardiovascular Data Registry CathPCI).?” It is inef-
ficient in clinical practice and represents a failure of the goals
of chest pain guidelines,*>!"!2 which seek to limit unneces-
sary testing and maximize diagnostic yield. In the PRECISE
trial, PS efficiency is supported by reduced diagnostic testing
overall, reduced layered testing, and a higher likelihood of an
abnormal test result (test yield).

The use of selective FFR-CT to provide hemodynamicin-
formation in the PRECISE trial likely avoided pitfalls of previ-
ous studies. Unlike trials of cCTA alone, the PSin the PRECISE
trial reduced diagnostic catheterizations, did not change the
frequency of unplanned cardiovascular hospitalizations (in-
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cluding those for unstable angina®), and matched the reduc-
tion of symptom burden achieved by UT. These results are con-
sistent with previously reported trials of CTA with selective
FFR-CT in patients with stable chest pain. The Fractional Flow
Reserve-Derived from Computed Tomography Coronary
Angiography in the Assessment and Management of Stable
Chest Pain (FORECAST) trial was a smaller trial with an eco-
nomic primary end point® and only considered safety and
effectiveness as secondary outcomes. The Effect of On-Site
CT-Derived Fractional Flow Reserve on the Management of
Decision-Making for Patients With Stable Chest Pain
(TARGET) trial compared locally determined FFR-CT vs stan-
dard care (87.5% exercise electrocardiogram) as a second test
in participants with known CAD.'° The addition of FFR-CT re-
duced unnecessary catheterizations while increasing cath-
eterization yield for revascularization, with no impact on ad-
verse events or angina reduction. Although these results are
similar, the PRECISE trial addresses the substantially larger
population of patients without any previous testing and there-
fore without known CAD, and selectively applies cCTA with
or without FFR-CT only in patients with a predefined thresh-
old of pretest risk.

Current guidelines for initial evaluations recognize the
problem of overtesting and suggest deferring testing using
either clinical gestalt or pretest probability models, none of
which have been prospectively tested.'®!* Qur stratified ran-
domization of low-risk participants allows direct comparison
of PS and UT and provides much-needed prospective, prag-
matic, randomized evidence supporting the PMRS as an ef-
fective and safe pretest probability algorithm for selecting pa-
tients suitable for deferred testing.

The PRECISE trial recognized the importance of safety by
including this in the primary end point. The small nonsignifi-
cant difference in death and an opposite nonsignificant dif-
ference in nonfatal MIs are of uncertain clinical import. Be-
cause CIs were very wide, these comparisons are inconclusive,
and type IT error cannot be excluded. However, numerous fac-
tors weigh against causality. Most important among these is
the prespecified per-protocol analysis, excluding partici-
pants who did not receive their assigned evaluation strategy,
which showed a smaller difference in nonfatal MI, as did a post
hoc analysis using the alternative SCAI definition for peripro-
cedural MIs (eTable 7B in Supplement 4),22 indicating that the
magnitude of the nonsignificant difference in nonfatal MI is
sensitive to definition. Further, the prognostic significance of
periprocedural MI remains unclear. Finally, post hoc analy-
ses enlarging the primary end point to include unplanned car-
diovascular hospitalizations and unplanned revasculariza-
tions remained strongly in favor of the safety and efficacy of
PS.

A noteworthy advantage of PS is higher use of lipid-
lowering (50.0% vs 41.8%) and antiplatelet (35.7% vs 27.1%)
medications at 1 year compared with UT, despite less fre-
quent use of catheterization (135 vs 177). These findings closely
replicate previous trials?®> and show that the detailed
anatomic and physiological data provided by cCTA with or
without FFR-CT enhance the use of prognostically beneficial
preventive medical therapies.?®:2° Importantly, in the
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SCOT-HEART trial, the 40% reduction in MIs in the CTA arm
was fully attributable to higher preventive medication use.

Crucially, the PRECISE cohort was similar in risk burden
and symptoms to other large trials of initial testing in stable
symptoms and suspected CAD.?>® Given the PRECISE trial’s
pragmatic design, management including medical therapy and
decisions regarding revascularization in both arms was site di-
rected, thereby improving the generalizability of results. Site
decisions resulted in total catheterizations being less fre-
quent in PS and revascularization more frequent, reflecting
real-world practice where revascularization is commonly used
for hemodynamically significant obstructive disease. This find-
ing is similar to that of the TARGET trial'® (although invasive
catheterization was performed per protocol for any positive
FFR-CT or functional test) and complementary to, not in con-
flict with, the International Study of Comparative Health
Effectiveness With Medical and Invasive Approaches
(ISCHEMIA) trial.>%-*! Indeed, the physiologic discipline that
FFR-CT imposes on cCTA anatomic results, by downgrading
anatomically significant stenoses and identifying hemody-
namic significance in more modest lesions,* appears to have
protected PRECISE participants from excess cardiac catheter-
ization seen in earlier cCTA-only trials.? Importantly, the nearly
2-fold greater number of participants with high-risk anatomy
who underwent revascularization in the precision arm sug-
gests that, given our randomized cohort, there may have been
underdetection of this group with usual testing. However, the
greater rates of revascularization in the precision arm do not
translate into fewer MIs and cardiovascular hospitalizations,
which were numerically higher in the precision arm.

Limitations

Several limitations of the trial should be considered. The PS ad-
dresses choices often considered simultaneously in real-world
decision-making, as they are in the PRECISE trial: risk stratifi-

Risk-Based Testing vs Usual Testing in Stable Symptomatic Patients With Suspected Coronary Artery Disease

cation, deferred testing, and use of cCTA with selective FFR-CT
as the initial test. The separate effects of each choice cannot be
determined. The pragmatic trial design precludes evaluation of
different UT choices or close monitoring of trial recommenda-
tions to use optimal medical treatment in all participants. Inter-
action testing indicated a point estimate of 0.71 for the primary
end pointin the noninvasive arm, but the CIupper bound is 1.09,
indicating that this potentially favorable subgroup estimate lacks
sufficient precision to exclude the null effect. Uncertainty re-
mains regarding the prognostic effects of the PS beyond 1-year
follow-up of the PRECISE trial, particularly regarding the revas-
cularization rates and beneficial effects of greater preventive
medication use, which are likely underestimated at 1 year.? Simi-
larly, nonfatal periprocedural and type 2 MIs account for much
of'the difference between arms and may have variable prognos-
tic importance.?332-34 Costs/resource use will be reported
separately.

. |
Conclusions

In this pragmatic randomized clinical trial, we sought to ad-
dress remaining critical questions in the initial evaluation of
participants with stable symptoms and suspected CAD but
without known coronary disease. A strategy using deferred
testing for minimal risk and cCTA with or without FFR-CT for
others increased clinical efficiency as assessed by catheter-
ization without obstructive disease at 1 year. Death or MI events
were infrequent and not statistically different in the 2 arms,
although MI events were numerically higher in PS. These re-
sults were obtained while reducing testing use, increasing di-
agnosticyield, and increasing preventive medical therapy use.
Additional randomized clinical trials are needed to verify these
findings, including safety, and to fully evaluate current guide-
line recommendations for initial testing in these patients.

ARTICLE INFORMATION
Accepted for Publication: June 26, 2023.

Published Online: August 23, 2023.
doi:10.1001/jamacardio.2023.2595

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND

License. © 2023 Douglas PS et al. JAMA Cardiology.

Author Affiliations: Duke Clinical Research
Institute, Duke University School of Medicine,
Durham, North Carolina (Douglas, Kelsey, Yow,
Mark, Patel, Martinez, Al-Khalidi, Vemulapalli);
Section of Cardiovascular Medicine, Yale University
School of Medicine, New Haven, Connecticut
(Nanna); Division of Cardiology, Duke University
School of Medicine, Durham, North Carolina (Patel,
Vemulapalli); HeartFlow Inc, Mountain View,
California (Rogers, Mullen, Huey); Division of
Cardiology and the CardioVascular Center, Tufts
Medical Center, Boston, Massachusetts (Udelson);
Division of Cardiology, Department of Medicine,
Centre for Cardiovascular Innovation, University of
British Columbia, Vancouver, British Columbia,
Canada (Fordyce); Faculty of Medicine, University
of Southampton, Cardiothoracic Unit, University
Hospital Southampton, Southampton, United
Kingdom (Curzen); Department of Perioperative

Cardiology and Cardiovascular Imaging, Centro
Cardiologico Monzino Instituto di Ricovero e Curaa
Carattere Scientifico, Milan, Italy (Pontone);
Department of Biomedical, Surgical and Dental

Sciences, University of Milan, Milan, Italy (Pontone);

MTA-SE Cardiovascular Imaging Research Group,
Heart and Vascular Center, Medical Imaging Centre,
Semmelweis University, Budapest, Hungary
(Maurovich-Horvat); Cardiovascular Center Aalst,
Onze Lieve Vrouwziekenhuis Clinic, Aalst, Belgium
(De Bruyne); Department of Cardiology, Lausanne
University Hospital, Lausanne, Switzerland

(De Bruyne); Leeds Institute of Cardiovascular and
Metabolic Medicine, University of Leeds, Leeds
Teaching Hospitals NHS Trust, United Kingdom
(Greenwood); Midwest Cardiovascular Institute,
Chicago Medical School, Edward-Elmhurst Health,
Naperville, lllinois (Marinescu); Departments of
Radiology and Medicine (Cardiology), University of
British Columbia, Vancouver, British Columbia,
Canada (Leipsic); The Zena and Michael A. Wiener
Cardiovascular Institute, Icahn School of Medicine
at Mount Sinai, New York, New York (Stone);
University of California San Diego, La Jolla
(Ben-Yehuda); British Heart Foundation Glasgow
Cardiovascular Research Centre, University of
Glasgow, United Kingdom (Berry); CPC Clinical

JAMA Cardiology October2023 Volume 8, Number10

Downloaded from jamanetwork.com by Université de Lausanne user on 06/24/2024

Research, University of Colorado School of
Medicine, Aurora (Hogan); Cardiovascular Research
Foundation, New York, New York (Redfors);
Department of Cardiology, Sahlgrenska University
Hospital, Gothenburg, Sweden (Redfors); St Francis
Hospital & Heart Center, Roslyn, New York (Ali);
Department of Cardiology, Cardiovascular Research
Institute Dublin, Mater Private Network, Dublin,
Ireland (Byrne); School of Pharmacy and
Biomolecular Sciences, Royal College of Surgeons in
Ireland, University of Medicine and Health Sciences,
Dublin, Ireland (Byrne); Cardiovascular Medicine,
University of Virginia Health, Charlottesville
(Kramer); Richard A. and Susan F. Smith Center for
Outcomes Research, Beth Israel Deaconess Medical
Center, Boston, Massachusetts (Yeh); University of
North Carolina, Chapel Hill (Anstrom); Department
of Biostatistics and Bioinformatics, Duke University
School of Medicine, Durham, North Carolina
(Al-Khalidi).

Author Contributions: Drs Douglas and Al-Khalidi
had full access to all of the data in the study and
take responsibility for the integrity of the data and
the accuracy of the data analysis.

Concept and design: Douglas, Nanna, Mark, Patel,
Rogers, Udelson, Fordyce, Curzen, Pontone,

De Bruyne, Stone, Ben-Yehuda, Berry, Byrne,

jamacardiology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.2595?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595

Risk-Based Testing vs Usual Testing in Stable Symptomatic Patients With Suspected Coronary Artery Disease

Martinez, Mullen, Huey, Al-Khalidi.

Acquisition, analysis, or interpretation of data:
Douglas, Nanna, Kelsey, Yow, Mark, Rogers,
Udelson, Fordyce, Curzen, Pontone,
Maurovich-Horvat, De Bruyne, Greenwood,
Marinescu, Leipsic, Stone, Ben-Yehuda, Berry,
Hogan, Redfors, Ali, Kramer, Yeh, Mullen, Huey,
Anstrom, Al-Khalidi, Vemulapalli.

Drafting of the manuscript: Douglas, Nanna, Rogers,
Pontone, Berry, Martinez, Huey.

Critical review of the manuscript for important
intellectual content: Yow, Ben-Yehuda.

Statistical analysis: Yow, Anstrom, Al-Khalidi.
Obtained funding: Douglas, Patel, Rogers,

De Bruyne.

Administrative, technical, or material support:
Douglas, Nanna, Rogers, Udelson, Curzen,
Greenwood, Ben-Yehuda, Kramer, Martinez, Huey,
Vemulapalli.

Supervision: Douglas, Nanna, Maurovich-Horvat, De
Bruyne, Greenwood, Stone, Byrne, Kramer, Mullen.

Conflict of Interest Disclosures: Dr Douglas
reported receiving grants from HeartFlow Inc
during the conduct of the study. Dr Nanna reported
receiving consulting fees from HeartFlow Inc,
research support from the American College of
Cardiology Foundation supported by the George F.
and Ann Harris Bellows Foundation, and salary
support from the National Institute on Aging/
National Institutes of Health (GEMSSTAR award). Dr
Mark reported receiving grants from HeartFlow Inc,
consulting fees from Novartis, and grants from
Merck outside the submitted work. Dr Patel
reported receiving grants from HeartFlow, Bayer,
Janssen, and Novartis outside the submitted work.
Dr Rogers reported receiving salary and equity as
an employee of HeartFlow Inc during the conduct
of the study; in addition, Dr Rogers reported having
a patent for HeartFlow Inc issued. Dr Udelson
reported receiving grants from HeartFlow Inc
during the conduct of the study. Dr Fordyce
reported receiving personal fees from Bayer, Novo
Nordisk, Boehringer Ingelheim, Sanofi, Novartis,
New Amsterdam, HLS Therapeutics, and grants
from Bayer outside the submitted work. Dr Curzen
reported receiving grants from HeartFlow Inc,
Boston Scientific, Haemonetics, and Beckmann
Coulter and nonfinancial support from Edwards,
Biotronic, and Abbott outside the submitted work.
Dr Pontone reported receiving grants from
HeartFlow Inc and Bracco and personal fees from
GE Healthcare outside the submitted work.

Dr Maurovich-Horvat reported receiving grants
from HeartFlow Inc during the conduct of the study.
Dr De Bruyne reported receiving consulting fees
from Boston Scientific, Abbott Vascular,
CathWorks, Siemens, GE Healthcare, and
Coroventis Research; grants from Abbott Vascular,
Coroventis Research, CathWorks, and Boston
Scientific; and holding minor equities in Philips,
Siemens, GE Healthcare, Edwards Life Sciences,
HeartFlow Inc, Opsens, and Celiad. Dr Leipsic
reported receiving stock options and consulting
fees from Heartflow Inc and Arineta Core
laboratory, and speaker fees from GE Healthcare
outside the submitted work. Dr Stone reported
receiving speaker fees from Medtronic, Pulnovo,
Infraredx, Abiomed, Abbott, Amgen, and
Boehringer Ingelheim; consultant fees from Daiichi
Sankyo, Ablative Solutions, CorFlow, Apollo
Therapeutics, Cardiomech, Gore, Robocath,
Miracor, Vectorious, Abiomed, Valfix, TherOx,
HeartFlow Inc, Neovasc, Ancora, Elucid Bio,

jamacardiology.com

Occlutech, Impulse Dynamics, Adona Medical,
Millennia Biopharma, and Oxitope; equity or stock
options from Ancora, Cagent, Applied
Therapeutics, Biostar family of funds, Spectrawave,
Orchestra Biomed, Aria, Cardiac Success, Valfix,
Xenter; and grants from Abbott, Abiomed,
Bioventrix, Cardiovascular Systems Inc, Phillips,
Biosense-Webster, Shockwave, Vascular Dynamics,
Pulnovo and V-wave outside the submitted work;
and Dr. Stone's daughter is an employee at IQVIA.
Dr Berry reported being an employee of HeartFlow
Inc and having consultancy and research
agreements for this study sponsored and funded by
HeartFlow Inc during the conduct of the study;
receiving grants from Abbott Vascular, AstraZeneca,
and Boehringer Ingelheim; nonfinancial support
from Coroventis, Menarini, Novartis, Servier,
Siemens Healthcare, Valo Health, and TherOx Inc
outside the submitted work. Dr Hogan reported
receiving financial reimbursement for adjudication
from CPC Clinical Research during the conduct of
the study. Dr Ali reported receiving grants from
Abbott, Abiomed, Acist Medical, Boston Scientific,
Cardiovascular Systems Inc, Medtronic, the
National Institutes of Health, Opsens, Philips, and
HeartFlow Inc; personal fees from AstraZeneca and
Shockwave; and equity from Elucid, Spectrawave,
Shockwave, and VitalConnect outside the
submitted work. Dr Byrne reported receiving grants
from Abbott Vascular, Boston Scientific, Biosensors,
and Translumina outside the submitted work.

Dr Yeh reported receiving grants from Medtronic,
Abbott Vascular, and Boston Scientific and personal
fees from Cathworks, Medtronic, Abbott Vascular,
Boston Scientific, Shockwave, and Zoll outside the
submitted work. Dr Mullen reported receiving
personal fees from HeartFlow Inc during the
conduct of the study. Dr Huey reported being an
employee of HeartFlow Inc outside the submitted
work. Dr Anstrom reported receiving grants from
Merck, Bayer, and the National Institutes of Health
during the conduct of the study. Dr Vemulapalli
reported receiving travel fees from HeartFlow Inc;
grants/contracts from the National Institutes of
Health, Cytokinetics, American College of
Cardiology, Society of Thoracic Surgeons, Abbott
Vascular, and Boston Scientific; and consulting fees
from American College of Physicians, Medtronic,
Edwards Lifesciences, and Veralox Therapeutics. No
other disclosures were reported.

Funding/Support: The PRECISE study was
sponsored by HeartFlow Inc.

Role of the Funder/Sponsor: PRECISE was an
investigator-initiated trial developed by academic
leadership with funding and participation by
HeartFlow Inc. The trial protocol, statistical analysis
plan, and results interpretation were reviewed and
approved by the steering committee independently
of the sponsor. Trial conduct was governed by the
study protocol and overseen by an independent
data and safety monitoring board and the PRECISE
steering committee. Operations were managed by
the sponsor (HeartFlow Inc) and the Duke Clinical
Research Institute. Outcome determinations
including data and safety monitoring board, clinical
events committee, and core laboratory functioned
independently of HeartFlow Inc. An independent
academic study statistical team had unlimited
access to all data and independently generated all
analyses. Academic leadership had access to all
data and drafted and revised the manuscript with
input from HeartFlow Inc authors. HeartFlow Inc
reviewed the study design and assisted in study

Original Investigation Research

conduct and data collection and management but
had no role in outcome determinations, data
analysis, or interpretation. The sponsor did not
prepare or approve the manuscript but did review
the manuscript. The decision to publish was made
by the lead authors and the steering committee
independently of the sponsor and in agreement
with all authors, who all reviewed and approved the
manuscript.

Group Information: The PRECISE Investigators are
listed in Supplement 5.

Meeting Presentation: These findings were
presented at the annual meeting of the American
Heart Association; November 6, 2022;

Chicago, lllinois.

Data Sharing Statement: See Supplement 6.

Additional Contributions: We thank the trial
participants and all staff at participating sites for
their dedication to the trial and Peter Hoffmann,
BA, with the Duke Clinical Research Institute (DCRI)
for his outstanding editorial expertise and
assistance in preparing the manuscript for
submission, which he provided in the course of his
employment with DCRI. No financial compensation
beyond employment was received for these
contributions.

REFERENCES

1. Hoorweg BB, Willemsen RT, Cleef LE, et al.
Frequency of chest pain in primary care, diagnostic
tests performed and final diagnoses. Heart. 2017;
103(21):1727-1732. doi:10.1136/heartjnl-2016-310905

2. Newby DE, Adamson PD, Berry C, et al;
SCOT-HEART Investigators. Coronary CT
angiography and 5-year risk of myocardial
infarction. N Engl J Med. 2018;379(10):924-933.
doi:10.1056/NEJM0al805971

3. Douglas PS, Hoffmann U, Patel MR, et al;
PROMISE Investigators. Outcomes of anatomical vs
functional testing for coronary artery disease.

N Engl J Med. 2015;372(14):1291-1300. doi:10.1056/
NEJMoa1415516

4. Maurovich-Horvat P, Bosserdt M, Kofoed KF,

et al; DISCHARGE Trial Group. CT or invasive
coronary angiography in stable chest pain. N Engl J
Med. 2022;386(17):1591-1602. doi:10.1056/
NEJM0a2200963

5. National Institute for Health and Care
Excellence. Recent-onset chest pain of suspected
cardiac origin: assessment and diagnosis. Accessed
July 19, 2023. https://www.nice.org.uk/Guidance/
cg95

6. National Institute for Health and Care
Excellence. HeartFlow FFRCT for estimating
fractional flow reserve from coronary CT
angiography. Accessed July 19, 2023. https://www.
nice.org.uk/guidance/mtg32

7. Douglas PS, De Bruyne B, Pontone G, et al;
PLATFORM Investigators. 1-Year outcomes of
FFRCT-guided care in patients with suspected
coronary disease: the PLATFORM study. J Am Coll
Cardiol. 2016;68(5):435-445. doi:10.1016/j.jacc.2016.
05.057

8. Curzen N, Nicholas Z, Stuart B, et al. Fractional
flow reserve derived from computed tomography
coronary angiography in the assessment and
management of stable chest pain: the FORECAST
randomized trial. Eur Heart J. 2021;42(37):3844-
3852. doi:10.1093/eurheartj/ehab444

JAMA Cardiology October2023 Volume 8, Number 10

Downloaded from jamanetwork.com by Université de Lausanne user on 06/24/2024

913


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.2595?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.2595?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
https://dx.doi.org/10.1136/heartjnl-2016-310905
https://dx.doi.org/10.1056/NEJMoa1805971
https://dx.doi.org/10.1056/NEJMoa1415516
https://dx.doi.org/10.1056/NEJMoa1415516
https://dx.doi.org/10.1056/NEJMoa2200963
https://dx.doi.org/10.1056/NEJMoa2200963
https://www.nice.org.uk/Guidance/cg95
https://www.nice.org.uk/Guidance/cg95
https://www.nice.org.uk/guidance/mtg32
https://www.nice.org.uk/guidance/mtg32
https://dx.doi.org/10.1016/j.jacc.2016.05.057
https://dx.doi.org/10.1016/j.jacc.2016.05.057
https://dx.doi.org/10.1093/eurheartj/ehab444
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595

914

Risk-Based Testing vs Usual Testing in Stable Symptomatic Patients With Suspected Coronary Artery Disease

Research Original Investigation

9. Patel MR, Ngrgaard BL, Fairbairn TA, et al. 1-y
Impact on medical practice and clinical outcomes of
FFRCT: the ADVANCE Registry. JACC Cardiovasc
Imaging. 2020;13(1 Pt 1):97-105. doi:10.1016/j.jcmg.
2019.03.003

10. Yang J, Shan D, Wang X, et al. On-site
computed tomography-derived fractional flow
reserve to guide the management of patients with
stable coronary artery disease: the TARGET
randomized trial. Circulation. 2023;147(18):1369-1381.
doi:10.1161/CIRCULATIONAHA 123.063996

1. Gulati M, Levy PD, Mukherjee D, et al. 2021
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR guideline
for the evaluation and diagnosis of chest pain:
areport of the American College of
Cardiology/American Heart Association joint
committee on clinical practice guidelines. Circulation.
2021;144(22):e368-e454. doi:10.1161/CIR.
0000000000001029

12. Knuuti J, Wijns W, Saraste A, et al; ESC Scientific
Document Group. 2019 ESC guidelines for the
diagnosis and management of chronic coronary
syndromes. Eur Heart J. 2020;41(3):407-477. doi:
10.1093/eurheartj/ehz425

13. Juarez-Orozco LE, Saraste A, Capodanno D,

et al. Impact of a decreasing pretest probability on
the performance of diagnostic tests for coronary
artery disease. Eur Heart J Cardiovasc Imaging.
2019;20(11):1198-1207. doi:10.1093/ehici/jez054

14. Fordyce CB, Douglas PS, Roberts RS, et al;
Prospective Multicenter Imaging Study for
Evaluation of Chest Pain (PROMISE) Investigators.
Identification of patients with stable chest pain
deriving minimal value from noninvasive testing:
the PROMISE minimal-risk tool, a secondary
analysis of a randomized clinical trial. JAMA Cardiol.
2017;2(4):400-408. doi:10.1001/jamacardio.2016.
5501

15. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al;
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. 2013
ACC/AHA guideline on the assessment of
cardiovascular risk: a report of the American
College of Cardiology/American Heart Association
task force on practice guidelines. Circulation. 2014;
129(25)(suppl 2):549-573. doi:10.1161/01.cir.
0000437741.48606.98

16. Nanna MG, Vemulapalli S, Fordyce CB, et al. The
prospective randomized trial of the optimal
evaluation of cardiac symptoms and
revascularization: Rationale and design of the
PRECISE trial. Am Heart J. 2022;245:136-148. doi:
10.1016/j.ahj.2021.12.004

17. Adamson PD, Fordyce CB, McAllister DA,
Udelson JE, Douglas PS, Newby DE. Identification
of patients with stable chest pain deriving minimal
value from coronary computed tomography
angiography: an external validation of the PROMISE
minimal-risk tool. Int J Cardiol. 2018;252:31-34. doi:
10.1016/j.ijcard.2017.09.033

18. Rasmussen LD, Fordyce CB, Nissen L, et al. The
PROMISE minimal risk score improves risk
classification of symptomatic patients with
suspected CAD. JACC Cardiovasc Imaging. 2022:15
(8):1442-1454. doi:10.1016/j.jcmg.2022.03.009

19. Nanna MG, Wang TY, Chiswell K, et al.
Estimating the real-world performance of the
PROMISE minimal-risk tool. Am Heart J. 2021;239:
100-109. doi:10.1016/j.ah}.2021.05.016

20. Pocock SJ, Ariti CA, Collier TJ, Wang D. The win
ratio: a new approach to the analysis of composite
end points in clinical trials based on clinical
priorities. Eur Heart J. 2012;33(2):176-182. doi:10.
1093/eurheartj/ehr352

21. Spertus JA, Winder JA, Dewhurst TA, et al.
Development and evaluation of the Seattle Angina
Questionnaire: a new functional status measure for
coronary artery disease. J Am Coll Cardiol. 1995;25
(2):333-341. doi:10.1016/0735-1097(94)00397-9

22. Moussa ID, Klein LW, Shah B, et al; Society for
Cardiovascular Angiography and Interventions.
Consideration of a new definition of clinically
relevant myocardial infarction after coronary
revascularization: an expert consensus document
from the Society for Cardiovascular Angiography

and Interventions (SCAI). Catheter Cardiovasc Interv.

2014;83(1):27-36. doi:10.1002/ccd.25135

23. Thygesen K, Alpert JS, Jaffe AS, et al; Executive
Group on behalf of the Joint European Society of
Cardiology (ESC)/American College of Cardiology
(ACC)/American Heart Association (AHA)/World
Heart Federation (WHF) Task Force for the
Universal Definition of Myocardial Infarction.
Fourth universal definition of myocardial infarction
(2018). Circulation. 2018;138(20):e618-e651. doi:
10.1161/CIR.0000000000000617

24. Lawless JF. Negative binomial and mixed
Poisson regression. Can J Stat. 1987;15(3):209-225.
doi:10.2307/3314912

25. Eastwood JA, Doering LV, Dracup K,
Evangelista L, Hays RD. Health-related quality of

life: the impact of diagnostic angiography. Heart Lung.

2011;40(2):147-155. doi:10.1016/j.hrtIng.2010.05.056

26. Piccolo R, Giustino G, Mehran R, Windecker S.
Stable coronary artery disease: revascularisation

JAMA Cardiology October2023 Volume 8, Number10

Downloaded from jamanetwork.com by Université de Lausanne user on 06/24/2024

and invasive strategies. Lancet. 2015;386(9994):
702-713. doi:10.1016/50140-6736(15)61220-X

27. Dehmer GJ, Weaver D, Roe MT, et al.

A contemporary view of diagnostic cardiac
catheterization and percutaneous coronary
intervention in the US: a report from the CathPCl
Registry of the National Cardiovascular Data
Registry, 2010 through June 2011. J Am Coll Cardiol.
2012;60(20):2017-2031. doi:10.1016/j.jacc.2012.08.
966

28. Ladapo JA, Hoffmann U, Lee KL, et al. Changes
in medical therapy and lifestyle after anatomical or
functional testing for coronary artery disease. J Am
Heart Assoc. 2016;5(10):e003807. doi:10.1161/
JAHA116.003807

29. Hoffmann U, Ferencik M, Udelson JE, et al;
PROMISE Investigators. Prognostic value of
noninvasive cardiovascular testing in patients with
stable chest pain: insights from the PROMISE trial
(Prospective Multicenter Imaging Study for
Evaluation of Chest Pain). Circulation. 2017;135(24):
2320-2332. doi:10.1161/CIRCULATIONAHA116.
024360

30. Hochman JS, Anthopolos R, Reynolds HR, et al;
ISCHEMIA-EXTEND Research Group. Survival after
invasive or conservative management of stable
coronary disease. Circulation. 2023;147(1):8-19. doi:
10.1161/CIRCULATIONAHA.122.062714

31. Fairbairn TA, Nieman K, Akasaka T, et al.
Real-world clinical utility and impact on clinical
decision-making of coronary computed
tomography angiography-derived fractional flow
reserve: lessons from the ADVANCE Registry. Eur
Heart J. 2018;39(41):3701-3711. doi:10.1093/
eurheartj/ehy530

32. Chapman AR, Shah ASV, Lee KK, et al.
Long-term outcomes in patients with type 2
myocardial infarction and myocardial injury.
Circulation. 2018;137(12):1236-1245. doi:10.1161/
CIRCULATIONAHA117.031806

33. Gregson J, Stone GW, Ben-Yehuda O, et al.
Implications of alternative definitions of
periprocedural myocardial infarction after coronary
revascularization. J Am Coll Cardiol. 2020;76(14):
1609-1621. doi:10.1016/j.jacc.2020.08.016

34. HaraH, Serruys PW, Takahashi K, et al; SYNTAX
Extended Survival Investigators. Impact of
periprocedural myocardial infarction on outcomes
after revascularization. J Am Coll Cardiol. 2020;76
(14):1622-1639. doi:10.1016/j.jacc.2020.08.009

jamacardiology.com


https://dx.doi.org/10.1016/j.jcmg.2019.03.003
https://dx.doi.org/10.1016/j.jcmg.2019.03.003
https://dx.doi.org/10.1161/CIRCULATIONAHA.123.063996
https://dx.doi.org/10.1161/CIR.0000000000001029
https://dx.doi.org/10.1161/CIR.0000000000001029
https://dx.doi.org/10.1093/eurheartj/ehz425
https://dx.doi.org/10.1093/ehjci/jez054
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2016.5501?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2016.5501?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595
https://dx.doi.org/10.1161/01.cir.0000437741.48606.98
https://dx.doi.org/10.1161/01.cir.0000437741.48606.98
https://dx.doi.org/10.1016/j.ahj.2021.12.004
https://dx.doi.org/10.1016/j.ijcard.2017.09.033
https://dx.doi.org/10.1016/j.jcmg.2022.03.009
https://dx.doi.org/10.1016/j.ahj.2021.05.016
https://dx.doi.org/10.1093/eurheartj/ehr352
https://dx.doi.org/10.1093/eurheartj/ehr352
https://dx.doi.org/10.1016/0735-1097(94)00397-9
https://dx.doi.org/10.1002/ccd.25135
https://dx.doi.org/10.1161/CIR.0000000000000617
https://dx.doi.org/10.2307/3314912
https://dx.doi.org/10.1016/j.hrtlng.2010.05.056
https://dx.doi.org/10.1016/S0140-6736(15)61220-X
https://dx.doi.org/10.1016/j.jacc.2012.08.966
https://dx.doi.org/10.1016/j.jacc.2012.08.966
https://dx.doi.org/10.1161/JAHA.116.003807
https://dx.doi.org/10.1161/JAHA.116.003807
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.024360
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.024360
https://dx.doi.org/10.1161/CIRCULATIONAHA.122.062714
https://dx.doi.org/10.1093/eurheartj/ehy530
https://dx.doi.org/10.1093/eurheartj/ehy530
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.031806
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.031806
https://dx.doi.org/10.1016/j.jacc.2020.08.016
https://dx.doi.org/10.1016/j.jacc.2020.08.009
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.2595

