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IMPORTANCE Trials showing equivalent or better outcomes with initial evaluation using
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.

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 1:1 to
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% CI, 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% CI, 0.16-0.36). The safety
composite of death/MI was similar (HR, 1.52; 95% CI, 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% CI, 0.23-2.23),
and nonfatal MI occurred in 13 individuals (1.2%) in the PS group vs 5 (0.5%) in the UT group
(HR, 2.65; 95% CI, 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 1 year was
higher in the PS group compared with the UT group (both P < .001).

CONCLUSIONS AND RELEVANCE An initial diagnostic approach to stable chest pain starting
with quantitative risk stratification and deferred testing for minimal-risk patients and cCTA
with selective FFR-CT in all others increased clinical efficiency relative to UT at 1 year.
Additional randomized clinical trials are needed to verify these findings, including safety.
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C oronary artery disease (CAD) commonly presents with
stable symptoms, often requiring multiple diagnostic
tests.1 Previous randomized clinical trials including the

Scottish Computed Tomography of the Heart (SCOT-HEART)
and Prospective Multicenter Imaging Study for the Evalua-
tion of Chest Pain (PROMISE) have shown similar or better clini-
cal outcomes using coronary computed tomographic angiog-
raphy (cCTA) as the initial or subsequent evaluation.2,3

Significant questions remain regarding unneeded testing in
low-risk patients and excess referral to invasive catheteriza-
tion 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.2-4 Further, the evaluation of lesion-specific ische-
mia in intermediate (40%-90%) stenoses using noninvasive
cCTA-derived fractional flow reserve (FFR-CT) is recom-
mended as class 2a and may simplify the clinical care
pathway.5,6 Current data suggest that the use of FFR-CT may
improve catheterization yield in initial testing7-9 and com-
pared with use of functional stress testing (predominantly
stress electrocardiogram) as a second test in patients with in-
termediate lesions on cCTA.10

Risk-based determination of the need for testing in low-
risk patients is accepted in the AHA/ACC,11 European Society
of Cardiology,12 and National Institute for Health and Care
Excellence5 guidelines, but implementation into routine prac-
tice remains limited.5,11-15 Risk algorithms to assess pretest like-
lihood of disease have been derived from multiple cohorts,13-15

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 Evalu-
ation of Cardiac Symptoms and Revascularization (PRECISE)
study was designed to address unresolved concerns raised by
the SCOT-HEART and PROMISE trials regarding the effects of
a cCTA-based initial strategy on low-benefit referrals to inva-
sive catheterization and to assess the opportunity 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.16 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 precluded as-
sessing more detail about non-White race and ethnicity. Pa-
tients with unstable symptoms, previous CAD testing with the
past year, or cCTA contraindications were excluded, and study
conduct followed the Consolidated Standards of Reporting
Trials (CONSORT) reporting guidelines (Supplement 1,
Supplement 2, Supplement 3, and the 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).14,17-19

Participants in the PS group with a PMRS threshold value of
greater than 0.46 were assigned to deferred testing. This cut
point defined the lowest risk decile among PROMISE
participants.3 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, received cCTA with se-
lective 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.

All PS 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,7,10

secondary, or component end point3 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
or less, or, if not performed, any stenosis of 50% or greater on

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 1 year.

Meaning The precision strategy is a clinically efficient and
potentially safe initial approach for evaluating patients with
new-onset stable symptoms and suspected CAD.
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quantitative coronary angiography, in a vessel 2 mm or larger
in diameter (eMethods in Supplement 4). Prespecified sec-
ondary safety end points included a win-ratio analysis of the
primary end point (hierarchy: 1 = death, 2 = MI, and 3 = cath-
eterization without obstructive CAD),20 individual safety com-
ponents of the primary end point (death, MI), unplanned car-
diovascular hospitalizations, and unstable angina. Prespecified
secondary efficiency end points were catheterization with-
out obstructive disease and revascularization after catheter-
ization. Other end points included anginal symptoms using the
Seattle Angina Questionnaire,21 medication use, and radia-
tion 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
a 90% or greater power to detect a 37.5% reduction in the pri-
mary end point, with a 2-sided α 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 χ2 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 time of
randomization. Relative treatment effect size was quantified

using hazard ratios (HRs), with 95% CIs estimated using Cox pro-
portional hazards models. Proportional hazards assumptions
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 adjusted 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 In-
terventions (SCAI) definition22 instead of the Fourth Univer-
sal Definition of MI23 for periprocedural MI. All analyses 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 1 in 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 of 16.0% (IQR, 10.0%-26.0%).13 Cardiac risk fac-
tors included dyslipidemia (PS group, 668 [63.2%]; UT group,
681 [65.1%]), hypertension (PS group, 642 [60.7%]; UT group,
606 [57.9%]), any tobacco use (PS group, 544 [51.5%]; UT group,

Figure 1. The Prospective Randomized Trial of the Optimal Evaluation of Cardiac Symptoms and Revascularization (PRECISE) Trial Profile

1057 Precision strategy

214 Low PMRS (20.2%) 843 Elevated risk (79.8%) 208 Low PMRS (19.9%) 838 Elevated risk (80.1%)

1046 Usual testing

1057 Analytic cohort 1046 Analytic cohort

0 Excluded 0 Excluded 0 Excluded 0 Excluded

2103 Randomized

This diagram describes each phase of the PRECISE trial, including enrollment
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.
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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
individuals) of 8.0% (3.4%-16.5%) (Table 1).15

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 classi-
fied as minimal risk and assigned to deferred testing (Table 1 and
Figure 1). Most participants classified as minimal risk (138
[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 ech-
ocardiography (29.9%), 116 exercise electrocardiogram (11.1%),
101 stress cardiac magnetic resonance imaging (9.7%), and 101
catheterization (9.7%) (eTable 3 and eFigure 1 in Supple-
ment 4). Median (IQR) time to first test was 15 (6-33) days. Test-
ing complications 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

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

Characteristic

No. (%)

Precision strategy
(n = 1057)

Usual testing
(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 groupa 165 (15.6) 171 (16.3)

Cardiac risk factors

Body mass index, mean (SD)b 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 premature CAD 404 (38.2) 395 (37.8)

Peripheral arterial or
cerebrovascular disease

65 (6.1) 56 (5.4)

Current or past tobacco use 544 (51.5) 554 (53.0)

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

388/1056
(36.7)

379/1046
(36.2)

Risk burdenc

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

No. of risk factors per patient,
mean (SD)

2.3 (1.2) 2.3 (1.2)

PROMISE minimal risk score,
median (IQR)

0.24
(0.12-0.41)

0.23
(0.11-0.41)

PROMISE minimal risk score >0.46
(minimal risk)

214 (20.2) 219 (20.9)

Pretest probability, median (IQR) 16.0
(10.0-26.0)

16.0
(10.0-26.0)

ASCVD 10-y risk, mean (SD), % 11.32 (10.77) 12.28 (12.0)

ASCVD 10-y risk, median (IQR), % 7.92
(3.41-15.71)

8.22
(3.29-17.25)

Use of relevant cardiovascular
medications

β-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)

Primary presenting symptomd

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)

(continued)

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

Characteristic

No. (%)

Precision strategy
(n = 1057)

Usual testing
(n = 1046)

Diagnostic test performede 883 (83.5) 978 (93.5)

Results of first test after
randomization

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

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.
a 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).

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

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

d Other 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.

e 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.
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(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),24 due to a
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-
7.36) (Figure 2B). The nonsignificant difference of 6 more
events in the PS group (0.3% of trial cohort) was largely attrib-
utable to differences in type 2 MIs (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,

Table 2. Primary End Point and Additional Clinical Events According to Study Group

End point or clinical event

No. (%) Hazard ratio (95% CI)

P value
Precision strategy
(n = 1057)

Usual testing
(n = 1046) Unadjusted Adjusteda

Primary composite end point 44 (4.2) 118 (11.3) 0.35
(0.25-0.50)

0.29
(0.20-0.41)

<.001

Death or nonfatal myocardial
infarction (first event only)

18 (1.7) 12 (1.1) 1.52
(0.73-3.15)

1.57
(0.76-3.27)

Death from any cause 5 (0.5) 7 (0.7) 0.71
(0.23-2.23)

0.74
(0.24-2.35)

Nonfatal myocardial infarction 13 (1.2) 5 (0.5) 2.65
(0.96-7.36)

2.67
(0.94-7.52)

Invasive cardiac catheterization
without obstructive coronary
disease

27 (2.6) 107 (10.2) 0.24
(0.16-0.36)

0.19
(0.12-0.30)

Unplanned hospitalizations,
including admissions with death
or MI, No. (%)

CV 31 (2.9) 21 (2.0)

NA NA

.17

For unstable angina 9 (29.0) 5 (23.8) .30

Catheterization and
revascularization procedures

Invasive catheterization, No. (%) 135 (12.8) 177 (16.9) .007

Rate of finding obstructive CAD
on catheterization,
No./total No. (%)

108/135 (80.0) 70/177 (39.5) <.001

Participants in trial without
obstructive CAD (QCA), No. (%)

27 (2.6) 107 (10.2) <.001

Catheterizations with subsequent
revascularization,
No./total No. (%)

97/135 (71.9) 54/177 (30.5) <.001

Total revascularizations, No. (%) 97 (9.2) 54 (5.2)

<.001PCI, No. (%) 77 (79.4) 37 (68.5)

CABG, No. (%) 21 (21.6) 18 (33.3)

Revascularizations performed
for high-risk anatomy, No. (%)b

49 (50.5) 26 (48.2) NS

Revascularizations during
unplanned hospitalizations,
No. (%)

15 (1.4) 8 (0.8) NS

Ischemia-driven
revascularizations, No. (%)

96 (99.0) 54 (100) NS

Lesion-specific FFR-CT, No. (%)
(FFR-CT data available for 76/97
participants with
revascularizations)

>0.80 2 (2.6) NA NA

≤0.80 74 (97.4) NA NA

0.76-0.80 12 (15.8) NA NA

≤0.75 62 (81.6) NA NA

Total clinical events, including first
and recurrent nonfatal MI
and death, (No.[%])c

41 (40 [3.8]
participants)

30 (30 [2.9]
participants)

.20

All death or nonfatal MI 18 (1.7) 12 (1.1)

All death 5 (0.5) 7 (0.7)

All nonfatal MI 13 (1.2) 5 (0.5)

Unplanned CV hospitalization
excluding admissions with MI
or death

23 (22 [2.1]
participants)

18 (18 [1.7]
participants)

Abbreviations: CABG, coronary artery
bypass grafting; CAD, coronary artery
disease; CV, cardiovascular;
FFR-CT, noninvasive coronary
computed tomographic
angiography-derived fractional flow
reserve; MI, myocardial infarction;
NA, not applicable; NS, not
significant; PCI, percutaneous
coronary intervention;
QCA, quantitative coronary
angiography.
a Hazard ratio was adjusted for age,

sex, and coronary artery disease
equivalent (diabetes, history of
peripheral artery disease or
cerebrovascular disease), and
intended first test strata (invasive or
noninvasive).

b High-risk anatomy was defined
using QCA data as 2- or 3-vessel
disease, left anterior descending
artery with 70% or more stenosis or
left main artery with 50% or more
stenosis.

c Statistical testing for recurrent
events was performed using the
negative binomial methods for
recurrent events.24
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2 of 5 [40%]). No PS participant assigned to deferred testing
died or had an MI.

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).24

More participants in the UT group underwent catheterization
(177 [16.9%] vs 135 [12.8%]; P = .007), but fewer showed ob-
structive CAD (70 [39.5%] vs 108 [80.0%]; P < .001). Revas-
cularization 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 similar number of coronary ar-
tery bypass graftings (21 [21.6%] vs 18 [33.3%]) (Table 2).24 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),24 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).

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% CI, 1.26-6.41; P < .001)
(eTable 6 in Supplement 4). In a prespecified per-protocol analy-
sis, the difference in nonfatal MIs 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 MI, 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, 21 of 1046 [2.0%]; P = .17) and unstable angina (PS group,
9 of 1057 [29%] vs UT group, 5 of 1046 [23.8%]) were uncom-
mon and similar between groups (Table 2).24 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).24 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).

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 MI (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% CI, 0.20-0.41). B, The adjusted hazard
ratio for death or nonfatal MI for the PS, as compared with UT, was 1.57 (95% CI,
0.76-3.27).
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Medication Use and Quality 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,
respectively), resulting in higher use among PS at 1 year:
antiplatelet agents, (321 of 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 sig-
nificant difference in antihypertensives (eTable 8 in Supple-
ment 4). The proportion of participants 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).

Discussion
For the first time, to our knowledge, the PRECISE study demon-
strates in a large randomized clinical trial that a novel initial care
pathway of risk-guided patient-specific testing deferral for
minimal-riskpatientscombinedwithcCTAwithselectiveFFR-CT
for the remaining patients improves clinical efficiency (catheter-
ization without obstructive CAD) with no statistically significant
adverse effect on safety (death or MI) at 1 year.

Figure 3. Effects of Precision Strategy on the Primary End Point, According to Baseline Characteristics

0.05 1 30.5 2
Hazard ratio (95% CI)

0.25

Interaction 
P value

Favors 
precision strategy

Favors 
usual testing

Precision strategy
No./total No. (%)

Usual testing
No./total No. (%)Characteristic

Sex

Hazard ratio
(95% CI)

27/549 (5.6) 60/507 (12.7)Male 0.40 (0.253-0.627)
17/508 (3.4) 58/539 (11.8)Female 0.30 (0.173-0.511)

Race and ethnicity
39/892 (4.8) 103/875 (12.6)White/non-Hispanic 0.35 (0.244-0.511)
5/165 (3.2) 15/171 (10.3)Othera 0.34 (0.125-0.943)

Geographic region
19/609 (3.8) 38/596 (7.7)North America 0.49 (0.280-0.843)
25/448 (5.6) 80/450 (18.0)Europe 0.29 (0.182-0.448)

Primary symptom presentation
17/249 (7.0) 41/257 (16.3)Typical angina (cardiac) 0.41 (0.230-0.714)
16/600 (3.2) 66/597 (11.8)Atypical pain (possible cardiac) 0.23 (0.132-0.395)

Intended first test is
8/105 (7.7) 68/105 (66.1)Invasive 0.06 (0.030-0.131)
36/952 (4.2) 50/941 (6.3)Noninvasive 0.71 (0.465-1.095)

PROMISE minimal risk score
2/214 (0.9) 13/208 (8.0)Minimal 0.15 (0.033-0.653)
42/843 (5.4) 105/838 (13.2)Elevated + atherosclerosis 0.38 (0.264-0.541)

Diamond and Forrester pretest probability, %
0/63 (0.0) 1/44 (2.3)<5 NA
11/411 (2.8) 39/411 (10.5)5-15 0.27 (0.139-0.532)

ASCVD 10 y event risk score, %
3/356 (0.9) 25/345 (8.4)<7.5 0.11 (0.034-0.374)
17/374 (4.6) 32/327 (9.9)7.5-15 0.45 (0.248-0.804)

24/327 (8.5) 61/374 (17.7)>15 0.42 (0.265-0.681)

26/475 (6.1) 74/483 (16.4)>15 0.33 (0.214-0.522)

4/86 (4.8) 7/77 (15.5)Dyspnea 0.50 (0.145-1.696)
0/14 (0.0) 0/7 (0.0)Nonanginal (noncardiac)/other NA

CAD equivalent (diabetes or peripheral 
arterial or cerebrovascular disease)

12/226 (5.5) 37/237 (15.8)Yes 0.32 (0.165-0.607)
32/831 (4.3) 81/809 (11.2)No 0.37 (0.247-0.559)

Age, y

.42

.96

.14

.45

<.001

.23

.88

.11

.68

.32
20/737 (2.8) 60/693 (9.4)<65 0.30 (0.183-0.502)
24/320 (8.8) 58/353 (18.0)≥65 0.43 (0.267-0.692)

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% CIs.
ASCVD indicates atherosclerotic cardiovascular disease; PROMISE, Prospective
Multicenter Imaging Study for the Evaluation of Chest Pain.

a 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).
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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
large randomized clinical trials.2,3 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 recommendations11 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
noninvasive and invasive testing. The PROMISE trial showed
a low rate of the composite end point of death, nonfatal MI,
unstable angina hospitalization, and major procedural com-
plications of 1.5% per year, with no difference between arms.3

However, the trial has been criticized for testing very low-risk
patients and a 50% higher rate of catheterization in the cCTA
arm.3 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.2 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.2 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.11,12

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,4 lower health-
related quality of life, and increased costs.25 Additionally,
invasive procedures may lead to unnecessary revasculariza-
tion of borderline lesions in the absence of ischemia.26 Fur-
ther, catheterization without obstructive disease has been used
as a primary or secondary end point or component in previ-
ous trials3,4,7,10 and adopted as a quality metric within the US
(National Cardiovascular Data Registry CathPCI).27 It is inef-
ficient in clinical practice and represents a failure of the goals
of chest pain guidelines,5,11,12 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 hemodynamic in-
formation in the PRECISE trial likely avoided pitfalls of previ-

ous studies. Unlike trials of cCTA alone, the PS in the PRECISE
trial reduced diagnostic catheterizations, did not change the
frequency of unplanned cardiovascular hospitalizations (in-
cluding those for unstable angina3), 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 point8 and only considered safety and ef-
fectiveness 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 standard care
(87.5% exercise electrocardiogram) as a second test in partici-
pants with known CAD.10 The addition of FFR-CT reduced
unnecessary catheterizations while increasing catheteriza-
tion yield for revascularization, with no impact on adverse
events or angina reduction. Although these results are simi-
lar, the PRECISE trial addresses the substantially larger popu-
lation of patients without any previous testing and therefore
without known CAD, and selectively applies cCTA with or with-
out FFR-CT only in patients with a predefined threshold 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.13,14 Our 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
patients 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 differ-
ence in nonfatal MIs are of uncertain clinical import. Because
CIs were very wide, these comparisons are inconclusive, and
type II error cannot be excluded. However, numerous factors
weigh against causality. Most important among these is the pre-
specified per-protocol analysis, excluding participants 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 periprocedural MIs (eTable 7B
in Supplement 4),22 indicating that the magnitude of the
nonsignificant difference in nonfatal MI is sensitive to defini-
tion. Further, the prognostic significance of periprocedural MI
remains unclear. Finally, post hoc analyses enlarging the pri-
mary end point to include unplanned cardiovascular hospital-
izations and unplanned revascularizations 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 trials2,3 and show that the detailed ana-
tomic and physiological data provided by cCTA with or with-
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out FFR-CT enhance the use of prognostically beneficial pre-
ventive medical therapies.28,29 Importantly, in the 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 symp-
toms and suspected CAD.2,3,16 Given the PRECISE trial’s prag-
matic design, management including medical therapy and
decisions regarding revascularization in both arms was site di-
rected, thereby improving the generalizability of results. Site de-
cisions resulted in total catheterizations being less frequent in
PS and revascularization more frequent, reflecting real-world
practice where revascularization is commonly used for hemo-
dynamically significant obstructive disease. This finding is
similar to that of the TARGET trial10 (although invasive cath-
eterization was performed per protocol for any positive FFR-CT
or functional test) and complementary to, not in conflict with,
the International Study of Comparative Health Effectiveness
With Medical and Invasive Approaches (ISCHEMIA) trial.30,31 In-
deed, the physiologic discipline that FFR-CT imposes on cCTA
anatomic results, by downgrading anatomically significant ste-
noses and identifying hemodynamic significance in more mod-
est lesions,31 appears to have protected PRECISE participants
from excess cardiac catheterization seen in earlier cCTA-only
trials.3 Importantly, the nearly 2-fold greater number of partici-
pants with high-risk anatomy who underwent revasculariza-
tion in the precision arm suggests 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 cardio-
vascular 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-
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.
Interaction testing indicated a point estimate of 0.71 for the
primary end point in the noninvasive arm, but the CI upper
bound is 1.09, indicating that this potentially favorable sub-
group estimate lacks sufficient precision to exclude the null ef-
fect. Uncertainty remains regarding the prognostic effects of the
PS beyond 1-year follow-up of the PRECISE trial, particularly re-
garding the revascularization rates and beneficial effects of
greater preventive medication use, which are likely underesti-
mated at 1 year.2 Similarly, nonfatal periprocedural and type 2
MIs account for much of the difference between arms and may
have variable prognostic importance.23,32-34 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-
agnostic yield, 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.
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