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BACKGROUND: The PRECISE (Prospective Randomized Trial of the Optimal Evaluation of Cardiac Symptoms and
Revascularization) demonstrated that a precision diagnostic strategy reduced the primary composite of death, nonfatal
myocardial infarction, or catheterization without obstructive coronary artery disease by 65% in gahents with nonacute chest
pain compared with usual testing. Medical cost was a prespecified secondary end point. ) e

Asso ciation.

METHODS: PRECISE randomized 2103 patients between December 2018 and May 2021 to usual testing or a precision
strategy that used deferred testing for the lowest risk patients (20%) and coronary computed tomographic angiography with
selective computed tomography—derived fractional flow reserve for the remainder. Resource use consumption data were
collected from all-study participants and hospital cost data from US participants (n=1125)-to estimate total medical costs.
The primary and secondary economic outcomes were total costs at 12 months and at 45 days, respectively, from the US
health care system perspective. The mean cost differences between the 2 strategies were reported by intention-to-treat.

RESULTS: At 45 days, total costs were similar between the precision strategy and usual testing (mean difference, $182
[95% CI, —$555 to $661]). By 12 months, percutaneous coronary intervention and coronary artery bypass surgery had
been performed in 7.2% and 2.0% of precision strategy patients and 3.5% and 1.7% of usual testing patients, respectively.
At 1 year, precision strategy costs were $5299 versus $4821 for usual testing (mean difference, $478 [95% Cl, —$889
to $1437]; P=0.43). Precision care decreased mean per-patient diagnostic cost by 27% and increased mean per-patient
revascularization costs by 67%.

CONCLUSIONS: In the PRECISE trial, the precision strategy, a risk-based approach endorsed by current clinical practice
guidelines, improved the clinical efficiency of testing and had similar costs to usual testing at 45 days and a nonsignificant
$478 cost difference at 1 year.
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WHAT IS KNOWN

* Nonacute chest pain remains one of the most com-
mon symptoms causing patients to seek medical
care and one of the most challenging for clinicians
to assess.

* Two prior randomized trials compared a coronary
computed tomographic angiography—based strat-
egy with a usual testing strategy and established
the coronary computed tomographic angiography—
based approach as a reasonable first test in these
patients.

+ The PRECISE trial (Prospective Randomized Trial
of the Optimal Evaluation of Cardiac Symptoms and
Revascularization) adapted the routine coronary
computed tomographic angiography strategy by
deferring testing for lowest risk subjects and adding
selective coronary computed tomographic angiogra-
phy FFR analysis and found that the new precision
strategy reduced the composite of death, nonfa-
tal myocardial infarction, or catheterization without
obstructive coronary artery disease by 65%.

WHAT THE STUDY ADDS

+ The precision strategy decreased mean per-patient
diagnostic cost by 27% and increased mean per-
patient revascularization costs by 67%.

* The precision strategy had similar costs to usual
testing at 45 days and a nonsignificant $478 cost
difference at 1 year.

mon symptoms prompting patients to seek medical

care and one of the most challenging for clinicians
to assess. Many patients will ultimately have a benign
explanation for their symptoms, but an important minority
will have prognostically significant coronary artery dis-
ease (CAD). For each patient, the clinician must decide
whether diagnostic testing is indicated and, if so, which
initial test to obtain. The first large outcome-based clini-
cal trial of this question, the PROMISE (Prospective
Multicenter Imaging Study for the Evaluation of Chest
Pain), found that a functional testing—based strategy and
a coronary computed tomographic angiography (cCTA)—
based strategy provided equivalent short- and medium-
term clinical outcomes for these patients." These results
were largely concordant with the SCOT-HEART (Scottish
Computed Tomography of the Heart Trial), which com-
pared a cCTA strategy to a stress testing strategy that
primarily used stress electrocardiography without imag-
ing.? These 2 trials established cCTA as a viable first-line
test for nonacute chest pain that could be used instead
of functional testing. However, they raised new questions
about the efficiency of the strategies used, particularly
related to the need for any testing in low-risk patients
and the need for confirmatory invasive coronary angiog-
raphy (ICA) in patients with ambiguous cCTA findings,

N onacute chest pain remains one of the most com-
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Nonstandard Abbreviations and Acronyms

CAD coronary artery disease

cCTA coronary computed tomographic
angiography

DISCHARGE Diagnostic Imaging Strategies for

Patients With Stable Chest Pain
and Intermediate Risk of Coronary
Artery Disease
FFR_, computed tomography—derived
fractional flow reserve
Fractional Flow Reserve Derived
From Computed Tomography
Coronary Angiography in the
Assessment and Management of
Stable Chest Pain
ICA invasive coronary angiography
ISCHEMIA International Study of Comparative
Health Effectiveness with Medical
and Invasive Approaches
PCI percutaneous coronary
intervention
Prospective Longitudinal Trial of
FFRCT: Outcome and Resource
Impacts
Prospective Randomized Trial of
the Optimal Evaluation of Cardiac
Symptoms and Revascularization
Prospective Multicenter Imaging
Study for the Evaluation of Chest
Pain
Scottish Computed Tomography
of the Heart Trial
Effect of On-Site CT-Derived
Fractional Flow Reserve on the
Management of Decision Making
for Patients With Stable Chest
Pain

FORECAST

PLATFORM

PRECISE

PROMISE

SCOT-HEART

TARGET

about 30% of whom were found not to have obstructive
CAD.?

The PRECISE clinical trial (Prospective Randomized
Trial of the Optimal Evaluation of Cardiac Symptoms and
Revascularization) was designed specifically to address
these efficiency of care issues raised by PROMISE and
SCOT-HEART? The key innovation relative to PROM-
ISE and SCOT-HEART was a novel precision medicine
diagnostic testing strategy that matched the intensity of
diagnostic evaluation with the risk level of each patient to
improve the efficient identification of patients with action-
able CAD while minimizing potentially harmful overtest-
ing. The primary clinical outcomes of PRECISE have
recently been reported.* Economic efficiency, assessed
in terms of resource use and medical costs, was a major
prespecified secondary outcome of the trial®

February 2025 2



G20z ‘¥T Afenige4 uo Aq Bio'sfeuno feye/:dny wouy pspeojumoq

Chew et al

METHODS

There are no plans to make a deidentified data set publicly
available at present.

Overview of PRECISE Design and Primary
Clinical Results

Details of the PRECISE trial rationale and design have been
published.® Between December 3, 2018, and May 18, 2021,
the trial randomized 2103 patients (53.5% United States) with
stable chest pain and a clinical recommendation to test for sus-
pected CAD to either an investigational precision diagnostic
testing strategy or a usual diagnostic testing strategy. Patients
randomized to the precision strategy underwent a risk assess-
ment using the PROMISE Minimal Risk Tool® and the 20% at
lowest risk were assigned to an initial strategy of guideline-
recommended care with deferred testing. Patients randomized
to the precision strategy who had elevated risk or known non-
obstructive plaque were assigned to undergo diagnostic testing
using cCTA with selective use of computed tomography—derived
fractional flow reserve (FFRCT). Patients randomized to the usual
testing arm underwent functional testing or went directly to
catheterization. The trial's primary end point was a composite of
major adverse cardiovascular events (all-cause death and non-
fatal myocardial infarction) or invasive cardiac catheterization
free of evidence of significant CAD (coronary stenosis >250%,
FFR <0.80, or other actionable cardiac pathology).

The PRECISE trial cohort had a mean age of 58.4 years,
50% were female,.and 16.0% were from an underrepresented
racial or ethnic group# Chest pain_was the primary symp-
tom for 83%, while' 10% presented-with ‘dyspnea. The mean
10-year predicted risk of cardiovascular events using the 2013
American College of Cardiology/American: Heart Association
pooled cohort risk calculator was 12%. As reported previously,
the primary end point occurred in 4.2% of the precision strat-
egy participants and 11.3% of the usual testing strategy (hazard
ratio, 0.35 [95% Cl, 0.25-0.50]).* The end point of ICA without
obstructive disease occurred in 2.6% of the precision strategy
patients and 10.2% of the usual testing patients. Death occurred
in 0.5% of precision strategy and 0.7% of usual testing patients.
Nonfatal myocardial infarction occurred in 1.2% of precision
strategy patients and 0.5% of usual testing patients. The effect
size estimate for the death/myocardial infarction secondary end
point had low precision, and the rates were statistically indistin-
guishable (hazard ratio, 1.52 [95% Cl, 0.73-3.15]). About two-
thirds of patients had frequent angina at baseline as assessed
by the Seattle Angina Questionnaire. Chest pain/angina symp-
toms improved in both groups from baseline to a similar extent.
The proportion of patients with frequent angina at 1 year was
156.8% for the precision strategy and 16.1% for usual testing.*

All patients provided written informed consent, and study
protocol approval was obtained from each site or a central
institutional review board. The trial work was funded by an
investigator-initiated research grant from HeartFlow, Inc, to the
Duke Clinical Research Institute.

Overview of the PRECISE Economic Study
Design

Resource use and total medical costs were prespecified sec-
ondary end points of PRECISE:? The PRECISE economic
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study analysis involved 4 major components: (1) comparison
of empirical within-trial resource use patterns between the 2
treatment arms; (2) estimation and comparison of within-trial
medical costs between the 2 treatment arms; (3) comparison of
within-trial resource use and medical cost data for key clinical
subgroups; and (4) sensitivity analyses.

Costs were discounted at 3%. Hospital-based costs were
adjusted to 2022 US dollars using the Centers for Medicare
& Medicaid Services inpatient market basket update. The US
health care system perspective was used for this study.

Data Collection

Medical Resource Use Data

Participants had protocol-specified follow-up contacts at 45
days, 6 months, and 12 months. Follow-up at 45 days was done
during a clinic visit by the sites. Follow-up outside the United
States at 6 and 12 months was done via telephone contact by
the sites. Follow-up in the United States at 6 and 12 months
was done centrally by the Duke Clinical Research Institute
Patient Reported Outcomes group via telephone. Health care
resource use data were collected on the clinical trial electronic
case report form and included hospitalizations (including length
of stay and reason for admission), noninvasive diagnostic test-
ing (both protocol and nonprotoc%l), major cardiac diagnostic
tests, major cardiac therapeuti(ﬁ cedures, cardiac disease—
related complications, and relev ;#n”éi’di@aiion use.

Bill Collection for Hospital-Based Care

For US participants, billing data for hospital admissions, emer-
gency department visits, and same-day surgeries/major proce-
dures reported by participants during the study follow-up were
collected by Duke Clinical Research Institute Patient Reported
Outcomes group personnel. The UB04, itemized bill, and sum-
mary ledger were requested for all hospitalizations. From the
UBO04 forms, charges by revenue center were extracted for
conversion to costs using cost-center-level cost-to-charge
ratios.”

Physician and Outpatient Cost Data
Physician service costs for inpatient care were estimated as
a percentage of associated hospital costs based on previous
work estimating this relationship.®

Our base-case analysis used a weighted average reim-
bursement for office- or hospital-based outpatient cardiac test-
ing derived from reported 2019 use proportions.® Sensitivity
analyses examined the alternatives of all office-based or all
hospital-based testing reimbursement. Hospital-based out-
patient testing costs were based on Medicare hospital out-
patient prospective payment system reimbursement rates,
with professional fees assigned using the Medicare Physician
Fee Schedule rates. Office-based test costs were based on
the technical and professional components of the Medicare
Physician Fee Schedule, which were available online by current
procedural terminology/health care common procedure coding
system code. The Centers for Medicare & Medicaid Services
price for FFR_, ($950 in Medicare hospital outpatient prospec-
tive payment system and $930 in Medicare Physician Fee
Schedule) was used for the base-case analysis, with sensitivity
analysis using the HeartFlow published price ($1100), as well
as the range of hospital payments requested from the Centers
for Medicare & Medicaid Services.
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Cost Estimation Methods

The cost of inpatient US hospital-based care was estimated by
applying hospital-specific, revenue center-level cost-to-charge
ratios to empirical billing data collected during the study. This
approach, which has been used successfully in previous clini-
cal trials including the PROMISE trial,'® takes advantage of the
objective, detailed account in hospital bills of services provided
to participants and recalibrates hospital charges to more closely
reflect costs. For participants without billing data, we imputed
costs using a generalized linear model developed using study
data." In this model, the dependent variable was defined as
total cost, including a percentage adjustment to account for
inpatient professional fees. Independent variables included
demographics (age, sex, and ethnicity), hospital length of stay,
diagnoses, and high-cost cardiovascular procedures (coronary
artery bypass grafting surgery, percutaneous coronary interven-
tion (PCI), catheterization, and ablation), and hospital encoun-
ter type. Coefficients for model parameters were estimated
from study data of participants with complete costs and then
used to predict costs for participants without billing informa-
tion. Hospital bills were available for 243 US patients (353
hospital encounters). Mean hospital bill costs were $11 603,
and model-estimated costs were $11 571 for the 353 hospital
encounters with bills.

Costs for outpatient testing and procedures were estimated
by weighting resource use counts recorded in the electronic
case report form with the Centers for Medicare & Medicaid
Services reimbursement rates. Cost weights for the base case
used a weighted mix of 2022 Medicare hospital outpatient pro-
spective payment system reimbursement, using-the-mix ratios
reported in Reeves?®

Outpatient medication costs were estimated by applying
unit costs by medication type or class, based on the National
Average Drug Acquisition Cost, to medication use recorded in
the electronic case report form."?

Data Analyses

All primary analyses were performed with diagnostic strategy
groups defined by the principle of intention-to-treat (as ran-
domized). Descriptive statistics include percentages for dis-
crete variables and medians with 25th and 75th percentiles
and means with standard deviations for continuous variables.

Resource use rates and costs were compared between ran-
domized diagnostic testing strategy arms by intention-to-treat
at 45 days and at 12 months. Testing and procedure rates are
presented as percent of patients (with >1 test/procedure) in
the main article and mean number of each test/procedure per
patient (with distributional parameters) in the supplement.

Comparisons between the 2 testing strategies were made
using a normal approximation, with standard errors estimated
using the bootstrap approach. Bootstrapping was performed
with replacement using 1000 repetitions, with percentile-based
Cls reported. The primary cost comparison was made for cumu-
lative total costs at 12 months. The primary outcome was the
mean cost difference between the 2 arms with 95% Cls. No
adjustment in significance levels for multiple comparisons was
used.

For illustrative purposes, costs were partitioned into 3 gen-
eral categories: diagnostic, revascularization-related, and other
therapeutic/hospitalization-related. In PRECISE, all PCls were
performed following catheterization in inpatient settings except
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for 1 PCI with coronary angiography performed at an outpa-
tient setting. For inpatient PCls, the cost for both the preceding
coronary angiography and PCl was included in the total cost
for the same hospitalization. Where both procedures were part
of the same hospital bill, the granularity of the billing data was
insufficient to allow us to reliably separate the diagnostic com-
ponents. In such cases, the total procedure cost was assigned
to the revascularization category with no catheterization cost
counted in the diagnostic category.

To assess the precision/uncertainty in our total cost dif-
ference estimates, we used bootstrap methods to plot the
proportion of 1000 replicates with a difference in total costs
greater than arbitrary thresholds of interest (such as $0, $500,
or $1000).

RESULTS

Diagnostic Testing

At 45 days, 41.0% of the precision strategy patients
had received a cCTA alone, 27.1% had received a cCTA
with FFR ., 6.6% had an ICA, and 28.8% had received
no diagnostic test (Figure 1A). At that same follow-up
point, 28.8% of the usual testing strategy had received a
single-photon emission computed tomography/positron
emission tomography stress test; 28.6% had a stress
echocardiogram, 10.2% had an exercise ECG, 7.0% had
a stress cardiovascular magnetic resonance imaging,
1.1.7% had.|CA; and 22.7% had no diagnostic test. At 12
months, the patterns were similar (Figure 1B): CTA with
or without FFR ., was done for 79.5% of precision strat-
egy. patients; while 62.2% of-usual testing strategy had
received stress-echo or stress single-photon emission
computed tomography/positron _emission tomography
imaging. ICA had been performed in 12.8% of the preci-
sion strategy arm and 16.8% of the usual testing arm,
while no test had been done for 16.7% of the precision
strategy patients and 7.6% of the usual testing patients.
Testing rates expressed as mean values per patient with
mean differences between strategy arms are shown in
Table S1.

Revascularization Procedures

PCI was done in 3.9% of precision strategy patients at
45 days versus 2.0% of usual testing patients (Figure 2).
At 1 year, the rates had increased to 72% for preci-
sion strategy patients and 3.5% for usual testing. Of the
120 total PCls done in the PRECISE cohort within 12
months, 112 were first PCls, while 8 were second PCls
(8 in precision strategy and 5 in usual testing).

In the precision strategy arm, 9 PCls were unplanned
(6 within 45 days and 3 after 45 days), while, in the usual
testing arm, 7 PCls were unplanned (4 within 45 days
and 3 after 45 days). Each arm had one 2nd PCI that
was unplanned, in both cases after 45 days.

Rates of coronary artery bypass grafting surgery were
low and similar in the 2 arms (Figure 2).
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Invasive Cath
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Figure 1. Percent of patients receiving diagnostic testing by technology.

Panel A represents testing done by day 45. Panel B represents testing done by 1 year. Cath indicates coronary catheterization; CMR,
cardiovascular magnetic resonance imaging; CTA, computed tomographic angiography; Dx, diagnostic; Echo, echocardiography; FFR
compute tomography fractional flow reserve; Inv Cath, Invasive catheterization; PCI, percutaneous coronary intervention; PET, positron emission
tomography; and SPECT, single-photon emission computed tomography.

Hospital and Emergency Department Care or emergency department visit or same-day hospital
stay for an invasive cardiovascular procedure (Table

At 45 days, 9.8% of the precision strategy and 14.6% of ~ S2). By 1 year, the rates were 24.7% for the precision
the usual testing strategy patients had a hospitalization  strategy group and 28.2% for usual testing.
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Medical Costs

Of a total of 805 hospitalizations, 381 were incurred
by US patients. Hospital bills were obtained from 353
(93%) of these hospitalizations and were used in the
cost analysis.

Mean diagnostic costs at 45 days were $648 for the
precision strategy and $897 for the usual testing strategy
(mean difference, —$249[95% Cl,,—$374 to—$111];
Figure 3; Table). At-1'year, the corresponding figures were
$912 and $1247 with a mean difference of —$335 (95%
Cl,—$448 to —$125). Mean revascularization costs at 45
days were $1079 for the precision strategy and $506 for

the usual testing strategy with a mean difference of $573
(95% Cl, $15-$863; Figure 3; Table). The corresponding
1-year costs were $2380 and $1425, respectively, with
a mean difference of $955 (95% CI, —$126 to $1457).
Other costs involving therapi€s, and hospitalizations
were similar between the 2 strategigs.(Figure 3; Table).
Hospital-based costs are shown in Table S3.

Total costs at 45 days were $1978 for the precision
strategy and:$1796 for-usual testing' (mean difference,
$182[95% ClI, —=$555 to $661]; Table). At 1 year, the
corresponding costs were $5299 and $4821, respec-
tively, with @ mean difference of $478 (95% CI, —$889
to$1437).

Diagnostic Costs

f ! $1,247

$912

$1,000 $897

$500

80

45 Day 1 Year

Revascularization Costs

$2,500
$2,000

-$335

: $573
$1,500 -$249 —

45 Day

. Precision Strategy
. Usual Testing

Other Treatment/Hospital Costs

$955
-$142
| —

$2,380

$2,150

$2,008

1 Year 45 Day 1 Year

Figure 3. Mean costs categorized by diagnostic, revascularization, and other treatment/hospital costs at 45 days and at 1 year.
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Table. Total Therapeutic and Diagnostic Costs* by Intention-
to-Treat
Precision
strategy Usual testing | Difference
Mean (SD) (n=1057) (n=1046) (mean, PS-UT)
Within 45 d 1978 (7233) 1796 (6228) 182
(—555 to 661)
Diagnostic 648 (1185) 897 (1279) —249
(=374 to —111)
Therapeutic 1330 (6989) 900 (6069) 430
(—266 to 857)
Revascularization | 1079 (6332) 506 (4065) 573 (15 to 863)
Other Rx/ 251 (1899) 394 (4330) —143
hospitalization (—471 to 157)
Beyond 45 d 3321 (11 042) | 3025 (10 716) | 296
(=755 to 1179)
Diagnostic 264 (1081) 350 (1183) —86 (—161 to 72)
Therapeutic 3058 (10 748) | 2675 (10 524) | 383
(—694 to 1217)
Revascularization | 1301 (7294) 920 (6114) 381
(—415 t0 913)
Other Rx/ 1756 (7370) 1756 (8105) 0 (—629 to 703)
hospitalization
1y 52990 (13 247) | 4821 (12 875) | 478
(—889 to 1437)
Diagnostic 912 (1608) 1247 (1641) —335
(—448 to —125)
Therapeutic 4388 (12 781) | 3575 (12 529) | 813
(—577 to 1629)
Revascularization | 2380 (9513) 1425 (7463) 955
(—126 to 1457)
Other Rx/ 2008(7841) 2150 (9702) —142
hospitalization (—845 to 669)

PS indicates precision strategy; Rx, treatment; and UT, usual testing.
“Costs adjusted to 2022 US dollars.

Uncertainty assessed with bootstrap replications
(with replacement) showed that 32% of replicates had
a 12-month total cost difference (precision strategy arm
minus usual testing arm) <$0, 65% had a cost differ-
ence <$500, and 89% had a cost difference <$1000
(Figure 4).

Subgroup Analyses

Patients designated as minimal risk with the PROM-
ISE Minimal Risk Score (n=422) had a mean 12-month
cost difference (precision strategy minus usual testing)
of =$163 (95% CI, =$1175 to $988), while the dif-
ference for the nonminimal-risk patients (n=1676) was
$656 (95% ClI, —=$1011 to $1787; Figure 5; Table S4).
Subgrouping by geographic region demonstrated similar
overlapping distributions of estimated cost difference by
randomized group. Patients aged <65 years (n=1430)
had a mean $1041 higher 12-month cost with the preci-
sion strategy (95% Cl, —$233 to $2048), while patients
aged>65 years (n=673) had a $346 lower cost with the
precision strategy (95% Cl, —$3278 to $2107). Men

Circ Cardiovasc Qual Outcomes. 2025;17:e011008. DOI: 10.1161/CIRCOUTCOMES.123.011008

Economic Outcomes in PRECISE

(n=1056, 50%) had a $1678 higher 1-year cost with
the precision strategy (95% CI, —$296 to $3204), while
women (n=1047, 50%) had an $850 lower cost (95%
Cl, =$2450 to $525; Table S4). White non-Hispanic
patients (n=1767, 84%) had an $813 (95% ClI, —$664
to $1968) higher 1-year cost with the precision strategy,
while racial or ethnic minority patients (=336, 16%) had
a $1378 (95% CI,—$4453 to $470) lower cost with the
precision strategy (Table S4).

In patients for whom the intended first test was pre-
specified by their clinician as invasive (n=210), random-
ization to the precision strategy was associated with a
mean $5684 lower 12-month cost (95% CI, —$12 319
to —$327), while those whose initial test designation was
noninvasive (n=1893), and the precision strategy mean
12-month costs were $1169 higher than usual testing
(95% Cl, —$46 to $2134). Partitioning these costs into
diagnostic/therapeutic illustrative categories (Table Sb)
shows that for the planned noninvasive testing subgroup,
diagnostic cost differences between the 2 arms were
small, and the net 1-year cost difference came primar-
ily from incremental revascularization costs ($790 in the
first 45 days and $596 additional out to 1 year). In the
much smaller subgroup with¢ pl nned.initial invasive test-
ing, both diagnostic and reva culatization components
contributed to the net $5684 higher costs for usual test-
ing at 1 year.

Sensitivity Analyses

The base-case cost comparison was a weighted average
of 2 methods of assigning costs to testing and outpatient
careusingMedicare reimbursements, hospital-based,
and free-standing office-based. When using exclusively
the hospital-based costing weights, the total cost dif-
ference at 12 months was $328 (95% CI, —$1036
to $1291). Using exclusively the office-based costing
weights, the 12-month total cost difference was $658
(95% CI,—$710 to $1611; Table S6).

To examine the effects of the cost of FFR ., analysis of
the cCTA images, we reduced the base-case cost weight
on our results by 25%, 50%, and 100%. With a 25%
reduction, the mean cost difference was $404, with a
50% reduction, it was $329. If we assigned the FFRCT
analysis no separate cost, the mean 12-month cost dif-
ference was $181.

DISCUSSION

In this prospective economic analysis of the PRECISE
trial, our primary finding was that the improved clini-
cal efficiency of the precision strategy was achieved
at a total cost similar to that of the usual testing strat-
egy. To understand this result, 3 additional points from
the analysis are particularly helpful. First, the precision
strategy reduced mean per-patient 12-month diagnostic
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testing costs by 27% relative to usual testing. This was
achieved primarily by testing fewer patients and reduc-
ing the use of ICA, particularly ICA procedures not lead-
ing to revascularization. Second, the precision strategy
increased mean 12-month per-patient revasculariza-
tion costs by 67% due to a doubling in the 12-month
rate of PCl use (from 3.5% in the usual testing arm to

7.2% in the precision strategy arm). The mean 12-month
total cost difference of $478 in the base-case analysis
reflects the blended average effect of these 2 patterns.
Finally, our results were relativelyarabust to variations in
cost weights used and to clinié‘e{1‘ér$§fl°°réfégional subgroup
variation in the trial cohort. However, the clinician’s pre-
specified intended first test (invasive versus functional) if

No. of Pts Mean Difference
Precision No. of Pts Usual Precision minus Usual
Subgroup (N=1057) (N=1046) (95% C1)
Minimal Risk 214 208 P -163 (-1175 to 988)
Elevated Risk 843 838 —_— 656 (-1011 to 1787)
Age < 65 years 7377 693 — 1041 (-233 to 2048)
Age >= 65 years 320 353 —_——— -346 (-3278 to 2107)
Male 549 507 _— 1678 (-296 to 3204)
Female 508 539 —_— -850 (-2450 to 525)
White/non-Hispanic 892 875 —_— 813 (-664 to 1968)
Non-White/Hispanic 165 171 _— -1378 (-4453 to 470)
North America 609 596 —_— 287 (-1170 to 1767)
Europe 448 450 _— 744 (-1445 to 2053)
Initial Invasive 105 105 « . -5684 (-12319 to -327)
Initial Non-invasive 952 941 i 1169 (-46 to 2134)

-10000 -8000 -6000 -4000 -2000 0 2000 4000 6000 8000 10000

€ Precision Strategy Less Expensive Usual Testing Less Expensive =

US Dollars (2022)

Figure 5. Total 1-year costs (2022 US dollars) by subgroup.
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randomized to usual testing did identify heterogeneous
resource use and cost patterns, as suggested by prior
work in this area.'®'°

The precision strategy added 2 key new elements to
the routine cCTA strategy tested in PROMISE and SCOT-
HEART: (1) deferred testing in minimal-risk patients and
(2) selective use of cCTA-derived fractional flow reserve
(FFR.,) as a method for clarifying the significance of
intermediate lesions on cCTA that might otherwise all
require confirmatory ICA. PRECISE recently reported
that this modified cCTA-based strategy improved the
clinical efficiency of care with no adverse effects on
safety relative to usual functional testing strategies.*
Economic analysis and comparison of these strate-
gies were a major secondary objective of the PRECISE
research program.?

Interpretation of a medical cost analysis where total
costs for the strategies being compared are numeri-
cally similar can be challenging.” Statistics is generally
focused on testing whether things being compared are
sufficiently different, but the absence of a statistically
significant difference does not automatically default to
not different. In addition, Pvalues are sensitive to sample
size (with a sufficiently large sample, almost any non-
zero difference can be statistically significant) and to the
underlying variability at the study cohort level of the out-
comes being compared.'® Thus, the assessment of simi-
lar costs must also include an assessment of plausibility,
of whether there are coherent changes in the patterns
of care that quantitatively account for the observed dif-
ferences in costs. In PRECISE, the mean 12-month cost
difference can be understood as the weighted average
of 2 separate (but related) cost streams: diagnostic test-
ing and coronary revascularization. On the diagnostic
side, at 12 months, 16.7% of precision strategy patients
had received no diagnostic test compared with 7.6% of
usual testing patients, and this difference, together with
the differences in the cost weights for the mix of nonin-
vasive diagnostic tests used, accounts for about 75% of
the 12-month diagnostic testing mean diagnostic cost
reduction of $335, with much of the remainder related to
the lower use of diagnostic ICA not immediately preced-
ing PCI.

In contrast, the precision strategy doubled the use
of PCI from 3.5% in the usual testing arm to 7.2% in
the precision strategy arm, with extra procedures and
associated medical costs at 12 months of $995. In
most previous trials, the use of a cCTA-based diag-
nostic strategy has been associated with a small but
fairly consistent increase in PCl use. In PROMISE, cor-
onary revascularization was used in 6% of the cCTA
strategy and 3% of the functional testing strategy.’ In
the SCOT-HEART trial, PCl was used in 8.9% of cCTA
patients versus 7.7% of standard care patients.? In the
FORECAST trial (Fractional Flow Reserve Derived
From Computed Tomography Coronary Angiography

Circ Cardiovasc Qual Outcomes. 2025;17:e011008. DOI: 10.1161/CIRCOUTCOMES.123.011008
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in the Assessment and Management of Stable Chest
Pain), the rates of PCl were 11% in the cCTA arm and
10% in the standard care arm. One unique feature of
FORECAST is that 63% of the standard group patients
had cCTA as their initial test.' In the DISCHARGE trial
(Diagnostic Imaging Strategies for Patients With Stable
Chest Pain and Intermediate Risk of Coronary Artery
Disease), a randomized comparison of cCTA versus
routine ICA in patients with stable chest pain found that
cCTA had a lower rate of PCI than ICA (10.8% versus
14.4%).'" In the TARGET trial (Effect of On-Site CT-
Derived Fractional Flow Reserve on the Management of
Decision Making for Patients With Stable Chest Pain),
patients with stable chest pain and an intermediate ste-
nosis on cCTA were randomized to further analysis with
FFR., versus usual care.'”® The cCTA-FFR_, group had
a higher 90-day rate of revascularization than standard
care (49.7% versus 42.8%) with a similar difference
at 1 year.'® Taken together, these trials support a small
but relatively consistent effect of cCTA use to lead to
slightly more use of PCl compared with usual care/
usual testing strategies but a lower rate compared with
routine ICA as the initial test. _

As shown in Figure 3, ;é;’fo&*tmhalf of the extra
revascularization-associated costsTrithe precision strat-
egy arm occurred in the first 45 days of trial follow-up,
while. the other half occurred between 45 days and 12
months. If additional ‘costs associated with revascular-
ization were to continue accruing for the precision strat-
egy patients after 12 months, our cost comparison could
represent an underestimate of the actual long-term dif-
ference. Although PRECISE did not collect data after
12 months, both- PROMISE and SCOT-HEART pro-
vide long-term results that are relevant to this issue. In
PROMISE, year 2 costs were low, and the difference
between the anatomic/cCTA arm and the functional
testing arm was $26. Revascularization costs in years
2 and 3 were almost identical in the 2 arms.'® SCOT-
HEART b-year results showed similar cumulative rates
of revascularization: 13.5% in the cCTA arm and 12.9%
in the standard care arm.' The PCI rates were 10.6%
and 10.2%, respectively. Using a 12-month landmark
analysis, SCOT-HEART found that after 12 months,
the cCTA arm actually had a lower rate of both ICA and
revascularization relative to standard care. In addition,
the revascularization procedures done within the first
year were done largely before any clinical events had
occurred, while the revascularization procedures done
after the first year were often in response to an acute
coronary event?® These data provide reasonable reas-
surance that the 12-month PRECISE cost comparison
is not underestimating the long-term incremental cost of
the precision strategy due to unaccounted late revascu-
larization procedures.

A Markov microsimulation model based on patient-
level data from the PROMISE trial found that over
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a lifetime horizon, the cCTA strategy improved life
expectancy by 6 months and reduced late ICA and
revascularization procedures after 5 years.?’ These
results were driven primarily by assumptions of long-
term benefits associated with increased statin use
observed in the cCTA arm of PROMISE. Compared
with functional testing over the lifetime horizon, the
model estimated that a strategy of cCTA in low-risk
stable patients with chest pain would be economically
dominant (increased quality-adjusted life years and
lower cost).

Increasing the rate of PCl in stable patients with chest
pain based primarily on anatomic severity supplemented
by evidence of ischemic physiology might be regarded
as an undesirable feature of a diagnostic strategy, given
that PCl in stable CAD has not proven clearly prog-
nostically beneficial. However, the large trials compar-
ing PCl with medical therapy have actually compared
a routine invasive strategy (with about 90% receiving
PCl in the ISCHEMIA trial [International Study of Com-
parative Health Effectiveness with Medical and Invasive
Approaches] invasive arm) with a selective invasive strat-
egy (with about 30% receiving PCl in the ISCHEMIA
trial conservative arm).?? Thus, every large trial testing
the prognostic effects of PCl has assumed that some
moderate rate of PCl is necessary even with a conserva-
tive strategy centered.on the use of prognostically active
medical therapies. Patients in PRECISE who have both
active symptoms and  evidence on cCTA of obstructive
CAD with ischemic physiology may,-in fact, represent
the appropriate group to receive PCl for symptom man-
agement in the context of a conservative management
strategy.20®?

The differential effects of the physician’s initial antic-
ipated management strategy (invasive versus noninva-
sive) on the cost differences between a cCTA strategy
and a usual testing (functional) strategy have been pre-
viously observed. In the PLATFORM study (Prospective
Longitudinal Trial of FFR.: Outcome and Resource
Impacts), among patients in the invasive testing stratum,
a cCTA with selective FFR_, (used in 61%) led to ICA in
49%, a strategy lowered costs by 32% ($3391 abso-
lute difference) relative to usual testing (100% ICA),
with cost differences driven primarily by the extra costs
of ICA and follow-up hospital-based care.'® Coronary
revascularization rates were similar: 28% in the cCTA
arm and 32% in the usual care arm with a 90-day mean
cost difference of $707. In the noninvasive testing strata
of PLATFORM, the cCTA arm 90-day total costs were
$542 higher with $362 attributable to more revascu-
larization (10% in the cCTA arm versus 5% in the usual
care arm). In the FORECAST trial US cost analysis, for
the planned invasive stratum, assignment to the experi-
mental cCTA with provisional FFR ., arm was associated
with a $547 lower mean cost at 9 months, equivalent
costs in the planned stress test stratum (mean $65
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lower costs for cCTA arm), and $627 higher costs in
the planned cCTA stratum.'®

Limitations

Several caveats should be considered in the interpre-
tation of our study. First, we applied US cost weights
to the patients enrolled outside the United States. Our
objective was to compare costs from the US health care
system perspective. Although there was relatively little
heterogeneity between regions in the 12-month cost
difference estimates (Figure 5), samples of patients
from other regions or different mixtures of component
countries from PRECISE might display larger differ-
ences. Second, moderate variations in the rates of no
initial testing and initial testing with ICA between the
2 arms from the rates in PRECISE would likely alter
the mean cost difference estimates. Third, the par-
titioning of costs into categories of diagnostic- and
revascularization-related  provides estimates that
depend on the granularity of the available cost and
resource use data and represents an approximation
provided primarily for illustrative, purposes. Fourth, as
noted earlier, the small differ\eﬁf ﬁsﬂemn the use of PCI
observed in PRECISE could be interpreted either as
increased appropriate care or as increased unneces-
sary revascularization. Given the small absolute differ-
ence in PCl usein the 2 arms, empirical PRECISE data
are insufficient in‘terms of both sample size and length
of-follow-up to have any expectation of providing sup-
port for either perspective. Fifth, the precision strategy
deferred testing for those classified as minimal risk by
the PROMISE Minimal Risk Score. A similar strategy of
deferred testing for minimal-risk subjects is also pos-
sible as part of usual testing but was not included in the
PRECISE design. Consequently, the clinical care effects
and outcomes of modifying the usual testing strategy in
that way cannot be derived from the trial data. Finally,
the PRECISE trial results are most relevant to eligible
stable patients with chest pain appropriate for elective
diagnostic testing. The trial is not applicable to patients
with high-risk features including severe, progressive, or
unstable symptoms

Conclusions

In summary, we found that the precision strategy, a risk-
based approach endorsed by current American College
of Cardiology/American Heart Association clinical prac-
tice guidelines, had similar costs to usual testing at 45
days and a nonsignificant $478 cost difference at 1 year
in the PRECISE trial. The precision strategy improved
the clinical efficiency of testing for stable symptomatic
patients with suspected CAD in PRECISE with a small
increase in the use of percutaneous revascularization,
little net effect on medical costs, and no significant
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differences in major clinical outcomes in the year follow-
ing evaluation.
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