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IMPORTANCE Guidelines recommend noninvasive testing for patients with stable chest pain,
although many subsequently have normal test results and no adverse clinical events.

OBJECTIVE To describe a risk tool developed to use only pretest clinical data to identify
patients with chest pain with normal coronary arteries and no clinical events during follow-up
(minimal-risk cohort).

DESIGN, SETTING, AND PARTICIPANTS This secondary analysis of a randomized, pragmatic
comparative effectiveness trial (Prospective Multicenter Imaging Study for Evaluation of
Chest Pain [PROMISE]) includes stable, symptomatic outpatients without known coronary
artery disease referred for noninvasive testing at 193 sites in North America.

INTERVENTIONS Patients were randomized to receive coronary computed tomography
angiography (CCTA) vs functional testing.

MAIN OUTCOMES AND MEASURES A low-risk tool was developed and internally validated from
July 27,2010, to September 19, 2013, in 4632 patients receiving CCTA as their initial test, with
a median follow-up of 25 months. Logistic regression analysis was used to evaluate pretest
variables to determine factors associated with minimal risk using a two-thirds random sample
for model derivation (n = 3104) and a one-third sample for testing and validation (n = 1528).
The model was then applied to the CCTA and functional testing arms, and test results and
event rates were ascertained.

RESULTS A total of 1156 of 4632 patients (25.0%) were in the minimal-risk cohort. The final
minimal-risk model included 10 clinical variables that together were correlated with normal
CCTA results and no clinical events (C statistic = 0.730 for the derivation subset; 95% Cl,
0.710-0.750): younger age; female sex; racial or ethnic minority; no history of hypertension,
diabetes, dyslipidemia, or family history of premature coronary artery disease; never
smoking; symptoms unrelated to physical or mental stress; and higher high-density
lipoprotein cholesterol level. Across the entire PROMISE cohort, this model was associated
with the lowest rates of severely abnormal test results (1.5% for CCTA; 4.9% for functional)
and cardiovascular death or myocardial infarction (0.2% for a median of 25 months) among
patients at the highest probability (10th decile) of minimal risk.

CONCLUSIONS AND RELEVANCE |n contemporary practice, more than 25% of patients with
stable chest pain referred for noninvasive testing will have normal coronary arteries and no
long-term clinical events. A clinical tool using readily available pretest variables discriminates
such minimal-risk patients, for whom deferred testing may be considered.
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Identification of Patients With Stable Chest Pain Deriving Minimal Testing Value

urrent guidelines recommend noninvasive testing in

symptomatic patients with intermediate pretest prob-

ability of obstructive coronary artery disease (CAD).!
However, studies of outpatients with a clinical syndrome of
possible ischemia found that most functional test results are
normal, and more than 95% of those patients will not experi-
ence an untoward clinical event during 2 years of follow-up,?-
even among those thought to be at intermediate pretest like-
lihood of CAD by traditional risk assessment tools, such as the
Diamond-Forrester risk score.®® These findings have led to sub-
stantial concerns about overtesting'® and development of ap-
propriate use criteria to guide clinical decision making!! but
little in the way of novel approaches to quantitative risk as-
sessment that might better guide decision making.

Patients unlikely to have CAD, clinical events, or revascu-
larization will derive minimal benefit and value from nonin-
vasive testing. If such patients can be identified before test-
ing, the need for testing and its associated costs might be
reduced. Safely deferred testing even in a modest percentage
of patients would be an attractive strategy in an era when health
care systems are accountable for costs and outcomes.!?

We hypothesized that the highly annotated baseline demo-
graphicand clinical pretest data available in the Prospective Mul-
ticenter Imaging Study for Evaluation of Chest Pain (PROM-
ISE) trial would allow creation of a risk model useful for
identifying patients unlikely to benefit from noninvasive test-
ing, defined as those with normal test results (including no coro-
nary atherosclerosis) and no clinical events during the subse-
quent 2 years of follow-up. We then used the model to develop
aclinical tool to aid health care professionals in identifying pa-
tients who may derive minimal or no value from noninvasive
testing for whom deferring testing may be considered.

Methods

Study Population and Design

PROMISE was a pragmatic comparative effectiveness trial that
enrolled 10 003 evaluable patients at 193 sites in North America
representing community practices and academic medical cen-
ters. The PROMISE study design and primary results have been
described in detail.”!® The study enrolled stable sympto-
matic outpatients without known CAD referred for noninva-
sive testing for further evaluation from July 27, 2010, to Sep-
tember 19, 2013. Patients were randomized to an initial
anatomical testing strategy with coronary computed tomog-
raphy angiography (CCTA) or a functional testing strategy (ex-
ercise treadmill testing, stress echocardiography, or stress
nuclear imaging) and then followed up for a median of 25
months for outcome events. The study protocol was ap-
proved by the local or central institutional review board at each
coordinating center and at each of the 193 enrolling sites in
North America (eAppendix 1 in the Supplement). Written in-
formed consent was obtained from all patients.

Definition and Derivation of the Minimal-Risk Cohort
Of the 10 003 patients randomized in PROMISE, the 4633 pa-
tients who were randomized to and received CCTA as an initial
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Key Points

Question s it possible to create a risk tool to identify
intermediate-risk patients with stable chest pain unlikely to
benefit from noninvasive testing?

Findings In this secondary analysis of a randomized clinical trial,
1156 of 4632 patients (25.0%) with stable chest pain had normal
coronary arteries (without atherosclerosis) and no long-term
clinical events. These minimal-risk patients can be identified with
good discrimination using pretest clinical characteristics alone.

Meaning A clinical tool using readily available pretest variables
discriminates such minimal-risk patients, for whom deferred
testing may be considered.

noninvasive test served as the initial analytic group in this sec-
ondary analysis of PROMISE (Figure). Only patients receiving
CCTA as their initial test were included in model develop-
ment because the definition of normal in this cohort in-
cluded those without any detectable atherosclerosis who are
at the lowest risk of adverse events.!* Patients were catego-
rized as being at minimal risk if they underwent CCTA that pro-
duced normal results and if all of the following conditions de-
fined a priori were met: (1) coronary artery calcium score was
0 or was not obtained; (2) no evidence of atherosclerosis; (3)
overall study quality was diagnostic (ie, sufficient data qual-
ity for interpretation); (4) left ventricular function was nor-
mal or not reported; (5) no wall motion abnormalities were pre-
sent or not reported; and (6) no relevant cardiovascular
incidental findings that could account for the patients’ symp-
toms (ie, aortic dissection or pulmonary embolism) were noted.
All patients with normal CCTA results were included in the
minimal-risk cohort in the absence of any of the following ad-
judicated clinical events during the median 25-month fol-
low-up period: all-cause death, nonfatal myocardial infarc-
tion (MI), unstable angina hospitalization, or revascularization
during the entire follow-up period. The final study cohort con-
sisted of 1156 minimal-risk patients and 3476 other patients
(n = 4632) (Figure).

Statistical Analysis

Continuous baseline characteristics were summarized using
means and SDs or medians with 25th and 75th percentiles. Cat-
egorical variables were summarized using frequencies and per-
centages. Group comparisons with respect to continuous base-
line variables were performed using the Wilcoxon rank sum
test; the Pearson ¥ test or Fisher exact test was used for com-
parisons that involved categorical variables. Statistical signifi-
cance was setata = .05. All analyses were performed with SAS
statistical software, version 9.4 or JMP Pro, version 12.1 (SAS
Institute Inc).

Complete data were available for most of the baseline vari-
ables included in the a priori-specified list of interest. How-
ever, for total and high-density lipoprotein cholesterol, which
had more than 5% missingness, imputation was performed
with a single imputation procedure, namely, the fully condi-
tional specification method using PROC MIin SAS, version 9.4.

JAMA Cardiology April2017 Volume 2, Number 4

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/12/2022

401


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2016.5501&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.5501
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.5501

402

Research Original Investigation

Identification of Patients With Stable Chest Pain Deriving Minimal Testing Value

Figure. Cohort Derivation, Model Derivation, and Validation Populations

10003 Patients randomized to CCTA
vs functional stress testing

5370 Excluded
4837 Underwent a functional test
100 Underwent CAC scoring only <
29 Underwent ICA as an initial test
404 Did not have an initial test performed

‘ 4633 Received CCTA ‘

1 Excluded because of missing data ‘f ffffffffff

‘ Was the CCTA result normal? ‘

Yes No

(391 With all-cause death, |
myocardial infarction,
unstable angina

Of the 10 003 patients randomized in
the Prospective Multicenter Imaging
hospitalization, or Study for Evaluation of Chest Pain
L revascularization ) (PROMISE), 4633 who received
coronary computed tomography

Analytic cohorts ( 1156 Minimal risk cohort

Derivation and
validation subsets

3104 Derivation
subset

> o . angiography (CCTA) as an initial
[ 3085 With abnormal ‘ noninvasive test were used to derive
L CCTA result ) the model cohorts. Patients with no
clinical events (all-cause death,
‘ myocardial infarction, unstable
equals angina hospitalization, or
l revascularization) and a normal CCTA
result were included in the
‘ 3476 Otﬁer cohort ' minimal-risk cohort; all other patients
were included in the other cohort.
One patient with insufficient data to
categorize them as minimal risk vs
T other was excluded. The final analysis
population was then divided into
2:1 < 1528 Validation > derivation and validation subsets

subset//, with a random 2:1 split. CAC indicates

coronary artery calcium; ICA, invasive
coronary angiography.

Using the final study cohort, we performed a random two-
thirds to one-third data split to create a model development
subset (n = 3104) and a model testing and validation subset
(n = 1528) (Figure). In the model development subset, multi-
variable logistic regression analysis was used to identify base-
line (pretest) variables that were useful in discriminating the
minimal-risk patients from the other patients and creating a
model for identifying which patients were likely to fall into the
minimal-risk category. For continuous baseline variables,
we examined the shape and strength of the association
between individual variables and whether patients were in
the minimal-risk group using a flexible model-fitting
approach that involved restricted cubic spline functions (cu-
bic polynomials).'® Categorical variables with more than 3
levels were collapsed to 3 clinically meaningful categories.
After examining univariate associations, a multivariable
logistic regression model for assessing the probability of
minimal risk was fit using the backward variable selection
method with all the a priori-specified covariates that were
significantly different at the a = .05 level between the
minimal-risk and other groups or were considered clinically
relevant. The model derived in the model development data
set, including the variables selected and their corresponding
variable estimates, was then applied to the testing and vali-
dation data set to assess the model’s performance in an
independent sample.

The measure of predictive discrimination used to char-
acterize model performance in the model development and
validation samples was the area under the receiver operat-
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ing characteristic curve (AUC) or C statistic.'® Calibration of
the model predictions was assessed by graphic comparison
of the observed proportion of minimal-risk patients to the
mean model prediction across deciles of the potential prob-
abilities of minimal risk. In addition, the Hosmer-Lemeshow
statistic was calculated to statistically assess model calibra-
tion. Finally, a sensitivity analysis using bootstrapping as an
alternative model-building strategy was performed as a
comparison to the initial model-building approach. The
mean C statistic was computed and reported based on 1000
bootstrap samples.

With the use of the final model, the potential probability
of minimal risk was computed for each person in the CCTA and
functional testing cohorts. For each cohort, the distribution of
potential probabilities was divided into deciles, with the first
decile including patients with the lowest potential probabili-
ties of minimal risk (ie, the patients least likely to be minimal
risk) and the 10th decile including patients with the highest
potential probabilities (ie, the patients most likely to be mini-
mal risk). Additional details of the model application and the
comparison to other risk scores are provided in eAppendix 2
in the Supplement.

After validation of the model, the variables selected in the
model development phase were refit in a final multivariable
logistic regression model using the entire CCTA cohort
(n = 4632) to obtain more robust variable estimates for appli-
cation to other patient cohorts. The resulting C statistic was
reported, as well as odds ratios and 95% ClIs (as estimated by
the Mann-Whitney test), for each variable in the model.
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. |
Results

Study Population and Cohorts

Of the 4632 patients in the CCTA arm, 1156 patients (25.0%)
had a completely normal CCTA result and no clinical events
during the median 25-month follow-up period; these pa-
tients were categorized as the minimal-risk cohort (Figure). In
contrast, 3476 patients (75.0%) had an abnormal CCTA result
and/or experienced a clinical event; they were categorized as
the other cohort. Among patients in the derivation subset (two-
thirds of patients, n = 3104), there were many statistically sig-
nificant differences in baseline clinical characteristics be-
tween the minimal-risk (n = 775; mean [SD] age, 57.5 [7.0]
years; 484 females [62.5%]; 200 racial or ethnic minority
[26.0%]) and other (n = 2329) patients (Table 1). A complete
list of baseline clinical characteristics for the entire CCTA study
population, including all variables considered for model build-
ing, is given in eTable 1in the Supplement.

Results of Multivariable Model

On the basis of the multivariable analysis in the model devel-
opment subset, 10 pretest clinical variables independently as-
sessed the probability of patients being categorized as mini-
mal risk (Table 2). The C statistic was 0.730 (95% CI, 0.710-
0.750). Using the variable estimates obtained in the model
development subset and applying the model to the indepen-
dent validation subset, which consisted of 1528 randomly se-
lected patients undergoing CCTA, yielded a nearly identical C
statistic of 0.713 (95% CI, 0.684-0.742); when the model was
applied to the entire CCTA population, the C statistic was 0.725
(95% CI, 0.709-0.741). Sensitivity analyses using bootstrap-
ping resulted in a similar C statistic of 0.723.

Model Calibration

Calibration of the model when applied to the independent vali-
dation data set was examined by comparing the observed pro-
portion of minimal-risk patients with the mean potential prob-
ability of minimal risk by deciles of the potential probabilities
(eFigure 1 in the Supplement). Excellent calibration is dem-
onstrated graphically and by the Hosmer-Lemeshow calibra-
tion statistic (x* = 5.91, P = .66).

Test Results and Clinical Event Rates by Probability

of Minimal Risk

With the variables selected, the minimal-risk model was refit
in the full PROMISE CCTA cohort (n = 4632). As reported in
Table 3, as the probability of minimal risk increased, the prob-
ability of a normal CCTA also increased, whereas the probabil-
ity decreased of an abnormal or severely abnormal test re-
sult. As outlined in eTable 2 in the Supplement, a severely
abnormal CCTA result was defined as having 1 of the follow-
ing: 2-vessel disease (=70%) or 50% or more left main artery
stenosis or 70% or more proximal left anterior descending ar-
tery stenosis. Similar data were found when the model was ap-
plied to the functional testing cohort. However, compared with
the CCTA cohort, at the highest probability of minimal risk,
patients in the functional arm had greater rates of normal test

jamacardiology.com

Original Investigation Research

results (84.0% vs 65.6%) and severely abnormal test results
(4.9% vs 1.5%). In the entire study population (combined CCTA
and functional cohorts), as the probability of minimal risk in-
creased, the probability of cardiovascular death and MI de-
creased, with the lowest event rate among patients with the
highest probability of minimal risk (0.2% during a median 25
months of follow-up; 10th decile or 0.1% per year).

Comparison With Other Risk Scores

eFigure 2 in the Supplement shows the AUCs for the PROM-
ISE minimal-risk model compared with the Framingham and
Diamond-Forrester/Coronary Artery Surgery Study (CASS) risk
scores for the assessment of minimal risk when applied to the
entire CCTA population. The PROMISE minimal-risk model
(AUC = 0.725; 95% CI, 0.709-0.741) better characterized pa-
tients as minimal risk compared with the Framingham
(AUC = 0.687; 95% CI, 0.670-0.704) and Diamond-Forrester/
CASS risk scores (AUC = 0.610; 95% CI, 0.592-0.628).

PROMISE Minimal-Risk Tool and Patient Example

As apatient example, consider a 50-year-old white woman with
atypical chest pain, a medical history of hypertension, and a
high-density lipoprotein cholesterol level of 70 mg/dL (to con-
vert to millimoles per liter, multiply by 0.0259) is in the 10th
decile of minimal risk. On average, patients in the 10th decile
from PROMISE had a 65.6% probability of having a normal
CCTA result, a 1.5% chance of a severely abnormal CCTA re-
sult, and a 0.2% risk of cardiovascular death or nonfatal MI dur-
ing a 25-month follow-up period. The individual patient whose
data are presented is estimated to have a probability of 0.58
of being at minimal risk (normal CCTA result and no clinical
events).

|
Discussion

Among PROMISE patients undergoing evaluation for stable
chest pain with an intermediate pretest probability of CAD,
25.0% had a normal CCTA result, no clinical events, and no re-
vascularization during a median 25 months of follow-up. A
model that included only pretest demographic and clinical data
identified this minimal-risk cohort with good discrimination
(C statistic = 0.730) and improved existing risk scores. From
that model we developed a pretest decision support tool to help
clinicians identify patients with stable chest pain who are likely
to derive minimal benefit and value from testing.

The ability to identify a subset of intermediate pretest prob-
ability patients with stable chest pain who might safely defer
noninvasive testing is appealing given concerns about the low
yield of testing in current practice and the associated costs.
Studies?” suggest that the results of most functional stress
studies on outpatients with a clinical syndrome of possible is-
chemia are normal, and nearly all such patients will not expe-
rience an untoward clinical event. To our knowledge, few prior
analyses have attempted to identify and validate a set of de-
scriptors that could be used to help clinicians identify a sub-
set of symptomatic, intermediate-likelihood patients who are
likely to receive little or no benefit from noninvasive testing.
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Table 1. Selected Baseline Clinical Characteristics in the Derivation Subset®

No. (%)
Minimal Risk Other
Characteristic (n=775) (n=2329) P Value
Age, mean (SD), y° 57.5 (7.03) 61.2 (8.25) <.001
Female® 484 (62.5) 1077 (46.2) <.001
Racial or ethnic minority® 200 (26.0) 514 (22.2) .03
Physician estimate of likelihood of obstructive disease®
Very low or low (£30%) 357 (46.1) 816 (35.1) <.001
Intermediate, high, or very high (>30%) 418 (53.9) 1507 (64.9)
Cardiac risk factor
Hypertension® 449 (57.9) 1549 (66.5) <.001
Diabetes® 114 (14.7) 526 (22.6) <.001
Metabolic syndrome® 231 (29.8) 918 (39.4) <.001
Dyslipidemia® 477 (61.5) 1608 (69.0) <.001
Family history of premature CAD® 237 (30.7) 797 (34.3) .06
Peripheral artery disease® 5(0.6) 39 (1.7) .04
History of TIA 5 (0.6) 40 (1.7) .03
History of stroke® 6 (0.8) 52 (2.2) .009
History of cerebrovascular disease® 14 (1.8) 106 (4.6) <.001
History of CASP 0 14 (0.6) .03
NYHA class®
Normal 753 (97.5) 2279 (98.1)
Ior Il 19 (2.5) 43 (1.9) 44
\% 0 2(0.1)
Tobacco smoking®
Never 461 (59.6) 1070 (45.9) <.001
Ever 313 (40.4) 1259 (54.1)
History of depression 155 (20.0) 450 (19.3) .68
Participate in physical activity 426 (55.0) 1194 (51.4) .08
Risk factors per patient
No. 775 2329 <.001
Mean (SD) 2.1 (0.99) 2.5 (1.08)
CAD equivalent®© 128 (16.5) 611 (26.2) <.001
Framingham risk score
No. 774 2322 <.001
Mean (SD) 14.8 (10.21) 23.5 (15.45)
Diamond-Forrester/CASS risk score, mean (SD) 47.8 (20.38) 55.2 (21.34) <.001
ASCVD pooled cohort risk score
No. 768 2298 <.001
Mean (SD) 9.3 (8.39) 15.9 (11.74)
Chest pain characterization
Typical 78 (10.1) 276 (11.9)
Atypical 614 (79.2) 1799 (77.2) 38
Noncardiac 83 (10.7) 254 (10.9)
Primary symptom¢
Chest pain 608 (78.5) 1669 (71.7)
Dyspnea 81 (10.5) 358 (15.4) <001
Other 86 (11.1) 300 (12.9)
Primary symptom related to physical or mental stress®
No 397 (51.2) 986 (42.4)
Yes 291 (37.5) 1081 (46.5) <001
Unknown 87 (11.2) 260 (11.2)
(continued)
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Table 1. Selected Baseline Clinical Characteristics in the Derivation Subset® (continued)

No. (%)
Minimal Risk Other
Characteristic (n=775) (n=2329) P Value
Primary symptom relieved by rest or nitroglycerin within 10 min®
Always or usually 230 (29.7) 792 (34.0)
Rarely or never 173 (22.3) 529 (22.7) 04
Unknown 372 (48.0) 1006 (43.2)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CAD, coronary
artery disease; CAS, carotid artery stenosis; CASS, Coronary Artery Surgery
Study; NYHA, New York Heart Association; TIA, transient ischemic attack.

2 Data are presented as number (percentage) of patients unless otherwise
indicated.

bVariables included in the multivariable analysis.

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

Table 2. Factors Associated With Minimal Risk in the Final Derivation Model®

Factor 0dds Ratio (95% CI)® P Value Ve
Age (per 5-y decrease) 1.55 (1.45-1.66) <.001 173.9
Female sex 2.66 (2.17-3.25) <.001 90.0
Racial or ethnic minority 1.07 (0.87-1.31) .54 0.4 Abbreviations: CAD, coronary artery
No hypertension 1.44 (1.20-1.73) <.001 155 disease; HDL-C, high-density
No dyslipidemia 1.48 (1.23-1.79) <.001 17.1 lipoprotein cholesterol.
Never smoker® 1.80 (1.51-2.15) <.001 4138 ? Model derivation Cstatistic = 0.730;
— model validation C statistic = 0.713.
No family history of CAD 1.36 (1.13-1.65) .001 10.3 b )
- Odds ratios greater than 1.00
No diabetes 1.50(1.18-1.92) .001 10.6 indicate increased probability of
Symptoms unrelated to physical or mental stress minimal risk for every 5-unit
(reference group: Yes) increase or decrease in continuous
No 1.35(1.12-1.63) -006 10.2 variables and when comparing
Uil 1.20 (0.89-1.62) catggory shift in categorical
— variables.
HDL-C (per 5-point increase) 1.04 (1.01-1.07) .02 53 ¢ Compared with ever smoking.
Table 3. Test Results and Overall Event Rates by Probability of Minimal Risk®
No. of
Mean No. of Patients CCTA Test Results, No. (%) CV Death
Probability Patientsin ~ With CCTA High-Risk Significantly Mildly and MI,
Decile of No Risk® Decile Results Normal Abnormal Abnormal Abnormal Abnormal No. (%)°©
1 0.05 458 440 32(7.3) 408 (92.7) 63 (14.3) 52 (11.8) 293 (66.6) 17 (3.7)
2 0.09 459 441 51(11.6) 390 (88.4) 47 (10.7) 42 (9.5) 301 (68.3) 6 (1.3)
3 0.13 459 449 79 (17.6) 370 (82.4) 43 (9.6) 29 (6.5) 298 (66.4) 8 (1.7)
4 0.17 458 454 100 (22.0) 354 (78.0) 29 (6.4) 34 (7.5) 291 (64.1) 9 (2.0)
5 0.21 459 451 129 (28.6) 322 (71.4) 28 (6.2) 19 (4.2) 275 (61.0) 5(1.1)
6 0.25 459 453 165 (36.4) 288 (63.6) 17 (3.8) 24 (5.3) 247 (54.5) 5(1.1)
7 0.29 458 451 173 (38.4) 278 (61.6) 14 (3.1) 27 (6.0) 237 (52.5) 5(1.1)
8 0.35 459 452 219 (48.5) 233 (51.5) 8(1.8) 18 (4.0) 207 (45.8) 4(0.9)
9 0.42 459 451 253 (56.1) 198 (43.9) 8(1.8) 11 (2.4) 179 (39.7) 3(0.7)
10 0.54 458 453 297 (65.6) 156 (34.4) 7 (1.5) 10 (2.2) 139 (30.7) 1(0.2)

Abbreviations: CCTA, coronary computed tomography angiography; CV,
cardiovascular; MI, myocardial infarction.

@ Patients without a test result were excluded for model application purposes.

®Final model formula for calculating minimal risk: 1/(1+ exp [-1.783 + age
(0.084) + sex (female) (-1.026) + ethnicity (yes) (-0.142) + tobacco (never)

(-0.526) + diabetes (no) (-0.314) + dyslipidemia (no) (-0.412) + family history
of coronary artery disease (no) (-0.309) + hypertension (no) (-0.408) +
stress (no) (-0.309) + stress (unknown) (-0.195) + high-density lipoprotein
cholesterol (-0.006)]).

“Median follow-up of 25 months.

The concept of not testing such patients is commensurate with
guideline recommendations to not test unless the pretest prob-
ability of obstructive disease is greater than 10%.!

The model used 10 pretest variables commonly available
during the evaluation of a symptomatic patient with chest pain;

jamacardiology.com

we incorporated these variables into a simple risk assess-
ment tool, allowing individual risk estimation. This tool pro-
vides useful information in terms of the probability of mini-
mal risk but also the probabilities of an individual patient
having any abnormal or a severely abnormal test result (CCTA
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and functional) or a clinical event. Although the clinical thresh-
old to recommend noninvasive testing may vary, it may be rea-
sonable to consider deferral of noninvasive testing for some
patients. We acknowledge that approximately one-third of pa-
tients in the 10th decile (highest probability of minimal risk)
still have some mild degree of coronary atherosclerosis
(Table 3). However, few in this group have obstructive dis-
ease, and even fewer have a subsequent adverse event during
follow-up. To put this information into context, patients in our
study with the highest probability of minimal risk had alower
risk profile (0.2% risk of cardiovascular death and MI at a me-
dian 25 months of follow-up) compared with a disease-free,
asymptomatic 50-year-old cohort from the Framingham Heart
Study (1.4% annual risk of MI, coronary insufficiency, cardio-
vascular death, angina pectoris, atherothrombotic stroke, and
intermittent claudication for males and 0.7% for females).!”

Strengths and Limitations

The analysis has several advantages. Data from the patients
in the CCTA arm of PROMISE were used to develop the risk
tool model because CCTA can identify patients with normal
coronary arteries with high accuracy,'®!° and having no ath-
erosclerosis represents the lowest-risk patients.'* The prag-
matic nature of PROMISE well reflects contemporary com-
munity practice. The large size of the PROMISE CCTA
database allowed cohorts with large sample sizes, as well as
the creation of distinct derivation and validation groups.
Furthermore, application of the model derived and vali-
dated within the CCTA arm to the PROMISE functional test-
ing arm supports its generalizability, with the lowest event
rates among patients with the greatest probability of mini-
mal risk (10th decile) in both arms. Therefore, clinicians
who are considering functional testing may also contem-
plate using this risk tool because its risk outputs are not spe-
cific to the intended test result type. Finally, the model
itself has good discrimination (C statistic = 0.730), consis-
tent validation (including using sensitivity analyses with
bootstrapping), and excellent calibration. Importantly, this
model identifies the minimal-risk patient cohort better than
the traditional Diamond-Forrester/CASS and Framingham
risk scores that are currently in clinical use.

There are some advantages of this PROMISE clinical tool
compared with other risk scores. The combined Diamond-
Forrester/CASS risk score, currently recommended in the 2012
American College of Cardiology/American Heart Association
guidelines,! was not designed to identify patients unlikely to
benefit from testing but rather to describe the likely findings
because patients were already destined to receive noninva-
sive or invasive testing. The first Coronary CT Angiography
Evaluation for Clinical Outcomes: An International Multi-
center (CONFIRM) Registry risk score?® demonstrates the in-
cremental prognostic information derived from identifica-
tion of plaque burden and stenosis on CCTA, was derived in a
mixed population of patients (asymptomatic and sympto-
matic), requires noninvasive testing by definition as part of the
score, and thus does not aid in the decision to test or defer test-
ing. A subsequent CONFIRM risk score developed using only
medical history included only symptomatic patients but is lim-
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ited by not reporting cardiovascular death (only MI and
all-cause mortality are reported).?! Unlike the PROMISE risk
tool, this score did not aim to identify patients without coro-
nary plaque (only those without a coronary stenosis 250%),
which CONFIRM itself has shown to be prognostically impor-
tant. Furthermore, our risk tool is more generalizable to a full
functional testing population because neither CONFIRM score
was applied to patients undergoing exercise treadmill testing
alone, stress echocardiography, or nuclear perfusion with phar-
macologic stress. Thus, in addition to the entirely pretest na-
ture of the variables in our model, we evaluated a sympto-
matic cohort and incorporated the probability of normal test
results (unlike the CONFIRM and Diamond-Forrester/CASS risk
scores) and freedom from downstream events (unlike the Dia-
mond-Forrester risk score) as end points in our model.

A method to identify patients who may derive minimal
benefit from testing has several potential implications for pa-
tients, clinicians, and clinical practice in general. For pa-
tients, this process can mean a reduction in testing from which
they would not benefit, thereby saving time, anxiety, and cost,
as well as a potential reduction in radiation exposure and false-
positive test results that could lead to more invasive, unnec-
essary procedures. For clinicians, this tool has the potential to
help optimize office-based decision making. From a practice
and societal perspective, in an era in which practitioners are
increasingly held accountable for costs and quality, identify-
ing patients unlikely to benefit from potentially expensive test-
ing and who may be managed conservatively has many po-
tential economic and process-of-care advantages.

This study has some limitations. It is unclear how these
results might apply to a higher-risk group with a greater preva-
lence of disease or incidence of events or those who did not
consent to participate in a clinical trial. However, the results
are generated from the largest contemporary, real-world evalu-
ation of the role of noninvasive testing among patients with
stable chest pain, which strengthens its generalizability. In ad-
dition, the risk model was derived and validated using the CCTA
cohort and therefore does not address other valid reasons to
test, including but not limited to obtaining knowledge of func-
tional capacity or reproduction of symptoms and their asso-
ciation with exertion. Although the model was found to be ro-
bust when applied to a distinct validation subset with the
PROMISE trial data set, further validation of the tool within
otherindependent data samples will provide greater general-
izability. Finally, our tool is not intended to act as concrete de-
cision support to test or not test patients, which would re-
quire arandomized clinical trial for validation. Rather, itis an
aid that quantifies minimal risk and potentially identifies a sub-
set of patients who are unlikely to benefit from proceeding di-
rectly to noninvasive testing.

. |
Conclusions

More than one-quarter of stable, symptomatic outpatients with
suspected CAD who currently have an indication for nonin-
vasive testing have no coronary atherosclerosis and no revas-
cularization procedures or clinical cardiac events during a me-

jamacardiology.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/12/2022


http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.5501

Identification of Patients With Stable Chest Pain Deriving Minimal Testing Value

dian 2-year period. These patients can be identified using
pretest clinical characteristics alone, including risk factor pro-
file, symptom characteristics, and lipid values. These vari-
ables can be used to inform a user-friendly, point-of-care de-
cision support tool quantifying the likelihood of having a
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