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Background. In the United States, functional stress testing is the primary imaging modality for patients with stable symptoms
suspected to represent coronary artery disease (CAD). Coronary computed tomography angiography (CTA) is excellent at
identifying anatomic coronary artery disease (CAD). The application of computational fluid dynamics to coronary CTA allows
fractional flow reserve (FFR) to be calculated noninvasively (FFRCT). The relationship of noninvasive stress testing to coronary
CTA and FFRCT in real-world clinical practice has not been studied. Methods. We evaluated 206 consecutive patients at Loyola
University Chicago with suspected CAD who underwent noninvasive stress testing followed by coronary CTA and FFRCT when
indicated. Patients were categorized by stress test results (positive, negative, indeterminate, and equivocal). Duke treadmill score
(DTS), METS, exercise duration, and chest pain with exercise were analyzed. Lesions ≥ 50%stenosis were considered positive by
coronary CTA. FFRCT < 0:80 was considered diagnostic of ischemia. Results. Two hundred and six patients had paired
noninvasive stress test and coronary CTA/FFRCT results. The median time from stress test to coronary CTA was 49 days.
Average patient age was 60.3 years, and 42% were male. Of the 206 stress tests, 75% were exercise (70% echocardiographic, 26%
nuclear, and 4% EKG). There were no associations of stress test results with CAD > 50% or FFRCT < 0:80 (p = 0:927 and p =
0:910, respectively). Of those with a positive stress test, only 30% (3/10) had CAD > 50% and only 50% (5/10) had FFRCT < 0:80.
Chest pain with exercise did not correlate with CAD > 50% or FFRCT < 0:80 (p = 0:66 and p = 0:12, respectively). There were no
significant correlations between METS, DTS, or exercise duration and FFRCT (r = 0:093, p = 0:274; r = 0:012, p = 0:883; and r =
0:034, p = 0:680; respectively). Conclusion. Noninvasive stress testing, functional capacity, chest pain with exercise, and DTS are
not associated with anatomic or functional CAD using a diagnostic strategy of coronary CTA and FFRCT.
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1. Introduction

In the United States, functional stress testing is the primary
imaging modality for patients with stable symptoms sus-
pected to represent coronary artery disease (CAD). Metrics
of functional capacity derived from stress tests such as
exercise duration, metabolic equivalents (METS), and Duke
treadmill score (DTS), an index that provides information
calculated using data from exercise treadmill EKG, are com-
monly reported and incorporated in clinical decision-making
to determine the presence of CAD [1]. However, functional
stress testing has been shown to have low diagnostic yield
at the time of ICA and, consequently, is no longer recom-
mended as the first line diagnostic testing in the National
Institute for Health and Care Excellence (NICE) guidelines
for the assessment of recent onset chest pain [2]. The neces-
sity of improved methods for the noninvasive evaluation of
CAD was highlighted in a retrospective study of the National
Cardiovascular Data Registry, which demonstrated that only
37.6% of the 398,978 patients without known CAD who
underwent ICA had obstructive CAD, and having a positive
noninvasive stress test only increased the rate of obstructive
disease from 35% to 41% [3].

Coronary computed tomographic angiography (CTA)
has emerged as an excellent noninvasive test for detecting
CAD. However, the identification of CAD alone is insuffi-
cient as the relationship between coronary stenosis and ische-
mia is complex and frequently discordant. Over the past few
years, there has been strong interest in computing fractional
flow reserve (FFR) noninvasively using coronary CTA [4].
The application of computational fluid dynamics (CFD) to
resting coronary CTA datasets allows FFR to be calculated
noninvasively (FFRCT). The emergence of FFRCT provides a
noninvasive test that yields both anatomic and functional
data and has been validated through a number of accuracy
studies [5, 6]. Furthermore, several studies now suggest that
FFRCT leads to the reduction of unnecessary ICA in patients
with CAD [7–9].

We sought to determine the relationship between nonin-
vasive stress testing, metrics of functional capacity, DTS, and
chest pain with exercise and anatomic or functional CAD
using a diagnostic strategy of coronary CTA and FFRCT.

2. Methods

2.1. Study Population. We retrospectively evaluated 597 con-
secutive patients at Loyola University Chicago with suspected
CAD who underwent coronary CTA at the treating physi-
cian’s discretion. Patients with known CAD were excluded
from the analysis, and no patients underwent revasculariza-
tion between stress testing and coronary CTA. Of those
patients, 206 had paired noninvasive stress testing and coro-
nary CTA/FFRCT and were included in the analysis. The
median time between coronary CTA and stress testing was
49 days.

Due to the retrospective nature of this study, the ordering
physicians were not blinded to the results of either the
coronary CTA or noninvasive stress test. The coronary CTA
studies were read by cardiology attendings with board certifi-

cation in cardiovascular CT imaging, with support from diag-
nostic radiology for extracardiac pathology. Exercise treadmill
EKGs and stress echocardiograms (exercise and pharmacolog-
ical) were read by cardiology attendings with board certification
in echocardiography. Nuclear stress tests were interpreted by
nuclear medicine attendings with board certification in nuclear
cardiology.

Coronary artery lesions with ≥50% stenosis were consid-
ered positive by coronary CTA whereas FFRCT ≤ 0:80 at the
distal vessel tip was considered diagnostic of ischemia.
Modalities of noninvasive stress testing included exercise
treadmill EKG, stress echocardiogram (exercise and pharma-
cological), and single-photon emission computed tomogra-
phy myocardial perfusion imaging (SPECT-MPI [exercise
and pharmacological]). Patients were categorized by stress
test results (positive, negative, indeterminate, and equivocal).
The definition of a positive stress test depended on the stress
modality and is described in detail for each below. Patients
with discordant stress EKG compared with stress imaging
were considered to have equivocal stress tests (i.e., abnormal
stress EKG but normal stress echocardiographic images).
Indeterminate stress tests were defined as patients who failed
to achieve target heart rate or had uninterpretable exercise
stress imaging.

2.2. Exercise Treadmill EKG. A symptom-limited standard
exercise treadmill test (ETT) was conducted, using the Bruce
or modified-Bruce protocol. Patients with the following
resting EKG changes were excluded: preexcitation (Wolff-
Parkinson-White) syndrome, electronically paced ventricu-
lar rhythm, greater than 1mm of resting ST depression, or
complete left bundle branch block. The test was preceded
by 48-hour discontinuation of β-blockers, calcium antago-
nists, and long-lasting nitrates. The patients were monitored
continuously during the test with 12-lead EKG. Exercise
duration, METS, chest pain during exercise, arrhythmia,
and hypertensive response with stress and ST segment
changes were recorded. A positive exercise treadmill EKG
was defined as greater than or equal to 1mm of horizontal
or downsloping ST-segment depression or elevation for at
least 60 to 80 milliseconds after the end of the QRS complex
in 2 or more contiguous leads [10]. Arrhythmia that occurred
during exercise included premature ventricular contractions,
ventricular tachycardia/fibrillation, or supraventricular tachy-
cardia. A systolic blood pressure > 220mmHg for men or
>210mmHg for women was considered a hypertensive
response. Duke treadmill score was calculated using the
following equation: DTS = exercise time − ð5 × STdeviationÞ
− ð4 × exercise anginaÞ, with 0 = none, 1 = non-limiting, and
2 = exercise limiting angina. Patients were further categorized
into low risk (score > 5), intermediate risk (score between 4
and -11), and high risk (score < −11) DTS [11].

2.3. Stress Echocardiogram. Stress echocardiograms were per-
formed following the guidelines of the American Society of
Echocardiography [11]. For stress echocardiography with
treadmill testing, the Bruce protocol was utilized and images
were obtained at rest, immediately after peak exercise, and
at recovery. The patient exercised at 3-minute stages of
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progressively increasing difficulty until exercise-limiting
symptoms, or significant abnormalities in blood pressure,
heart rhythm, or ST segments were noted. Postexercise images
were obtained as soon as possible and ideally within 1 minute.
An ischemic response to exercise was defined by the develop-
ment of a new wall motion abnormality in a segment with
normal function at rest, worsening of function with stress in
a segment with a resting wall motion abnormality, increase
in the ventricular cavity size with exercise, or a decrease in
the ejection fraction compared with rest [11].

2.4. Single-Photon Emission Computed TomographyMyocardial
Perfusion Imaging. SPECT-MPI was acquired following the
guidelines of the American Society of Nuclear Cardiology
[12]. Similar to stress echocardiography, patients who under-
went exercise SPECT-MPI followed the Bruce protocol and
were continuously monitored during the exercise test and for
at least 5 minutes into the recovery phase. A 12-lead EKG
was obtained at every stage of exercise, at peak exercise, and
at the termination or recovery phase. The heart rate and blood
pressure were recorded at least every 3 minutes during exercise,
at peak exercise, and for at least 5 minutes into the recovery
phase. The radiopharmaceutical was injected as close to peak
exercise as possible. An abnormal response to stress was a
perfusion defect within one or more of the 17-segment heart
model territories compared to rest. In addition, an increase in
the ventricular cavity with stress was considered an abnormal
ischemic response.

2.5. Coronary CTA Acquisition and Analysis. Coronary CTA
was performed with electrocardiographic gated prospective
or retrospective gating on ≥64 detector row scanners (Siemens
Sensation Cardiac 64, Siemens Medical Solutions, Malvern,
Pennsylvania; Discovery HD 750, GE Healthcare, Milwaukee,
USA; Revolution CT 256-row, GE Healthcare, Milwaukee,
USA) in accordance with the Society of Cardiovascular Com-
puted Tomography (SCCT) guidelines [13]. Oral, and when
needed, intravenous beta-blocker was administered to achieve
a target heart rate (HR) of 60 beats per minute (bpm). Sublin-
gual nitroglycerin 0.4-0.8mg was given approximately 5
minutes prior to contrast administration. CTA datasets were
interpreted using a commercially available dedicated worksta-
tion (Aquarius 3D Workstation, TeraRecon, San Mateo, CA,
USA). A coronary lesion with ≥50% diameter of stenosis by
the interpreting physician was considered obstructive on
coronary CTA [14–16]. Coronary vessel branches for the left
anterior descending, left circumflex, and right coronary arter-
ies were categorized according to the SCCT guidelines.

2.6. Computation of FFRCT. FFRCT analysis was performed by
HeartFlow Inc. (Redwood City, California) as previously
described [17]. After semiautomated segmentation of the epi-
cardial coronary arteries and determination of left ventricular
mass, calculations of FFRCT were performed by CFD model-
ing. Three-dimensional (3D) blood flow modeling of the
coronary arteries was performed, with blood modeled as a
Newtonian fluid using incompressible Navier–Stokes equa-
tions and solved subject to appropriate initial and boundary
conditions using a finite element method on a parallel super-

computer. Coronary blood flow was simulated under condi-
tions modeling intravenous adenosine-mediated coronary
hyperemia. A positive FFRCT was defined as the distal tip
value < 0:80 in a vessel of diameter > 1:8mm.

2.7. Statistical Analysis. Baseline characteristics of the selected
subjects were calculated and presented as frequencies and per-
centages for categorical variables and mean ± SD for continu-
ous variable. General descriptive statistics (means, standard
deviations, and frequencies) were used to summarize patient
characteristics and stress-test results for the entire cohort
and separately for each group. Student’s t-test were used to
compare associations of continuous variables, and chi-sq test
or Fisher’s exact test was used to compare associations of cat-
egorical variables. Pearson’s correlation coefficients estimated
correlation between continuous predictors and continuous
FFR-CT. All analyses were performed using SAS Proprietary
software (version 9.2, SAS Institute, Cary, North Carolina).

3. Results

206 patients had a noninvasive stress test and coronary
CTA/FFRCT result. Using the Diamond–Forrester score,
86.1% of patients were at an intermediate clinic risk. Associa-
tions between clinical characteristics, functional capacity, stress
test findings, and FFRCT results with CAD > 50% are outlined
in Table 1. The average patient age was 60.3 years, and 42%
of the cohort were male. The average patient BMI was
29.5 kg/m2. Older age, hypertension, hyperlipidemia, and FF
RCT < 0:80 were all significantly associated with CAD > 50%.
Arrhythmia and hypertensive response with stress, DTS,
METS, and exercise duration were not associated with CAD
> 50% (p = 0:66, p = 0:70, p = 0:59, p = 0:07, and p = 0:25,
respectively). Furthermore, the development of chest pain
during exercise did not correlate with CAD > 50% (p = 0:66).

Table 2 outlines clinical characteristics, functional capacity,
stress test findings, and the association with FFRCT. Hyperlipid-
emia was associated with positive FFRCT (p = 0:007, Table 2).
Arrhythmia and hypertensive response with stress, DTS,
METS, and exercise duration were not associated with positive
FFRCT (p = 0:56, p = 0:53, p = 0:30, p = 0:90, and p = 0:54,
respectively). Development of chest pain during the stress test
was not associated with positive FFRCT (p = 0:121, Table 2).

Of the 206 stress tests performed, 75% were exercise (70%
echocardiographic, 26% nuclear, and 4% EKG alone). Thirty-
four percent of patients had an abnormal ETT with ≥1mm
ST depression, but this was not associated with anatomic or
functional CADon CTA and FFRCT (p = 0:12 and p = 0:20,
respectively). There was no association between stress test
results (positive, negative, equivocal, or indeterminate) and
positive CAD > 50% (p = 0:91) or FFRCT < 0:80 (p = 0:927)
(Table 3, Figure 1). Of those with a positive stress test, only
30% (3/10) had CAD > 50% and only 50% (5/10) had FF
RCT < 0:80 (p = 0:910 and p = 0:927, respectively). Of those
with a negative stress test, 40% (31/77) had CAD > 50% and
48% (37/77) had FFRCT < 0:80 (p = 0:910 and p = 0:927,
respectively). There was no significant correlation between
METS, DTS, or exercise duration and FFRCT (r = 0:093, p =
0:274; r = 0:012, p = 0:883; r = 0:034, p = 0:680, respectively)
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(Figures 2–4). Tables 1 and 2 in the supplementary section
outline patient characteristics and stress test findings stratified
by CAD severity ranges.

4. Discussion

We identified a number of important findings:

(1) In this real-world clinical cohort, positive stress test-
ing in patients without known CAD was not

Table 1: Patient characteristics and associations with CAD > 50%.

Patient characteristics Total, N = 206, n (%) CAD > 50%, N = 79, n (%) CAD < 50%, N = 127, n (%) p value∗

Age, mean (SD) 60.3 (11.5) 62.9 (11.5) 58.7 (11.2) 0.011

BMI, mean (SD) 29.5 (5.6) 30 (5.4) 29.2 (5.7) 0.316

Male 87 (42) 36 (46) 51 (40) 0.444

Diabetes 38 (18) 19 (24) 19 (15) 0.102

HPL 145 (70) 63 (80) 82 (65) 0.020

HTN 135 (66) 63 (80) 72 (57) 0.001

Chest pain during study 14 (7) 6 (8) 8 (6) 0.660

Arrhythmia∗∗ 60 (30) 24 (32) 36 (29) 0.658

Hypertensive response 15 (8) 5 (7) 10 (8) 0.699

ST depression ≥ 1mm 71 (34) 22 (28) 49 (39) 0.115

DTS: intermediate risk 74 (50) 25 (51) 49 (50) 0.907

DTS: low risk 73 (50) 24 (49) 49 (50)

Duke treadmill score, mean (SD) 4.8 (4.8) 4.5 (4.7) 5 (4.9) 0.590

METS score, mean (SD) 10.3 (3.4) 9.6 (3.4) 10.7 (3.4) 0.065

Exercise duration 8.6 (3.3) 8.2 (3.3) 8.9 (3.3) 0.249

FFR-CT:

FFR-CT < 0:80 94 (46) 54 (68) 40 (31) <0.001
∗p value calculated with t-test, chi-sq test, or Fisher’s exact test, where appropriate. ∗∗58 PVCs and 2 NSVT/VT.

Table 2: Patient characteristics and associations with FFR-CT < 0:80.

Patient characteristics Total, N = 206, n (%) FFR-CT < 0:80, N = 94, n (%) FFR-CT > 0:80, N = 112, n (%) p value∗

Age, mean (SD) 60.3 (11.5) 61 (12.3) 59.7 (10.7) 0.421

BMI, mean (SD) 29.5 (5.6) 29.4 (4.9) 29.6 (6.1) 0.782

Male 87 (42) 43 (46) 44 (39) 0.350

Diabetes 38 (18) 20 (21) 18 (16) 0.337

Hyperlipidemia 145 (70) 75 (80) 70 (63) 0.007

HTN 135 (66) 65 (69) 70 (63) 0.317

Chest pain during study 14 (7) 9 (10) 5 (5) 0.121

Arrhythmia∗∗ 60 (30) 29 (32) 31 (28) 0.563

Hypertensive response 15 (8) 8 (9) 7 (6) 0.526

ST depression ≥ 1mm 71 (34) 28 (30) 43 (38) 0.196

DTS: intermediate risk 74 (50) 29 (45) 45 (54) 0.284

DTS: low risk 73 (50) 35 (55) 38 (46)

Duke treadmill score, mean (SD) 4.8 (4.8) 5.3 (5) 4.5 (4.7) 0.297

METS score, mean (SD) 10.3 (3.4) 10.4 (3.6) 10.3 (3.3) 0.902

Exercise duration 8.6 (3.3) 8.8 (3.3) 8.5 (3.2) 0.536
∗p value calculated with t-test, chi-sq test, or Fisher’s exact test, where appropriate. ∗∗58 PVCs and 2 NSVT/VT.

Table 3: Percentage of CAD > 50% and FFRCT < 0:80 by stress test
result.

CAD
Negative
N = 77

Equivocal
N = 97

Positive
N = 10

Indeterminate
N = 22 p value

<50% 46 (59.7%) 61 (62.9%) 7 (70%) 13 (59.1%)
0.910

>50% 31 (40.3%) 36 (37.1%) 3 (30%) 9 (40.9%)

FFRCT

>0.80 40 (51.9%) 55 (56.7%) 5 (50%) 12 (54.5%)
0.927

<0.80 37 (48.1%) 42 (43.3%) 5 (50%) 10 (45.5%)
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associated with anatomic or functional CAD using a
diagnostic strategy of coronary CTA and FFRCT

(2) Exercise duration, exercise capacity/achieved work-
load, and DTS were not correlated with anatomic or
functional CAD

(3) There was no association between chest pain with
exercise and anatomic and functional CAD

(4) Coronary CTA and FFRCT identified CAD in at-risk
patients with equivocal stress tests

For over four decades, functional stress testing has served
as the standard cardiovascular diagnostic pathway for those
with stable symptoms suggestive of CAD, although it has
been reported to have low diagnostic yield at the time of
ICA with approximately two-thirds of patients with a
positive stress test having no obstructive CAD and 28% of
patients with a negative stress test having CAD [3]. An
analysis frommore than 385,000 patients from >1100 United
States hospitals noted that less than half of patients undergo-
ing exercise-treadmill testing, stress echocardiography, and
SPECT imaging, prior to their ICA, were found to have
obstructive CAD [18]. Noninvasive testing made a similar
prediction of obstructive CAD compared to clinical factors.
In addition, a Duke University study of over 15,000 patients
found that among patients referred for ICA, those with a
positive stress test were less likely to have obstructive CAD
compared to those with either a negative stress test or no test-
ing at all [19]. Recently, the NIH-funded international ISCHE-
MIA trial demonstrated that in patients with moderate-severe
ischemia on functional stress testing, over 14% demonstrated
no obstructive CAD on coronary CTA [20]. Coronary CTA
has become an established diagnostic modality for the assess-
ment of CAD [14–16, 21]. It is a sensitive study, reliably con-
firms the absence of CAD, and aids in the identification of
nonobstructive CAD for which providers can institute optimal
medical therapy to reduce cardiac events [22]. In themulticen-
ter randomized controlled trial SCOT-HEART, the use of
coronary CTA in addition to standard care in patients with
stable chest pain resulted in a significantly lower rate of death
from heart disease or nonfatal myocardial infarction (MI)
than standard care alone [23]. Similar to prior studies, in our
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analysis, stress testing positivity did not accurately identify
obstructive CAD. Only 30% of patients with a positive stress
test had obstructive CAD. In addition, of those with a negative
stress test, 40% had obstructive CAD.

Similar to ICA, coronary CTA alone does not allow for the
interpretation of functional importance of intermediate
stenoses. It is well known that there is poor correlation
between the angiographic severity of a coronary stenosis and
its functional significance and numerous studies have shown
that FFR is better at identifying lesions responsible for ische-
mia and improves outcomes when guiding revascularization
[24]. The addition of FFRCT has improved the performance
of coronary CTA for the diagnosis of clinically important
CAD [5, 25]and decreases the need for ICA [26, 27]. In our
analysis, approximately 50% of patients with a negative stress

test had a positive FFRCT in at least one epicardial coronary
artery. Importantly, only 50% of patients with a positive stress
test had a positive FFRCT.

Despite its rather low sensitivity for the predication of
obstructive CAD, functional capacity, as assessed by ETT, is
often regarded as one of the most important prognostic
variables [28, 29]. In a seminal work by McNeer et al., patients
with poor functional capacity were more likely to have
anatomic CAD and worse survival [30]. Whether patients with
a high exercise capacity are at a low risk for functional CAD as
assessed by FFRCT is unknown. In this analysis, patients had
excellent functional capacity, achieving on average 10 METS
with a mean exercise duration > 8 minutes. Patients with
CAD > 50% had similar functional capacity to those with
CAD < 50% disease. Likewise, patients with positive FFRCT
had similar achieved workload and exercise duration to those
with negative FFRCT. In addition, there were no significant cor-
relations between METS, or exercise duration and FFRCT.

Although the DTS has been shown to predict adverse
outcome and mortality, this analysis did not find an associa-
tion of DTS with anatomic or functional CAD as assessed by
coronary CTA and FFRCT. On average, study patients had a
low risk DTS. The mean DTS for our cohort was 4.8, with
55% of patients being low annual risk and 45% intermediate
risk of death [31]. Although we did not assess mortality,
patients with a low DTS may be mistakenly inferred to have
nonsignificant CAD translating to a missed opportunity for
medical optimization and improved outcomes. Both low
and intermediate DTS patients had similar rates of CAD >
50% and/or FFRCT < 0:80, highlighting that the low and
intermediate DTS may not be associated with anatomic and
functional extent of CAD. Consistent with a prior study
using invasive FFR, in our analysis, there was no significant
correlation between numerical DTS and FFRCT [32].

Many patients experience MI without any prior symp-
toms. In a study of over 9000 patients who were free of car-
diovascular disease at baseline from the Atherosclerosis
Risk in Communities study, >45% of incident MI were
asymptomatic in nature [33]. These individuals often lack
medical treatments that may prevent subsequent adverse
outcomes, including a second MI or even death [34]. In addi-
tion, the prognosis of patients with asymptomatic MI is sim-
ilar, if not worse, than those with clinically evident MI [35].
Various coronary CTA studies in asymptomatic individuals
have identified a significant number of patients with prog-
nostically important CAD [36, 37]. Interestingly, in our
study, there was no correlation between chest pain during
the stress test and anatomic or functional CAD. A coronary
CTA and FFRCT diagnostic strategy may play a critical role
in identifying and treating these at-risk patients.

Patients with equivocal or discordant stress test findings
represent a unique patient population and often present a
challenge for the treating physician. In fact, this group repre-
sents the largest portion of our stress patients with 47% of
patients having an equivocal stress test. Of all the equivocal
stress tests, 37% had CAD > 50% and 43% had FFRCT <
0:80. Patients with discordant or equivocal stress results have
an excess risk for adverse cardiac events. In a recent large
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single-center study, researchers analyzed >15,000 patients
undergoing stress testing and found that patients with equiv-
ocal stress tests had higher rates of major adverse cardiac
events compared to patients with negative stress findings
[19]. Coronary CTA and FFRCT may play an important role
in the diagnosis and management of patients with equivocal
stress tests.

5. Limitations

Coronary flow reserve has been associated with exercise
capacity and was not assessed in this study. Coronary micro-
vascular dysfunctionmay have been a reason for reduced exer-
cise capacity in patients who have no apparent anatomic or
functional epicardial CAD. Stress testing and coronary CTA
did not occur on the same day, and it remains possible that
CAD could have progressed between study dates. This
remains unlikely since there was only a median 49-day differ-
ence between study modalities, and no patients underwent
revascularization between tests. This is a single-center retro-
spective study with a limited sample size. Females represented
58% of the study population, which is higher compared to
many CAD clinical trials. Recently, FFRCT was noted to differ
between sexes as women have a higher FFRCT for the same
degree of stenosis [38]. In FFRCT-positive CAD, women had
less obstructive CAD. Further study is needed comparing
gender specific differences of stress test findings to anatomic
or functional extent of CAD. In addition, the average
BMI of our population was 30kg/m2, which is more typical
of the United States population compared to individuals in
other geographic areas of the world, and may have
impacted our findings. Finally, given the retrospective
nature of this study, the choice of stress modality and sub-
sequent referral to CTA is complex for which not all con-
founding variables can be accounted for and could have
led to the potential of inclusion bias. Therefore, the results
of this analysis are hypothesis generating and larger analy-
ses are needed to definitively address the association of
stress parameters with anatomic and functional epicardial
CAD.

6. Conclusion

Stress testing results, metrics of functional capacity, chest
pain with exercise, and low-intermediate DTS are not associ-
ated with anatomic or functional CAD by coronary CTA and
FFRCT.
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