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Coronary artery disease (CAD) is the leading cause of
death in the United States in both men and women (1). It is
therefore crucial to have optimal diagnostic modalities for
diagnosis, prognostication and follow up of CAD patients.
Coronary computed tomography angiography (CCTA) is
advantageous in its ability to delineate coronary anatomy,
including evaluation of the arterial lumen and surrounding
atherosclerotic plaque to identify presence and severity of
CAD. CCTA also allows evaluation of plaque composition
and identifying those with high risk features (2). In addition,
the inference of the physiologic, flow-limiting significance
of anatomically detected lesions is possible, further aiding
clinical decision making for physicians (3-5).

Studies that have investigated the usefulness of CCTA
in evaluation of acute chest pain found that patients seen
in the emergency department for symptoms suggestive of
acute coronary syndrome had reduced length of stay and
were admitted less frequently when evaluated with CCTA,
in comparison to standard care (6). The PROMISE trial
showed that CCTA is an alternative to standard care in
evaluation of patients in an outpatient setting with chest pain.
When compared with functional testing such as exercise
electrocardiography (ECG), nuclear stress testing, or stress
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echocardiography, anatomical testing with CCTA was found
to have similar clinical outcomes (7). The CRESCENT trial
also showed that CCTA is a cost-effective and safe alternative
to functional testing, which included exercise ECG, nuclear
stress testing, and stress echocardiography (8). In fact, a
contemporary systematic review and meta-analysis of over
20,000 patients determined that, compared with functional-
stress testing, CCTA was associated with reduced incidence
of myocardial infarction (9).

The SCOT-HEART trial studied the added value
of CCTA compared to standard care, which composed
primarily of exercise stress ECG testing, in patients with
stable angina pectoris (10). Patients with CCTA were found
to have lower rates of composite end point of death from
CAD or nonfatal myocardial infarction (MI) at 5 years (2.3%
vs. 3.9%). The composite end point was primarily driven by
nonfatal MI; this may be due to the additional information
from CCTA leading to better targeting of patients for
preventative care. Patients with evidence of any CAD
on CCTA, whether obstructive or nonobstructive, were
prescribed preventative therapies. This is in comparison
to the standard therapy, where patients with an ASSIGN
score (11) of 220 were prompted to be prescribed
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preventative therapies. The use of CCTA to target
preventative therapy may have detected patients with
nonobstructive lesions that would be otherwise missed by
standard evaluations. Additionally, it is important to note
that patients with CCTA did not have increased use of
coronary angiography or revascularization at 5 years.

A post-hoc analysis of the SCOT-HEART trial evaluated
the incremental value of CCTA over stress ECG alone (12).
Of the 4,146 patients recruited for the SCOT-HEART trial,
3,283 (79%) patients were referred for exercise ECG prior
to randomization. In the total studied population, results
of most exercise ECGs were normal (67%), leaving the
minority of the studies with abnormal (16%) or inconclusive
(17%) results. Of these patients, half were randomized to
undergo CCTA in addition to standard care and the other
half underwent standard care alone. CAD was identified as
normal if stenosis <10%, nonobstructive if stenosis >10%
and <70%, and obstructive if stenosis >70% on CCTA and
on invasive coronary angiogram. Abnormal exercise stress
ECG test results were associated with a 14.47-fold (P<0.001)
increase in coronary revascularization at 1 year and a 2.57-
fold (P<0.001) increase in mortality from coronary heart
disease or in nonfatal MI at 5 years. The combination of
exercise stress ECG with CCTA, which provides added
anatomical testing, showed a stronger association with
future risk of adverse cardiac events when compared with
exercise stress testing alone (hazard ratio 10.63, P=0.002).
The authors concluded that the additive value of functional
and anatomical testing can be used to better detect and treat
CAD.

The stress ECG results of the post-hoc analysis are
congruent with previously published studies in regards
to the importance of and pitfalls of the functional testing
modality (13). Exercise ECG had a sensitivity of 39% and
a specificity of 91% for detecting obstructive CAD in those
who underwent subsequent invasive coronary angiography.
Interestingly, the participants with abnormal exercise ECG
were more likely to be on antiplatelet therapy (P<0.001)
and statin therapy (P<0.001), regardless of the study
allocation. Conversely, those with a normal or inconclusive
exercise ECG result were more likely to be initiated on
antiplatelet (P<0.001) and statin (P<0.001) therapies;
these patients were more likely to undergo changes to
their preventive therapy and undergo referral for invasive
coronary angiography if they underwent CCTA. This
may be because, of those who underwent CCTA, more
than half of the patients with normal exercise ECG results
were found to have CAD (15% obstructive and 41%
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nonobstructive). On the other hand, of the patients with
obstructive CAD on CCTA, 137 (39%) of the patients had
a normal exercise ECG.

In review of the data, it is notable that essential details
of the exercise ECG such as exercise time, ST segment
changes, hemodynamic response, and chronotropic response
were not included in the analysis (12). Rather, the exercise
ECG results that were identified as normal, abnormal,
or inconclusive by the attending physician were recorded
without independent adjudication. This may be significant,
as exercise time might affect the size of the ischemic area on
myocardial perfusion imaging and influenced the results of
the study (14). Additionally, the lack of stress ECG details
and reassessment of stress ECG results adds a possible
element of inter-reader variability that may have affected
the overall results.

Although CCTA detection of CAD was helpful in
increasing preventative therapy, the overall medical
management differences between those who underwent
CCTA and standard therapy were modest and are unlikely
to explain the difference in nonfatal MI alone. Indeed,
more appropriate and increased upfront referral to invasive
coronary angiography and subsequent percutaneous
coronary intervention contributed to the improved
outcome.

Still, the additive value of CCTA in addition to exercise
ECG is undeniable: CCTA findings were strongly
associated with risk of myocardial infarction, particularly for
those with normal or inconclusive results of exercise ECG.
This is important to note, as the 2012 American Heart
Association guidelines (15) and the 2019 European Society
of Cardiology guidelines (13) support the use of CCTA if
noninvasive testing is contraindicated or if exercise ECG
results are inconclusive, as CCTA increases the certainty of
diagnosis of CAD in patients with chest pain. In addition,
the National Institute for Health and Care Excellence
(NICE) stable chest pain guidelines recommend CCTA
in lieu of functional testing as the first-line test for the
evaluation of patients with chest pain (14).

CCTA is able to detect unrecognized CAD and therefore
allows for better targeting of preventative therapies and
interventions. Another subanalysis of the SCOT-HEART
by Williams ez al. (16) evaluated the association between low-
attenuation plaque burden with the future risk of fatal or
nonfatal MI. The study showed that low attenuation plaque
burden was the strongest predictor for MI (adjusted hazard
ratio 1.60 per doubling, P=0.014) compared with, and
irrespective of, cardiovascular risk score, coronary artery
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calcium score, and coronary artery area stenosis (16). The
authors concluded that these findings challenge the current
classical risk factors for MI, including stenosis severity,
and provide incremental prediction of MI in addition to
standard assessments. Incorporating the evaluation for low-
attenuation plaque can be readily accomplished, as plaque
can be semi-automatically measured on imaging of standard
CCTAs.

Coronary plaque evaluation using CCTA can be
done serially to assess CAD progression and response to
therapy. Statin therapy has been associated with increased
progression of calcified coronary plaque and significantly
reduced progression of noncalcified plaque; this may
reflect calcification of the noncalcified plaque component
as healing and plaque stabilization through calcification of
the necrotic core (17,18). In addition, the interim results
of EVAPORATE trial demonstrated slower progression of
total non-calcified plaque, total plaque, fibrous plaque and
calcified plaque with icosapent ethyl compared to placebo in
statin-treated patients measured by serial CCTA (19).

Functional and anatomical testing can be used to
better detect and treat CAD. Singh ez 4/ showed that the
combination of CCTA and exercise ECG results had a
stronger association with future risk of adverse cardiac
events than when compared with exercise stress testing
alone (12). Therefore, a combination of anatomical and
functional testing is beneficial for patient risk factor
modification and therapy. CCTA has the additive benefit
of functional evaluation of coronary artery stenosis with
fractional flow reserve derived from CCTA datasets (FFR)
(20,21). For example, in patients with multivessel CAD,
CCTA with FFR; was non-inferior to invasive coronary
evaluation in decision making and in identifying targets
for revascularization (22). Recently, Rabbat et a/. reported
the safe deferral of invasive coronary angiography in
patients with stable CAD using a diagnostic strategy of
FFRr (23). Ongoing prospective, pragmatic, randomized
clinic trials such as PRECISE (Prospective Randomized
"Trial of the Optimal Evaluation of Cardiac Symptoms and
Revascularization) will shed light on the optimal diagnostic
strategy for patients with suspected CAD.

There has been extensive research highlighting the utility
and use of CCTA in the diagnosis and management of CAD
since the 2012 AHA guidelines were published. CCTA
offers a safe and non-inferior to superior alternative to other
modalities for CAD evaluation, with the additive value of
being able to provide both anatomical and functional testing
with novel applications such as FFR¢.
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