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Abstract
Objectives

This study aimed to determine the impact of systematic coronary computed tomographic angiography
(CCTA) use following an abnormal non-invasive ischemia test (NIST) on patient selection strategy for
invasive coronary angiography (ICA).

Background

In patients with suspected stable coronary artery disease (CAD), NIST use frequently results in sub-
optimal diagnostic and revascularization yields of ICA.

Methods

This randomized clinical trial, conducted at a single academic tertiary center, selected 220 symptomatic
patients with mild-to-moderately abnormal NIST results who were referred for ICA. Patients received either
the originally intended ICA (n = 105) or CCTA (n = 115). The primary endpoint was the diagnostic yield of
ICA in each group. Revascularization yield and major adverse cardiovascular events at 12 months were
also assessed.

Results

The patients were 69 ± 9 years old, 60% were men, and 31% had typical angina. Mean pre-test probability
of obstructive CAD was 34%. Overall prevalence of obstructive CAD was 37.7% on the index angiographic
procedure. In the CCTA group, ICA was cancelled by referring physicians in 83 patients (72.2%) after
receiving CCTA results. For those undergoing ICA, diagnostic (84.4% vs 41.7%, p < 0.001) and
revascularization (71.9% vs 38.8%, p = 0.001) yields were signi�cantly higher for CCTA-guided ICA than
for standard NIST-guided ICA. Mean cumulative radiation exposure was signi�cantly lower in the CCTA-
guided ICA arm than in the NIST-guided ICA arm (12 ± 9 vs 16 ± 10 mSv, respectively, p = 0.024). There
were no signi�cant differences in the primary safety endpoint rates between the strategies (p = 0.439).

Conclusions

In patients with suspected CAD and mild-to-moderately abnormal ischemia tests, a diagnostic strategy
including CCTA as a gatekeeper is safe and effective and signi�cantly improves diagnostic and
revascularization yields of ICA.

Introduction
With the progressive increase in the population at risk for coronary artery disease (CAD), health systems
are under considerable logistical and �nancial pressures to offer e�cient methods of risk strati�cation,
diagnosis, and therapy (1). Current international guidelines recommend direct referrals to invasive
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coronary angiography (ICA) in patients with a high clinical likelihood of CAD and the use of non-invasive
testing to select intermediate-risk patients who may need ICA (2). However, this patient selection strategy
based on alternative functional or anatomic testing may result in sub-optimal diagnostic performance of
ICA (3). Up to 50% of men and 65% of women undergoing elective ICA do not have obstructive CAD,
usually resulting in no further diagnostic or therapeutic interventions (4), particularly if a functional test is
used as the initial diagnostic strategy (5, 6). Therefore, designing better diagnostic algorithms is
necessary to select patients who are candidates for ICA.

Coronary computed tomographic angiography (CCTA) is an excellent method to non-invasively exclude
obstructive CAD and has been included in diagnostic algorithms as an alternative to non-invasive
ischemia tests (NIST) (7, 8) – Fig. 1. However, its systematic and sequential use as a gatekeeper to ICA in
symptomatic patients after abnormal NIST �ndings is not fully de�ned.

This study aimed to test the hypothesis that, in non-high-risk patients with suspected stable CAD who are
referred for ICA following abnormal NIST results, a strategy that systematically includes the sequential
performance of CCTA will increase the diagnostic and revascularization yields of ICA compared to the
conventional strategy.

Methods
Study participants

The study included patients aged ≥ 18 years who were referred for ICA based on clinical suspicion of de
novo CAD and an abnormal NIST.

Patients with uncontrolled severe angina, acute coronary syndromes, previously known CAD, atrial
�brillation, inability to obtain a steady sinus rhythm, chronic kidney disease or previous kidney
transplantation, contrast allergy, or other CCTA-speci�c contraindications were excluded. Patients with an
abnormal NIST classi�ed as severe or reported as inconclusive were also excluded. All other NIST
abnormalities were accepted as mild or moderate. Ischemia severity was determined by an NIST reading
and/or referring physicians and was not adjudicated by investigators. Detailed patient selection criteria
are listed in Table 1.

Study design

We conducted a prospective, open-label, randomized controlled trial in a single academic tertiary center
between January 2015 and December 2018, to compare the diagnostic yield of ICA (detection of
obstructive CAD) from two different patient selection strategies.

Patients were recruited after referral to ICA and were only included in the study if the attending physician
consented. The randomization process used a computer-generated sequentially numbered list.
Investigators and participants were blinded to the randomization sequence but not to the assigned group.
In the conventional ICA strategy, patients were allocated to undergo ICA, as originally intended. In the
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selective strategy, patients were allocated to undergo CCTA, and the results were made available to the
patients and referring physician. The �nal decision on whether to proceed or not with ICA was taken by
the attending clinician. Investigators did not intervene in clinical management.

All patients were followed-up by telephone interviews and clinical chart reviews for at least 12 months
after undergoing CCTA or index ICA, whichever occurred later.

The investigation conforms to the principles outlined in the Declaration of Helsinki. The institutional
ethics committee approved the study protocol. All patients provided written informed consent for
participation in the study according to the standards approved by the local ethics committee.

Baseline data and non-invasive ischemia tests

Baseline data on demographic, clinical, and symptomatic status were recorded, including data on
cardiovascular risk scores (Framingham and European SCORE) (9, 10). The pre-test probability of
obstructive CAD was determined per the Duke clinical score (11).

Cardiac computed tomography angiography, invasive coronary angiography, and revascularization

CCTA was performed following the selective arm strategy. From January 2015 to May 2016 a 64-detector
computed tomography (CT) scanner (VCT 64 Lightspeed, GE healthcare, Wisconsin, USA) was used.
Thereafter, the exams were performed on a dual-source 128-detector CT scanner (Somatom De�nition
Flash, Siemens, Erlangen, Germany). Acquisition protocols, interpretation, and reporting were performed
according to local standardized practice. Coronary calcium quanti�cation and classi�cation per the
Agatston method were carried out in all cases (12). The investigators classi�ed the CCTA results as
“negative” (in the case of normal coronary arteries or nonobstructive CAD) or “positive” (in the presence
of obstructive CAD de�ned as at least one segment with stenosis ≥ 70%, left main stenosis ≥ 50%, high
calcium score precluding CT angiogram as determined by the attending imager or by the presence of any
uninterpretable segment) (13).

Regardless of the randomization group, when the referring clinician decided to proceed to ICA, it was
performed within a period not exceeding 3 months after randomization. The ICA was performed per the
current institutional standards by operators who were not involved in the study. Obstructive CAD was
de�ned as stenosis in ≥ 50% of the left main coronary artery or stenosis in ≥ 70% in any coronary vessel
with at least 1.5 mm diameter. A normal coronary artery was de�ned as the complete absence of any
luminal narrowing detectable by angiography. Nonobstructive CAD was de�ned as CAD not meeting the
criteria for obstructive CAD or normal coronary arteries.

After undergoing diagnostic ICA, the decision to proceed with revascularization or not (percutaneous or
surgical) for each patient was taken by the attending cardiologist and interventional operator and was
not conditioned by any protocol speci�cation of the study.

Primary endpoint
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The primary endpoint of the study was the ICA diagnostic yield, which was de�ned as the proportion of
patients with obstructive coronary disease in each arm as determined by ICA.

Secondary endpoints

1. Rates of ICA in the patients randomized to the group of selective ICA. To determine if a strati�cation
strategy that included CCTA applied to a population with stable CAD and abnormal NIST could decrease
referrals for ICA. This pre-speci�ed secondary endpoint was reached if the referral rate for ICA in the
selective group was at least 40% lower than that in the control group.

2. Revascularization yield (percutaneous or surgical). To determine whether the use of CCTA in the
selective strategy ultimately led to higher rates of revascularization (proportion of revascularized patients
with respect to the total number of patients undergoing ICA).
3. Any major adverse cardiovascular events 12 months after randomization. A combined endpoint that
includes all-cause death, non-fatal myocardial infarction, unstable angina (angina recurring or requiring
hospitalization, urgent revascularization), non-fatal stroke, or cardiovascular hospitalization.
4. Mean cumulative radiation exposure in each group. We assessed the overall radiation exposure (in
millisieverts) using the dose-length product (converted using factors of 0.014 mSv/mGy×cm) for CT and
modeled radiation and published survey data for ICA, percutaneous coronary intervention, and
myocardial perfusion imaging (7 mSv, 15 mSv, and 14 mSv, respectively) (14).
5. Mean cumulative contrast dose in each group. Contrast used in CCTA, ICA, and percutaneous coronary
intervention, when performed, was included.

Statistical analysis

The study tested the following null hypothesis (H0), π1 (primary endpoints in the selective strategy)=π2
(primary endpoints in the direct strategy), and an alternative hypothesis (H1), π1 (primary endpoint in the
selective strategy) ≠ π2 (primary endpoints in the direct strategy), using the bilateral χ2 test for a
signi�cance level of 0.05, power of 0.8, and a risk of occurrence of the �rst primary endpoint (obstructive
CAD on ICA) of 50% in the direct ICA strategy, and 80% on the selective ICA. This estimate is based on the
expected prevalence of obstructive CAD of 50% (15) and negative predictive value of CCTA > 90%
described in the literature (16). We estimated that a sample of 120 individuals in each study arm would
be needed to verify a reduction in the normalcy rate of ICA from 50–20%, with 95% con�dence, and 80%
potency.

Continuous data were assessed using the unpaired t-test or Mann-Whitney test, and categorical data were
assessed by χ2 or Fisher tests, as appropriate. Normally distributed continuous variables are expressed
as mean ± SD, and non-normally distributed data are expressed as medians and interquartile ranges. All
data were analyzed using SPSS 20.0 (IBM, NY, USA).

Results
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Of the 2256 patients referred for ICA during the study period, 236 patients were enrolled after application
of exclusion criteria. Additionally, 5 patients were excluded due to the withdrawal of written consents and
one due to non-cardiovascular death before randomization. A total of 231 patients (10.2%) were included,
of which 115 patients were randomly allocated to the CCTA-selective strategy group and 116 patients to
the conventional strategy group. In the latter group, 11 patients were excluded after withdrawing consent
or declining to undergo ICA. Twelve-month follow-up data were available for all patients who underwent
the conventional ICA strategy. Six patients were lost to follow-up after CCTA in the selective ICA arm; of
these, one had obstructive CAD on CCTA (Fig. 2).

Detailed baseline population characteristics are described in Table 2. The mean age of the study cohort
was 68.7 ± 9.3 years, and 59.5% were men. Almost one-third of the study population (31.8%) had
persistent typical angina, and 95.4% were under an anti-anginal medication.

Except for a signi�cantly higher prevalence of diabetes (37.1% vs 24.3%, p = 0.039) in the conventional
arm, the demographic and clinical pro�les of the two groups were well-balanced. The burden of angina,
traditional clinical risk scores, and the pre-test likelihood of CAD (34.6% vs 33.2%, p = 0.586) were also
similar between the study arms, as was the proportion of patients who underwent single-photon emission
computed tomography (SPECT) scans and exercise treadmill stress tests. Differences in post-test Duke’s
Treadmill Scores were non-signi�cant (-1.1 ± 8.7 vs -1.4 ± 4.5, p = 0.740)

The prevalence of obstructive CAD in the overall study population in the index procedure (as de�ned
either by CCTA or ICA) was 37.7% (Fig. 3). Although the prevalence of any CAD was higher in the CCTA
group (68.7% vs 55.2%), there were no statistically signi�cant differences in the prevalence of obstructive
CAD (41.9% vs 33.9%, p = 0.222). Coronary anatomy and �ndings of each index procedure are described
in Table 3. Thirteen patients referred for CCTA did not undergo coronary angiograms as a result of
extensive coronary calci�cation, which could render some coronary segments uninterpretable. As per the
study protocol de�nition, these patients were classi�ed as having obstructive CAD (13).

The primary endpoint in the CCTA-guided arm was 84.4% (27 of 32 referred patients had obstructive CAD
on ICA), which was signi�cantly higher than that observed in the conventional ICA arm (41.9%, 44 of 105
referred patients, p < 0.001, Fig. 4). In the selective ICA strategy, ICA was cancelled in 83 of the patients
(72.2%) after receiving CCTA results, thereby signi�cantly reducing the number of patients who were
referred for ICA and meeting one pre-speci�ed secondary endpoint of the study—the reduction of the ICA
referral rate by at least 40%. Around 45% of these patients did not have CAD, while 47% presented
nonobstructive CAD. Seven patients with obstructive CAD documented by CCTA were not referred for ICA
because they were considered to have low-risk coronary anatomy or they became asymptomatic after
optimization of their anti-anginal therapy, or both.

The revascularization yield of ICA was also signi�cantly higher in the selective strategy than in the
conventional ICA strategy (75.0% vs 40.0%, p = 0.002; Fig. 4). Surgical revascularization was performed in
6.9% patients included in the selective arm and in 11.4% patients in the conventional arm (p = 0.249,
Table 4).
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Overall, the mean cumulative radiation exposure was signi�cantly superior in the conventional ICA arm
(15.5 ± 10.4 mSv vs 12.3 ± 9.0 mSv, p = 0.024). For the 32 patients in the selective strategy undergoing
both CCTA and ICA, the mean radiation dose was similar to that for the patients in the conventional arm
(15.4 mSv vs 15.5 mSv, p = 0.994). If subsequent percutaneous revascularization was excluded, the
difference in the cumulative radiation dose between the conventional group and the selective strategy
arm was not signi�cant (11.5 ± 4.2 mSv vs 9.9 ± 3.3 mSv, p = 0.108). Similarly, there were no overall
differences in the mean cumulative contrast doses in each group (90.8 mL vs 86.3 mL, p = 0.588). For the
32 patients in the selective strategy group undergoing both CCTA and ICA, the mean contrast dose was
similar to that of the patients in the conventional arm (93.9 mL vs 90.8 mL, p = 0.870; Fig. 5).

Overall, 2.8% of patients in the study population experienced major adverse cardiovascular events
(MACEs) during the �rst 12-month follow-up; however, no deaths were reported (Table 5). During follow-
up, 1.7% (n = 2) of patients in the selective referral arm and 3.8% (n = 4) in the direct referral arm
experienced MACEs (p = 0.439). There were no signi�cant differences in the individual MACE endpoints
between the strategies, and none of these events were related to the ICA. Additionally, at 12 months, the
conventional ICA strategy was not signi�cantly different from the CCTA-based selective strategy with
respect to the burden of persistent angina (24.8% vs 29.4%, p = 0.450).

Discussion
In this study, we observed that the systematic use of CCTA as a gatekeeper in this population reduced the
number of patients inappropriately referred for ICA by 72%. For those who ultimately underwent ICA, the
diagnostic and revascularization yields were signi�cantly improved in the selective referral arm. This was
achieved without compromising safety since the 12-month MACE rates, cumulative radiation exposures,
and administered contrast volumes were similar.

Previous studies have either directly compared the diagnostic or prognostic performances of CCTA versus
NIST at early stages in the diagnostic cascade or allowed for inclusion of a large majority of patients with
no previous positive NIST in pragmatic trials assessing CCTA gatekeeping merits (17–20). Therefore,
although CCTA has established diagnostic and prognostic roles in the management of stable CAD as an
alternative to NIST, its role as a systematic anatomic gatekeeper in patients referred for ICA after positive
NIST results remains incompletely understood. To our knowledge, this is the �rst randomized trial to
study the performance of the systematic use of CCTA in a speci�c population of patients with a positive
NIST referred for ICA.

A cohort of patients who were candidates for ICA from a large observational registry (PLATFORM study)
were included for CCTA combined with a non-invasive CT-derived fractional �ow reserve as a gatekeeper
strategy (21). In line with our results, this resulted in an ICA cancellation rate of 61% and a marked
reduction in the �nding of no obstructive CAD at ICA. However, this study did not report on CCTA
performance without coupled functional imaging.
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In the recently published ISCHEMIA trial, most patients with moderate-to-severe ischemia underwent
CCTA before randomization to exclude left main disease or nonobstructive CAD. This strategy resulted in
the exclusion of 14% of patients from the trial due to non-invasive �ndings of no obstructive CAD (22).
These �ndings highlight the importance of non-invasive anatomical assessment before undergoing ICA
even in a moderate-to-high risk cohort.

Concurrent with other studies (23, 24), this trial revealed that CCTA-guided ICA showed signi�cantly
higher revascularization yields than the conventional strategy because patients with no obstructive CAD
were eliminated from undergoing ICA. However, the overall revascularization rate was signi�cantly lower
in the selective arm (24/115 patients) than in the direct ICA arm (40/105 patients). In addition to the
con�dent exclusion of obstructive CAD due to its high negative predictive value, CCTA may also allow for
further ICA cancellation after the coronary anatomy is known, even if obstructive CAD is found to be
present. In our study, of the 39 patients with evidence of obstructive CAD on CCTA in the selective arm,
ICA was subsequently cancelled by attending physicians in 7 patients (18%). This was due to clinicians
preferring to defer ICA in cases where prognostic or symptomatic bene�ts from revascularization were
not expected from the observed low-risk obstructive coronary anatomy.

In this study, enrollment occurred after patients were already referred for ICA by treating physicians. The
low-to-intermediate pre-test probability of obstructive CAD could argue against the decision to refer
patients at this risk level to undergo ICA. However, indications for referral were in accordance with societal
guidelines, were considered appropriate, and largely re�ected the high rates of normal ICA observed in
real-world routine practice.

The limitations of this study must be acknowledged. The actual prevalence of obstructive CAD observed
in this study (38%) was lower than the expected (50%), based on our institution’s previous registry. This
may have ampli�ed the bene�ts of the CCTA-selective ICA strategy. Thus, the study �ndings may not be
generalizable to populations where obstructive CAD prevalence is generally higher. Despite the exclusion
criteria in the study, a relatively high proportion of patients (11%) referred for CCTA did not undergo
coronary angiograms because of extensive coronary calci�cation. This may be a potential limitation of
the proposed diagnostic approach. In the future, a CT-derived ischemic index may have an important role
in this patient subset.

Our results may not be reproducible if non-invasive functional imaging other than exercise
electrocardiogram and SPECT is used. However, the accuracy of imaging NIST is highly dependent on
local expertise, and the reported accuracies largely overlap under comparable conditions. Further,
although no signi�cant differences were observed between the arms with respect to safety events at one
year, at a low level of event rate, the study was not powered to draw �rm conclusions on these secondary
endpoints. Given the recent results of the ISCHEMIA trial, it is unlikely that alternative diagnostic
strategies in a cohort of patients with a low-to-moderate ischemia would drive major prognostic
differences. This study was conducted before the ISCHEMIA trial; thus, the conventional ICA referral
strategy after NIST may be in�uenced, in the future, by the neutral results of the trial. Moreover, the pivotal
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role of CCTA in excluding nonobstructive CAD and left main coronary artery disease (5% of the study
population) further supports a selective CCTA-guided diagnostic strategy.

In conclusion, in patients with suspected CAD and mild-to-moderately abnormal ischemia test results, in
whom ICA is considered, a diagnostic strategy that includes the systematic use of CCTA as a gatekeeper
may safely reduce the number of unnecessary invasive procedures, leading to a signi�cant improvement
in the diagnostic and revascularization yields of ICA. These results should be further validated in
independent cohorts of CAD patients before implementing a screening approach in clinical practice.

Abbreviations
CAD = coronary artery disease; CCTA = coronary computed tomographic angiography; NIST = non-
invasive ischemia test; ICA = invasive coronary angiography; CCS = Canadian Cardiovascular Society; CT
= computed tomography; MACE = major adverse cardiovascular event
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Figure 1

(A) Cardiac single-photon emission computerized tomography (SPECT) revealing anterior ischemia. (B),
(C) CCTA showing a non-obstructive plaque in the proximal left anterior descending artery. (D) Circum�ex
artery with no coronary artery disease in a patient with left dominant coronary circulation.
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Figure 2

Study work�ow: Non-high-risk patients were randomized for direct invasive coronary angiography (ICA) or
coronary computed tomography angiography (CCTA). In the selective coronary angiography group, CCTA
results were disclosed and subsequent referral for ICA was left to the discretion of the clinician.
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Figure 3

Prevalence of coronary artery disease (CAD) on the index procedure in each strategy. CAD was more
frequently detected in the coronary computed tomography angiography (CCTA)-guided arm than in the
conventional arm. However, this difference was mainly driven by the rate of nonobstructive CAD.
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Figure 4

Central Illustration Rates, diagnostic yields, and revascularization yields of invasive coronary
angiography in both groups are shown. Less than a third of patients randomized to the selective coronary
computed tomography angiography (CCTA)-guided strategy ultimately underwent invasive coronary
angiography (ICA). When ICA was performed, both the diagnostic yield and revascularization yield were
signi�cantly higher in the CCTA-guided arm than in the conventional arm.
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Figure 5

Mean cumulative radiation and contrast exposure in each group.


