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Aim The long-term prognostic benefit of coronary computed tomographic angiography (CCTA) findings of coronary
artery disease (CAD) in asymptomatic populations is unknown.

...................................................................................................................................................................................................
Methods
and results

From the prospective multicentre international CONFIRM long-term study, we evaluated asymptomatic subjects
without known CAD who underwent both coronary artery calcium scoring (CACS) and CCTA (n = 1226).
Coronary computed tomographic angiography findings included the severity of coronary artery stenosis, plaque
composition, and coronary segment location. Using the C-statistic and likelihood ratio tests, we evaluated the in-
cremental prognostic utility of CCTA findings over a base model that included a panel of traditional risk factors
(RFs) as well as CACS to predict long-term all-cause mortality. During a mean follow-up of 5.9 ± 1.2 years,
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78 deaths occurred. Compared with the traditional RF alone (C-statistic 0.64), CCTA findings including coronary
stenosis severity, plaque composition, and coronary segment location demonstrated improved incremental prog-
nostic utility beyond traditional RF alone (C-statistics range 0.71–0.73, all P < 0.05; incremental v2 range 20.7–25.5,
all P < 0.001). However, no added prognostic benefit was offered by CCTA findings when added to a base model
containing both traditional RF and CACS (C-statistics P > 0.05, for all).

...................................................................................................................................................................................................
Conclusions Coronary computed tomographic angiography improved prognostication of 6-year all-cause mortality beyond a set

of conventional RF alone, although, no further incremental value was offered by CCTA when CCTA findings were
added to a model incorporating RF and CACS.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Coronary artery calcium scoring • Coronary CT angiography • Prognosis • Coronary artery disease

• Computed tomography • Atherosclerosis

Introduction

In asymptomatic individuals, coronary athero-phenotyping using
imaging modalities such as coronary artery calcium scoring (CACS)
has been widely used and numerous studies have documented that
CACS provides powerful prognostic information across various age
groups, gender, baseline risk factors (RFs), and ethnicities.1–3

Considering coronary computed tomographic angiography (CCTA)
could provide more detailed coronary atherosclerotic information [i.e.
degree of luminal stenosis, plaque composition, and location of coron-
ary segment location including non-calcified plaques (NCPs)], it has
been proposed that CCTA might afford additional prognostic benefit
over CACS, as well as traditional risk stratification system in asymp-
tomatic populations. Despite this, recent data from a large multicentre
international registry revealed that CCTA has negligible benefit for car-
diovascular risk stratification in asymptomatic populations.4 Yet, given
the relatively short-term follow-up duration of the latter study, along
with the lack of CCTA information such as plaque composition and
plaque location, it remains to be clarified whether CCTA adds further
prognostic value beyond CACS and traditional RFs, especially when
considering more sophisticated plaque and degree of stenosis informa-
tion across a more long-term follow-up study.

In light of the preceding discussion, we sought to evaluate whether
comprehensive assessment of coronary atherosclerosis by CCTA
that included degree of stenosis, plaque composition, and coronary
segment location, would stratify future risk of all-cause mortality of
asymptomatic individuals, and second, whether the addition of the
aforementioned CCTA measures augmented prognostication of all-
cause death beyond a set of traditional RF and CACS.

Methods

Design overview, setting, and participants
We previously described the initial study design and rationale of the initial
CONFIRM (COronary CT Angiography EvaluatioN For Clinical
Outcomes: An InteRnational Multicenter) registry elsewhere.5 In brief, the
CONFIRM registry was designed to assess the capability of CCTA findings
to predict all-cause mortality in patients referred for CCTA. Foremost,
study follow-up has been extended and the CONFIRM long term follow-
up registry completed, which included study sites that prolonged their
follow-up duration of more than 3 years. Thus, overall, 17 181 patients

who underwent CCTA at 17 centres in nine countries (e.g. Austria,
Canada, Germany, Israel, Italy, Portugal, South Korea, Switzerland, and
USA) were enrolled between February 2003 and May 2011 as part of the
long-term follow-up registry. Inclusion criteria were age 18 years or older,
an evaluation by CCTA scanner with 64-detector rows or greater, and
the presence of interpretable CCTA. For the current study, we excluded
patients according to the following exclusion criteria: the presence of
chest pain or dyspnoea (n = 13 590), the absence of CACS data (n = 2133)
or CCTA stenosis information (n = 6), the absence of age or gender
information (n = 1), or individuals with revascularization within index
period from CCTA (< 90 days) or prior history of CAD (n = 225). Eleven
patients with missing baseline Framingham risk scores (FRS) were analysed
for baseline characteristics but not included in the predictive analysis.
Hence, the analytic sample comprised 1226 subjects. All study participants
provided written informed consent and each of the study sites’ institu-
tional review boards approved the study protocol.

Clinical data collection
Prior to scanning procedures, we prospectively collected information re-
garding the presence of traditional cardiac RFs in each study participant.
We employed standardized data collection methods in each participating
study site.6 Systemic arterial hypertension was defined as a documented
history of high blood pressure or treatment with anti-hypertensive medi-
cations. Diabetes mellitus was defined as known untreated diabetes and/
or use of insulin or oral hypoglycaemic agents. We defined dyslipidaemia
as known but untreated dyslipidaemia or current treatment with lipid-
lowering medications. A positive current smoking history was defined as
current smoking or cessation of smoking within 3 months of investigation.
Family history of coronary artery disease (CAD) was determined by pa-
tient query. Symptom presentation was classified into asymptomatic and
symptomatic and symptomatic individuals were further classified into typ-
ical chest pain, atypical chest pain, non-cardiac pain, or dyspnoea. From
these data, we calculated FRS based on the calculation method by
National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) (NCEP ATP III).7

Image acquisition and analysis
Coronary computed tomographic angiography and CACS measures
were uniformly acquired using multi-detector row computed tomog-
raphy (CT) scanners consisting of 64-rows or greater. Coronary artery
calcium scoring were measured using the scoring system (in units) de-
veloped by Agatston et al.,8 and participants were categorized in 0,
1–100, 101–400, and >400. In the analysis, the absolute CACS was

2 I. Cho et al.
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incorporated on top of traditional RFs utilized in the calculation of the
FRS category, in order to be consistent with previously developed pre-
dictive models that use absolute clinical variables values in a model that al-
ready incorporates age and gender as separate variables.

For CCTA, we examined all identified coronary lesions by maximum-
intensity-projection and multiplanar reconstruction methods along mul-
tiple longitudinal axes and in the transverse plane. We utilized a modified
American Heart Association (AHA) 16-segment coronary artery model
for analyses.9 We defined the coronary plaque as any tissue structures
larger than 1 mm2, which were identified in two more planes and located
either within the lumen of the coronary artery or adjacent to the coron-
ary artery lumen that were able to be distinguished from adjacent epicar-
dial fat, pericardial tissue, or the artery lumen. In each coronary artery
segment, we visually classified plaques as non-calcified, mixed, or calcified.
The presence of coronary calcification was determined visually in the
contrast-enhanced dataset and calcified plaque was defined as a coronary
plaque only containing calcification. Non-calcified plaque was defined as a
coronary plaque with a density below the contrast-enhanced blood pool
without calcification component. Coronary plaques showing both calci-
fied areas of any extent and NCP were classified as mixed plaques.
Further classification of NCP into lipid-rich or fibrous tissue was not
undertaken due to limited accuracy and reproducibility of such a meas-
urement with the generation of CT scans used during the enrolment
period and the dependability of such a measurement on technical aspects
such as the concentration of intraluminal contrast.

We defined coronary artery luminal stenosis as the presence of any
plaque resulting in diameter reduction. We categorized coronary artery
luminal stenosis: non-obstructive stenosis was defined as coronary artery
segments displaying plaque with a luminal diameter stenosis 1–49%.
Obstructive stenosis was defined as coronary artery plaques imparting lu-
minal diameter stenosis >_50%. We defined coronary segment location
according to Society of Cardiovascular Computed Tomography (SCCT)
guidelines.10 The total mean dose length product for CCTA and coronary
artery calcium scans was 598 ± 324 mGy� cm.

Statistical analysis
Continuous and categorical variables are expressed as mean ± standard
deviation and absolute counts with percentages, respectively. Differences
between continuous and categorical variables were analysed by the
Student’s t-test and the v2 test, or the Fisher’s exact test, as appropriate.
The primary endpoint of this study was all-cause mortality. Cumulative
event rates as a function of time and CACS or CCTA parameters were
calculated by use of the Kaplan–Meier survival estimates and compared
using the log-rank test. Hazard ratios (HR) with 95% confidence intervals
(CI) for the association of CACS and the various measures of CCTA with
all-cause mortality were calculated by use of unadjusted and adjusted
Cox proportional hazard regression models. In this study, the adjusted
model controlled for covariates employed for the FRS.

Next, we assessed the incremental benefit of CACS and CCTA for im-
proving prognostic utility by evaluating the statistical significance of the
contribution of each added variable by use of the likelihood ratio test11

and model discrimination with calculation of C-statistics.12,13 Initially, a
base model according to traditional RF only was employed, and included
categories of the published FRS: low (<10%), intermediate (10–20%), and
high (>20%). Subsequently, CACS, expressed as four categories (e.g. 0,
1–100, 101–400, >400), was added to determine its predictive value be-
yond the traditional RF. Last, we added the following CCTA diagnosed
parameters to the model that included traditional RF model and both
CACS and FRS model: (i) coronary luminal stenosis severity assessment
models including number of segments with any stenosis (e.g. none, one,
and >_two segments), number of segments with obstructive (>_50%)

stenosis (e.g. none, one, and >_two segments), number of obstructive
(>_50% stenosis) vessel disease [e.g. none, non-obstructive, obstructive
one-vessel disease (VD), obstructive two-VD, and obstructive three-VD
or left main disease]; (ii) coronary plaque composition assessment mod-
els including number of segments with non-calcified or mixed plaques
(e.g. none, one, and >_two segments), number of segments with calcified
plaques (e.g. none, one, and >_two segments); and (iii) coronary luminal
stenosis location assessment models including number of proximal seg-
ments with any stenosis (e.g. none, one, and >_two segments), number of
proximal segments with obstructive stenosis (e.g. none, one, and >_two
segments). All analyses were performed using STATA version 12.0
(StataCorp LP, College Station, TX, USA), and a statistical value of P-value
<0.05 was considered significant.

Results

Baseline characteristics
Overall, the study population consisted of 1226 asymptomatic sub-
jects: mean age was 58± 12 years and 66% were male. As reported in
Table 1, among the study population, 639 (52%) subjects had coron-
ary artery luminal stenosis and 587 (48%) subjects had no coronary
atherosclerosis by CCTA. Patients with any coronary atherosclerosis
tended to be older, male, and had a higher prevalence of hyperten-
sion, diabetes, current smokers, dyslipidaemia, and a higher body
mass index (all P < 0.01).

Clinical outcomes and risk prediction
models of FRS and coronary artery
calcium scoring
During a mean follow-up of 5.9± 1.2 years, 78 deaths occurred. In
Cox regression analysis, compared with individuals with low risk
(FRS <10%), individuals with intermediate risk (FRS 10–20%) had an
increased risk of all-cause death (HR 2.05, 95% CI 1.19–3.51;
P = 0.009). As described in Table 2, individuals with high risk (FRS
>20%) had a more pronounced risk of all-cause death (HR 3.87, 95%
CI 2.21–6.78; P < 0.001). Increasing categories of CACS was also
associated with a higher risk of mortality. That is, when compared
with individuals with CACS 0, those with CACS 1–100 (HR 3.68,
95% CI 1.92–7.05; P < 0.001), CACS 101–400 (HR 3.04, 95% CI
1.45–6.40; P < 0.003), and CACS >400 (HR 7.88, 95% CI 4.19–14.83;
P < 0.001) had a higher risk of death.

Risk prediction models of coronary
computed tomographic angiography
The risk of death was classified using the degree and extent of luminal
stenosis by CCTA with unadjusted and adjusted for traditional RF
(Figure 1). Individuals with any stenosis in one segment had a 3.9-fold
(95% CI 1.84–8.28; P < 0.001) higher risk of death, and those with
stenosis in >_two segments had 4.1-fold (95% CI 2.14–7.76; P < 0.001)
higher risk of death than those without luminal stenosis after adjust-
ment of traditional RF. In addition, the number of segments with ob-
structive luminal stenosis strongly predicted risk of death. Notably,
individuals with one segment and more than two segments with ob-
structive stenosis experienced a 2.6-fold (95% CI 1.39–4.87;
P = 0.003) and 3.5-fold (95% CI 1.95–6.32; P < 0.001) higher risk of
death, respectively. Further, compared with individuals without

Prognostic value of CCTA findings in asymptomatic individuals 3
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luminal stenosis, the adjusted hazards for all-cause death increased pro-
portionally on the background of CAD extent for any non-obstructive
(1–49% stenosis) stenosis (HR 3.16; 95% CI 1.64–6.12; P < 0.001), ob-
structive (>_50% stenosis) one-vessel stenosis (HR 5.78, 95% CI 2.73–
12.23; P < 0.001), obstructive two-vessel stenosis (HR 6.65, 95% CI
2.31–19.16; P < 0.001), and obstructive three-vessel stenosis or left
main stenosis (HR 8.48, 95% CI 3.28–21.92; P < 0.001).

Moreover, coronary plaque composition assessment models
including the presence of non-calcified or mixed plaque, as well as cal-
cified plaque, heightened the risk of all-cause death in both unad-
justed and adjusted models. For instance, the presence of
non-calcified or mixed plaque in a single segment (HR 2.34, 95% CI
1.23–4.48; P = 0.010) and multi-segments (HR 2.50, 95% CI 1.48–
4.21; P = 0.001) were shown to increase the risk of all-cause death as
compared with individuals without any plaque, even after adjustment
of traditional RF. Further, the presence of calcified plaque in multiple

segments increased risk of death after adjustment of baseline RFs
(HR 2.21, 95% CI 1.32–3.69; P = 0.003).

Incremental value of coronary computed
tomographic angiography for prediction
of all-cause death
As reported in Table 3, adding CACS over a traditional risk stratifica-
tion model that used FRS significantly improved prediction of all-
cause mortality (e.g. incremental v2 20.4, P < 0.001). Inclusion of
CCTA information including the degree of luminal stenosis and pla-
que composition also improved prediction of all-cause death beyond
the traditional RF model (all, P for incremental v2 <0.001). However,
compared with the model that included both traditional RF and
CACS, addition of CCTA information did not lead to a significant in-
crease in prediction for all-cause mortality (all P > 0.05), with the ex-
ception of number of vessels with stenosis >_50% (v2 9.69, P = 0.046),
which provided only a modest significant increase.

The incremental benefit of CCTA was also evaluated using the C-
statistic as described in Table 4. The added benefit of CCTA informa-
tion including degree of luminal stenosis and plaque composition was
significant when compared with the traditional RF model. However,
no incremental benefit of any of the CCTA variables over traditional
RFs and CACS (all P > 0.05) for prognostication was observed.

Discussion

In this international multi-centre study with long-term follow-up dur-
ation, we set out to determine whether comprehensive CAD assess-
ment by CCTA improved risk prediction for future mortality over a
traditional RF model and also when CACS was considered in asymp-
tomatic population. The principle finding was that the incremental
risk-predictive benefit of comprehensive CAD information by
CCTA, including degree and extent of plaque, coronary segment lo-
cation, and plaque composition, over traditional RFs and CACS
model was negligible in asymptomatic population across a long-term
follow-up. Such a finding is in agreement with the 2013 European

....................................................................................................................................................................................................................

Table 1 Baseline characteristics according to presence or absence of coronary artery luminal stenosis by coronary
computed tomographic angiography

Variables Total

(n 5 1226)

No stenosis

(n 5 587)

Any stenosis

(n 5 639)

P-value

Age (years) 58.0 ± 12.4 53.1 ± 12.0 62.6 ± 10.8 <0.001

Gender (male) 813 (66.3) 339 (57.8) 474 (74.2) <0.001

Hypertension 709 (58.3) 276 (47.4) 433 (68.3) <0.001

Diabetes 123 (10.1) 42 (7.2) 81 (12.8) 0.001

Current smoking 196 (16.1) 78 (13.4) 118 (18.6) 0.010

BMI (kg/m2) 26.8 ± 4.6 26.4 ± 4.5 27.3 ± 4.6 <0.001

Dyslipidaemia 674 (55.3) 240 (41.2) 434 (68.1) <0.001

Aspirin use (%) 344 (31.7) 101 (19.8) 243 (42.3) <0.001

Beta-blocker use (%) 290 (26.8) 143 (28.1) 147 (25.6) 0.357

Statin use (%) 376 (34.4) 94 (18.3) 282 (48.6) <0.001

Continuous values are meanþ SD and categorical values are number and percentage (%).
BMI, body mass index.

.................................................................................................

Table 2 Risk of all-cause mortality according to
Framingham risk score and coronary artery calcium
score categories

Model No. of deaths/

subjects

HR

(95% CI)

P-value

Framingham risk score

Low (<10%) 26/681 1.00 NA

Intermediate

(10–20%)

27/363 2.05 (1.19–3.51) 0.009

High (>20%) 25/171 3.87 (2.21–6.78) <0.001

CACS

0 15/602 1.00 NA

1–100 23/276 3.68 (1.92–7.05) <0.001

101–400 13/188 3.04 (1.45–6.40) 0.003

>400 27/160 7.88 (4.19–14.83) <0.001

CACS, coronary artery calcium scoring; CI, confidence interval; HR, hazard ratio;
NA, not applicable.
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Figure 1 Risk of all-cause mortality according coronary computed tomographic angiography findings using unadjusted model and adjusted models
for traditional risk factors. CI, confidence interval; CP, calcified plaque; HR, hazard ratio; N, number; NCP, non calcified plaque; MP, mixed plaque;
VD, vessel disease.

.....................................................................................................................................

....................................................................................................................................................................................................................

Table 3 Comparison of performance of coronary computed tomographic angiography over traditional risk factors
alone and traditional risk factor plus coronary artery calcium scoring in predicting long-term risk of all-cause mortality
using likelihood ratio tests

Models LR incremental v2

Compared with

traditional RF alone

P-value Compared with

CACS 1 traditional RF

P-value

Baseline models

Traditional RF NA NA NA NA

Traditional RFþCACS 20.40 <0.001 NA NA

Adding degree of stenosis Information by CCTA

No. of segments with any stenosis 26.05 <0.001 5.65 0.059

No. of segments with stenosis >_50% 25.43 <0.001 5.03 0.080

No. of vessels with stenosis >_50% 30.09 <0.001 9.69 0.046

Adding plaque characterization Information by CCTA

No. of segments with calcified plaques 20.70 <0.001 0.30 0.860

No. of segments with NCP or mixed plaque 23.26 <0.001 2.86 0.240

Adding plaque location information by CCTA

No. of proximal segment with any stenosis 25.52 <0.001 5.12 0.080

No. of proximal segment with stenosis >_50% 25.50 <0.001 5.10 0.080

CACS, coronary artery calcium scoring; CCTA, coronary CT angiography; LR, likelihood ratio; NCP, non-calcified plaque; NA, not applicable; RF, risk factors (covariates in the
Framingham risk score such as age, gender, smoking status, total cholesterol, high-density lipoprotein cholesterol, blood pressure and treatment for hypertension).

Prognostic value of CCTA findings in asymptomatic individuals 5
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..guidelines on the management of stable CAD and the 2016 European
guidelines on Cardiovascular Disease Prevention in Clinical Practice,
which give CACS a Class IIb label (level of evidence B) for use as a
risk modifier in the assessment of cardiovascular risk and a Class III
label (level of evidence C) for CCTA for use as a screening test in
asymptomatic individuals.14,15

We previously demonstrated that CCTA afforded little to no bene-
fit for prediction of fatal outcomes over a traditional RF and CACS
model in an asymptomatic population across a short-term follow-up
duration.4 Since, several studies have analysed the prognostic benefit of
CCTA in other asymptomatic populations.16,17 Rodriguez et al.18 dem-
onstrated that diabetes, cholesterol level, and systolic blood pressure
were related to NCP burden by CCTA, which cannot be distinguished
by CACS, in an asymptomatic population at low-to-moderate risk. Lee
et al.16 also reported that CCTA offered added prognostic benefit over
exercise testing in another asymptomatic population. More recently,
Plank et al.17 reported that high prevalence of CAD in a high-risk
asymptomatic population and CACS = 0 did not exclude significant
non-calcified coronary atherosclerosis. However, none of these
studied observed that CCTA provided incremental benefit above and
beyond traditional RF and CACS in an asymptomatic population.
Further, a recent prospective randomized trial reinforced the lack of
evidence of CAD screening by CCTA in asymptotic populations.19 In
that trial, although the study sample represented an asymptomatic dia-
betic population considered being at high risk, a CAD screening strat-
egy by CCTA failed to lower fatal and non-fatal outcomes.

The chief cause why CCTA appeared to lack additional prognostic
utility over the base model that included CACS, most likely owes to
the contention that CACS is a robust marker of global coronary ath-
erosclerotic burden. Although recent studies using CCTA demon-
strated that patients with high-risk features such as NCP or positive
remodelling experienced higher incidence of acute coronary syn-
drome, the total atherosclerotic plaque burden was not accounted

for as a confounder.20 Further, these studies enrolled symptomatic
cohorts while there has been no evidence to suggest that high-risk
plaque features were prognostically important in asymptomatic
population. The current study suggests that the added benefit of as-
sessing plaque composition and location over total atherosclerotic
burden detected by CACS was not clinically beneficial in asymptom-
atic individuals.

Indeed, CACS is well known to provide superior discrimination
and reclassification beyond other useful markers, such as carotid
intima-media thickness, brachial flow-mediated dilation, ankle-
brachial index, or C-reactive protein.21 Further still, the prognostic
benefit of CACS has been validated in numerous large-scale pro-
spective multicentre studies utilizing several heterogeneous popula-
tions who were followed long-term.1–3 Recently, a novel risk
equation system for predicting 10-year CAD, which integrated trad-
itional RFs and CACS, has been developed using data belonging to
the Multi-Ethnic Study of Atherosclerosis (MESA) cohort.22 The pur-
pose of this convenient scoring system is to facilitate the integrated
use of CACS with traditional RF in clinical practice.

However, a major limitation of CACS is the lack of data for man-
agement or down-stream testing strategies according to CACS.23

Although it is quite clear that a zero CACS warrantied very good
prognosis in a long-term follow-up duration,24 there is no consensus
of treatment or downstream screening strategies for patients with
CACS >0. More recently, we established that CCTA might induce
some benefit over traditional RFs and CACS, specifically in those
with intermediate CACS (i.e. between 100 and 400).25 Most cor-
rectly reclassified subjects by CCTA were those with a non-event
(e.g. 0.70 vs. 0.05 for non-event vs. event, respectively). To this end,
CCTA should perhaps be considered for downstream study, particu-
larly in patients presenting with intermediate CACS, in order to re-
classify those with low risk for the purpose of avoiding unnecessary
treatment or clinical decisions. Though clearly, forthcoming studies

....................................................................................................................................................................................................................

Table 4 C-Statistics for evaluation of added benefit of coronary computed tomographic angiography findings over
traditional risk factors alone and combined model of traditional risk factors plus coronary artery calcium scoring in
predicting long-term all-cause mortality

Model C-statistics P compared with

traditional RF

P compared with

traditional RF 1 CACS

Baseline models

Traditional RF 0.641 NA NA

Traditional RFþCACS 0.711 0.030 NA

Adding degree of stenosis Information by CCTA

No. of segments with any stenosis 0.723 0.009 0.305

No. of segments with stenosis >_50% 0.728 0.013 0.075

No. of vessels with stenosis >_50% 0.734 0.008 0.117

Adding plaque characterization Information by CCTA

No. of segments with calcified plaques 0.709 0.033 0.597

n of segments with NCP or mixed plaque 0.721 0.013 0.286

Adding plaque location information by CCTA

No. of proximal segment with any stenosis 0.727 0.012 0.071

No. of proximal segment with stenosis>_50% 0.724 0.015 0.117

CACS, coronary artery calcium scoring; CCTA, coronary CT angiography; NCP, non-calcified plaque; NA, not applicable; RF, risk factors (detailed in footnote of Table 3).
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.are needed to test this notion. Furthermore, plaque characterization
and quantification on CCTA, beyond obtaining a CACS, may become
useful for determination of plaque progression or regression, which
could ultimately influence clinical decision.26

This study had some limitations that bear mentioning. Our study
sample were representative of a subgroup derived from the
CONFIRM long-term follow-up registry who were referred for
CCTA. As such, our patients do not truly reflect those in the general
population, which might have led to potential selection bias. Though
we may add, in order to minimize any potential for selection bias, we
only employed experienced CCTA centres and prospectively used
standardized data definitions. Although this study is considered to be
the largest global multicentre CCTA registry to date, we cannot dis-
count the possibility that the absence in incremental prognostic
benefit associated with our CCTA measures might have been attrib-
utable to a small sample size, and consequently, low statistical power.
Nevertheless, given the potential risk of radiation and intravenous
contrast use, careful consideration of potential risks and benefits of
the clinical investigation must be undertaken to perform prospective
randomized studies to fully address these questions.

Inherent limitations of the CONFIRM study were such that base-
line medication use was solely available without the recorded
changes in medication intake after CCTA acquisition. Future studies
investigating the impact of medication adjustment (e.g. aspirin, statin,
and beta-blockers) on outcomes should be performed. Secondly, the
FRS was used as the traditional RF assessment tool over contempor-
ary and better-calibrated risk scores such as the ESC HEART
SCORE, given the ability to compute such as score within the avail-
able clinical variables. Thirdly, the clinical endpoint examined was all-
cause mortality, since major adverse cardiovascular events were not
available for the entire cohort. Finally, there was no downstream
functional testing performed in heavily calcified lesions when the de-
gree of stenosis was questionable, which could have lead to misdiag-
nosis of luminal stenosis severity due to blooming and beam
hardening artifacts. Previous studies have circumvented this issue
through both anatomic and functional testing by integrating CT myo-
cardial perfusion and fractional flow reserve -CT with CCTA.27

Conclusion

While CCTA demonstrated improved prognostic utility for predic-
tion of long-term mortality over traditional RF alone, CCTA findings
did not augment prognostication beyond traditional RFs when CACS
was also taken into consideration. Until further proven, the clinical
utility of CCTA should not be considered for future cardiovascular
risk stratification in asymptomatic individuals.
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