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Abstract
The diagnostic performance of the SYNTAX score 2020 (SS-2020) when calculated using CCTA remains unknown. This 
study aimed to compare treatment recommendations based on the SS-2020 derived from coronary computed tomography 
angiography (CCTA) versus invasive coronary angiography (ICA). This interim analysis included 57 of the planned 114 
patients with de-novo three-vessel disease, with or without left main coronary artery disease, enrolled in the ongoing FAST-
TRACK CABG trial. The anatomical SYNTAX scores derived from ICA or CCTA were evaluated by two separate teams 
of blinded core-lab analysts. Treatment recommendations were based on a maximal individual absolute risk difference in 
all-cause mortality between percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) of 4.5% 
([predicted PCI mortality] – [predicted CABG mortality]). The level of agreement was evaluated with Bland–Altman plots 
and Cohen’s Kappa. The mean age was 66.2 ± 9.2 years and 89.5% of patients were male. Mean anatomical SYNTAX scores 
derived from ICA and CCTA were 35.1 ± 11.5 and 35.6 ± 11.4 (p = 0.751), respectively. The Bland–Altman analysis showed 
mean differences of − 0.26 and − 0.93, with standard deviation of 3.69 and 5.23, for 5- and 10-year all-cause mortality, 
respectively. The concordance in recommended treatment for 5- and 10-year mortalities were 84.2% (48/57 patients) and 
80.7% (46/57 patients), with Cohen’s κ coefficients of 0.672 and 0.551. There was moderate to substantial agreement between 
treatment recommendations based on the SS-2020 derived using CCTA and ICA, suggesting that CCTA could be used as 
an alternative to ICA when making decisions regarding the modality of revascularization.
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Abbreviations
ARD	� Absolute risk difference
CABG	� Coronary artery bypass graft
CAD	� Coronary artery disease
CCTA​	� Coronary computed tomography angiography
ICA	� Invasive coronary angiography
LMCAD	� Left main coronary artery disease
MACE	� Major adverse cardiovascular events

PCI	� Percutaneous coronary intervention
SYNTAX	� Synergy between percutaneous coronary 

intervention with taxus and cardiac surgery

Introduction

Coronary computed tomography angiography (CCTA) is 
a non-invasive diagnostic tool that is increasingly being 
used as an alternative to invasive coronary angiography 
(ICA) in patients with suspected coronary artery disease 
(CAD), which can provide important information on the 
extent and severity of CAD, as well as on the composition 
of atherosclerotic plaque and can identify plaque with high-
risk features for adverse outcomes [1, 2]. The SYNergy 
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between percutaneous coronary intervention with TAXus 
and cardiac surgery (SYNTAX) anatomical score is a scor-
ing system based on ICA which assesses the anatomical 
extent and complexity of CAD and has become an estab-
lished tool to help predict prognosis in patients undergoing 
percutaneous coronary intervention (PCI) or coronary artery 
bypass graft (CABG) [3, 4]. Through novel technology and 
improvements in image resolution assessment of the anatom-
ical SYNTAX score using CCTA has proven to be accurate 
and comparable to evaluation using ICA [5]. The SYNTAX 
III REVOLUTION trial demonstrated that clinical decision-
making between CABG and PCI based on CCTA, according 
to equipoise in four-year mortality as predicted by the SYN-
TAX score II, had high agreement with treatment decisions 
derived from ICA [6]. Of note, this randomized trial was 
virtual in nature since the concordance or discordance in 
decision-making between ICA and CCTA was unveiled to 
the operators (surgeon or interventional cardiologist) prior 
to the final definitive decision regarding percutaneous or 
surgical revascularization. In 2019, the SYNTAX score II 
was redeveloped using key angiographic and clinical vari-
ables available at the time of decision-making to create the 
SYNTAX score II 2020 (SS-2020), which now provides 
individual patients with a personalized predicted treatment 
benefit of CABG over PCI, in terms of their 5-year risk of 
having a major adverse cardiovascular/cerebrovascular event 
(MACE) and their 5- and 10-year risk of all-cause death 
[7]. The purpose of this study was to compare treatment 
recommendations based on the SS-2020 when derived using 
CCTA versus ICA in patients with de-novo three-vessel dis-
ease (3VD) with or without left main coronary artery dis-
ease (LMCAD), who were enrolled in the FASTTRACK 
CABG study, and had already been selected to have CABG 
by a conventional heart team that only had access to ICA. In 
other words, the study removed the virtual decision-making 
employed in the SYNTAX III REVOLUTION trial, and 
hence tested the real feasibility and safety of planning and 
performing a CABG based solely on the guidance of CCTA 
and fractional flow reserve derived from CCTA (FFR-CT).

Methods

Study population

This study was the interim analysis which included all 57 
enrolled patients out of the planned 114 patients in the 
FASTTRACK CABG trial (NCT04142021) [8]. Briefly, 
the study is an ongoing, single-arm, multi-center, pro-
spective, proof of concept study to assess the feasibility 
of planning and performing CABG based solely on CCTA 
and FFR-CT results in patients with de-novo 3VD with or 
without LMCAD. A ‘conventional heart team’ reviewed and 

assessed the ICA, however they were not involved in opera-
tional planning or surgical treatment, which was overseen 
by the “operating/CCTA heart team” that had sole access 
to CCTA and FFR-CT, without knowledge of ICA [8]. The 
flow-chart of the FASTTRACK CABG trial is shown in 
Supplementary Fig. 1. Clinical data were adjudicated by an 
independent clinical events committee. Written informed 
consent approved by the ethical committee of each site was 
obtained from all patients. The study complied with the dec-
laration of Helsinki and good clinical practice.

Image acquisition and analysis of CCTA​

CCTA was performed exclusively at all four academic sites 
using the Revolution CT scanner (GE Healthcare, Milwau-
kee, WI, USA) which has a nominal spatial resolution of 
230 microns along the X–Y planes, a rotational speed of 
0.28 s, and a Z-plane coverage of 16 cm enabling imaging 
of the whole heart in one heartbeat [9, 10]. In select cases, 
a proprietary post-processing algorithm (SnapShot Freeze, 
GE Healthcare) was used for the additional correction of any 
residual motion artifacts. The protocol mandated the use of 
nitrates prior to CT acquisition and beta-blockers when heart 
rates were > 65 bpm.

Anatomical SYNTAX score and SYNTAX score 2020 
calculations

Anatomical SYNTAX score calculations derived from ICA 
and CCTA were performed blindly by two independent 
groups of experienced analysts of the academic core labo-
ratory team. Coronary segments with a visual diameter ste-
nosis > 50% in vessels ≥ 1.5 mm using CCTA or ICA were 
assessed and weighted according to their location in the 
coronary tree [11]. The SS-2020 was developed from the 
10-year follow-up of the SYNTAXES trial and externally 
validated in four randomized trials (FREEDOM, BEST, 
PRECOMBAT, and EXCEL) and a large contemporary 
registry (CREDO-KYOTO cohort 2 and 3) of patients with 
3VD, with or without LMCAD, treated with PCI or CABG 
[7, 12, 13]. The score, which uses two anatomical effect 
modifiers (the anatomical SYNTAX score and the presence 
of 3VD or LMCAD) and seven clinical variables (age, cre-
atinine clearance, left ventricular ejection fraction [LVEF], 
chronic obstructive pulmonary disease, peripheral vascular 
disease, medically treated diabetes mellitus, and current 
smoking), predicts 5-year MACE defined as all-cause mor-
tality, stroke, myocardial infarction, or repeat revasculariza-
tion as well as 5- and 10-year all-cause mortality [7].
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Treatment recommendation based on SYNTAX score 
2020

Treatment recommendation was made based on the indi-
vidual absolute risk difference (ARD) between PCI and 
CABG for all-cause mortality at 5 and 10 years calculated 
by subtracting the predicted CABG mortality from the 
predicted PCI mortality. According to an external vali-
dation in a large contemporary registry, an individual 
predicted ARD in all-cause death at 5 years of < 4.5% 
and ≥ 4.5% offers a sensible cut-off for “equipoise of PCI 
and CABG” or “CABG better,” respectively [13]. A rep-
resentative case of CCTA-based SYNTAX score calcula-
tion and treatment recommendation according to SS-2020 
can be seen in Fig. 1.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation and were compared with the use of Paired t-test. 
Categorical variables were reported as numbers and per-
centages and were compared using the Chi-square test. Indi-
vidual absolute risk differences (ARDs) between predicted 
PCI and CABG for mortality at 5- and 10-year were shown 
by scatterplot in descending order of magnitude according 
to the predicted ARD in mortality (survival benefit) for each 
patient. The dots in the scatter plots were connected with the 
use of locally estimated smoothing (LOESS) spline curves 
[13]. The Kappa value was used to assess the agreement 
of the treatment recommendation according to the SS-2020 
derived by ICA and CCTA [14, 15], and the Pearson correla-
tion coefficient was used to assess the correlations. The level 
of agreement between the two modalities was assessed by 

Fig. 1   Representative case of SYNTAX score 2020 calculation. A 
74-year-old man with creatinine clearance of 60  ml/min and LVEF 
of 45%. The anatomical SYNTAX score derived from ICA is 38.5, 
and from CCTA is 43.0. Predicted 10-year all-cause mortality based 
on ICA with PCI and CABG are estimated to be 42.7% and 27.4%, 
respectively. Alternatively, predicted 10-year mortality with PCI and 
CABG based on CCTA are estimated to be 45.1% and 27.4% respec-
tively. Individual ARD was estimated to be 17.7% on ICA (42.7% 
[all-cause mortality with PCI] − 27.4% [all-cause mortality with 

CABG]) and 15.3% on CCTA (45.1–27.4%). Based on these find-
ings, CABG is recommended by both ICA and CCTA. ARD absolute 
risk difference, CABG coronary artery bypass graft, CrCL creati-
nine clearance, CCTA​ coronary computed tomography angiography, 
COPD chronic obstructive pulmonary disease, DM diabetes melli-
tus, ICA invasive coronary angiography, LMCAD left main coronary 
artery disease, LVEF left ventricular ejection fraction, PCI percutane-
ous coronary intervention, PVD peripheral vascular disease
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the Bland–Altman method, and Kohen’s Kappa [16]. A two-
sided p-value < 0.05 was considered statistically significant. 
Analyses were performed with SPSS Statistics, version 27 
(IBM Corp., Armonk, N.Y., USA).

Results

Baseline characteristics

Baseline characteristics are displayed in Table 1. The aver-
age age was 66.6 ± 9.1 with 89.5% of patients’ male. The 
mean body mass index (BMI) was 27.5 kg/m2, and 26.3% 
of patients had diabetes mellitus, but only one patient was 
insulin dependent. The mean LVEF was 55.9 ± 7.8%.

Lesion characteristics and SS‑2020 calculation

Lesion characteristics and the results of SS-2020 calcula-
tions between ICA and CCTA are shown in Table 2. The 
mean anatomical SYNTAX scores derived from ICA and 
CCTA were comparable (35.1 ± 11.5 and 35.6 ± 11.5, 
respectively P = 0.751), despite the total number of lesions 
per patient being significantly higher with CCTA (5.0 ± 1.5 
vs. 6.0 ± 1.7, P < 0.001). The presence of a trifurcation lesion 
was significantly higher in ICA than CCTA (8.2% vs 1.7%, 
P < 0.005). The number of heavily calcified lesions was 
comparable among the two modalities (22.5% vs. 23.5%, 

P = 0.758), however the presence of severe tortuosity (7.1% 
vs. 0.0%, P < 0.001) and the frequency of lesions > 20 mm 
long (37.3% vs. 24.0%, P < 0.001) were both significantly 
higher with ICA than CCTA. Despite the above-mentioned 
individual differences, the global average anatomical SYN-
TAX scores were similar. Furthermore, the incorporation of 
clinical characteristics to construct the SS-2020 confirmed 
the comparability of the SS-2020 and the predicted risk of 
MACE/all-cause mortality following surgical or percutane-
ous treatment.

Predicted mortality according to SS‑2020

The predicted mortality with PCI or CABG according to 
the SS-2020, as well as the predicted individual ARD in all-
cause mortality at 5- and 10-year, ranked in order of magni-
tude based on CCTA and ICA, is shown in a scatter plot indi-
cating 5-year (Fig. 2A, B) and 10-year mortality (Fig. 2C, 
D). Patients on the left side have a low ARD, and hence 
these patients have equipoise between PCI and CABG. In 
contrast, those on the right side have a large ARD, such that 
the treatment benefit of CABG is higher than PCI, and hence 
CABG is recommended for these patients. Using the ARD 
cut-off of 4.5% results in CABG being the recommended 
treatment to lower 5-year mortality in 43.9% of patients 
when using CCTA (Fig. 2A) versus 35.1% when using ICA 
(Fig. 2B). Similarly, for 10-year mortality CABG is safer 
than PCI for 73.7% of the population on CCTA (Fig. 2C) 
compared to 64.9% on ICA (Fig. 2D). Bland–Altman analy-
sis for the predicted mortality according to SS-2020 derived 
from ICA and CCTA are shown in Supplementary Fig. 2.

Agreement in treatment recommendation 
between predicted absolute risk difference derived 
from ICA and CCTA​

The correlation of ARD for predicting 5- and 10-year all-
cause mortalities between ICA and CCTA are shown in 
Fig. 3. According to the individual ARD cut-off of 4.5%, 
agreement in the recommended treatment was observed 
in 48 (84.2%) and 46 (80.7%) patients for 5- and 10-year 
all-cause mortality, respectively. The Pearson correlation 
coefficient between the ARD derived from CCTA and ICA 
demonstrated high positive correlations for predicting 5- and 
10-year all-cause mortality. Bland–Altman analyses (ana-
tomic or 2020) between the ARD derived from ICA and 
CCTA demonstrated a mean difference of − 0.26 and stand-
ard deviation of 3.69 for 5-year mortality, and a mean dif-
ference of − 0.93 and standard deviation of 5.23 for 10-year 
mortality (Fig. 4). The scatter plot and Bland–Altman analy-
sis for 5-year risk of MACE is shown in Supplementary 
Fig. 3 and Supplementary Fig. 4.

Table 1   Baseline patient characteristics

BMI body mass index, CAD coronary artery disease, COPD chronic 
obstructive pulmonary disease, LVEF left ventricular ejection frac-
tion, PVD peripheral vascular disease, SD standard deviation

Characteristics N = 57

Age, mean ± SD 66.6 ± 9.1
Male 89.5 (51/57)
Current smoking (%, n) 17.5 (10/57)
Diabetes mellitus (%, n) 26.3 (15/57)
On insulin use (%, n) 1.8 (1/57)
Hypertension (%, n) 89.5 (51/57)
Hyperlipidemia (%, n) 75.4 (43/57)
Family history of CAD (%, n) 29.8 (17/57)
Previous stroke (%, n) 3.5 (2/57)
Previous myocardial infarction (%, n) 10.5 (6/57)
Previous heart failure (%, n) 3.5 (2/57)
COPD (%, n) 8.8 (5/57)
PVD (%, n) 8.8 (5/57)
Creatinine clearance (ml/min) mean ± SD 79.9 ± 17.5
BMI (kg/m2), mean ± SD 27.5 ± 4.4
LVEF (%), mean ± SD 55.9 ± 7.8
Euro Score II, mean ± SD 1.05 ± 0.49
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The agreements in revascularization recommendations 
according to individual ARDs between PCI and CABG are 
summarized in Table 3. Substantial and moderate agree-
ments were confirmed with Cohens’ kappa of 0.672 (95% 

CI 0.574–0.770) and 0.551 (95% CI 0.433–0.668) for 5- 
and 10-year all-cause mortality, respectively. The scatter 
plots for 5- and 10-year predicted mortalities derived from 

Table 2   Comparison of lesion 
characteristics and SYNTAX 
score 2020 calculations between 
two modalities

CABG coronary artery bypass graft, CCTA​ coronary computed tomography angiography, MACE major 
adverse cardiac events, PCI percutaneous coronary intervention
a  ≥ 1 bend of ≥ 90 degrees, or ≥ 3 bends of 45–90 degrees proximal to the diseased segment.
b Total occlusions were excluded in the overall assessment of the length of the lesions
c For computed tomography angiography defined as the presence of calcium that encompasses more than 
50% of the cross-sectional area of the vessel at any location within the specific lesion. For invasive coro-
nary angiography defined as multiple persisting opacifications of the coronary wall visible in more than 
one projection surrounding the complete lumen of the coronary artery at the site of the lesion [17]
d Absolute risk difference is calculated by subtracting predicted CABG mortality from PCI mortality

Characteristics Assessment based on ICA Assessment based 
on CCTA​

P-value

Anatomical SYNTAX score, per patient 35.1 ± 11.5 35.6 ± 11.5 0.751
Lesion numbers, per patient 5.0 ± 1.5 6.0 ± 1.7  < 0.001
Left main disease 5.4 (15/280) 2.4 (9/280) 0.074
Components anatomical SYNTAX score
 Total occlusion 12.9% (36/280) 12.8% (44/344) 0.652
 Trifurcation 8.2% (23/280) 1.7% (6/344)  < 0.001
 Bifurcation 34.3% (96/280) 27.0% (93/344) 0.050
  Medina 1,0,0 4.6% (13/280) 2.3% (8/344)
  Medina 0,1,0 5.0% (14/280) 4.7% (16/344)
  Medina 1,1,0 4.3% (12/280) 5.2% (18/344)
  Medina 1,1,1 7.1% (20/280) 3.8% (13/344)
  Medina 0,0,1 6.8% (19/280) 5.5% (19/344)
  Medina 1,0,1 2.5% (7/280) 1.7% (6/344)
  Medina 0,1,1 3.9% (11/280) 3.8% (13/344)

Bifurcation angulation < 70° 13.9% (39/280) 10.5% (36/344) 0.186
Aorto-ostial lesion 3.9% (11/280) 3.2% (11/344) 0.622
Severe tortuositya 7.1% (20/280) 0% (0/344)  < 0.001
Lesion length > 20 mmb 37.3% (91/244) 24.0% (72/300)  < 0.001
Heavy calcificationc 22.5% (63/280) 23.5% (81/344) 0.758
Thrombus 0% (0/280) 0% (0/344) NA
SYNTAX score 2020d

 Predicted MACE for 5 years (%)
  PCI 23.6 ± 13.6 23.8 ± 12.0 0.771
  CABG 16.2 ± 9.4 15.4 ± 8.4 0.040
  Absolute risk difference 7.4 ± 6.8 8.4 ± 5.9 0.192

 Predicted mortality for 5 years (%)
  PCI 15.7 ± 12.6 15.4 ± 11.0 0.595
  CABG 11.0 ± 8.8 10.5 ± 8.0 0.048
  Absolute risk difference 4.7 ± 4.9 4.9 ± 4.1 0.597

 Predicted mortality for 10 years (%)
  PCI 31.3 ± 20.1 31.4 ± 18.5 0.953
  CABG 23.3 ± 16.0 22.4 ± 15.0 0.042
  Absolute risk difference 8.0 ± 6.4 8.9 ± 6.0 0.186
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the two imaging modalities are shown in Supplementary 
Fig. 5.

Discussion

The main findings from the present study, which to the best 
of our knowledge is the first report assessing the diagnostic 
performance of SS-2020 based on CCTA in patients with 
3VD with or without LMCAD are:

(1)	 The anatomical SYNTAX scores derived from ICA and 
CCTA were comparable.

(2)	 There were moderate to substantial agreements between 
revascularization decisions made using the SS-2020 
derived using CCTA (Cohen’s Kappa 0.672 for 5-year 
mortality and 0.551 for 10-year mortality) and conven-
tional ICA.

(3)	 Although, a significant difference was identified in 
predicted CABG mortality, the Bland–Altman analysis 
demonstrated acceptable agreement between the two 
modalities with no significant differences in individual 
ARDs as predicted by the SS-2020.

Several studies have compared the anatomical SYNTAX 
score derived from CCTA and ICA and reaffirmed that its 

Fig. 2   Treatment recommendation according to the individual pre-
dicted absolute risk difference. Predicted mortality after either PCI 
(blue dots) or CABG (red dots) for each patient (individual scatter-
plots). CABG is recommended for 43.9% of the population on CCTA 
(A), and 35.1% on ICA (B) for 5-year mortality. Similarly, CABG 

is recommended for 73.7% of the population on CCTA (C), and 
64.9% on ICA (D) for 10-year mortality. ARD absolute risk differ-
ence, CABG coronary artery bypass graft, CCTA​ coronary computed 
tomography angiography, ICA invasive coronary angiography, PCI 
percutaneous coronary intervention
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calculation using CCTA is reasonably accurate and repro-
ducible, especially in non-complex patients [5, 18–20], 
however some discordance between the two has been seen 
in heavy calcified plaque and the Medina classification of 
bifurcation lesions [21–23]. The present study also showed 
comparable total anatomical SYNTAX scores between the 
two modalities, as the tendency for CCTA to overestimate 

the severity of stenosis—due to the blooming effect of 
calcium—and the resulting increased number of lesions 
was tempered by ICA identifying more lesions > 20 mm, 
more trifurcation lesions (due to the lack of the optimal 
angiographic view) and more severe tortuosity (due to the 
two-dimensional perception of the tortuosity).

Fig. 3   Scatter plots of individual absolute risk difference between 
two modalities. Scatter plots between the two modalities for 5-year 
(A) and 10-year all-cause mortality (B) according to the personalized 
SYNTAX score 2020. The orange line shows the regression line, and 
the orange dotted line shows absolute risk difference of 4.5%. Orange 

areas show diagnostic agreement between the two modalities. The 
agreements of treatment recommendations among the two modalities 
are 84.2% for 5-year (A), and 80.7% for 10-year all-cause mortality 
(B). ARD absolute risk difference, CCTA​ coronary computed tomog-
raphy angiography, ICA invasive coronary angiography

Fig. 4   Agreement of absolute risk difference between two modali-
ties. Bland–Altman analysis between absolute risk difference derived 
from invasive coronary angiography and coronary computed tomog-
raphy angiography for 5-year (A), and 10-year all-cause mortality 

(B). Black line shows the mean difference, and the orange dotted lines 
show 95% CI. ARD absolute risk difference, CCTA​ coronary com-
puted tomography angiography, ICA invasive coronary angiography
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In the future CCTA may play a pivotal role as a “one-
stop-shop” in screening, diagnosis, decision making, and 
treatment planning [24]. Recently the Discharge (Diagnostic 
Imaging Strategies for Patients with Stable Chest Pain and 
Intermediate Risk of Coronary Artery Disease) trial pro-
vided the first randomized comparison between invasive and 
non-invasive diagnostic assessment among patients with sta-
ble chest pain and an intermediate pre-test probability of 
CAD [25]. At medium-term follow-up, whilst the risk of 
MACE was diverging it was only non-significantly lower 
with CCTA compared to ICA, however the frequency of 
major procedure-related complications was lower with an 
initial CCTA strategy. The SCOT-HEART trial showed that 
the use of CCTA in patients presenting with stable chest 
pain resulted in a lower subsequent risk of death from CAD 
or non-fatal myocardial infarction than standard care alone. 
The SYNTAX III REVOLUTION trial demonstrated that in 
patients with LMCAD or 3VD virtually treatment decisions 
based on CCTA using the SYNTAX score II were in almost 
perfect agreement (Cohen’s Kappa 0.82; concordance 92%) 
with those derived from ICA [6], and this was the foundation 
of the ongoing FASTRACK CABG trial, that assesses the 
real feasibility and safety of surgical planning and execution 
based solely on CCTA findings. Given that the guidelines 
have shifted to a ‘CT first strategy’, it is time to evaluate how 
clinicians can select and execute the best revascularization 
treatment by utilizing CCTA [1]. The selection by clinicians 
of a preferred therapy, when two treatment options are avail-
able, relies predominantly on an “average treatment benefit,” 

traditionally provided by an ARD (or treatment benefit) 
derived from Kaplan–Meier analysis in randomized trials. 
However, the goal remains to identify who in a heterogene-
ous population, subjected to novel diagnostic modalities and 
treatment decisions, will benefit or be harmed by this new 
approach and who will have an equipoise outcome [7].

In the present study, we used the SS-2020 derived from 
CCTA to predict the best treatment considering personalized 
risk and treatment benefit and compared that selection with 
the one derived from ICA. Since the anatomical SYNTAX 
score (effect modifier) and the presence of LMCAD/3VD 
type of disease (effect modifier) were comparable between 
the two imaging modalities, the ARDs according to the 
SYNTAX 2020 were not significantly different, resulting 
in agreements of treatment recommendations for 5- and 
10-year mortality of 84.2% and 80.7%, respectively. These 
results indicate that CCTA could be used as an alternative 
to ICA to make decisions regarding the modality of revas-
cularization and to predict MACE and all-cause mortality. 
We acknowledge that 15.8% and 19.3% of the proportions 
had discordance in treatment recommendation between 
the two modalities of imaging. In the probabilistic formula 
predicting mortality based on the SS-2020 (Appendix), the 
difference in predicted mortality was partially determined 
by the two so-called “effect modifiers”—the presence of 
LMCAD/3VD and anatomical SYNTAX score when com-
paring the two imaging modalities in the same patient. In 
the present study, anatomical SYNTAX score and the occur-
rence of LMCAD/ 3VD were not statistically significant 
between the two modalities; however, there was a tendency 
for LMCAD to be more frequently diagnosed in ICA than 
CCTA, (5.4% vs 2.5%, P = 0.074). This difference in imag-
ing modalities might be implicated in the discordance in pre-
dicted mortality and thereby in treatment decision-making. 
In the original SYNTAX III REVOLUTION trial, the agree-
ment in treatment recommendation based on the SYNTAX 
score II between the two modalities reached 93%, which 
was higher than our current results [6] and can be explained 
by the difference in calibration and discrimination between 
the two prediction models. The SS-2020 showed better dis-
crimination and calibration for outcomes and the treatment 
benefit of CABG over PCI compared with the original SYN-
TAX score II, implying that it could provide better treatment 
recommendations compared to the SYNTAX score II [7].

There were several limitations to this study. First, clinical 
outcomes were not available. Only probabilistic prediction was 
calculated; therefore, we could not assess the calibration and 
discrimination of the two modalities versus MACE or mortal-
ity. Secondly, several subgroups were under-represented, such 
as female or patients with reduced LVEF. Thirdly, although 
external validation of the SS-2020 in the most contemporary 
cohort of the CREDO-Kyoto registry has shown the persist-
ing actuality and accuracy of the probabilistic model [13], 

Table 3   Agreement on treatment recommendation between coronary 
computed tomography angiography and invasive coronary angiogra-
phy

Treatment recommendation for predicting 5-year (A) and 10-year 
mortality (B). (A) Cohen's Kappa 0.672 (95% CI 0.574–0.770). The 
agreement of revascularization treatment: 84.2%. (B) Cohen's Kappa 
0.551 (95% CI 0.434–0.668). The agreement of revascularization 
treatment: 80.7%
CABG coronary artery bypass graft, CCTA​ coronary computed 
tomography angiography, ICA invasive coronary angiography, PCI 
percutaneous coronary intervention

Treatment recommendation based on 
CCTA​

CABG Equipoise CABG and PCI

Treatment recommendation based on ICA
 (A)
  CABG 31.6% (18/57) 3.5% (2/57)
  Equipoise CABG and 

PCI
12.3% (7/57) 52.6% (30/57)

 (B)
  CABG 59.6% (34/57) 5.3% (3/57)
  Equipoise CABG and 

PCI
14.0% (8/57) 21.1% (12/57)
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clinicians should realize that additional risk factors, such as 
biomarkers, physical and mental states, active malignancy, 
frailty, and severe other co-morbid conditions that are strong 
predictors of mortality, are not accounted for in the SS-2020 
[26]. Surgical ineligibility in itself is an independent predic-
tor of increased mortality even after adjustment for important 
surgical risk scores such as the EuroSCORE or the Society of 
Thoracic Surgeons (STS) score, indicating that these surgi-
cal risk scores may be insufficient for determining surgical 
ineligibility [26–28]. Finally, in the FASTTRACK CABG 
trial, only one type of CT scanner (256-slice GE Healthcare 
REVOLUTION CT) was used, and this may raise the poten-
tial issue of generalizability of our results to clinical practices 
with less multi-slice CT expertise and usage of lower quality 
CT scanners.

Conclusion

In patients with 3VD, with or without LMCAD, there was 
moderate to substantial agreement between treatment recom-
mendations based on the SS-2020 derived using CCTA and 
ICA, suggesting that CCTA could be used as an alternative 
to ICA when making decisions regarding the modality of 
revascularization.

Supplementary Information  The online version contains supplemen-
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