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Background: Scores for prediction of cardiovascular events in patients with stable coronary artery disease
(CAD) submitted to coronary artery bypass grafting (CABG), percutancous coronary intervention (PCI)
or medical-therapy (MT), such as the SYNTAX score (SXscore), have been proposed, but there is no
comparative assessment of their performance with the coronary angiogram standard evaluation (CASE).
This study aimed to evaluate the performance of the SXscore versus the CASE in the prediction of major
cardiovascular outcomes (MACCE) in patients with chronic CAD who were treated with M'T or additionally
submitted to CABG or PCL

Methods: Prospective cohort study of 454 patients with CAD referred for elective diagnostic coronary
angiography in Hospital de Clinicas de Porto Alegre, Brazil, with 40 years of age or over, which were
followed on average for 6+2.0 years. Patients with acute coronary syndromes, valvular heart disease, aortic
diseases, previous coronary revascularization, heart failure, chronic renal disease, history of cancer, or severe
psychiatric illness were excluded. Agreement between the scores was evaluated by Kappa statistics. The
performance of the scores to predict MACCE was evaluated by Cox proportional hazard models. Areas
under the ROC curves were compared by the DeLong test.

Results: Patients with moderate to high SXscores or with left main or multivessel CAD (LMMCAD) in the
CASE evaluation had higher rates of all-cause death and MACCE than those with low SXscore or without
LMMCAD. After adjusting for confounding, only LMMCAD remained associated with the incidence of all-
cause death in the total sample (HR =2.81;95% CI: 1.17-6.74) and for MACCE in patients undergoing M'T
(HR =8.72; 95% CI: 1.73-44.10). The ROC curves for all treatments were similar. Kappa statistics was not
significant in patients submitted to M'T, poor for patients treated by PCI and fair for the whole sample and
patients treated with CABG.

Conclusions: The severity of CAD defined by CASE or the SXscore provides similar prediction of the
occurrence of cardiovascular events in patients submitted to clinical, PCI or CABG therapies. CASE is easier
to do and may be the preferential method in the stratification of risk of patients with stable CAD.

N ORCID: Adriana Silveira Almeida, 0000-0001-5639-9768; Felipe C. Fuchs, 0000-0001-5018-9989; Aline Gongalves Silva, 0000-0002-
1470-9729; Marcelo B. Lucca, 0000-0001-8395-6742; Samuel Scopel, 0000-0003-1936-8078; Sandra C. Fuchs, 0000-0001-6351-9588;
Flavio D. Fuchs, 0000-0002-1191-0523.

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2022;12(5):563-576 | https://dx.doi.org/10.21037/cdt-22-172


https://crossmark.crossref.org/dialog/?doi=10.21037/cdt-22-172

564 Almeida et al. SYNTAX Score and coronary angiogram standard evaluation

Keywords: Coronary artery disease (CAD); SYNTAX Score; myocardial revascularization; coronary artery bypass

grafting; percutaneous coronary intervention (PCI)

Submitted Apr 17, 2022. Accepted for publication Sep 05, 2022.

doi: 10.21037/cdt-22-172

View this article at: https://dx.doi.org/10.21037/cdt-22-172

Introduction

Coronary artery disease (CAD) is the main cause of death
in developed countries (1,2) and also important in Brazil (3).
Despite the development of other imaging techniques,
coronary angiography remains the gold standard for
evaluating CAD. Coronary anatomy combined with clinical
data drive the decisions on the treatment for patients
with CAD (4,5). In the clinical practice, the severity of
stenosis is more commonly based on the visual estimate by
the interventional cardiologist. The development of new
interventions and devices for myocardial revascularization
has required standardized methods of CAD evaluation.
Several scores of CAD severity were developed to predict
the incidence of adverse outcomes (6-11), but most have not
gained clinical utility. The SYNTAX Score (SXscore) (12)
was developed for risk stratification of patients submitted
to coronary artery bypass grafting (CABG) or percutaneous
coronary intervention (PCI) in the SYNTAX Study (13),
and is based on the number of lesions and their functional
impact, location and complexity. One characteristic of
studies comparing surgical or percutaneous coronary
interventions and optimal medical treatment is the
heterogeneity in the severity of the CAD of the participants.
In addition, the lack of an ideal classification of CAD
severity, and of the comparison of the complexity of lesions
based on pre-treatment angiographic criteria, determines
limitations to clinical interpretation. As far as we know,
there is no comparative assessment of the performance of
the standard CAD severity evaluation and the SXscore in the
prediction of cardiovascular events in patients with chronic,
stable, CAD submitted to CABG, PCI or medical-therapy
(MT). Within this context, the purpose of this cohort study
was to evaluate the performance of the SXscore versus the
Coronary Angiogram Standard Evaluation (CASE) in the
prediction of major cardiovascular outcomes in patients
with chronic CAD referred for diagnostic angiography.
We present the following article in accordance with the
STROBE reporting checklist (14) (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-172/rc).
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Methods

Details of this prospective cohort study have been
previously reported (15). Methods relevant to this report are
described below. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by Ethics Committee of the Hospital de
Clinicas de Porto Alegre, which is accredited by the Office
of Human Research Protections as an Institutional Review
Board, registered under No. 13-0171, and informed consent
was taken from all individual participants.

Population

Patients with suspected CAD referred for elective diagnostic
coronary angiography in a reference tertiary university-
affiliated hospital, with 40 years of age or over, were
sequentially enrolled into the study. Patients with acute
coronary syndromes, valvular heart disease, aortic
diseases (aneurism and dissection), previous coronary
revascularization, class III or IV of the NYHA heart failure,
chronic renal disease, history of cancer, or severe psychiatric
illness were excluded.

Baseline evaluation

Lifestyle, demographic parameters, laboratory determinations,
blood pressure, and the diagnosis of hypertension,
diabetes and heart failure were assessed as described in the
original report of this cohort (15). Three blood pressure
measurements were performed using a validated automatic
device according to guidelines (16). Diabetes mellitus was
defined by the report of a physician’s diagnosis of diabetes
or use of medication for diabetes (17), and heart failure (HF)
by history and medical records (18).

The assessment of the SXscore was independently done
by two certified interventional cardiologists, blinded for
clinical features. Scores were calculated prospectively for all
coronary lesions >50% diameter stenosis in vessels >1.5 mm,
using the SXscore calculator available at http://www.syntax.
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com. Subsequently, they were categorized as high (>32),
intermediate (23 to 32) and low SXscore (<23) (19) and no
significant CAD (reference category). The SXscore was not
used for therapeutic decision.

Multivessel CAD was characterized by involvement
of more than one epicardial coronary artery or the
unprotected left main (20). Considering CASE, left main
or multivessel coronary artery disease (LMMCAD) of
intermediate and high risk were defined through visual
characterization, with reduction of the vessel diameter of
at least 50% in vessels >1.5 mm, as follows: (I) stenosis
of left main CAD; or (II) stenosis of three main vessels
(coronary anterior descending, circumflex and right); or
(IIT) stenosis of two main vessels, provided that one of them
is the proximal anterior descending artery. The degree of
stenosis, on visual analysis, was classified as 0%, lower 20%
(wall irregularities), lower than 50% (without significant
disease), and higher than 50% (significant disease) (21). For
quantification of the LMMCAD lesions, the percentage
of obstruction of the left main coronary artery or left
anterior descending coronary, whichever was greater,
was used. Angiographic visual analysis was independently
done by two certified interventional cardiologists and a
cardiovascular surgeon, blinded for clinical features. In case
of disagreements, a fourth interventionist was consulted and
the final decision was reached by consensus of all, with the
purpose of minimizing significant potential intra and inter-
observer variability.

Assessment of ten-year cardiovascular risk was done by
the atherosclerotic cardiovascular disease (ASCVD) risk
score (22).

Criteria for treatment allocation

The coronary angiogram was evaluated according to the
routine protocol of the Unit of Interventional Cardiology
of the Division of Cardiology of our hospital. Patients
without coronary artery diameter stenosis above 50% were
not considered for surgical or percutaneous treatment (23).
The decision for revascularization in patients with
coronary lesions of at least 50% in at least one proximal
epicardial coronary artery was additionally based on an
objective evidence of myocardial ischemia, or at least one
coronary stenosis of at least 70% and classic angina without
provocative testing (23). Complex lesions that could be
treated by either method, were evaluated by the surgeon,
the interventional cardiologist and the clinician. The final
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allocation of these patients to the therapeutic alternatives
was let to the discretion of the attending physicians and
patients. Scores of coronary lesion severity were not used
to support the decision and the SXscore was not available at
the time of decision. Patients submitted to PCI were treated
with first generation drug eluting and bare metal stents.
Almost all patients treated by CABG received an arterial
graft.

Outcomes

The primary endpoint of this study was all-cause death
and major adverse cardiac and cerebral events (MACCE),
defined by cardiovascular death, nonfatal myocardial
infarction, stroke, and late revascularization (not done as
a therapeutic option after the result of the angiogram).
Individual outcomes were considered secondary endpoints.

Deaths were classified according to the Academic
Research Consortium (ARC)-2 (24). Myocardial infarction
and revascularization followed by death in the same
hospitalization were adjudicated as cardiovascular death.
Sudden death was defined, additionally, as cardiovascular
death, unless obvious noncardiac causes could be identified.
Myocardial infarction was diagnosed by symptoms,
and ECG abnormalities suggestive of ischemia (24,25).
Stroke was diagnosed by clinical findings and computed
tomography. Incident HF was defined by hospitalization.
Late revascularization was done either by PCI or CABG.
Percutaneous and surgical revascularizations performed
until three months after the angiography were defined
as index procedures, and those occurring thereafter were
considered outcomes.

Follow-up

The follow-up of participants was done by telephone
interviews, registered letters, medical records, death
certificates, and interviews of next of kin. All data were
evaluated by at least two authors independently, with
control of quality on data entry to verify amplitude and
consistency.

Statistical analysis

The sample for these analyses came from studies planned
to evaluate the effectiveness of therapeutic strategies to
prevent death and major adverse cardiac and cerebral events
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in patients with stable CAD diagnosed by elective coronary
angiography (26). The sample sizes were not calculated in
advance for this analysis.

Quantitative variables were described by mean and
standard deviation or median and interquartile range,
and qualitative through absolute and relative frequencies.
Variables were compared using Analysis of Variance
(ANOVA) and the Scheffé test, or the Kruskal-Wallis test
followed by the Dunn’s test, in case of quantitative variables,
and the Pearson’s chi-squared test or the Fisher’s exact test
for qualitative variables.

Exposure was defined by the presence of high SXscore
(=23) and by the presence of LMMCAD. All analyses were
stratified by the therapeutic option (medical, PCI, CABG),
in order to control for variation in the effectiveness of the
methods.

Agreement between the SXscore and CASE was
estimated using the kappa statistics. To calculate kappa,
Program for epidemiologists for windows (WinPEPI)
version 11.43 was used. A kappa ranging below 0.21 was
classified as “poor”, from 0.21 to 0.40 was classified as
“fair”, from 0.41 to 0.60 as “moderate”, from 0.61 to 0.80 as
“good”, and 0.81 to 1.00 as “very good” (27).

The Kaplan-Meier curve was used to assess time until
all-cause death, cardiovascular death, myocardial infarction,
stroke, late revascularization and MACCE, and tested by
the chi-square log-rank test to compare curves between
groups. For this purpose, the SXscore was categorized into
low (SXscore <23) and intermediate-high (SXscore >23).

The association between treatments and outcomes was
explored in Cox proportional hazard models and described
by Kaplan-Meier survival curves. Analyses were stratified by
SXscore and by the presence or absence of LMMCAD and
adjusted for the type of treatment and clinical variables.

The receiver-operating characteristic (ROC) curves
were used to estimate the predictive performance of each
method of assessment of the CAD of the study, which
were compared using the DeLong Test by the Program
for Epidemiological Analysis of Tabulated Data (EPIDAT)
version 3.1. The area under the ROC curves (c-statistics),
with 95% CI, sensitivity and specificity for each method,
were calculated. Values for the area under the curve below
0.7 suggest no discrimination.

The level of significance was 5%. The data were analyzed
with Statistical Package for the Social Sciences (SPSS)
version 21.0.
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Results
Baseline characteristics and angiographic data

Study flowchart is presented in Figure 1. From 1,028
patients electively submitted to diagnostic coronary
angiography, 454 were included in the cohort and were
followed up on average for 6+2.0 years (median 5.7 years),
from 0.02 to 9.8 years. The use of cardiovascular drugs at
the time of the follow-up interview was not substantially
different among the treatment arms.

Table 1 shows the baseline clinical and angiographic
characteristics according to patient categories classified by
the treatment.

Low SXscores were more frequent in patients treated
with optimal medical therapy alone or with PCI, while
patients who underwent CABG showed intermediate and
high scores more frequently. LMMCAD was also more
frequent in the CABG group when compared to the other
groups.

The agreement between the classification of severe
coronary lesions by the descriptive method (LMMCAD)
and by the SXscore (>23) (Kappa statistics) was poor and not
significant in patients submitted to medical therapy (Kappa
=0.07; 95% CI: -0.11 to 0.26; P=0.178). The agreement was
higher and fair in patients treated with CABG (total sample:
Kappa =0.29, 95% CI: 0.20 to 0.37, P<0.001; PCI: Kappa
=0.18, 95% CI: 0.07 to 0.28, P<0.001 and CABG: Kappa
=0.24, 95% CI: 0.11 to 0.38, P=0.001).

Survival and event-firee outcomes

Event-free survival Kaplan-Meier curves stratified by
types of treatment, SXscore and LMMCAD diagnosis, are
shown in Figure 2. Figure 24,2C,2E,2G shows a significant
difference between the groups. In the total sample, patients
presenting intermediate or high SXscores had a risk of
death 1.94-fold higher when compared to patients in the
same group who had low SXscores (Figure 2A). Additionally,
patients with LMMCAD showed a risk of death 2.07-fold
higher when compared to patients without these lesions
(Figure 2E). In analyses stratified by the type of treatment,
patients who underwent PCI and had intermediate or
high SXscores had a risk of death 3.43-fold higher when
compared to patients in the same group who had low
SXscores (Figure 2C) and patients with LMMCAD showed
a risk of death 2.75-fold higher when compared to patients
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coronary angiography

Patients referred to
elective diagnostic

n=1,028
Refuse to participate
n=5
A
Assessed for eligibility
n=1,023
p
o Without CAD
n=360
N
p
- Exclusion criteria
n=209
} .
Total recruited
n=454
Y
Physician’s
decision
Y | \
e N [ N [ N
MT alone (n=124) PCI (n=251) CABG (n=79)
¢ All causes death (n=24) ¢ All causes death (n=25) ¢ All causes death (n=16)
e Cardiovascular death (n=11) e Cardiovascular death (n=13) e Cardiovascular death (n=13)
® Myocardial infarction (n=13) ® Myocardial infarction (n=28) ® Myocardial infarction (n=15)
e Stroke (n=4) e Stroke (n=7) e Stroke (n=6)
e Late revascularization (n=18) e Late revascularization (n=66) e Late revascularization (n=9)
* MACCE (n=30) * MACCE (n=72) * MACCE (n=30)
N J J J

Figure 1 Study flowchart. CAD, coronary artery disease; M'T, medical-therapy; MACCE, major adverse cardiac and cerebral events, as

defined in methods section; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

without the disease (Figure 2G).

Figure 3 shows Kaplan-Meier curves for time until the
occurrence of MACCE stratified by types of treatment,
SXscore and LMMCAD diagnosis. Figure 34,3C shows
a significant difference between the groups. In the total
sample, patients having an intermediate or high SXscore
presented a 70% higher risk of MACCE when compared to
those with lower risk (Figure 3A4). Patients who underwent
PCI, and had intermediate or high SXscores, had a risk of
MACCE 2.48-fold higher when compared to patients in
the same group who had low SXscores (Figure 3C). Patients

© Cardiovascular Diagnosis and Therapy. All rights reserved.

with LMMCAD tended to present a higher risk of MACCE
in the total sample when compared to those without the
multivessel disease (Figure 3E).

Details of the data used in the Figures 2,3 are presented
in the Table SI.

Table 2 shows adjusted risks for all-cause death and
MACKCE in participants with high SXscore and LMMCAD
in participants stratified by the type of treatment and in
the whole sample. For all-cause death the risk estimated
by both scores was not substantially different in analyses
stratified by the type of treatment, but was higher for the

Cardiovasc Diagn Ther 2022;12(5):563-576 | https://dx.doi.org/10.21037/cdt-22-172


https://cdn.amegroups.cn/static/public/CDT-22-172-Supplementary.pdf

568

Almeida et al. SYNTAX Score and coronary angiogram standard evaluation

Table 1 Baseline clinical and angiographic characteristics

Baseline characteristics ' MT alone (n=124) PCI (n=251) CABG (n=79) P value
Age (years) 61.9+10.2 60.8+9.4 61.7+8.4 0.496
Male 69 (55.6)" 173 (68.9) 54 (68.4) 0.032
Race white 87 (70.2) 176 (70.1) 61 (77.2) 0.449
School degree (years) 5 [3-8] 5 [4-9] 6 [4-10] 0.227
BMI (kg/m?) 28.9+5.2° 28.1+4.3% 27.4x4.2° 0.050
SBP (mmHg) 141.9+23.5 141.1+23.9 144.8+20.6 0.473
DBP (mmHg) 79.7£11.9 81.5+12.9 83.2+11.6 0.130
Hypertension 114 (91.9) 236 (94.0) 76 (96.2) 0.460
Diabetes mellitus 42 (33.9) 71 (28.3) 31(39.2) 0.158
Previous myocardial infarction 45 (36.3)" 127 (50.6) 51 (64.6)° <0.001
HF 19 (15.3) 40 (15.9) 17 (21.5) 0.452
LVFE (%) 62.6+14.1 63.2+14.9 58.3+15.9 0.054
Glucose (mg/dL) 103.4+33.1 106.5+27.8 114.7£45.9 0.054
Total Cholesterol (mg/dL) 170.4+47.3 170.6+45.3 176.6+51.8 0.575
HDL-C (mg/dL) 41.4+11.1 39.7+9.9 40.7+10.1 0.284
Triglycerides (mg/dL) 119.5 (87.0-173.8) 125 (90.0-169.0) 122 (91.0-176.0) 0.896
Creatinine (mg/dL) 0.69+0.21 0.71+0.21 0.72+0.22 0.805
hs-CRP (mg/dL) 2.5(0.8-5.8) 2.8 (0.9-7.0) 2.1(0.8-5.0) 0.242
Smoking 85 (68.5) 168 (66.9) 44 (55.7) 0.129
Current smoking 16 (12.9) 40 (15.9) % 3@3.8)7 0.020
Chest pain 29 (23.4) 44 (17.5) 15.0 (19.0) 0.400
Dyspnea 44 (35.5) 68 (27.1) 26 (32.9) 0.218
10-year ASCVD risk 16.7 (8.2-24.2) 15.6 (9.1-23.4) 19.6 (11.2-28.1) 0.061
SXscore 4.3 (0-11)° 8 (5-13)° 21.5 (13-26.5)° <0.001
Low SXscore 117 (94.4)° 235 (93.6)° 49 (62.0)" <0.001
Intermediate SXscore 5(4.0)7 15 (6.0)" 21 (28.6)°
High SXscore 2(1.6) 1(0.4)" 9 (11.4)%
LMMCAD 20 (16.1)" 75 (29.9)" 62 (78.5)° <0.001
Indication of coronary angiography

Suggestive symptoms of CAD 100 (80.6) 209 (83.3) 72 (91.1) 0.128

With a positive noninvasive test 50 (40.3) 86 (34.3) 38 (48.1) 0.076

Other complaints 11 (8.9) 16 (6.4) 8(10.1) 0.469

T, Variables were described by mean + SD, median (P25-P75) or as number (percentage). i, Low SXscore <23; Intermediate SXscore
=23-32; High SXscore >32. §, Statistically significant positive association by adjusted residuals test to 5% of significance. ﬂ, Statistically
significant negative association by adjusted residuals test to 5% of significance. a'b'c, Equal letters do not differ by the Scheffé’s or Dunn’s
Test at 5% significance. MT, medical-therapy; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; BMI, body
mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HF, heart failure; LVFE, left ventricular fraction ejection; HDL-C,
high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; ASCVD, atherosclerotic cardiovascular disease; LMMCAD,
left main or multivessel CAD; CAD, coronary artery disease; SXscore, SYNTAX score.
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CABG: all-cause death free-time
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Figure 2 Kaplan-Meier’s curve for time-free of all-cause death among the study patients, according to treatment group, and SXscore
category (A-D) or presence of LMMCAD (E-H). *, adjusted for therapeutic method. SXscore, SYNTAX score; LMMCAD, left main or

multivessel coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Figure 3 Kaplan-Meier’s curve for time-free of major adverse cardiac or cerebral events (MACCE) among the study patients, according
to treatment group, and SXscore category (A-D) or presence of LMMCAD (E-H). *, adjusted for therapeutic method. SXscore, SYNTAX
score; LMMCAD, left main or multivessel coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass

grafting.

standard evaluation in the whole sample. For MACCE,
LMMCAD had a higher risk than the SXscore in patients
treated medically. The inverse occurred in patients treated
with PCI, without any difference in patients treated with
CABG and in the whole sample.

The comparison of the ROC curves of the two methods
in predicting all-cause death and MACCE is shown in
Figure 4. The area under the curve of both methods
represents values below expected (<0.7) and there was
no statistically significant difference among them in the
prediction of these two endpoints.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Discussion

In this cohort study of patients submitted to elective
coronary angiography for diagnosis and therapeutic
decisions, the severity of coronary atherosclerosis defined by
the CASE and by the SXscore provided similar prediction of
the occurrence of cardiovascular events. The performance
of both strategies was independent of the therapeutic
modalities employed after the examination, and occurred
despite the low agreement between the characterization of
severity by the different approaches. This may be partially
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Table 2 Cox regression analysis to evaluate the predictive effect of SXscore and standard assessment on the outcomes with adjustment for

confounding factors

All-cause death MACCE
Treatment
HR.gustea (95% Cl) P value HR.gustea (95% Cl) P value

MT alone

SXscore=23 7.93 (0.86-73.3) 0.068 2.99 (0.20-45.80) 0.431

LMMCAD 4.13 (0.96-17.7) 0.056 8.72 (1.73-44.10) 0.009
PCI

SXscore=23 4.83 (0.41-57.00) 0.211 3.16 (0.97-10.30) 0.055

LMMCAD 3.65 (0.67-19.9) 0.134 1.28 (0.58-2.86) 0.541
CABG

SXscore>23 0.75 (0.08-7.22) 0.802 1.73 (0.46-6.51) 0.416

LMMCAD 0.66 (0.02-18.6) 0.808 1.36 (0.33-5.56) 0.670
Total sample

SXscore=23 1.83 (0.52-6.39)* 0.344 1.42 (0.97-2.08)* 0.069

LMMCAD 2.81 (1.17-6.74)" 0.021 1.71 (0.94-3.13)* 0.081

T, adjusted for age, male, BMI, diabetes mellitus, hypertension, previous myocardial infarction, HDL-C, creatinine, LVEF, current smoking,
and chest pain. t, adjusted for therapeutic method, age, male, BMI, diabetes mellitus, hypertension, previous myocardial infarction,
HDL-C, creatinine, LVEF, current smoking, and chest pain. MACCE, major adverse cardiac and cerebral events; MT, medical-therapy;
SXscore, SYNTAX score; LMMCAD, left main or multivessel coronary artery disease; PCI, percutaneous coronary intervention; CABG,
coronary artery bypass grafting; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LVEF, left ventricular fraction ejection.

explained by the relatively low increment of the prediction
of hard outcomes by both methods. These findings may be
useful in the scenario of the therapeutic decision in patients
with complex coronary lesions, showing that the traditional
method to assess these lesions is not inferior to the more
complex Syntax to predict clinical outcomes in patients
submitted to any treatment strategy of coronary artery
disease. The assessment of the predictive performance
of anatomical criteria is particularly important since the
publication of the results of the ISCHEMIA trial (28),
that together with other studies demonstrated that testing
for inducible myocardial ischemia is inferior to anatomic
assessment for risk stratifying and managing patients
with CHD.

Attempts to stratify the risk of patients with coronary
lesions have started almost in parallel with the first
descriptions of such lesions. Several scores of CAD
severity were developed to predict the incidence of adverse
outcomes, such as the SDTML disease classification
(Single-, Double-, Triple-vessel and Main Left), the score
of Gensini, and others (6-11). Nonetheless, these scores did
not gain clinical utility, and the description of the severity of

© Cardiovascular Diagnosis and Therapy. All rights reserved.

coronary atherosclerosis has been predominantly based on
the number, sites, and percentage of coronary occlusion by
atherosclerotic plaques.

The SXscore was developed as part of the SYNTAX
Study (13) to objectively characterize and quantify the
severity and extent of CAD), considering number of lesions
and their functional impact, location and complexity, with
the intention of stratifying patients for the selection of the
best procedure (12). It was originally designed to predict
procedural outcome for PCI vs. CABG, and not medical
therapy. Subsequent evaluations of this score, both in
the SYNTAX trial and in other data sets, demonstrated
their predictive capacity for ischemic events in patients
undergoing PCI (16,29-31).

Clinical prognostic variables have been combined with
the anatomical SXscore to increase the its accuracy to
guide the choice between PCI and CABG for patients
with multivessel coronary disease, such as the logistic
clinical SYNTAX score (31-35), the CABG SYNTAX
Score (36,37), the SYNTAX score II (38-41), the SYNTAX
score 11T (42,43), the residual SYNTAX score (44), and
the clinical residual SYNTAX score (45). These more
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Figure 4 ROC curve analysis demonstrating the association between SXscore and multivessel or left main coronary disease with major

outcomes. ROC, receiver operator characteristic; MACCE, major adverse cardiac and cerebral events; LMMCAD, left main or multivessel

coronary artery disease; SXscore, SYNTAX score.

complex scores derived from the SYNTAX score have
not gained practical application as well, and some of them
have been less effective to predict outcomes than other
functional predictors, such as the fractional flow reserve
(FFR) (46,47). Nonetheless, functional derivations of the
SYNTAX score were not assessed in our study, which
compared the performance of the anatomical SYNTAX
score with the standard evaluation of the coronary lesions.
In the comparison of these methods, we showed that
after adjustment for traditional demographic and clinical
predictors, there was no substantial difference in the
prognostic performance of the anatomical SYNTAX score
and the standard evaluation of the coronary angiogram.

As far as we know, there is no comparative assessment
of the performance of standard CAD severity evaluation
and the SXscore in the prediction of cardiovascular
events in patients with chronic, stable, CAD submitted to
CABG, PCI or MT. As expected with any scoring system,
the SXscore and the standard visual assessment have

© Cardiovascular Diagnosis and Therapy. All rights reserved.

limitations. First, they are a purely anatomic score and do
not integrate clinical variables that could be relevant for
the patient’s risk stratification. Second, they are subject to
interobserver variability, inherent to the visual estimate of
the vessel’s stenosis. In addition, none is capable to assess
the variation in the coronary anatomy of patients (diameters
of the vessel, presence and location of the main branches,
myocardial perfusion area, and others) or the impact of
the presence or absence of viability beyond the stenosis.
Also, these scores are subject to the inability to properly
weigh significant differences in the skills of the assessor,
experience in performing complex procedures, and impact
of novel revascularization techniques or in the improvement
of the technology of the devices. These differences between
the two methods may be a possible explanation for the low
Kappa statistics concordance between them.

This study has limitations that deserve mention, such as
the fact that it was carried out in a single center. Another
limitation of our study is the relatively small sample size,

Cardiovasc Diagn Ther 2022;12(5):563-576 | https://dx.doi.org/10.21037/cdt-22-172



574 Almeida et al. SYNTAX Score and coronary angiogram standard evaluation

which may have influenced the estimates of risk ratios in
some categories. For the purpose of our study, however,
the risks were identified for higher scores in both methods
and were not substantially different between them. The
period of data collection of our study is not contemporary,
but is unlikely that any treatment (stents, surgical technics,
drugs) had a differential advance in recent years. The
non-randomized design precludes to fully controlling
for confounding. On the other hand, the cohort design,
including all comers referred for diagnostic coronary
angiography, represents more precisely patients with
chronic CAD. The assessment of prognosis in patients
submitted to all methods of treatment, with clinical
outcomes, may be considered a major strength of our study.

Conclusions

The severity of coronary atherosclerosis defined by the
CASE and by the SXscore provides similar prediction of the
occurrence of cardiovascular events in patients with chronic
CAD submitted to clinical, PCI or CABG therapies. The
standard evaluation is easier to do and should be preferred
in the anatomical stratification of risk in patients with CAD.
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Supplementary

Table S1 Incidence of cardiovascular events and time until the occurrence of outcomes with different types of treatment stratified by the SXscore and presence of LMMCAD

SXscore <23 SXscore >23 No LMMCAD LMMCAD
Total sample (n=454) n=401 n=53 n=297 n=157
All-cause death 53 (13.2) 8.8 (8.6-9.1) 12 (22.6) 7.4 (6.5-8.3) 0.036 33 (11.1) 8.6 (8.4-8.9) 32 (20.4) 8.2 (7.7-8.7) 0.006
Cardiovascular death 28 (7.0) 9.3 (9.1-9.5) 9(17.0) 7.8 (7.0-8.7) 0.006 14 (4.7) 9.1 (8.9-9.2) 23 (14.6) 8.7 (8.2-9.1) <0.001
Myocardial infarction 45 (11.2) 8.9 (8.7-9.2) 11 (20.8) 7.7 (6.8-8.5) 0.033 27 (9.1) 8.8 (8.5-9.0) 29 (18.5) 8.3 (7.8-8.8) 0.003
Stroke 14 (3.5) 9.6 (9.4-9.7) 3(5.7) 8.8 (8.4-9.3) 0.412 9 (3.0 9.2 (9.1-9.3) 8 (5.1) 9.4 (9.1-9.7) 0.263
Late revascularization 84 (20.9) 8.1 (7.5-8.8) 9(17.0) 8.2 (7.9-8.5) 0.752 61 (20.5) 8.2 (7.9-8.4) 32 (20.4) 8.3(7.8-8.8) 0.952
MACCE 120 (29.9) 7.5(7.1-7.8) 22 (41.5) 6.2 (5.2-7.2) 0.021 81 (27.3) 7.6 (7.3-7.9) 61 (38.9) 6.8 (6.2-7.4) 0.009
MT alone (n=124) n=117 n=7 n=104 n=20
All-cause death 22 (18.8) 8.4 (7.9-8.9) 2 (28.6) 6.7 (4.4-8.9) 0.470 17 (16.3) 8.1 (7.6-8.6) 7 (35.0) 7.3 (5.8-8.8) 0.051
Cardiovascular death 10 (8.5) 9.1 (8.7-9.5) 1(4.3) 7.9 (6.6-9.1) 0.629 7(6.7) 8.7 (8.3-9.1) 4 (20.0) 8.2 (6.8-9.6) 0.051
Myocardial infarction 11(9.4) 9.2 (8.8-9.5) 2 (28.6) 7.0 (5.1-8.9) 0.091 9 (8.7) 8.7 (8.3-9.0) 4 (20.0) 8.4 (7.1-9.7) 0.107
Stroke 4 (3.4) - 0(0.0) - - 3(2.9) 8.9 (8.7-9.2) 1(5.0) 8.4 (8.1-8.7) 0.621
Late revascularization 17 (14.5) 8.3 (7.9-8.7) 1(14.3) 7.9 (6.8-9.1) 0.926 13 (12.5) 8.5(8.1-8.8) 5 (25) 7.4 (6.5-8.3) 0.075
MACCE 28 (23.9) 7.6 (7.1-8.1) 2 (28.6) 7.0 (5.1-8.9) 0.862 23 (22.1) 7.8 (7.3-8.3) 7 (35.0) 6.3 (5.0-7.7) 0.132
PCI (n=251) n=235 n=16 n=176 n=75
All-cause death 21 (8.9) 9.2 (8.9-9.5) 4 (25.0) 6.3 (4.9-7.6) 0.017 12 (6.8) 8.9 (8.7-9.2) 13 (17.3) 8.5 (7.8-9.2) 0.008
Cardiovascular death 11(4.7) 9.5(9.3-9.7) 2 (12.5) 7.9 (6.6-9.2) 0.122 6 (2.4) 9.2 (9.0-9.4) 7(9.3 9.1 (8.6-9.6) 0.044
Myocardial infarction 26 (11.1) 8.9 (8.6-9.3) 2 (12.5) 7.8 (6.5-9.2) 0.798 17 (9.7) 8.7 (8.4-9.0) 11.(14.7) 8.6 (8.0-9.3) 0.224
Stroke 5(2.1) 9.7 (9.5-9.8) 2 (12.5) 7.7 (6.7-8.7) 0.014 3(1.7) 9.3 (9.2-9.4) 4 (5.3) 9.4 (9.0-9.8) 0.114
Late revascularization 63 (26.8) 8.0 (7.6-8.3) 3(18.8) 7.6 (6.4-8.9) 0.783 47 (26.7) 7.9 (7.5-8.3) 19 (25.3) 8.1 (7.4-8.7) 0.717
MACCE 64 (31.5) 7.5(7.1-7.9) 8 (50.0) 4.9 (3.4-6.5) 0.013 53 (30.1) 7.5 (7.1-8.0) 29 (38.7) 6.9 (6.1-7.8) 0.208
CABG (n=79) n=49 n=30 n=17 n=62
All-cause death 10 (20.4) 7.2 (6.5-7.9) 6 (20.0) 7.5(6.3-8.7) 0.961 4 (23.5) 6.7 (5.5-7.9) 12 (19.4) 7.7 (6.9-8.5) 0.639
Cardiovascular death 7 (14.3) 7.5(6.8-8.1) 6 (20.0) 7.5(6.3-8.7) 0.463 1(5.9 7.6 (6.7-8.5) 12 (19.4) 7.7 (7.0-8.5) 0.229
Myocardial infarction 8(16.3) 7.7 (6.9-8.4) 7 (23.3) 7.5 (6.3-8.6) 0.417 1(5.9 7.8 (6.7-8.5) 14 (22.6) 7.6 (6.8-8.3) 0.155
Stroke 5(10.2) 8.1 (7.5-8.7) 1(3.3) 9.0 (8.5-9.5) 0.261 3(17.6) 7.3 (6.1-8.5) 3(4.8) 8.9 (8.5-9.3) 0.054
Late revascularization 4(8.2) 8.5 (8.2-8.8) 5(16.7) 8.1(7.2-9.0) 0.259 1(5.9) 8.1(7.6-8.7) 8 (12.9) 8.5 (7.9-9.0) 0.524
MACCE 18 (36.7) 6.3 (5.5-7.1) 12 (40.0) 6.2 (4.9-7.5) 0.758 5 (29.4) 6.3 (4.9-7.6) 25 (40.3) 6.4 (5.6-7.3) 0.650

Supplementary material shows that all-cause death, cardiovascular death, Ml and MACCE, occurred earlier in patients with intermediate and high scores in SXscore or in those with diagnosis of LMMCAD
in the whole sample. In analyses stratified by the type of treatment, the prediction of deaths and major cardiovascular events tended to be better for the anatomical criteria than for the SXscore in all types
of treatment. LMMCAD, left main or multivessel CAD; LVFE, left ventricular fraction ejection; MT, medical-therapy; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; SXscore,
SYNTAX score.
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