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ABSTRACT

Objective: Post-revascularization mortality in multivessel coronary artery disease (MVCAD) has been
explored via several risk scores. Here, we assessed and compared various risk scores in predicting me-
dium to long-term clinical outcomes in unstable angina/non-ST-elevation myocardial infarction (UA/
NSTEMI) patients with MVCAD undergoing percutaneous coronary intervention (PCI).
Methods: We analyzed a cohort of a tertiary care center registry enrolling patients in South India, Kerala,
with MVCAD (N = 200) who had undergone PCI between 2010 and 2018. The outcomes evaluated were
all-cause mortality and major adverse cardiac events (MACE). The risk scores assessed included SYNTAX
score (SS), residual SYNTAX score (rSS), SYNTAX revascularization index (SRI), age, creatinine, and
ejection fraction (ACEF) score, clinical SYNTAX score (cSS), and SYNTAX score II (SSII).
Results: Of the analyzed risk scores, SSII had the best predictive capability with the area under the curve
(AUC) of 0.79 in c-statistics, followed by ACEF score and cSS with AUCs of 0.74 and 0.65, respectively for
all-cause mortality (p < 0.01). Kaplan—Meier survival curves and multivariate analysis by Cox regression
showed SSII with cut-offs of >35.15 and > 29.55 to be the only score associated with higher mortality and
MACE, respectively.
Conclusions: In UA/NSTEMI patients with relatively less complex MVCAD treated by PCI, the SSII, ACEF
and ¢SS risk scores could predict the outcomes better. The SSII showed the best predictive performance
for all-cause mortality and MACE. Scores based on baseline and residual atherosclerotic burden (SS, 1SS,
and SRI) performed poorly in predicting the mortality and MACE.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

more commonly undertaken as a treatment modality in MVCAD.>*
Myocardial revascularization improves survival in patients with

Multivessel coronary artery disease (MVCAD), defined as sig-
nificant disease involving two or more epicardial coronary arteries
is a strong predictor of medium-to long-term mortality. The pro-
portion of myocardium at risk is higher, with the resultant increase
in events in CAD."? Percutaneous coronary intervention (PCI) is
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MVCAD. Critical factors determining adequacy of revascularization
include vessel size, angiographic and functional severity of the
lesion and viability of the myocardial territory.” Clinical features,
extent and complexity of baseline CAD and the post-PCI residual
disease have been shown to influence mortality independently and
are thus considered in the risk stratification of MVCAD
patients.>6~?

Different risk scores have been developed to determine the best
revascularization option and the amount of disease to be treated.
The SYNTAX score (SS) is an angiography-based tool to assess the
total myocardium at risk and the complexity of CAD, thereby
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quantifying the atherosclerotic burden.>%!° Residual SYNTAX score
(rSS) is the SS calculated after PCI to quantify the burden of residual
CAD.”!" SYNTAX revascularization index (SRI) is derived from rSS
and SS to better quantify the proportion of disease treated by PCL°
Risk scores that incorporate clinical factors like age, creatinine, and
ejection fraction (ACEF) score, clinical SYNTAX Score (cSS), and
SYNTAX Score II (SSII) have also been developed and validated.®'?

Complete revascularization (CR), in which all ischemic
myocardial territories are treated, was beneficial in long-term
clinical trials, which showed a positive relationship between the
proportion of CAD treated and the reduction in cardiovascular
events. Incomplete revascularization (IR), on the other hand re-
duces periprocedural complications especially in high-risk patients.
But IR showed a higher risk of future adverse cardiovascular
events.'® Thus before PCI, clinical features, the complexity of CAD
and whether to go for CR or reasonable IR need to be considered.
This is especially important in the unstable angina/non-ST-
elevation myocardial infarction (UA/NSTEMI) setting, where the
SS is known to miscalculate the actual long-term risk.'*

To date, data on the accuracy of different risk models on inde-
pendent prediction of medium-to long-term prognosis is scarce in
the UA/NSTEMI population. Hence, the present study aimed to
assess and compare the six risk scores that used clinical charac-
teristics, baseline atherosclerotic burden, and post-PCI residual
disease to predict all-cause mortality and major adverse cardiac
events (MACE) in UA/NSTEMI patients undergoing multivessel PCI.

2. Methods
2.1. Study design and population

This was an observational, registry-based study conducted in
the tertiary care cardiac center in Government Medical College,
Kannur, Kerala in South India. Data of 200 consecutive patients who
had undergone multivessel PCI between 2010 and 2018 were taken.
Patients with a diagnosis of UA/NSTEMI with >70 % angiographic
stenosis in two or more major coronary arteries and angiograph-
ically assessed to be suitable for revascularization by PCI were
included in the study. Those with a history of ST-segment elevation
myocardial infarction (STEMI), prior coronary artery bypass graft-
ing (CABG) or PCI, those with complex left main disease and single-
vessel disease were excluded from the study.

Data consisting of patients’ history, cardiovascular risk factors,
left ventricular function, angiographic features and the six risk
scores were made from the registry using dedicated software.
Follow-up protocol consisted of outpatient visits at thirty days, six
months and then yearly after PCI. Over the phone consultations
were made with those who could not attend the outpatient
department.

Written informed consent was obtained from all the patients.
The study was conducted following the principles of the Declara-
tion of Helsinki and the International Conference on Harmonization
and approved by the local ethics committee.

2.2. Outcomes

The outcomes evaluated were all-cause mortality and MACE
which included all-cause death and hospital admissions for acute
cardiovascular events, repeat revascularization, and heart failure.
2.3. Clinical assessment

Peripheral artery disease (PAD) was diagnosed with a history of

intermittent claudication or revascularization surgery and ultra-
sonological or angiographic evidence of the disease."> Chronic
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obstructive pulmonary disease (COPD) was diagnosed with
consistent clinical features and a history of chronic use of bron-
chodilators and steroids.'® Creatinine clearance (CrCl) was calcu-
lated with the Cockcroft—Gault equation.!” All the patients were re-
assessed during follow up visits at the pre-specified intervals and
the evaluation was limited to clinical assessment, biochemical in-
vestigations and measurement of left ventricular ejection fraction
(LVEF). Pre-procedural and follow-up LVEF were measured by
transthoracic echocardiography using biplane Simpson method.

2.4. Coronary angiography and risk scores

SS for each angiogram was performed by two interventional
cardiologists blinded to the study using an online calculator. rSS
was defined as the SS calculated after PCL!! SRI was calculated as
100 x (1 — [rSS/baseline SS]).'® The modified ACEF score was based
on the ACEF score and calculated as age/ejection fraction+1 point
for every 10 mL/min decrease in CrCl below 60 mL/min/1.73 m?
with a maximum of six points.”® The ¢SS was calculated as
SS x modified ACEF score.?’ SSII was computed using two angio-
graphic (SS and left main CAD) and six clinical variables: age,
gender, PAD, COPD, CrCl, and LVEE®?!

2.5. Statistical analysis

Categorical variables were expressed as numbers and percent-
ages and continuous variables as mean + standard deviation (SD).
Mortality predictions based on the risk scores were assessed using
Cox logistic regression analysis, with each score as an independent
linear predictor. Kaplan—Meier survival analysis was performed to
compare the mortality and MACE with two sets of each score with a
cut-off between them. The log-rank test was conducted to deter-
mine the significance of the difference between the two values. The
risk scores’ predictive performance and discriminative ability were
evaluated with c-statistics and Kaplan—Meier analyses.?? All sta-
tistical analyses were performed using SPSS for Windows, Version
23.0 (IBM Corp., USA).

3. Results

Among the 565 patients enrolled in the registry, 278 had
MVCAD. Of these, 200 were included in the analysis.

3.1. Demographic and baseline characteristics

Most of the subjects were males (77 % [n = 154]). The mean age
of patients was 57.9 years (range: 33—81). Pre-existing diseases
such as systemic arterial hypertension, diabetes mellitus, dyslipi-
demia and smoking history were present in 34.0 %, 44.5 %, 15.5 %,
and 13.5 % of patients, respectively. Left ventricular systolic func-
tion was normal in 63.8 % of patients, with 3.5 % having severe
systolic dysfunction. Mean CrCl was 67.26 mL/min/1.73 m? (SD:
20.9; range: 22.6—146). The mean number of stents used was 2.66
(SD: 0.68; range: 1-5). Staged procedure was performed in 16.5 %
(n = 33) patients. The mean follow-up period was 51.3 months (SD:
26.3; range: 12—118). During follow-up, 20 (10 %) subjects died, and
41 (20.5 %) had major clinical events of which 7 (3.5 %) had repeat
revascularization and 13 (6.5 %) had ACS which were conservatively
managed. Mean SS, 1SS, and SSII scores were 16.7 (SD: 5.4), 4.9 (SD:
4.4), and 29.8 (SD: 9.5), respectively. Baseline characteristics are
shown in Table 1.
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3.2. Risk scores and outcomes

The discriminative performance of the risk scores is shown in
Table 2. The SSII had the best predictive accuracy for all-cause
mortality with a c-statistics area under the curve (AUC) of 0.79
(95 % confidence interval [CI]: 0.70—0.89). The ACEF score also
performed well (AUC: 0.74; 95 % CI: 0.64—0.86). The predictive
performance of both SS and rSS was significantly low compared to
SSII and ACEF score. SSII with cut-offs of >35.15 and > 29.55 was
significantly associated with higher mortality and MACE, respec-
tively. Patients having SSII of >35.15 had a median time to mortality
of 79 months (95 % CI: 56.23—101.77). ACEF score and cSS per-
formed similarly. rSS with a cut-off of >5.5 did not discriminate
between mortality and MACE. SRI >79.65 was associated with
worse mortality though statistically insignificant (Table 3, Fig. 1).
Multivariate analysis by Cox regression showed SSII with cut-offs
>35.15 and > 29.55 to be the only score associated with higher
mortality and MACE, respectively (Table 3).

4. Discussion

The most important finding of the present study was that in UA/
NSTEMI patients with MVCAD undergoing PCI, scores based on
clinical and angiographic features predicted outcomes better than
those based on angiography alone. The scores assessing residual
disease and completeness of revascularization performed poorly.

The SS was developed as an angiographic stratification tool to
establish evidence-based guidelines to determine the best revas-
cularization strategy in patients with complex multivessel and left
main disease.'” In the landmark SYNTAX trial, a higher score of >34
differentiated clinical outcomes between CABG and PCIL?* The SS
was then evaluated in multiple trials and was incorporated into
medical guidelines.>*?> Inter and intra-observer variability,
consideration of lesions in small vessels (1.5 mm) which are less
likely to be functionally important and patient categorization into
tertiles are among the several inherent limitations with SS.2° Most
importantly, it was shown not to serve the purpose of determining
the prognosis in those with low scores.?’ In our study, SS performed

Table 1
Patient baseline characteristics (N = 200).

Age (years), mean (range) 57.9 (33-81)
Male, % 77.0
Systemic hypertension, % 34.0
Diabetes mellitus, % 44.5
Dyslipidemia, % 15.5

History of smoking/tobacco use, % 13.5

Family h/o coronary artery disease, % 125

Chronic kidney disease, % 6.5
Cerebrovascular accident, % 1.5

Peripheral arterial disease, % 8
Creatinine clearance (ml/min/1.73m?), 67.26 (20.93, 22.6—146)
mean (SD, range)

LVEF (%), mean (SD, range) 53.8 (18.5, 28—66)

Number of stents used per patient, 2.6 (0.68, 1-5)
mean (SD, range)
Staged procedure, % 16.5

Period of follow up (months),
mean (SD, range)

SS, mean (SD, range)

rSS, mean (SD, range)

SRI, mean (SD, range)

ACEF Score, mean (SD, range)

¢SS, mean (SD, range)

SSII, mean (SD, range)

51.3(26.3, 12.0-118.0)

16.7 (5.4, 6.0-32.0)
4.9 (4.4, 0.0-22.5)
71.6 (23.9, 10.5-100.0)
1.1 (0.3, 0.6—2.4)

18.6 (8.8, 4.8—53.1)
29.8 (9.5, 11.6—59.0)

LVEF: left ventricular ejection fraction; SD: standard deviation; SS: SYNTAX Score;
rSS: residual SYNTAX Score; SRI: SYNTAX revascularization index; ACEF: age,
creatinine, and ejection fraction; cSS: clinical SYNTAX Score; SSII: SYNTAX Score II.
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Table 2
C-statistics with p values for comparison of the predictive performance of risk
scores.

Scores C-statistics 95 % CI p-value
SS 1SS ACEF ¢SS SRI SsII

SS 0.541 0.42—-0.66 — <0.01 0.117 <0.01 0369 0.001
1SS 0.557 0.43-0.68 <0.01 — 0.656 <0.01 <0.01 0.472
SRI 0.639 0.53—-0.75 0.369 <0.01 0.067 0.706 — 0.128
ACEF  0.746 0.64—0.86 0.117 0.656 — <0.01 0.067 <0.01
cSS 0.657 0.53-0.79 <0.01 <0.01 <0.01 — 0.706 <0.01
SslI 0.795 0.70-0.89 0.001 0472 <0.01 <0.01 0.128 -

CI: confidence interval; SS: SYNTAX Score; rSS: residual SYNTAX Score; SRI: SYNTAX
revascularization index; ACEF: age, creatinine, and ejection fraction; cSS: clinical
SYNTAX Score; SSII: SYNTAX Score II.

Table 3
Cox logistic regression for all-cause mortality - Multivariate analysis.
Cut-off 0Odds (95 % CI) p-value

SYNTAX Score >12.5 1.21 (0.26—5.67) 0.808
Residual SYNTAX Score <5.50 2.03 (0.51-8.13) 0.318
SYNTAX Revascularization Index >79.65 1.01 (0.28—-3.59) 0.993
ACEF Score >1.05 2.93 (0.54—15.87) 0.212
Clinical SYNTAX Score >15.27 3.04 (0.71-13.01) 0.134
SYNTAX score II >35.15 5.72 (1.81—-18.08) 0.003

CI, confidence interval.

poorly in predicting hard endpoints. It must be noted that our study
population had an overall low syntax score suggesting less
anatomic complexity.

Long-term mortality predictions were impacted by anatomic
and clinical characteristics, as shown previously. A meta-analysis
comparing SS with ¢SS to validate their predictive abilities on
adverse clinical outcomes showed that ¢SS was associated with
better predictive ability for all-cause mortality with relative risk:
1.04 (95 % CI: 1.03—1.05).?® The Evaluation of the Xience versus
Coronary Artery Bypass Surgery for Effectiveness of Left Main
Revascularization (EXCEL) trial’® to validate SSII showed that the
predicted four-year mortality as per SSII was at an equilibrium
between PCI and CABG for up to intermediate anatomic complexity.

In the present study, SSII showed the best predictive capability
for mortality with an AUC of 0.79, followed by ACEF (AUC: 0.74) and
¢SS (AUC: 0.65). Furthermore, SSII had the best overall accuracy for
risk stratification, followed by ¢SS and ACEF. SSII with cut-offs
>35.15 and > 29.55 was significantly associated with higher mor-
tality and MACE, respectively in MVCAD. The superior performance
was obtained without any additional computational complexity. It
is noteworthy that both ¢SS and SSII are made with ACEF score as
the backbone. SSII is obtained by adding three clinical (gender, PVD,
COPD) and one angiographic (left main) variable to the ¢SS.% These
findings suggest that both ¢SS and SSII are useful tools in routine
clinical decision making, helping in the individualized and more
precise assessment of post-ACS patients undergoing PCL?%?! SSII
has been validated in different trials; however, limited data exists
comparing different risk scores in UA/NSTEMI patients.?4~26:30-32
The present study could compare and evaluate the SSII in UA/
NSTEMI patients undergoing multivessel PCI.

CR is often not achieved in MVCAD due to clinical or technical
reasons despite innovations and procedural advances in PCI. IR and
its prognostic implications are still unclear and inconsistent among
studies because standardized definitions were not used. rSS <8 and
SRI >70 % were proposed as the best cut-offs predicting a reduction
in mortality.”® A notable finding in this study was that the residual
disease burden and percentage of treated disease calculated using
rSS and SRI were not predictive of outcomes. 1SS, with a cut-off of
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Fig. 1. Kaplan-Meier survival function for all-cause mortality based on different scores.
Legend: Kaplan-Meier survival function for all-cause mortality based on different scores. The discriminative ability is assessed by two sets of values for each score separated by a cut

off. P values are derived from log rank test.

5.5, failed to discriminate mortality and MACE. Ironically, SRI
>79.65 was associated with increased mortality, though this was
not statistically significant. It must be noted that SRI alone does not
give an idea about the absolute amount of untreated disease. The
low baseline SS of our study population combined with low post
PCI 1SS (4.9) meant that the high mean SRI (71.6) achieved could
have been offset by other clinical factors, thus contributing to this
finding. Results are mixed with these scores in previous studies. In
some trials, these scores were independent predictors of mortal-
ity.>”!8 But in recent trials, IR showed no effect on mortality but
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had a variable impact on reinfarction.?®>>4 These results also open
up the possibility of further improving the predictive capability of
SSII with functional evaluation of borderline lesions through frac-
tional flow reserve measurement. Addressing those functionally
significant lesions would lead to more meaningful CR.?’ Therefore,
long-term follow-up studies in MVCAD combining risk assessment
with baseline clinical and angiographic data and additional func-
tional evaluation of borderline lesions are needed to validate the
above findings.
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4.1. Limitations

As generally observed in any retrospective studies, the current
study too was limited by being an observational registry-based
retrospective analysis from a single center with limited number
of patients. Detailed data on the CABG group was unavailable, so
the validation of SSII for CABG was not possible. We have tried to
overcome the potential limitations through robust statistical
methods including multivariate logistic regression analysis to
exclude significant confounders. To validate the score and to assess
the additional advantage of functional evaluation, a randomized
prospective study would be needed in the future.?®

5. Conclusion

To conclude, in UA/NSTEMI patients with MVCAD and relatively
low baseline SS treated by PCI, the SSII based on baseline clinical
and angiographic characteristics showed better risk assessment
than purely anatomic score such as SS or scores assessing post-PCI
residual diseases such as rSS and SRI. The SSII was the most accu-
rate predictor of medium-to long-term clinical events and mor-
tality, followed by ACEF score and cSS. The routine application of
SSII would further improve the decision-making process for
revascularization in post-ACS MVCAD patients.
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What is Already Known?

The SYNTAX based risk scores have been compared and vali-
dated in complex multivessel CAD. SSII is known to have better
predictive capability of mortality compared to SS in multivessel
CAD.

What this Study Adds?
e Comparison of six risk scores in UA/NSTEMI patients with less
complex MVCAD undergoing PCI.

e SYNTAX Score II, ACEF Score, and clinical SYNTAX Score showed
best mortality prediction.
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e SYNTAX Score, Residual Syntax Score, and SYNTAX Revascular-
ization Index Score performed worst.

e SYNTAX Score II helps in more accurate individualized assess-
ment of patient risk.
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