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ABSTRACT

Objective. To evaluate the degree of incomplete revascularization in patients with multiarterial
coronary artery disease who underwent percutaneous coronary intervention (PCl) or coronary artery
bypass grafting (CABG) using the Syntax revascularization index (SRI) and its relationship to major
cardiovascular events during follow-up. Materials and methods. Observational, retrospective study
with 4-year follow-up of patients with multiarterial coronary artery disease who underwent surgical
or percutaneous coronary revascularization, in whom the baseline Syntax score (bSS) and the residual
Syntax score (rSS) were calculated. The Syntax Revascularization Index (SRI) was determined with the
following formula: SRI = (1- [rSS/bSS]) x 100, and major cardiovascular events at 4-year follow-up were
compared. Results. Two hundred patients (100 in each group) were evaluated. Mean rSS in group
1 was 83.2%, and in group 2, 79.0% (p=0.88). Mean complete revascularization was 41% in the first
group and 35% in the second. A cutoff point < 90% of SRI had the best accuracy for predicting major
cardiovascular events (area under the curve of 0.60; 95% confidence interval [Cl]: 0.49-0.71, p<0.05). In
multivariate analysis IRS was an independent predictor of major cardiovascular events (Hazzard Ratio
[HRI: 2.6; 95%Cl: 1.32-3.22, p=0.043). Conclusions. The SRI may be useful for measuring the degree
of revascularization in patients with multiarterial coronary artery disease treated percutaneously or
surgically. An SRI = 90% may be an acceptable target for revascularization.

Keywords: Myocardial Revascularization; Percutaneous Coronary Intervention; Coronary Artery
Bypass; Coronary Disease (source: MeSH-NLM).

Introduction

In the management of multiarterial coronary artery disease,
whetherby coronary artery bypass grafting (CABG) or percutaneous
coronary intervention (PCl) with stents, it is important to achieve
complete revascularization ", which consists of successfully treating
all vessels with severe disease. However, this is not achieved in a
significant proportion of cases (at least 40% of interventions) ¢

and can be associated with increased mortality and morbidity in the
short- or long-term ©'3, The incomplete revascularization causes
are the presence of chronic total occlusions, diffuse lesions and
bad distal nail-beds, among others (319, Reasonable incomplete
revascularization © is defined as incomplete revascularization
that does not imply a greater mortality or morbidity in this
patient’s group in long-term. For this purpose, an index has been
developed, subsequently applied to percutaneous intervention
or revascularization surgery in untreated lesions, called the
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residual SYNTAX score (rSS) ©415'8, which suggests that a value
greater than 8 of this score is associated with greater mortality at
1-year follow-up. However, this index measures an absolute value
and does not reflect the degree of revascularization achieved
in each patient. Therefore, the SYNTAX revascularization index
(SRI) is proposed, which determines a relationship between the
residual SS and the baseline score expressed as a percentage
for these patients, which has already been applied in previous
studies with acceptable results 9.

The aim of the present study was to determine the degree of
revascularization in patients treated percutaneously or surgically
using the SRI and to evaluate its impact on major cardiovascular
events (MACE).

Materials and Methods

Design and study population
Observational, retrospective, 4-year follow-up study of patients
with multiarterial coronary artery disease diagnosed by invasive
coronary angiography who underwent surgical or percutaneous
revascularization between 2010 and 2011 at the Instituto Nacional
de Cardiologia Ignacio Chavez in Mexico City, Mexico. Convenience
sampling was performed until the sample size of 200 patients was
reached (100 patients who underwent surgical revascularization
and 100 patients who underwent percutaneous revascularization).
Inclusion criteria were male and female patients aged 18 years
or older with documented stable coronary artery disease who
underwent percutaneous or surgical coronary revascularization.
Patients with available coronary angiographic images and adequate
clinical follow-up. Exclusion criteria were patients with incomplete
data or follow-up, patients with stage IV or higher renal failure, and

patients with acute coronary ischemic syndrome on admission.

Variables

Among the variables studied, multiarterial coronary artery disease
was defined as coronary artery disease with stenosis at least 50%,
defined angiographically in two or more epicardial vessels (or in
their main branches). The baseline SYNTAX score (bSS) is a scale
that assesses the coronary artery disease complexity according to
the anatomical characteristics of each diseased segment. The rSS
is a scale that quantifies the degree and complexity of residual
coronary artery disease after percutaneous coronary intervention
or revascularization surgery.

Complete revascularization was defined as complete
revascularization when the rSS was 0 (zero) and incomplete
revascularization when the rSS was greater than or equal to 1. The
SRI represents the proportion of coronary artery disease burden
treated percutaneously or surgically and was calculated using the
formula: SRI = (1 - [rSS/bSS]) x 100.

Major cardiovascular events were defined as the presence
of one or more of the following diagnoses at follow-up: all-cause
death, cardiac death, reinfarction, or ischemia-guided repeat

revascularization.

Procedures

Multiarterial coronary artery disease patients were previously
discussed among the members of the institution’s Heart Team,
where percutaneous or surgical revascularization was decided,
according to each case; the number and type of stents, while the
techniques used in each PCl were chosen at the discretion of each
operator. The number and type of conduits used in each CABG
were also at the discretion of each cardiovascular surgeon.

A retrospective evaluation of bSS and rSS was performed
in each treatment group, according to the patient’s images and
clinical history, which were determined by two interventional
cardiologists (independent of the decision making and
treatments performed), based on previously published studies
(www.SYNTAXscore.org) ¢' (Figure 1 shows an example of how
these scores were determined in one of the patients in the study).

Subsequently, clinical follow-up was carried out until 2015,
by means of the medical records in the electronic file and via
telephone. The definition of each cardiovascular event was based
on the definitions of the Academic Research Consortium @,

Statistical analysis

In the descriptive analysis, mean with standard deviation or median
with interquartile range was used for continuous variables and
absolute and relative frequencies for categorical variables. In the
bivariate analysis, the Student's t-test and chi-square test were used.
The operating characteristic curves (OCC) for the SRIwere determined
to assess the relative predictive accuracy at 4-year follow-up. The area
under the curve was calculated for the IRS to identify the Youden
index (optimal cut-off point) for the primary endpoint. Log-rank test
was used for survival analysis and Cox regression for multivariate
analysis. A p value < 0.05 was considered statistically significant. The
IBM SPSS version 21 statistical program was used.

Ethical aspects
The present study respected the ethical principles of human
research: autonomy, nonmaleficence, beneficence, and justice.
There was no risk of medical malpractice since it was a cross-
sectional study.

Results

Two hundred patients participated in the study. There were no
differences in cardiovascular history between the CABG and
PCl groups (Table 1). The bSS mean in underwent surgery was
33.5 + 8.0, higher than those of treated percutaneously, which
was 24.9 + 7.9 (p<0.05). SRl in the CABG group was 83.2% and
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bSS:

rSS:

Figure 1. Example of how to obtain a SYNTAX Revascularization Index (SRI). A and B: patient with three-vessel disease who
presented a baseline SYNTAX score (bSS) of 17. C and D: after percutaneous coronary intervention with stents, the residual SYNTAX
score (rSS) was 3, with an SRI of 82%, since the diseased intermediate branch was not treated (red arrow in C).

79.0% in the PCl group (p=0.88). Complete revascularization
(SRI 100%) was obtained in 41% of cases in the CABG group and
35% of cases in the PCI group (p>0.05). The mean follow-up time
was 44 months and MACE were found in 28% and 29% of cases
in the CABG and PCI groups, respectively (p=0.86). Hemorrhage
was the most frequent MACE in the surgery group and repeated
revascularization in the PCl group, with no statistically significant
differences (Table 2).

The area under the curve of IRS for predicting MACE was 0.60
and 0.49 for rSS, with a cut-off point of IRS of 90% (95% confidence
interval [ClI]: 0.49-0.71, p=0.05) with acceptable sensitivity and
specificity (Figure 2). Multivariate analysis considered the
variables with statistical significance in the bivariate analysis:

weight, creatinine clearance, chronic kidney disease and left
ventricular ejection fraction. This analysis showed that SRl is an
independent prognostic factor for MACE (95% Cl: 1.32 - 3.22,
p=0.043).

Discussion

In the present study, incomplete revascularization was present
in most of revascularized patients in both groups, the SRI was
useful in assessing the degree of revascularization and it was an
independent predictor of MACE.
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Table 1. Baseline characteristics of the population according to type of revascularization.

CABG group

PCl group

Characteristic (n=100) (n=100) p value
Age (in years)* 60.2 +10.5 62.9+95 NS
Men 92 (92) 87 (87) NS
Weight* 76 £11,0 76 £13 NS
Body mass index* 27.6+49 27.7+3.7 NS
Diabetes mellitus type 2 44 (44) 54 (54) NS
Hypertension 65 (65) 68 (68) NS
Dyslipidemia 58 (58) 59 (59) NS
Previous CVD 3(3) 6 (6) NS
Previous myocardial infarction 15(15) 24 (24) NS
CKD 7(7) 15(15) <0.05
Smoking 41 (41) 38 (38) NS
Peripheral artery disease 3(3) 6 (6) NS
Hyperuricemia 4 (4) 6 (6) NS
Family history 3(3) 4(4) NS
Previous PCI 6 (6) 7(7) NS
Atrial fibrillation 2(2) 5(5) NS
Creatinine clearance* 87.9+11.56 90.37 £31.28 NS
LVEF* 50.0+11.57 46.8 +13.1 NS
Baseline SYNTAX Score* 335+80 2491+7.88 <0.05
Residual SYNTAX score** 2.5(0-10.25) 3(0-9) 0.93
SYNTAX revascularization index* 83+20 79+ 21 NS
Follow-up time (in months)* 43+£14.0 45+13.0 NS

* values expressed in means and standard deviation.
** values expressed in median and minimum and maximum value.

CV: cerebrovascular disease, CKD: chronic kidney disease, CABG: coronary artery bypass grafting, PCl: percutaneous coronary intervention, LVEF: left ventricular

ejection fraction, NS: not significant.

The degree of complete revascularization in patients
with multiarterial disease is account for around 40%, which
is similar to that described in previous studies performed by
Farog @ and Généreux ®, but lower than the meta-analysis
performed by Zimarino et al. ©in which they reported a complete
revascularization rate of around 50%. It was found that the SRI can
be considered as a prognostic tool in patients with incomplete
coronary revascularization with a cutoff point of 90%, both for
CABG and PCl. This result agrees with that obtained by Généreux et
al. " who used the SRl in more than 2200 patients who underwent
PCl, with a 1-year follow-up and including patients with acute
coronary events; however, the incidence of MACE in that study was
higher, which could explain their finding of a lower cut-off point for
this index compared to the present study (90% vs. 80%).

It is noteworthy that in this study, rSS was not statistically
significant as a prognostic factor, in contrast to several studies
that have presented rSS > 8 as a prognostic factor for MACE at 1

year 451617 This may be explained by the small population with
lower rates of major cardiovascular events reported in our study.

SRI was a predictor of MACE, which is consistent with
previous studies . On the other hand, achieving complete
revascularization is difficult and not always possible, so that
the term “reasonable incomplete revascularization” has been
developed. In this sense, achieving an rSS < 8 is an adequate
target. However, the individual characterization of the proportion
of coronary artery disease by SRI could provide valuable
information in decision making on the revascularization method
to be chosen since if a reasonable and adequate degree of
revascularization is not achieved by PCl, CABG could represent a
better alternative in this patients group.

The study has some limitations. It was single-center, with a
small sample size, which probably affected the frequency of MACE.
The groups were not homogeneous in their initial anatomical
complexity by bSS, and some variables could not be adequately
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Table 2. Major cardiovascular events (absolute values) in
each group at 4-year follow-up.

Major cardiovascular event  Surgery PCI p value
Death 2 1 0.561
Cardiovascular death 2 3 0.651
Myocardial infarction 7 10 0.579
Cerebrovascular disease 2 0 0.155
Hemorrhage 11 4 0.060
RVCr 4 1 0.060
Overall 28 29 0.860

PCl: percutaneous coronary intervention, rRCV: repeated revascularization
of culprit vessel.

measured since it was retrospective. In addition, the technical
details of each treatment group were not taken into account, which
could have implied important biases for the results.

In conclusion, the SRl was a useful prognostic tool to
measure the degree of revascularization in this group of patients
and prevent long-term complications. An SRI = 90% may be an
acceptable treatment target, so prospective and randomized
studies including a larger sample number may be useful.
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Figure 2. Receiver operating characteristic curve for the
prediction of major cardiovascular events at 4-year follow-
up. Area under the curve of the SYNTAX revascularization
index (SRI): 0.60 (p=0,05). Area under the curve of residual
SYNTAX: 0.39 (p=0.045). SRI of 90%, sensitivity of 67% and
specificity of 51%.
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