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Association between SYNTAX Il Score and late
saphenous vein graft failure in patients undergoing
isolated coronary artery bypass graft surgery
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SUMMARY

OBJECTIVE: Coronary artery bypass graft (CABG) surgery is a well-established treatment modality for patients with multivessel coronary
artery disease (CAD). Syntax Il Score has been established as novel scoring system with better prediction of postprocedural outcomes.
This study aimed to investigate the prognostic value of SYNTAX Il Score for predicting late saphenous vein graft (SVG) failure in patients

undergoing isolated CABG.

METHODS: The records of 1,875 consecutive patients who underwent isolated CABG with at least one SVG were investigated. Those
who underwent coronary angiography and SVGs angiography at least 1 year after the CABG were included. Patients were divided into

two groups based on the presence or absence of SVG failure. For each group, predictors of late SVG failure and subsequent clinical

outcomes were analyzed.

RESULTS: According to this study, the presence of hypertension, higher rates of repeat revascularization, and higher SYNTAX Il Scores were
found to be independent predictors of late SVG failure. In addition, the prognostic value of SYNTAX Il Score was found to be significantly
higher than anatomical SYNTAX Score in terms of predicting late SVG failure and major adverse cardiovascular and cerebrovascular event.
CONCLUSIONS: There was a strong association between SYNTAX Il Score and late SVG failure in patients undergoing isolated CABG.
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INTRODUCTION

Saphenous vein grafts (SVGs) are widely used venous
conduits for coronary artery bypass graft (CABG) sur-
gery. However, long-term surgical success and subsequent
clinical benefits following CABG largely depend on graft
patency'. The rates of SVG failure during the first 12 to
18 months following CABG have been reported to reach
approximately 25% and the patency of grafts progressively
decreased following years™®. Due to adverse cardiac events

associated with SVG failure, preventing graft failure is of
utmost importance’.

SYNTAX scoring system was established with the intent of
determining whether the percutaneous coronary intervention
(PCI) or CABG was preferable in patients with coronary artery
disease (CAD) requiring revascularization®. Thereafter, SYNTAX
II scoring system has been established by integrating anatomical
features and clinical characteristics of patients with the intent

of achieving better prediction of postprocedural outcomes’.
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SYNTAX Il Score and late saphenous vein graft failure

Although SYNTAX I provides a more accurate and individu-
alized estimate of postprocedural outcomes, its predictive value
for the occurrence of late SVG failure is inconclusive.

In this study, we aimed to investigate the prognostic value
of SYNTAX II Score for predicting late SVG failure and its
association with subsequent clinical outcomes in patients under-
going isolated CABG.

METHODS

Study design

In this retrospective study, subjects were selected from the
1,875 patients with multivessel CAD who underwent iso-
lated CABG with at least one SVG between 2009 and 2011.
Those who later underwent subsequent coronary angiography
and SVG angiography between January 2010 and January
2020 due to stable ischemic findings detected by noninvasive
imaging modalities including positive cardiovascular exercise
stress testing or myocardial perfusion defects were included in
the study. Demographic and clinical characteristics of patients
and the indication for the procedure were retrospectively ana-
lyzed. Patients who underwent coronary angiography and SVG
angiography at least 1 year after the CABG were included and
those who did not meet this criterion were excluded. In addi-
tion, patients undergoing emergent CABG or concomitant
valve surgery, patients with a prior history of severe valvu-
lar disease, congenital heart disease, severe organ dysfunction
including liver or kidney failure, malignancy, lack of regular
follow-up, and those nonadherent to their medical treatment
following surgery were excluded. After exclusion criteria had
been applied, a total of 280 patients were enrolled in the pres-
ent study (Figure 1). According to our study, patients were
divided into two groups based on the presence or absence of
late SVG failure. The obtained data pool was statistically ana-
lyzed. Informed consent was obtained from all patients in
accordance with a protocol approved by the Ethics Committee
of Istanbul Mehmet Akif Ersoy Thoracic and Cardiovascular
Surgery Training and Research Hospital (approval number:
2020/57, dated August 18, 2020).

Data collection
The demographic data, baseline cardiovascular risk factors, clin-
ical features, and laboratory values were obtained from patient
files and hospital records. Routine blood tests were performed
to assess complete blood count, liver and kidney functions, and
lipid profile. Regarding follow-up parameters, major adverse

cardiovascular and cerebrovascular events (MACCEs) were
recorded. In addition, anatomical-based SYNTAX Score and

novel SYNTAX Score II were recorded using the online cal-

culator (www.syntaxscore.com)’.

Assessment of coronary angiograms

All angiograms and interventions were performed by experi-
enced operators using standard methods and through either
femoral or radial access. The left internal mammary artery
(LIMA) and each aortic anastomosis were selectively injected.
An aortic root angiogram was performed if the status of the
SVG could not be determined by graft or stump injection.
All angiograms were interpreted by the consensus of two inter-
ventional cardiologists blinded to the patients” clinical and
laboratory data. A graft was described as failed if it had 70%
or more stenosis or was completely occluded. If a graft had
less than 70% stenosis and the whole course of the graft was
visualized, it was described as patent. In sequential vein grafts,
each segment was analyzed as a separate graft. Intraobserver
and interobserver coefficients of variation [standard deviation
(SD) of the differences between two observations divided by
the mean value and expressed as a percent] were found to be
1.1% and 1.9%, respectively.

Statistical analysis

Data were analyzed with the NCSS (Number Cruncher
Statistical System) 2007 statistical software (Utah, USA) pocket
program. In this study, data are expressed as mean+SD for
continuous variables and as counts and percentages for cate-
gorical variables. The Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to evaluate the distribution of continuous vari-
ables. The % test and Fisher’s exact test were used to analyze
categorical variables. The Student’s #test was used for contin-
uous variables with normal distribution and the values were
presented as meantSD. Comparison of intergroup continu-
ous variables without normal distribution was analyzed using
Mann-Whitney U-test. A p<0.05 was considered to indicate
statistical significance. Logistic regression analysis was used to
assess the predictors of late graft failure. Variables with p<0.05
by univariate analysis were included in the multivariate logistic
regression analysis model and the respective odds ratios (OR)
with 95% confidence intervals (CI) were calculated. All sta-
tistical tests were two-sided, and the level of significance was
set at p<0.05.

RESULTS

Of the 1,875 patients initially screened, a total of 280 patients
were included in the study. Based on our data, 136 patients had
at least one late SVG failure (study group), while 144 patients
had patent SVG (control group). The patient characteristics are
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A B
Receiver operating characteristic analysis Receiver operating characteristic analysis for predicting
for predicting late saphenous vein graft failure major adverse cardiovascular and cerebrovascular events

681 patients were excluded from the study

102 patients who underwent coronary angiography during
the first year following CABG

239 patients who underwent emergent CABG

112 patients who underwent concomitant valve surgery
98 patients with a prior history of severe organ dysfunction
39 patients with a prior history of congenital heart disease
91 patients with a prior history of malignancy

Initially 1,194 patients were enrolled

451 patients with late SVG failure (+) 743 patients with late SVG failure (=)
315 patients excluded from the study 599 patients excluded from the study
164 patients failed to appear for more than 1 visit 309 patients failed to appear for more than 1 visit
45 patients excluded due to inadequate hospital 98 patients excluded due to inadequate hospital
recordings recordings
106 patients excluded due to treatment 192 patients excluded due to treatment
discontinuation discontinuation

136 patients (SVG failure (+) group) 144 patients (SVG failure (=) group)

CABG: coronary artery bypass grafting; SVG: saphenous vein graft.

Figure 1. 1,875 patients undergoing coronary artery bypass grafting with a diagnosis of multivessel coronary artyery disease.

1095
Rev Assoc Med Bras 2021;67(8):1093-1101



SYNTAX Il Score and late saphenous vein graft failure

summarized in Table 1. Both groups were similar in terms of
demographic and clinical characteristics. On the other hand,
history of hypertension (HT) and diabetes mellitus (DM) was
significantly higher in patients with late SVG failure (+) com-
pared to patients with late SVG failure (-), (96.32 versus 73.61%;
61.76 versus 44.44%, p<0.05). Baseline laboratory values were
also compared between the two groups. However, serum uric acid
level (5.87%1.98 mg/dL versus 5.02+1.52 mg/dL, p<0.05), neu-
trophil count (5.54£1.39x10%/mm? versus 4.90£1.33x 10°/mm?,
p<0.05), and creatinine level (1.05%£0.36 mg/dL versus

0.91£0.23 mg/dL, p<0.05) were significantly higher in patients
with late SVGs failure (-) compared to patients with late SVG
failure (-). In addition, neutrophil-to-lymphocyte ratio was
significantly higher in patients with late SVG failure (+) com-
pared to patients with late SVG failure (-) (2.92+1.38 versus
2.40%1.23, p<0.05). Regarding echocardiographic measure-
ments, patients with late SVG failure (+) had a lower estimated
preprocedural left ventricular ejection fraction (LVEF) com-
pared to those with late SVG failure (-), (47.74%11.17 versus
54.948.55, p<0.05).

Table 1. Baseline characteristics of patients compared between groups.

58.5248.1 60.24+7.96 0.074
Female 25(17.36) 35 (25.74)
Sex n (%) 0.088
Male 119 (82.64) 101 (74.26)

Smoking history n (%) 74 (51.39) 85 (62.50) 0.061
DM (n/%) 64 (44.44) 84 (61.76) 0.004
HT n (%) 106 (73.61) 131 (96.32) 0.0001
Previous Ml n (%) 71 (49.31) 69 (50.74) 0.881
Previous PCl n (%) 64 (44.44) 56 (41.18) 0.581
Syntax Il score 25.524+9.62 36.00£10.83 0.0001
Syntax score 27.8915.74 30.17£5.91 0.001
LVEF (%) 54.9+8.55 47.74£11.17 0.0001
Total cholesterol (mg/dL) 201.064£52.92 207.494+65.26 0.366
HDL (mg/dL) 39.63+12.92 38.26+10.32 0.330
LDL (mg/dL) 130.554+42.48 131.54442 .42 0.846
Triglyceride (mg/dL) 192.87491.17 209.61£115.35 0.178
Glucose (mg/dL) 137.17456.44 143.07+64.25 0.415
HbA1c (%) 6.8+1.68 7.18+£2.08 0.099
Uric acid (mg/dL) 5.02+1.52 5.87+1.98 0.003
Creatinine (mg/dL) 0.91+0.23 1.05+0.36 0.0001
eGFR (CKD-EPI) 99.73+23.46 82.57+27.71 0.0001
WBC (103/mm?) 9.03£2.69 8.79+2.64 0.452
Hemoglobin (g/dL) 13.58+1.60 13.66%+1.74 0.701
Platelet (10%/mm?3) 242.97468.21 257.34+66.47 0.079
Neutrophil (103/mm?) 4.90+1.33 5.54+1.39 0.0001
Lymphocyte (103/mm3) 2.26+0.65 2.25£1.74 0.966
NLR 2.40%1.23 2.92+1.38 0.001
Number of grafts 3.19+0.8 3.35+0.8 0.101

SVG: saphenous vein graft; DM: diabetes mellitus; HT: hypertension; MI: myocardial infarction; PCl: percutaneous coronary intervention; LVEF: left
ventricular ejection fraction; HDL: high-density lipoprotein; LDL: low-density lipoprotein; eGFR: estimated glomerular filtration rate; CKD: chronic kidney
disease; EPI: chronic kidney disease epidemiology collaboration; WBC: white blood cell; NLR: neutrophil-to-lymphocyte ratio.
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Results of follow-up parameters are summarized in Table 2.
The mean follow-up time for our study was 101.9+8.22 months.
The mean length of intensive care unit stay and the mean length
of hospital stay following surgery were compared between the
two groups (p>0.05). According to our data, incidence of non-
fatal myocardial infarction and repeat revascularization were
significantly higher in patients with late SVG failure (+) com-
pared to patients with late SVG failure (-) (38.24 versus 9.03%;
41.18 versus 5.56%, p<0.05). Of the whole cohort, MACCEs

were significantly higher in patients with late SVG failure (+)
compared to patients with late SVG failure (-) (66.91 versus
29.17%, p<0.05).

Regarding assessment of coronary angiograms, both groups
had higher rates of LIMA grafts (96.32 versus 95.14%).
According to our study, the rate of LAD-LIMA, DL-saphenous,
IM-saphenous, CX-OM-saphenous, RCA-saphenous, RCA
PDA SVG, and RCA PL SVG were compared between the
two groups (p>0.05) (Table 2).

Table 2. Follow-up and angiographical details of patients compared between groups.

Graft failure (=)

Graft failure (+)

n:144 RED P
Mean ICU stay after CABG (day) 1.09+0.49 1.2+0.82 0.345
Mean hospital stay after CABG (day) 8.86+4.23 8.99+4.82 0.252
Mean follow up time (month) 100.31+8.04 103.4948.41 0.001
Postprocedural CVA n (%) 7 (4.86) 13 (9.56) 0.127
Postprocedural PAF n (%) 39 (27.08) 45 (33.09) 0.273
Peripheral intervention n (%) 11 (7.64) 16 (11.76) 0.242
Repeat revascularization n (%) 8 (5.56) 56 (41.18) 0.0001
Long-term CVA n (%) 20 (13.89) 26 (19.12) 0.238
Nonfatal Ml n (%) 13 (9.03) 52 (38.24) 0.0001
MACCE (+) n (%) 42 (29.17) 91 (66.91) 0.0001
Assessment of coronary angiograms between groups
LAD LIMA graft n (%) 137 (95.14) 131 (96.32) 0.625
LAD SVG n (%) 9 (6.25) 16 (11.76) 0.106
LAD SVG failure n (%) - 4 (2.94) 0.001
D1 SVG n (%) 68 (47.22) 69 (50.74) 0.557
D1 SVG failure (n.%) - 25(18.38) 0.0001
IM SVG 14 (9.72) 24 (17.65) 0.053
IM SVG failure n (%) - 12 (8.82) 0.0001
LCX SVG n (%) 32 (22.22) 30 (22.06) 0.974
LCX SVG failure n (%) - 10 (7.35) 0.001
LCX OM SVG n (%) 87 (60.42) 87 (63.97) 0.540
LCX OM SVG failure n (%) - 44 (32.35) 0.0001
RCA SVG n (%) 71 (49.31) 68 (50.00) 0.908
RCA SVG failure n (%) - 34 (25.00) 0.0001
RCA PDA SVG n (%) 40 (27.78) 30 (22.06) 0.269
RCA PDA SVG failure n (%) - 15 (11.03) 0.0001
RCA PL SVG n (%) 4(2.78) 5(3.68) 0.670

ICU: intensive care unit; CABG: coronary artery bypass grafting; CVA: cerebrovascular accident; PAF: paroxysmal atrial fibrillation; MI: myocardial
infarction; MACCE: major adverse cardiovascular and cerebrovascular events; LAD: left anterior descending; LIMA: left internal mammary artery; SVG:
saphenous vein graft; D1: first diagonal branch; IM: intermediate artery; LCX: left circumflex artery; OM: optus marginalis; RCA: right coronary artery;

PDA: posterior descending artery; PL: posterior lateral.
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Table 3. Logistic regression analysis of parameters for predictors of late saphenous venous graft failure

Variables B

95%Cl for OR

p OR

Lower Upper
DM 0.20 0.662 0.82 0.34 1.98
HT 1.48 0.035 0.23 0.06 0.90
MACCE (+) 0.65 0.292 1.91 0.57 6.36
Repeat revascularization 1.92 0.01 0.15 0.03 0.63
Nonfatal Ml 1.34 0.068 0.26 0.06 1.11
LVEF (%) -0.04 0.065 0.96 0.92 1.00
Uric acid (mg/dL) 0.16 0.248 1.17 0.90 1.54
Creatinine (mg/dL) 0.13 0.899 0.88 0.13 6.22
eGFR (CKD-EPI) -0.02 0.363 0.99 0.96 1.02
NLR 0.14 0.504 1.15 0.76 1.73
Syntax Il CABG score 0.08 0.001 1.09 1.03 1.14
Syntax score 0.01 0.897 1.01 0.93 1.08

DM: diabetes mellitus; HT: hypertension; MACCE: major adverse cardiovascular and cerebrovascular events; MI: myocardial infarction; LVEF: left ventricular
ejection fraction; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease; EPI: chronic kidney disease epidemiology collaboration; NLR:

neutrophil-to-lymphocyte ratio; CABG: coronary artery bypass grafting.

The variables with p<0.05 in univariate logistic regres-
sion analysis are listed in Table 3 and were included in
multiple logistic regression analysis. After adjusting for
confounding factors, prior history of HT and higher rates
of repeat revascularization were found to be independent
predictors of late SVG failure. In the receiver operating
characteristic curve analysis, for anatomical SYNTAX
Score, area under curve (AUC) was 0.617 for predicting
late SVG failure (SE:0.033; 95%CI 0.558-0.675) and was
0.761 for SYNTAX II CABG Score (SE:0.029; 95%CI
0.706-0.810). The predictive value of SYNTAX II CABG
Score was found to be significantly higher than anatomi-
cal SYNTAX Score (p=0.001). Moreover, for anatomical
SYNTAX Score, AUC was 0.514 for predicting MACCE
(SE:0.035; 95%CI 0.454—0.574) and was 0.741 for SYNTAX
II CABG Score (SE:0.030; 95%CI 0.685-0.791). The pre-
dictive value of SYNTAX II CABG Score was found to
be significantly higher than anatomical SYNTAX Score
(p=0.001) (Table 4).

DISCUSSION

In the present study, we investigated demographic and clini-
cal features of patients undergoing isolated CABG and eval-
uated the factors associated with late SVG failure. Our results
indicate that Syntax II Score could be a useful predictor for
late SVG failure. To our knowledge, this is the first study

Table 4. Receiver operating characteristic analysis for
predicting late saphenous vein graft failure and major adverse
cardiovascular and cerebrovascular events.

AUC | SE 95%Cl p
A
Syntax 2 CABG | 0.761 | 0.029 | 0.706-0.810 A
Syntax Score 0.617 | 0.033 | 0.558-0.675
B
Syntax 2 CABG | 0.741 | 0,030 | 0.685-0.791 A
Syntax Score 0.514 | 0,035 | 0.454-0.574

AUC: area under curve; SE: standard error; CABG: coronary artery
bypass grafting.

in literature to demonstrate the strong association between
SYNTAX Score II and late SVG failure in patients undergo-
ing isolated CABG.

CABG surgery is a well-established treatment modal-
ity for patients with multivessel CAD. On the other hand,
SVG failure limits the long-term benefits of the proce-
dure'®. Due to major adverse cardiac events associated
with SVG failure, it is mandatory to maintain graft patency.
Basically, SVG failure develops in three phases: early (less
than 1 month), intermediate (1 month to 1 year), and late
(beyond 1 year)'. Early SVG failure results from technical
issues or thrombosis and usually occurs at the site of graft
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anastomosis. Factors associated with early SVG failure are
endothelial injury, poor distal runoff, graft kinking, and
small target vessel diameter'>"3. The main pathological
process that contributes to the development of interme-
diate SVG failure is progressive graft intimal hyperplasia.
The underlying mechanism causing this pathologic condi-
tion is increased arterial pressure through the venous con-
duits. When saphenous veins are used as arterial conduits,
alterations in hemodynamic status trigger intimal damage,
fibrosis, platelet aggregation, release of growth factors,
and smooth muscle cell proliferation. Progressive smooth
muscle cell and fibroblast proliferation result not only in
the development of neointimal hyperplasia but also in the
luminal loss'7.

On the contrary, late SVG failure develops as a result
of an atherogenic process and is frequently observed over
the damaged endothelium'. Previous studies showed that
there were several atherosclerotic risk factors including
age, race, gender, hypercholesterolemia, DM, HT, and
chronic kidney disease associated with the development of
late SVG failure'®?°. In addition, histopathological studies
investigating damaged SVG demonstrated the presence of
necrotic core, calcification, and negative remodeling, which
support the unfavorable effects of accelerated atheroscle-
rosis?'. According to human autopsy studies, SVG lesions
older than 2 years were found to be more concentric and
diffuse and more prone to rupture and occlude compared
to native lesions?*?4,

In our study, we observed a strong relationship between
the prior history of HT, DM, reduced ejection fraction,
CAD severity, and late SVG failure. With respect to assess-
ing the severity of CAD, we used anatomical SYNTAX Score
and novel SYNTAX II Score. This scoring system combined
the clinical features (age, creatinine clearance, LVEE, left
main CAD, sex, chronic obstructive pulmonary disease,
and peripheral vascular disease) of patients along with ana-
tomical characteristics of the coronary arteries (anatomical
SYNTAX Score) replacing the previously used SYNTAX
Score’®. Several studies confirmed this outcome, including
Evaluation of the Xience Everolimus Eluting Stent versus
Coronary Artery Bypass Surgery for Effectiveness of Left Main
Revascularization trial that implemented this scoring system
into the clinical practice and demonstrated more precise out-
comes compared to former SYNTAX Score®. According to
a meta-analysis conducted by Chen et al., SYNTAX Score II
was superior to SYNTAX Score and played a substantial role
in terms of predicting adverse clinical outcomes in patients
who underwent coronary revascularization?. Outcomes of
our study were compared with their result, which revealed

Syntax II score was superior to anatomical Syntax Score in
terms of predicting SVG failure and MACCE (p=0.001, for
both). Regarding real-world practice, the predictive value of
SYNTAX Score II was also confirmed by an observational
study conducted by Song et al., who analyzed the outcomes
of 4,398 consecutive patients following three-vessel and/or
unprotected LMCA-PCI by means of dividing their estimated
SYNTAX II Scores into the tertiles (with cutoff points at 20
and 26). According to their study, mortality rate was signifi-
cantly higher in the upper tertile compared to the interme-
diate or lower tertiles during the 2-year follow-up (2.7 ver-
sus 1.7% versus 0.5%; p<0.001). Multivariate analysis also
showed that SYNTAX Score II was an independent predictor
of 2-year mortality (hazard ratio, 1.66 [95%CI 1.03-2.68];
p=0.04)”. However, in another study conducted by Li et al.,
there was no relationship between SVG failure and calculated
SYNTAX IT Scores®. Although their outcomes are inconsis-
tent with our findings, their study had some limitations due
to the nature of their study. According to their study, tradi-
tional risk factors, including HT, DM, and smoking, were
not found related to SVG failure. Regarding the strong asso-
ciation between well-known atherosclerotic risk factors and
higher SYNTAX Score 11, it was inconceivable to achieve
such an outcome. Therefore, claiming that there was no asso-
ciation between consensual traditional risk factors and SVG
failure would create inconsistency and limit the generalizabil-
ity of their results. According to a post hoc analysis of the
Clopidogrel After Surgery for Coronary Artery Disease trial,
the presence of HT, SVG diameter, grafting to the right coro-
nary artery, and low quality of the target vessel correlate with
the development of SVG hyperplasia or occlusion by 1 year
after CABG. In addition, low target vessel quality and female
sex were risk factors for SVG occlusion®. These parameters
correlate with higher SYNTAX II Scores. They also demon-
strated that the use of -blockers and statins was associated
with less SVG disease, confirming the importance of strict
adherence to post-CABG medical treatment.

Limitation

The main limitation of the present study is that it was a sin-
gle-center, retrospective experience with a relatively small
sample size. Thus, further prospective studies with a larger
population are needed to confirm our results. Although we
investigated the predictors of late SVG failure, we did not
investigate our patients with regard to occurrence of early and
intermediate SVG graft failure. Due to exclusion of patients
undergoing emergent CABG or concomitant mitral and aor-
tic valve surgery, outcomes of this study cannot be applied to
this population.
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CONCLUSIONS

Late SVG failure has diverse etiology and is associated with
adverse clinical manifestations and often requires repeat revas-
cularization. Despite various known risk factors, estimated
SYNTAX Score II was found to be independent predictor
of late SVG failure in patients undergoing isolated CABG.
Due to its convenience and easy accessibility, this method can

be applied to clinical routine.
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