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Abstract

Objective: To evaluate the predictive accuracy of SYNTAX score
(SS) I and 1l for detecting significant carotid artery stenosis (CAS)
in patients with multivessel coronary artery disease undergoing
coronary artery bypass grafting (CABG) surgery.

Methods: The study population consisted of 416 patients.
Clinical, demographic, and radiological records were retrospectively
reviewed. Characteristics of patients with CAS (n=66) and patients
without CAS (n=350) were compared before and after propensity
score matching analysis.

Results: Patients with significant CAS were older compared to
those without significant CAS [(60 (53-65) vs. 63 (59-67); P=0.01].
However, atherosclerotic risk factors and SS | were similar between
groups. SS Il CABG and percutaneous coronary intervention (PCl)
were significantly higher in patients with CAS [37.4 (30.9-43.5) vs.
33.8 (29.9-38.9); P=0.02]. After propensity score matching analysis

(66 vs. 66), age, SS Il PCl and CABG were significantly higher in
patients with CAS than those without CAS [37.4 (30.9-43.5) vs. 33
(29.3-36.9); P=0.03]. Age, SS Il PCl and CABG were associated with
CAS in logistic regression analysis [OR=1.086, 95% Cl (1.032-1.143),
P<0.001; OR=1.054, 95% CI (1.010-1.101), P=0.02; OR=1.078, 95% ClI
(1.029-1.129), P<0.01].

In ROC curve analysis, SS Il PCl >33.1 had 68.2% sensitivity
and 54.6% specificity [AUC=0.624, P=0.01, 95% Cl (0.536-0.707)]
whereas SS Il CABG >26.1 had 81.8% sensitivity and 54.6%
specificity [AUC=0.670, P<0.01, 95% Cl (0.583-0.749)] to predict
CAS. Pairwise comparison of ROC curves revealed similar statistical
accuracy for prediction of CAS (z statistic: 0.683, P=0.49)

Conclusion: SS Il is useful to predict asymptomatic CAS in
patients with multivessel coronary artery disease.

Keywords: Coronary Artery Disease. Coronary Artery Bypass.
Carotid Stenosis. Percutaneous Coronary Intervention. Risk Factors.

Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grafting
CAS = Carotid artery stenosis

Cl = Confidence interval

CIMT = Carotid intima-media thickness
eGFR = estimated glomerular filtration rate
OR = Odds ratio

PAD = Peripheral arterial disease

PCI = Percutaneous coronary intervention
ROC = Receiver-operating characteristic

SS = SYNTAX score
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INTRODUCTION

Multivessel coronary artery disease is often accompanied by
involvement of carotid and lower extremity arteriest. Association
between coronary artery disease and carotid artery stenosis
(CAS) is well documented in previous studies®?. Coexisting CAS
in patients with multivessel coronary artery disease undergoing
coronary bypass grafting (CABG) cause worse outcomest,
Prediction of CAS in patients undergoing CABG may improve
outcomes!,

SYNTAX score (SS) | and Il are recent scores which are used
for choosing the treatment modality in patients with multivessel
disease. During the last decade, several studies showed a
close association between these scores and cardiovascular
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outcomest® The aim of our study is to determine the association
between SS |-l and significant CAS in patients with multivessel
disease undergoing CABG.

Study Population

The study included patients who were scheduled for CABG
due to multivessel disease between January 2015 and January
2017. Patients with a history of carotid artery stenting or surgery
and history of previous stroke were excluded. Preoperative
routine carotid ultrasound evaluation was performed one
week before CABG in our institution. Clinical, demographic and
radiologic records were retrospectively reviewed.

Coronary Angiography and SYNTAX I and Il Scores

SS | was calculated for each lesion with >50% diameter
stenosis in vessels >1.5 mm in diameter. An experienced
interventional cardiologist who is blind to the study performed
the calculation. The online version was used for the calculation of
SSIand Il (www.syntaxscore.com).

Assessment of Carotid Doppler Ultrasound

Bilateral carotid arteries were evaluated by an experienced
radiologist. B-mode and Doppler US modalities were used for
evaluation. The maximum percentage of diameter reduction
was calculated by B-mode. Significant carotid artery disease was
defined as a stenosis >50 and a peak systolic velocities >125 cm/s.

Statistical Analysis

Statistical analysis was performed with SPSS version 22.0 (IBM
Corp. Armonk, NY, USA) and MedCalc bvba version 16 (Seoul,
South Korea). Data were presented as median (interquartile
range) for quantitative variables and as percentages for
categorical variables. The normality of data distribution was
tested by Kolmogorov-Smirnov tests. Numerical variables were
tested with Mann-Whitney U-test and categorical variables were
tested using Fisher's exact test or chi-square test, whichever
was suitable. Continuity correction was used when needed. A
P-value <0.05 was regarded as significant. Since the study was
nonrandomized, a logistic regression model with propensity
scores was created in order to balance patient characteristics
and perform propensity-matched analysis of the patients with
and without CAS. SS Il variables were not included in the model.
The variables used in this model were: hypertension, diabetes
mellitus, smoking, and low-density lipoprotein level. One-to-
one nearest-neighbor matching was performed using a caliper
width of 0.1. The resulting score-matched pairs were used to
re-evaluate the analysis. Univariate analysis was performed to
determine predictors of CAS. Receiver-operating characteristic
(ROCQ) curve graphics were used to determine the cutoff values
of independent predictors.

RESULTS

The study population consisted of 416 patients who
underwent CABG: 40.4% of the patients presented with acute

coronary syndrome and 7.2% of the patients had chronic
kidney disease (eGFR <60 ml/min/1.73 m?). Significant CAS was
detected in 66 patients. Demographic, clinical and laboratory
characteristics of patients with significant CAS and those without
CAS are presented inTable 1. SS I CABG and PCl were significantly
higher in patients with CAS [37.4 (30.9-43.5) vs. 33.8 (29.9-38.9);
P=0.02]. Patients with CAS were older, however, atherosclerotic
risk factors were similar compared with patients without CAS.

After propensity score matching analysis (66 vs. 66), SS Il PCl
and CABG were significantly higher in patients with CAS than
those without CAS [374 (30.9-43.5) vs. 33 (29.3-36.9); P=0.03].
SS I was similar between groups. Age was significantly higher in
patients with CAS. Characteristics of the population before and
after matching are presented in Table 1.

In the matched population, age, SS Il PCl and CABG were
associated with CAS in univariate logistic regression analysis
[OR=1.086, 95% CI (1.032-1.143), P<0.001; OR=1.054, 95% Cl
(1.010-1.101), P=0.02; OR=1.078, 95% CI (1.029-1.129), P<0.01].
The results of univariate analysis are listed in Table 2.

ROC curve analysis was performed to predict CAS in the
matched population (Figure 1). SS Il PCI greater than 33.1 had
68.2% sensitivity and 54.6% specificity [AUC: 0.624, P=0.01, 95%
(1 (0.536-0.707)] whereas SS Il CABG greater than 26.1 had 81.8%
sensitivity and 54.6% specificity [AUC=0.670, P<0.01, 95% Cl
(0.583-0.749)] to predict CAS. Pairwise comparison of ROC curves
revealed similar statistical accuracy of both scoring systems for
prediction of CAS (z statistic: 0.683, P=0.49) (Figure 2).

DISCUSSION

Approximately 16% of the patients in our study had significant
CAS. The present study demonstrated increased SS Il PCI and
CABG score in patients with CAS compared to those without CAS
by means of propensity score matched analysis. SS Il is associated
with significant CAS in a population with multivessel disease. SS
I CABG had a better diagnostic accuracy, albeit not statistically
significant. SS | was not found to be associated with CAS.

Carotid intima-media thickness (CIMT) was shown to
be associated with cardiovascular mortality. Several studies
demonstrated a close association between CIMT and SS P11,
A recent study showed that CIMT correlated with SS 11112,
Two previous studies concluded that SS | is not a predictor of
CASI314 Compatible with these studies, SS | was not associated
with CAS whereas age was an independent predictor of CAS in
our studyl™. A latter study by the same group of researchers
confirmed a relationship between SS Il and CASI'™L A recent
study by Avci et all'¥ demonstrated the association between
SS | and CAS, however, this association was not independent.
As argued in various studies, SS is a weighted score taking
into account anatomical properties such as tortuosity and
calcification, in addition to atherosclerotic lesions. Thus, SS | may
be less powerful than Gensini score to predict atherosclerotic
burden. Therefore, extent of coronary atherosclerosis may not be
thoroughly represented with SS I.

A recent study found CAS as an independent predictor
of high SYNTAX score (>32), however, the study population
was heterogeneous and comprised patients with single and
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Table 1. Characteristics of patients.

Before matching

After matching

Non-significant CAS | Significant CAS P Non-significant CAS | Significant CAS P
n=350 n=66 n=66 n=66

Age (years) 60 (53-65) 63 (59-67) 0.01 57 (51.5-65) 63 (59-67) 0.03
Sex (male), n (%) 284 (81.1) 50(75.8) 0.40 54 (81.8) 50(75.8) 052
BMI (kg/m?) 26.6 (24.2-29.4) 264 (24.2-29.7) 0.93 26.7 (24.2-29.7) 264 (24.2-29.7) 0.61
Smoking, n (%) 139 (39.7) 23(34.8) 0.55 22(333) 23(34.8) >0.99
HT, n (%) 200 (42.9) 25(37.9) 0.54 23(34.8) 25(37.9) 0.86
DM, n (%) 131(374) 20(30.3) 0.34 23(34.8) 20(30.3) 0.71
COPD, n (%) 59(16.9) 10(15.2) 0.87 11(16.7) 10(15.2) >0.99
PAD, n (%) 40(11.4) 12(18.2) 0.19 4(6.1) 12(18.2) 0.06
EF (%) 50 (45-60) 50 (40-60) 0.09 50 (43.8-60) 50 (40-60) 0.27
CKD 27(7.7) 3(45) 0.36 2(3) 3(4.5) 0.65
eGFR (mL/min/1.73 m?) 92 (78-103) 93 (79.8-104.3) 0.95 96 (74.8-105.3) 93 (79.8-104.3) 0.61
LDL 126 (100-179) 126 (100-175) 048 116 (99.5-175) 126 (100-175) 0.59
CRP 7 (4-10) 6 (4-10) 0.60 6.5 (4.8-10) 6 (4-10) 0.90
Ml at presentation 141 (40.3) 27 (41.5) 0.85 28 (42.4) 27 (41.5) 0.92
SYNTAX | 19.5 (14-25.5) 19.3(13-27.1) 0.66 205 (14-27.5) 193 (13-27.1) 047
SYNTAX Il PCI 33.8(29.9-38.9) 374 (30.9-43.5) 0.02 33(29.3-36.9) 374 (30.9-43.5) 0.01
SYNTAX Il CABG 25(21.4-31) 29 (26.7-35.2) <0.01 25.6(22.8-31.2) 29 (26.7-35.2) <0.01

BMI=body mass index; CABG=coronary artery bypass grafting; CAS=carotid artery stenosis; CKD=chronic kidney disease; CRP=C-reactive
protein; DM=diabetes mellitus; EF=ejection fraction; eGFR=estimated glomerular filtration rate; HT=hypertension ; LDL=low-density
lipoprotein; Ml=myocardial infarction; PAD=peripheral arterial disease; PCl=percutaneous coronary intervention

Table 2. Univariate logistic regression analysis for predicting carotid artery stenosis.

OR 95% Cl P
Age (years) 1.083 1.030-1.138 0.02
Sex (male) 1.440 0.621-3.341 0.40
BMI (kg/m?) 0977 0.892-1.069 0.60
Smoking 0.935 0.455-1.920 0.85
HT 0.877 0431-1.784 0.72
DM 1.230 0.593-2.551 0.58
COPD 1.120 0.440-2.849 0.81
PAD 0450 0.158-1.282 0.14
EF (%) 0.980 0.945-1.017 0.29
eGFR (mL/min/1.73m?) 1.001 0.984-1.019 091
LDL 1.002 0.992-1.011 0.71
CRP 0.994 0.906-1.091 091
SYNTAX | 0.988 0.964-1.014 037
SYNTAX 1l PCl 1.050 1.008-1.095 0.02
SYNTAX I CABG 1.078 1.029-1.129 <0.01

BMI=body mass index; CABG=coronary artery bypass grafting; COPD=chronic obstructive pulmonary disease; CRP=C-reactive protein;
DM=diabetes mellitus; EF=ejection fraction; eGFR=estimated glomerular filtration rate; HT=hypertension ; LDL=low-density lipoprotein;
Ml=myocardial infarction; PAD=peripheral arterial disease; PCl=percutaneous coronary intervention
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Fig. 1 — ROC curve analysis of SYNTAX Il CABG and PCl for prediction of significant carotid artery stenosis. 95% Cl=95% confidence interval;
AUC=area under the curve; CABG=coronary artery bypass grafting; PCl=percutaneous coronary intervention; SE=Standard error
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Fig. 2 — Pairwise comparison of ROC curves of SYNTAX Il CABG and PCl for prediction of significant carotid artery stenosis. 95% Cl=95%
confidence interval; AUC=area under the curve; CABG=coronary artery bypass grafting; PCl=percutaneous coronary intervention; SE=Standard

error
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multivessel diseasel'®. Up to date, only a single study investigated
the relationship between SS Il and CASI™™. Baseline characteristics
and risk factors of patients in this study were similar to ours. Age
was the most important risk factor for CAS in both studies. SS |
only reflects anatomical complexity of coronary artery disease.
Recently, SS Il incorporates clinical factors such as age, sex, and
eGFR, in addition to SS I. However, we think high SSIl'in our study
seems to be more related to age and peripheral arterial disease
(PAD) rather than other variables in the scoring system, since
they are not associated with CAS in the regression analysis. Apart
from the previous studies, we used propensity score matching
in order to balance patient characteristics. Nevertheless, CAS
seems to be more related to age rather than the complexity of
coronary atherosclerosis and clinical risk factors in patients with
multivessel disease.

Limitations

The relatively small number of patients and the retrospective
nature ofthe study are majorlimitations. Since Doppler ultrasound

Author's roles & responsibilities

SO Substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation
of data for the work; drafting the work or revising it
critically for important intellectual content; agreement
to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and
resolved; final approval of the version to be published

MS Substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation
of data for the work; drafting the work or revising it
critically for important intellectual content; agreement
to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and
resolved; final approval of the version to be published

REFERENCES

1. Imori, Akasaka T, Ochiai T, Oyama K, Tobita K, Shishido K, et al. Co-
existence of carotid artery disease, renal artery stenosis, and lower
extremity peripheral arterial disease in patients with coronary
artery disease. Am J Cardiol. 2014;113(1):30-5. doi:10.1016/j.
amijcard.2013.09.015.

2. Steinvil A, Sadeh B, Arbel Y, Justo D, Belei A, Borenstein N, et al.
Prevalence and predictors of concomitant carotid and coronary
artery atherosclerotic disease. J Am Coll Cardiol. 2011;57(7):779-83.
doi:10.1016/j,jacc.2010.09.047.

3. Podolecka E, Wartha W, Michalewska-Wtudarczyk A, Wtudarczyk W,
Bachowski R, Deja M, et al. Effect of a significant asymptomatic unilateral
carotid artery stenosis on outcomes in patients undergoing coronary
artery bypass grafting. Kardiol Pol. 2014;72(10):954-9. doi:10.5603/
KPa2014.0113.

was performed before surgery with the intention to identify
critical CAS, CIMT, which may have a further contribution, was
not evaluated. Subjects enrolled in our study have multivessel
disease and most patients had intermediate to high SS scores.
This restriction causes a limitation to generalize the study. Thus,
our findings are valid for a restricted patient group.

CONCLUSION

SS 1'is not associated with significant carotid artery stenosis.
SS Iis useful to predict carotid artery stenosis in patients with
multivessel coronary artery disease.

No financial support.
No conflict of interest.

4. Narayan P, Khan MW, Das D, Guha Biswas R, Das M, Rupert E. Carotid
artery screening at the time of coronary artery bypass - Does it influence
neurological outcomes? Int J Cardiol. 2017,243:140-4. doi:10.1016/j.
jjcard.2017.05.082.

5. Bundhun PK, Bhurtu A, Huang F. Worse clinical outcomes following
percutaneous coronary intervention with a high SYNTAX score:
a systematic review and meta-analysis. Medicine (Baltimore).
2017;96(24):e7140. doi:10.1097/MD.0000000000007 140.

6. Cavalcante R, SotomiY, Mancone M, Whan Lee C, Ahn JM, OnumaY, et
al. Impact of the SYNTAX scores | and Il in patients with diabetes and
multivessel coronary disease: a pooled analysis of patient level data from
the SYNTAX, PRECOMBAT, and BEST trials. Eur Heart J. 2017;38(25):1969-
77.doi:10.1093/eurheartj/ehx138.

7. Brener SJ, AlapatiV, Chan D, Da-Wariboko A, Kaid Y, Latyshev Y, et al. The
SYNTAX Il score predicts mortality at 4 years in patients undergoing
percutaneous coronary intervention. J Invasive Cardiol. 2018;30(8):290-4.

8. He J, Zhao H,Yu X, Li Q, Lv S, Chen F, et al. SYNTAX Score-Il predicts
long-term mortality in patients who underwent left main percutaneous
coronary intervention treated with second-generation drug-eluting
stents. Int Heart J. 2017;58(3):344-50. doi:10.1536/ihj.16-292.

9. KorkmazL, Bektas H, Korkmaz AA, Agag MT, Acar Z, Erkan H, et al. Increased
carotid intima-media thickness is associated with higher SYNTAX score.
Angiology. 2012;63(5):386-9. doi:10.1177/0003319711419837.

10. Saedi S, Ghadrdoost B2, Pouraliakbar H, Zahedmehr A, Jebelli A. The
association between increased carotid intima-media thickness and
SYNTAX Score in coronary artery disease: A single center study. Indian
Heart J. 2018;70(5):627-9. doi:10.1016/}.ihj.2018.01.010.

.lkeda N, Gupta A, Dey N, Bose S, Shafique S, Arak T, et al. Improved
correlation between carotid and coronary atherosclerosis SYNTAX
score using automated ultrasound carotid bulb plaque IMT
measurement. Ultrasound Med Biol. 2015;41(5):1247-62. doi:10.1016/j.
ultrasmedbio.2014.12.024.

12. Aksu U, Gulcu O, Bilgi Z, Topcu S, Sevimli S, Bayram E, et al. The association

of the syntax score Il with carotid intima media thickness and epicardial
fattissue. Indian HeartJ. 2017,69(6):752-6. doi:10.1016/}.ihj.2017.04.008.

657

Brazilian Journal of Cardiovascular Surgery



Semi Ozturk & Mazlum Sahin - Syntax Score Il Predicts Carotid Artery Stenosis

Braz J Cardiovasc Surg 2019;34(6):653-8

13. Avci A, Fidan S, Tabakct MM, Toprak C, Alizade E, Acar E, et al. Association
between the gensini score and carotid artery stenosis. Korean Circ J.
2016;46(5):639-45. doi:10.4070/kcj.2016.46.5.639.

14. Costanzo L, Campisano MB, Capodanno D, Sole A, Grasso C, Ragusa M,
et al. The SYNTAX score does not predict presence of carotid disease in
a multivessel coronary disease population. Catheter Cardiovasc Interv.
2014;83(7):1169-75. doi:10.1002/ccd.25320.

15.Costanzo L, Capodanno D, Manichino D, Sole A, Ronsivalle G, Di

Pino L, et al. SYNTAX score Il predicts carotid disease in a multivessel
coronary disease population. IntJ Cardiol. 2015;196:145-8. doi:10.1016/j.
jjcard.2015.06.005.

16. Cappelletti A, Astore D, Godino C, Bellini B, MagniV, Mazzavillani M, et
al. Relationship between syntax score and prognostic localization of
coronary artery lesions with conventional risk factors, plasma profile
markers,and carotid atherosclerosis (CAPP Study 2). Int J Cardiol.
2018;257:306-11. doi:10.1016/j.ijcard.2017.12.012.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY

658

Brazilian Journal of Cardiovascular Surgery





