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The Association Between SYNTAX Score
II and Carotid Artery Disease Severity
in Patients Who Underwent Coronary
Artery Bypass Grafting
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Abstract
The SYNTAX score (SS) and SS II, which include additional clinical parameters, are widely used today for deciding revascular-
ization following coronary angiography. We investigated the association between the presence and severity of carotid artery
disease (CrAD) using the SS and SS II in 287 patients who underwent coronary artery bypass grafting. We based this investigation
on the known association between coronary artery disease and CrAD. A significant association was observed between the groups
with and without CrAD in terms of SS II values (28.4 + 9.6 vs 21.4 + 7.7, respectively; P < .001). A significant difference was also
observed when stenosis was classified according to severity as <50%, 50% to 70%, and >70% (P < .001). The results indicated a
positive correlation between the presence and severity of CrAD as SS II increased (r ¼ 0.187, P ¼ .005). According to the results
of multivariate logistic regression analysis, the SS II was an independent predictor of CrAD.
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Introduction

The SYNTAX score (SS) is an angiographic score used to

determine the optimal revascularization strategy (percutaneous

coronary intervention [PCI] or coronary artery bypass grafting

[CABG]) in patients having coronary artery disease (CAD)

with protected or unprotected (if there is no patent bypass graft

to the left anterior descending or circumflex artery, the disease

is then referred to as unprotected left main disease) left main

coronary artery (LMCA), complex, and/or multivessel coron-

ary artery.1-3

However, the main limitation of the SS is that it only pro-

vides information about coronary anatomy. Therefore, the SS II

was developed to improve decisions.4 Clinical and demo-

graphic features such as the presence of unprotected LMCA,

age, gender, ventricle performance, glomerular filtration rate

(GFR), presence of chronic obstructive pulmonary disease

(COPD), and peripheral artery disease (PAD) were added to

the original SS. Each of them is scored separately.

SYNTAX score II estimates the scores for CABG and PCI

separately, and 4-year mortality rates are calculated separately

with the scoring system. Thus, which method is a more accu-

rate choice is given in comparison for revascularization. The

SS and SS II are calculated before CABG in our hospital.

Carotid imaging is also carried out.

The association between carotid atherosclerosis and CAD

has been well established,5,6 but there are controversial results

about the predictive association between SS and CrAD.7-9

Studies on SS II, a newer and sensitive scoring, are limited.10

The objective of the present study was to assess the

relationship between SS and SS II values and the presence

and severity of CrAD in patients who underwent CABG. In

addition, we examined whether SS II predicted the presence

of CrAD.

Methods

This study was retrospective and single center based. A total of

287 patients who underwent CABG at the Cardiovascular
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Surgery Clinic between July 2016 and September 2018 were

included. The patients who were assigned to undergo CABG

but who did not agree for the operation, who had undergone

valve intervention previously, and who had undergone urgent

operation without performing carotid artery imaging were

excluded. The patients who had subtotal or total carotid artery

lesion were also excluded, as Doppler images could not be

obtained. According to these criteria, 123 patients were

excluded.

Patients were referred from emergency department with the

diagnosis of acute coronary syndrome or from the cardiology

clinic with the prediagnosis of CAD, and they underwent cor-

onary angiography (CAG). The SS and SS II were calculated

for all patients before making a decision for surgery. Each

lesion of 1.5 mm diameter and with 50% stenosis was scored

using the online SS Calculator, version 2.1 (www.syntaxscore.

com). In cases of disagreement, the final decision was made by

consensus of the departments of cardiology and cardiovascular

surgery. Tests and data that were obtained for routine preopera-

tive preparation were used for calculating the SS II using the

online calculator (www.syntaxscore. com) and included 2 ana-

tomical variables (anatomical SS and unprotected left main

coronary artery disease) and 6 clinical variables (age, creati-

nine clearance, left ventricular ejection fraction [LVEF], sex,

COPD, and PAD).11 Creatinine clearance, a measure of esti-

mated GFR, was defined by the Cockcroft and Gault formula.12

Preoperative LVEF was calculated by transthoracic echocar-

diography. For this purpose, the LVEF value which was calcu-

lated with Simpson method with a Vivid 6 sonographic system

(GE Vingmed Ultrasound, Tirat HaCarmel, Israel) 2.5-MHz

transducer was used together with electrocardiography moni-

toring. Written consent was obtained for all patients before the

operation, and they were evaluated for the presence of COPD

by a pulmonologist.

Peripheral artery disease was defined as exercise-related

claudication, or revascularization surgery, or reduced or absent

pulsation, or angiographic stenosis of >50%, or combinations

of these characteristics. The ankle–brachial index (ABI) was

calculated for each patient. It was defined as the ratio of the

higher systolic blood pressure measured at the ankle—at the

pedis dorsalis or posterior tibial artery—divided by the higher

systolic blood pressure measured in the arm at the brachial

artery. If the ABI was <0.9, it was considered abnormal and

indicated a diagnosis of PAD.13

Carotid artery disease was defined as the presence of an

evident atherosclerotic plaque (regardless of leading to a sig-

nificant stenosis). Patients were asymptomatic with regard to

CrAD and did not experience any neurologic events. All car-

otid studies were performed by a single experienced vascular

sonographer using an Aplio 500 sonographic system (Toshiba

Medical System Corporation, Tokyo, Japan) equipped with an

8L-RS linear array transducer. Transverse and longitudinal

scans were obtained for the common carotid artery (CCA), the

carotid bifurcation, and the internal carotid artery (ICA), and

external carotid artery by B-mode and color Doppler ultra-

sound. Patients with normal results were considered not to have

CrAD. A cutoff value of 50% stenosis was accepted as hemo-

dynamic significance. Doppler parameters were used for this

purpose. Presence of an evident plaque or <50% stenosis in

carotid artery was classified as “mild CrAD” and >70% steno-

sis was classified as severe CrAD. For stenosis severity, peak

systolic velocity (PSV) and end-diastolic velocity values and

ICA–CCA ratios were used as reported in a consensus.14 In the

mild stenosis group, the ICA PSV value was taken as <125

cm/s, end-diastolic velocity as <40 cm/s, and ICA–CCA

PSV ratio as <2. For severe stenosis (�70 stenosis), ICA

value of PSV was taken as >230 cm/s, end-diastolic velocity

as >100 cm/s, and ICA–CCA PSV ratio was taken as >4. In

the moderate stenosis group (50%-70% stenosis), ICA value

of PSV as 124-230 cm/s, end-diastolic velocity as 40 to 100

cm/s, and ICA/CCA PSV ratio as 2 to 4. The patients in

�50% stenosis group were evaluated with additional ima-

ging methods such as digital subtraction angiography

(DSA), computed tomography (CT) angiography, or con-

ventional angiography both for verification and making a

diagnosis for intervention. The patients were initially allo-

cated to 2 groups: with or without CrAD. Afterward, the

CrAD group was divided into subgroups as <50%, 50% to

70%, and >70% stenosis, and the SS and SS II values were

compared between these subgroups.

Statistical Analysis

Normal distribution of the data was tested using the 1-sample

Kolmogorov-Smirnov test. Continuous variables are presented

as mean + standard deviation. Categorical variables are pre-

sented as counts and percentages. Statistical comparisons were

performed using the 2-sided Student t test. Analysis of variance

was used to compare multiple group means. The following post

hoc evaluation was made by the Bonferroni method. Catego-

rical variables were compared using the chi-square test or

Fisher exact test for small samples. Pearson correlation was

used for numerical data. Spearman correlation was used for

ordinal data. Multivariate logistic regression model was per-

formed to determine the effect of independent predictors of

CrAD. To evaluate the diagnostic accuracy, we carried out

receiver operating characteristic (ROC) curve analysis. The

ROC curves were plotted to assess the power of SS II to differ-

entiate stenosis >50%. The area under the curve (AUC) was

then estimated with a 95% confidence interval (CI). A 2-sided

P < .05 was considered significant. Statistical analyses were

performed using SPSS 20.0 software (SPSS, Chicago, Illinois)

for Windows.

Results

The patients were compared as the groups with or without

CrAD. As seen in demographic characteristics given in Table 1,

when conventional risk factors were evaluated in the groups

with similar ages (58.8 + 9.6 and 59.1 + 9.5 years), hyperten-

sion (HT), diabetes mellitus (DM), and hyperlipidemia rates

were higher in the CrAD group, while the presence of smoking
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was higher in the group without CrAD. Among them, only the

presence of HT was statistically significant (81.4% vs 59.7%,

P < .001). In addition, the ratio of females was higher in the

CrAD group.

Regarding blood tests, the C-reactive protein value was sig-

nificantly higher in the CrAD group. Very few patients had a

single-vessel disease and ST-segment elevation myocardial

infarction (STEMI) in both groups, most of the patients had

2- or 3-vessel disease, and their clinical condition was non-

STEMI or stable angina pectoris. Presence of LMCA lesion

was 30.5% in CrAD-positive group and 17.9% in the group

without CrAD (P ¼ .06). The LVEF value also reached sig-

nificance (57.6% + 6.4% and 53.8% + 6.9%, respectively;

P < .001). The SS II was significantly higher in the CrAD

group, but SS was not (SS: 21.4 + 5.7 and 22.4 + 6.2,

respectively; P ¼ .271; SS II: 21.4 + 7.7 and 28.4 + 9.6,

respectively; P < .001).

When the hemodynamic significance of the plaque was ana-

lyzed, both SS and SS II values were seen to rise in 3 groups

as normal (no plaque), <50% stenosis, and >50% stenosis

(Table 2). While the elevation in SS was not significant, the

elevation in SS II was significant (21.4 + 7.7, 27.4 + 8.6,

P ¼ NS; 31.6 + 11.7, respectively, P < .001). When subgroup

analysis was carried out for the CrAD group, the SS II

increased as severity of stenosis increased in the 3 groups

(Table 3). In correlation analysis, the SS II positively correlated

with SS, severity of carotid artery lesion, and age, while it was

negatively correlated with LVEF and eGFR (Table 4). The

results of multivariate logistic regression analysis for each of

the independent predictors of CrAD are presented in the study

population in Table 5. The SS II was related to the presence of

CrAD (P < .001, 95% CI ¼ 0.919 [0.883-0.957]) in the study

groups. In ROC analysis, the sensitivity of SS II was 64.7% and

specificity was 63.3% for detecting stenosis >50%; AUC was

0.661 and cutoff was 27.5, P < .001 (Table 6; Figure 1).

Discussion

The results of the present study show a significant association

between SS II and the presence and severity of CrAD in

patients undergoing CABG. These findings suggest the need

for carotid artery imaging even if patients are asymptomatic.15

SYNTAX is the main scoring system for making a decision

for revascularization following CAG. Scoring is important for

the heart team. While PCI is an alternative for surgery in

patients with low SS (�22), CABG is recommended for the

patients whose SS is high (�33). The results are in favor of

Table 1. Demographic Characteristics and Laboratory Findings of
Study Groups.

CrAD (þ),
n ¼ 220

CrAD (�),
n ¼ 67 P

Age, years 59.1 + 9.5 58.8 + 9.6 .218
Gender, (female) 60 (27.3) 11 (16.4) .077
Hypertension (%) 179 (81.4) 40 (59.7) <.001
Diabetes mellitus (%) 105 (47.7) 27 (40.3) .342
Hyperlipidemia (%) 97 (44.1) 22 (32.8) .120
COPD (%) 56 (25.5) 17 (25.4) .989
PAD (%) 13 (5.9) 2 (3) .346
Smoking (%) 99 (45) 35 (52.2) .302
Glucose, mg/dL 148 + 85 140 + 83 .118
Creatinine, mg/dL 1.1 + 1.2 1.2 + 1.1 .897
eGFR 77 + 15 81 + 13 .089
T. Cholesterol, mg/dL 194 + 52 190 + 41 .566
HDL Cholesterol, mg/dL 41 + 9 41 + 8 .949
LDL Cholesterol, mg/dL 136 + 46 130 + 34 .333
Triglycerides, mg/dL 162 + 89 155 + 87 .521
CRP, mg/dL 10.5 + 10.3 4.5 + 4.9 .017
Leukocyte count, K/mL 9.4 + 3.5 8.9 + 2.3 .312
Hemoglobin, g/dL 13.8 + 1.8 14.3 + 1.7 .123
Platelet count, K/mL 259 + 85 244 + 55 .203
Peak CK-MB, U/L 14.7 + 66.1 10.7 + 16.4 .097
Peak Troponin I, pg/mL 6.5 + 14.1 3.7 + 9.2 .066
SAP 95 (43.2) 33 (49.3) .402
NSTEMI/USAP 113 (51.4) 31 (46.3) .488
STEMI 13 (5.9) 2 (3) .533
1-vessel disease 5 (2.2) 2 (3) .667
2-vessel disease 36 (16.4) 14 (20.9) .462
3-vessel disease 179 (81.4) 51 (76.1) .383
LMCA 67 (30.5) 12 (17.9) .06
LVEF 53.8 + 6.9 57.6 + 6.4 <.001
SYNTAX score 22.4 + 6.2 21.4 + 5.7 .271
SYNTAX score II 28.4 + 9.6 21.4 + 7.7 <.001

Abbreviations: CrAD, carotid artery disease; COPD, chronic obstructive pul-
monary disease; PAD, peripheral artery disease; eGFR, estimated glomerular
filtration rate; T, Total; HDL, high-density lipoprotein; LDL, low-density lipo-
protein; CRP, C-reactive protein; SAP, stable angina pectoris; NSTEMI, non-
ST-segment elevation myocardial infarction; USAP, unstable angina pectoris;
STEMI, ST elevation myocardial infarction; LMCA, left main coronary artery;
LVEF, left ventricular ejection fraction; SYNTAX, Synergy between PCI with
Taxus and Cardiac Surgery.

Table 2. The Relationship Between SS, SSII, and CrAD.

CrAD (�),
n ¼ 67

Carotid stenosis
(<50%), n ¼ 169

Carotid stenosis
(>50%), n ¼ 51 P

SYNTAX
score

21.4 + 5.7 22.1 + 6.3 23.2 + 6 .273

SYNTAX
score IIa

21.4 + 7.7 27.4 + 8.6 31.6 + 11.7 <.001

Abbreviations: CrAD, carotid artery disease; SYNTAX, Synergy between PCI
with Taxus and Cardiac Surgery; SS II, SYNTAX Score II.
aCrAD (�) and carotid stenosis (<50%), P < .001, CrAD (�) and carotid
stenosis (>50%), P < .001, carotid stenosis (<50%) and carotid stenosis
(>50%), P ¼ .011.

Table 3. The Relationship Between SS, SSII, and Carotid Stenosis.

Carotid stenosis
(%) <50, n ¼ 169 50-70, n ¼ 18 >70, n ¼ 33 P

SYNTAX score 22.1 + 6.3 23.1 + 6.1 23.3 + 6.1 .510
SYNTAX score IIa 27.4 + 8.6 29.6 + 12.9 32.7 + 11.1 .011

Abbreviations: SYNTAX, Synergy between PCI with Taxus and Cardiac
Surgery; SS II, SYNTAX Score II.
a<50 and >70, P ¼ .009.
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CABG in the study, where CABG group was compared to PCI

which uses first generation and then with new generation drug-

released stents in patients with 3-vessel disease.16,17 In our

study, most of the patients had 2- or 3-vessel disease, and SS

values were close to each other in the groups with or without

CrAD (22.4 + 6.2 and 21.4 + 5.7, respectively). The SS

values seemed low. However, LMCA involvement was found

to be 30.5% and 17.9%, respectively. Prevalence of diabetic

patients was also high (47.7% and 40.3%, respectively). This

could explain why we made a decision for CABG despite low

SS values, because surgical outcomes are more favorable in the

presence of DM and LMCA involvement. CABG was found

more favorable even in the patients with low SS in long-term

follow-ups in the FREEDOM study.18 In the diabetic subgroup

of the SYNTAX study with low SS, surgery tended to have a

better outcome although the difference was not significant.

This may be associated with diabetes leading to diffuse coron-

ary involvement and not evaluating the disease well with the

SS. In the LMCA involvement group of the SYNTAX study,19

CABG was advantageous in patients with high SS (�33). In the

NOBLE20 and EXCEL studies,21 CABG was superior to PCI in

long-term follow-up of LMCA lesions. So, duration of follow-

up is important, and an early decision should not be made based

on the short-term outcomes. Consequently, we see that ana-

tomic planning is not sufficient when making a decision for

revascularization, and the SS II which includes clinical char-

acteristics is more useful than the SS. The SS II estimates the

scores for CABG and PCI separately and yields 4-year mortal-

ity rates. In addition, the outcomes of PCI in the SYNTAX II

study were better than the outcomes of the similar patients in

PCI arm of the SYNTAX study.22 In a recent study about the

strength of the SS II, Gao et al23 concluded that the SS II was

able to stratify risk and predict 30-month mortality in all

patients with PCI. The discrimination ability of the SS II

appeared to be better in the LMCA and/or 3-vessel disease

subgroups. In our study, the SS II values were 28.4 + 9.6 and

21.4 + 7.7 (P < .001) in the groups with or without CrAD. This

difference probably results from higher additional clinical fac-

tors such as COPD, PAD, and nephropathy in the CrAD group.

In the SS II, clinical characteristics such as the presence of

unprotected LMCA, age, gender, LVEF and eGFR, presence

of COPD, and PAD were added to anatomic scoring.4 The

presence of DM is still not scored, and this issue is still

debated.24

Many interesting studies are available in the literature

regarding the SS II. Cagdas et al25 reported a strong correlation

between monocyte to high-density lipoprotein cholesterol ratio

(MHR) and the SS II. This may be expected because athero-

sclerosis is the main factor for nephropathy or PAD in the SS II.

Predicting the correlation between MHR and the SS II mea-

sured by a simple blood test makes the study valuable. We

investigated the association between SS and SS II and CrAD

based on the same rationale. The results indicated that plaque

Table 5. Multivariable Logistic Regression Analyses With Indepen-
dent Predictors of Carotid Artery Disease.

b

Confidence Interval

PLower Boundary Upper Boundary

SYNTAX score 1.017 0.963 1.073 .548
SYNTAX score II 0.919 0.883 0.957 <.001
CRP 0.951 0.897 1.009 .095
LVEF 1.055 1.002 1.112 .042
Hypertension 2.307 1.213 4.387 .011

Abbreviations: SYNTAX, Synergy between PCI with Taxus and Cardiac Sur-
gery; CRP, C reactive protein; LVEF, left ventricular ejection fraction.

Table 6. Sensitivity, Specificity, AUC, Cutoff, and Asymptotic Signifi-
cance of the SS II in the Study Group.

Sensitivity Specificity AUC Cutoff P

SS II 64.7% 63.3% 0.661 27.5 <.001

Abbreviations: SYNTAX, Synergy between PCI with Taxus and Cardiac Sur-
gery; AUC, area under the curve; SS II, SYNTAX Score II.

Figure 1. Receiver operating characteristic curves for SYNTAX II
scores in the groups.

Table 4. Correlation Analysis Between Variables and SS II.

SYNTAX Score II (n ¼ 287)

r P

SYNTAX score .231 <.001
CrAD (þ) groupa .187 .005
LVEF �.272 <.001
Age .623 <.001
eGFR �.379 <.001

Abbreviations: SYNTAX, Synergy between PCI with Taxus and Cardiac Sur-
gery; CrAD, carotid artery disease; LVEF, left ventricular ejection fraction;
eGFR, estimated glomerular filtration rate; SS II, SYNTAX Score II.
aSpearman correlation (n ¼ 220).
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load increased as the SS II value rises. Sensitivity of the SS II

for indicating >50% stenosis was 64.2% and specificity was

62.3%, and the SS cutoff value was 27.5. The relationship

between SS II and CrAD provides an advantage for having

an opinion about CrAD without imaging. Aksu et al26 investi-

gated the relationship between SS II and carotid intima–media

thickness (cIMT) and epicardial fat tissue (EFT). The authors

compared low and high SS II groups after they had specified a

median SS II value. Elevated cIMT and EFT are known to be

predictors of CAD.27,28 Both cIMT and EFT were found to be

thicker in the high SS II group, and the authors concluded that

these 2 parameters may be independent predictors for a high SS

II as an easy and noninvasive method. Kitamura et al29

observed a strong association between cIMT �1.07 mm and

increased stroke rate. Lorenz et al30 reported that increased

cIMT was a strong cardiovascular risk marker, although they

detected a weak correlation between cardiovascular end points

including MI, vascular death, and stroke in their meta-analysis.

Our study is not a long-term follow-up study investigating the

severity of CrAD and cardiovascular outcomes; it only inves-

tigated scoring. No stroke was observed in any patients who

had CrAD and underwent CABG revascularization in the post-

operative period until discharge. Some patients underwent

endarterectomy in the same session with CABG, and others

underwent carotid stenting before CABG. Looking at the liter-

ature, there are data indicating that both methods are practi-

cal.31 According to plaque morphology after carotid imaging,

carotid intervention was performed.

In the study of Costanzo et al10 investigating the scoring and

presence and severity of CrAD, the authors concluded that the

SS II was superior to SS for predicting CrAD in CAD. The

authors accepted as severe lesion limit >60% in the ICA. They

analyzed the SS and SS II values in 2 groups, with and without

CrAD, first and only patients with severe CrAD thereafter and

observed no significant difference between groups with regard

to SS values, but a significant difference was found in the SS II

values. These results agree with ours. When we carried out

subgroup analysis of the mild, moderate, and severe carotid

stenosis groups, a significant difference was found between the

SS II values of the subgroups and there was a positive correla-

tion. The results support the fact that the SS II is a strong

indicator of a hemodynamically significant stenosis and CrAD.

Study Limitations

First, this is a single-center study with small patient numbers.

Ultrasonography of the carotid arteries is subjective although

supported by hemodynamic parameters, and the clinician might

not make a definite decision. More sensitive imaging methods

such as CT or DSA should be used in such conditions. Lack of

follow-up is another limitation. This is a study that investigates

scoring and CrAD severity and does not give information about

the cardiovascular or neurologic events that could have

occurred after discharge. The positive effects of high-dose sta-

tin therapy on atherosclerotic plaques are known; the effect of

this could not be excluded.32,33

Conclusions

Anatomic scoring should not be the only guiding light about the

planned coronary intervention, but a multisystemic approach

should be followed. The relationship between increased SS II

and presence and severity of CrAD emphasizes the importance

of carotid imaging.
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