
Original Article

Value of Syntax Score II in Prediction
of New-Onset Atrial Fibrillation in Patients
With NSTE-ACS Undergoing Percutaneous
Coronary Intervention

Erkan Yildirim, MD1 , Emrah Ermis, MD1, Samir Allahverdiyev, MD1,
Hakan Ucar, MD1, and Mahir Cengiz, MD2

Abstract
New-onset atrial fibrillation (NOAF) has been associated with poor outcome in patients with acute coronary syndromes
(ACSs). The objective of this study was to investigate the relationship between the development of NOAF and severity of
coronary artery disease using the SYNTAX score (SS) and SYNTAX score II (SSII) in patients with non-ST-segment elevation
ACS (NSTE-ACS) who were treated with percutaneous coronary intervention (PCI). A total of 662 patients with NSTE-ACS
were consecutively enrolled. The incidence of NOAF was 11.4% among the patients with NSTE-ACS. Mean age was signifi-
cantly higher in NOAF group (P ¼ .011). White blood cell count, peak troponin I, high sensitivity C-reactive protein, uric acid,
left atrial volume index, and ratio between early mitral inflow velocity and mitral annular early diastolic velocity were signif-
icantly higher in NOAF group (respectively, P ¼ .024, P ¼ .017, P ¼ .002, P ¼ .009, P ¼ .025, P < .001, and P < .001). The
hemoglobin, ejection fraction, and post PCI thrombolysis in myocardial infarction grade <3 were significantly lower in NOAF
group (P ¼ 001, P ¼ .010, P ¼ .038). The SS and SSII were significantly higher in NOAF group (all P < .001). According to the
results of multivariate logistic regression analysis, the SSII was correlated with NOAF (P < .001) in the study groups. We
demonstrated that high SSII is significantly associated with NOAF.
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Introduction

Atrial fibrillation (AF) is one of the common arrhythmias in the

setting of acute coronary syndromes (ACSs).1-4 In the setting of

ACS, AF is associated with poor prognosis. In addition,

increased rates of in-hospital and long-term mortality have

been reported in new-onset atrial fibrillation (NOAF) in the

setting of percutaneously treated ACS.5,6 Especially, patients

with NOAF, who were not diagnosed with AF before ACS,

have been associated with higher rates of mortality compared

with the patients with ACS who presented with a history of

AF.2,7-10 Therefore, it is important to identify patients with

ACS with an increased risk to develop NOAF.

Various clinical parameters have been associated with the

development of NOAF including advanced age, female gender,

history of diabetes mellitus (DM), increased heart rate,

decreased systolic blood pressure (BP), extensive myocardial

damage, post percutaneous coronary intervention (PCI) <3,

thrombolysis in myocardial infarction (TIMI) flow, impaired

left ventricular ejection fraction (LVEF), and the number

of diseased vessels.1,11,12 However, studies in the literature

investigating the association between severity of coronary

artery disease (CAD) and NOAF development in the setting

of ACS are limited.

The SYNTAX score (SS) is an inclusive angiographic

scoring tool, which is obtained only from the coronary anatomy

and lesion characteristics.13 It is a helpful scoring system that

provides additional information to known risk factors of major

adverse cardiac events and long-term mortality.14

There are studies in the literature demonstrating the correla-

tion between the severity of CAD and NOAF using SS and

SYNTAX score II (SSII) in patients with ST-segment elevation

myocardial infarction.15 However, no study has investigated

the relationship in patients with non-ST-segment elevation
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ACS (NSTE-ACS). The objective of this study was to investi-

gate the relationship between the development NOAF and

CAD severity using SS and SSII in patients with NSTE-ACS

who were treated with PCI.

Methods

Patients

This single-center, cross-sectional study was conducted

between January 2018 and December 2018. A total of 662

patients with NSTE-ACS were consecutively enrolled. Patients

who had known diseases, such as autoimmune diseases, severe

infection, hyperthyroidism, neoplastic diseases, and chronic

liver diseases were excluded from the study. Patients with a

previous history of AF or atrial flutter, several valvular disease,

and patients scheduled for bypass operation after coronary

angiography were also excluded. According to these criteria,

214 patients were excluded. The remaining 448 patients

formed our study population. The study was planned and con-

ducted according to the ethical standards detailed in the

Declaration of Helsinki and approved by ethical committee

of Biruni University. All patients were fully informed of the

study procedures before providing written consent.

Definitions and Diagnoses

Diagnosis of NSTE-ACS was based on the presence of chest

pain, electrocardiogram findings, and troponin I levels at

admission. Criteria for the diagnosis of NSTE-ACS included

prolonged (>20 minutes) angina pain at rest, new-onset (de

novo) angina (class II or III of the Classification of the Cana-

dian Cardiovascular Society), recent destabilization of post-

myocardial infarction (post-MI) angina or previously stable

angina with Canadian Cardiovascular Society Class III angina

characteristics (crescendo angina), and absence of persistent

ST-segment elevation. Patients with high troponin I levels were

considered to have NSTE-ACS and those with normal troponin

I levels were accepted to have unstable angina pectoris.16

Previous history of CAD was defined as a definitive history

of MI or coronary obstruction �50% on coronary angiogra-

phy.17 Cardiovascular risk factors were confirmed with review

of the medical records. Diabetes mellitus was based on a fast-

ing blood glucose >126 mg/dL or previous use of antidiabetics.

Patients with a BP >140/90 mm Hg after 2 successive measure-

ments or previous use of antihypertensive drugs were defined

to have hypertension. Dyslipidemia diagnosis was based on a

total cholesterol �200 mg/dL, a low-density lipoprotein (LDL)

�130 mg/dL, and a high-density lipoprotein (HDL) <40 mg/dL

or a history of dyslipidemia treatment.

The presence of NOAF was observed during hospitalization.

Atrial fibrillation was diagnosed on a rhythm strip with at least

30 seconds presence of the following criteria: absence of

P-waves; irregular R-R intervals, and coarse or fine fibrillatory

waves.18 New-onset atrial fibrillation was defined as AF, which

was documented after hospital admission without a prior his-

tory. Atrial flutter was assumed as AF.

Venous blood samples were collected immediately after the

admission. The white blood cell (WBC), platelet counts and

hemoglobin levels were determined. Troponin I, glucose, crea-

tinine, uric acid, high-sensitivity C-reactive protein (hsCRP),

and lipid levels were recorded in all patients. Estimated glo-

merular filtration rate (eGFR) was determined using the

Cockroft-Gault formula from blood samples obtained on

admission.19

Echocardiographic examination was performed within 12 to

24 hours of symptom onset. Left ventricular ejection fraction

was assessed following coronary intervention and shown using

the modified Simpson’s method.20 Left atrial volume index

(LAVI) was determined with measurements at the apical

4- and 2-chamber views at end systole using the biplane area

length method, indexed by body surface area.21

All patients underwent coronary angiography with femoral

or radial approaches. Anticoagulation and antiplatelet therapies

were administered in line with the current guidelines for

patients with NSTE-ACS16. Fluoroscopic visualizations were

evaluated by 2 experienced cardiologists who were not aware

of clinical specifications of the patients. In case of disagree-

ment on visual evaluation, the opinion of a third observer was

received, and the final decision was made by consensus. In

order to provide overall SS, each coronary lesion which con-

stituted luminal obstruction �50% in vessels �1.5 mm was

added. Overall SS was obtained using online calculator version

2.11 (www.syntaxscore.com). The SYNTAX score II was cal-

culated using online calculator (www.syntaxscore.com),

including 6 clinical variables (age, gender, creatinine clear-

ance, peripheral arterial disease [PAD], LVEF, and chronic

obstructive pulmonary disease [COPD]) and 2 anatomical vari-

ables (anatomical SS and unprotected left main coronary artery

disease).22 The decisions for revascularizations were left to the

physicians’ discretion. After PCI, all patients were admitted to

the coronary care unit; and administered 100 mg/d aspirin,

75 mg/d clopidogrel, or 180 mg/d ticagrelor and statins. The

use of angiotensin-converting enzyme inhibitors and adrener-

gic blocking agents was left to the decision of the interventional

cardiologists.

Statistical Analysis

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

Kolmogorov-Smirnov test. Continuous variables are expressed

as mean (standard deviation). All statistical comparisons were

performed using the 2-sided Student t test. Categorical vari-

ables are presented as counts. Categorical variables were com-

pared using the w2 test or Fisher exact test for small samples.

Multivariate logistic regression model was performed to deter-

mine the effect of independent predictors of NOAF. Receiver

operating characteristic curves (ROC) were plotted to see the

power of ejection fraction, LAVI, SS, and SSII scores to dif-

ferentiate the NOAF. The area under the curve was then esti-

mated with 95% confidence interval. Values of P < .05

(2 sided) were considered statistically significant. The
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statistical analyses were performed using SPSS 20.0 software

(SPSS, Chicago, Illinois) for Windows.

Results

The descriptive features of the studied groups are shown in

Table 1. There was no statistically significant difference

between the groups in terms of gender distribution, smoking,

heart rate, systolic BP, diastolic BP, creatinine, total choles-

terol, triglycerides, LDL cholesterol, HDL cholesterol, past

history of CAD, DM, hypertension, dyslipidemia, eGFR,

COPD, PAD, and medications. The mean age was significantly

higher in NOAF group (P ¼ .011). White blood cell count,

platelets, peak troponin I, hsCRP, uric acid, LAVI, and ratio

between early mitral inflow velocity and mitral annular early

diastolic velocity (E/E0) were significantly higher in NOAF

group (respectively, P ¼ .024, P ¼ .017, P ¼ .002, P ¼
.009, P ¼ .025, P < .001, and P < .001). The hemoglobin,

LVEF, and post PCI TIMI grade <3 were significantly lower

in the NOAF group (respectively, P ¼ .001, P ¼ .010, and P ¼
.038). The SS and SSII were significantly higher in NOAF

group (all P < .001).

The results of multivariate logistic regression analysis for

each of the independent predictors are presented for NOAF in

the study population in Table 2. The SSII was related to NOAF

(P < .001, 95% confidence interval ¼ 1.151 [1.099-1.206]) in

the study groups.

The angiographic characteristics of patients with and with-

out NOAF are presented in Table 3. There was no significant

difference between the groups in terms of the number of dis-

eased vessels. Looking to the relationship between the

infarction-related artery and the development of NOAF, there

was a significant correlation between the groups only between

the infarction in right coronary artery (RCA) and the develop-

ment of NOAF (P ¼ .01).

A comparison of the ROC curves with sensitivity, specifi-

city, area under the curve, cutoff, and asymptotic significance

of LVEF, LAVI, SS, and SSII scores in the study groups are

shown in Table 4 and Figure 1.

Discussion

In this study, we demonstrated that the incidence of NOAF was

11.4% among the patients with NSTE-ACS, and that SS and SS

Table 1. Baseline Characteristics of Patients With and Without
New-Onset Atrial Fibrillation (NOAF).

Inhospital NOAF

P
Without NOAF

(n ¼ 397)
With NOAF

(n ¼ 51)

Age (years) 61.2 + 10.8 65.3 + 10.9 .011
Gender (female/male) 152/245 24/27 .228
Smoking (%) 220 (55.4) 22 (43.1) .103
Heart rate (bpm) 79.1 + 10.4 80.9 + 13.6 .365
SBP (mm Hg) 139.9 + 19.5 142.1 + 18.2 .455
DBP (mm Hg) 83.7 + 11 85.7 + 10.1 .197
Creatinine (mg/dL) 0.98 + 0.1 0.96 + 0.1 .078
eGFR (mL/min) 87.1 + 25.6 84.9 + 22.3 .235
WBC count (103/mL) 9.5 + 2.3 10.3 + 3.4 .024
Hemoglobin (g/dL) 13.2 + 1.9 12.5 + 1.4 .001
Platelets (mm3) 236 + 58 255 + 52 .017
Peak troponin I (ng/mL) 1213 + 1477 3465 + 2894 .002
hsCRP (mg/L) 3.6 + 2.2 4.5 + 2.1 .009
Uric acid (mg/dL) 5.7 + 1.7 6.3 + 1.8 .025
Total cholesterol, mg/dL 195 + 35 200 + 38 .338
Triglyceride, mg/dL 164 + 57 169 + 43 .659
LDL-C, mg/dL 136 + 31 137 + 33 .843
HDL-C, mg/dL 44 + 10 43 + 9 .497
Ejection fraction (%) 50.9 + 8.3 47.7 + 8.2 .010
LAVI (mL/m2) 24.4 + 4.2 28.6 + 5.3 <.001
E/E0 13.3 + 1.8 14.3 + 1.7 <.001
Post PCI TIMI grade <3 n (%) 72 (18.1) 16 (31.4) .038
SYNTAX score 14.9 + 5.2 18.7 + 4.9 <.001
SYNTAX score II 33.8 + 9.9 44.7 + 6.5 <.001
Comorbidity

CAD 168 (42.3) 25 (49) .237
Diabetes mellitus (%) 193 (48.6) 27 (52.9) .396
Hypertension (%) 276 (69.5) 31 (60.8) .205
Dyslipidemia (%) 139 (35) 17 (33.3) .877
COPD (%) 210 (52.9) 22 (43.1) .234
PAD (%) 190 (47.9) 29 (56.9) .237

Medications
b blocker 230 (57.9) 31 (60.8) .764
ACE-I/ARB 228 (57.4) 32 (62.7) .542
Statin 214 (53.9) 23 (45.1) .297
Calcium antagonist 130 (32.7) 17 (33.3) .837
ASA 244 (61.5) 37 (72.5) .166

Abbreviations: ASA, acetylsalicylic acid; ACE-I, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; hsCRP, high-sensitivity C reactive
protein; HDL-C, high-density lipoprotein cholesterol; LAVI, left atrial volume
index; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral artery
disease; PCI, percutaneous coronary intervention; SBP, systolic blood pres-
sure; SYNTAX, Synergy between PCI with Taxus and Cardiac Surgery; TIMI,
thrombolysis in myocardial infarction; WBC, white blood cell.

Table 2. Multivariable Logistic Regression Analyses With Indepen-
dent Predictors of New-Onset Atrial Fibrillation (NOAF).

Variable

Multivariable Analysis

OR (95% CI) P

Age 1.055 (1.019-1.093) .003
WBC count 1.000 (1.000-1.000) .257
Hemoglobin 0.995 (0.783-1.263) .965
hsCRP 1.036 (0.869-1.235) .696
Uric acid 1.169 (0.919-1.487) .204
Ejection fraction 0.922 (0.878-0.968) .001
LAVI 1.121 (1.034-1.215) .006
E/E0 1.067 (0.851-1.338) .573
SYNTAX score 1.127 (1.041-1.219) .003
SYNTAX score II 1.151 (1.099-1.206) <.001

Abbreviations: CI, confidence interval; E/E0, ratio between early mitral inflow
velocity and mitral annular early diastolic velocity; hsCRP, high-sensitivity C-
reactive protein; LAVI, left atrial volume index; OR, odds ratio; PCI, percuta-
neous coronary intervention; SYNTAX, Synergy between PCI with Taxus and
Cardiac Surgery; WBC, white blood cell.
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II were higher in the patients who developed NOAF. It was

found that ejection fraction, LAVI, SS, and SSII scores were

effective factors in development of NOAF, and SSII was the

most effective factor to predict development of NOAF.

Atrial fibrillation often complicates ACS, and studies have

reported the incidence of NOAF after ACS between 2.3% and

37%.23-25 In our study, the incidence of NOAF was 11.4%
consistently with previous studies. In the present study also

patients with NOAF were older and had a lower LVEF and

post PCI TIMI grade <3.1,2,26 In the present study, we also

observed that patients with NOAF had reduced levels of

hemoglobin. There is no definitive association between AF and

anemia alone, even though anemia can probably facilitate AF

in patients with ACS by increasing heart rate and sympathetic

activity, reducing oxygen availability, and occurrence of tissue

hypoxia; and by ventricular remodeling related to increased

cardiac output and stroke volume due to anemia.27

Many studies have demonstrated that the development of

NOAF in the setting of ACS is a multifactorial process. Even

though the exact cause is not fully understood, possible con-

tributing mechanisms have been shown; including increased

left ventricular (LV) filling pressure, deterioration of LV sys-

tolic function, atrial ischemia or infarct, and atrial stretching

with elevated left atrial pressure and inflammation.28-31 In the

present study, patients with NOAF exhibited higher rates of

left atrial enlargement and LV diastolic dysfunction than

those without NOAF. Acute coronary syndrome usually

causes change in LV filling properties, which may lead to

advanced diastolic dysfunction.32 In addition, diastolic dys-

function may lead to an increase in left atrial pressure, thus

facilitating the development of AF.33 The E/E0 is an important

indicator of diastolic dysfunction and increased filling pres-

sures, which was found to be higher among patients with

NOAF in the present study.

Additionally, we also evaluated LAVI which has been

reported as a more accurate representation of the true left atrial

size and reflects chronic or subacute abnormal filling pres-

sures.21,34 In consequence of the analysis, in our study LAVI

values were higher in patients with NOAF. These results were

accordant with previous studies.35

As is well known, inflammation plays a crucial role in CAD

and other manifestations of atherosclerosis.36 Inflammation has

also been associated with various AF-related pathological

processes, including thrombogenesis, fibrosis, and oxidative

stress.37,38 Consequently, inflammation is a common factor in

both NOAF and CAD. We can say that NOAF and more exten-

sive coronary involvement are 2 clinical entities that seem to

result from a common reason, namely increased inflammatory

process. Coexistence of both conditions is expected to be more

frequent with increasing inflammation. The inflammatory

process in the atherosclerotic artery may cause increases in the

blood levels of inflammatory cytokines and other acute-phase

reactants. For this reason, increased levels of C-reactive protein

in patients with ACS likely represent inflammation in the cor-

onary artery.39 Similarly, in the present study, we demonstrated

Table 4. Sensitivity, Specificity, AUC, Cutoff, and Asymptotic Signifi-
cance of Ejection Fraction, LAVI, SYNTAX Score, and SYNTAX Score
II in Study Group.

Sensitivity (%) Specificity (%) AUC Cutoff P

Ejection
fraction

59.9 54.9 0.609 47 .011

LAVI 66.7 65 0.740 25.5 <.001
SYNTAX

score
68.6 68 0.695 17.5 <.001

SYNTAX
score II

78.4 74.8 0.799 40.8 <.001

Abbreviations: AUC, area under the curve; LAVI, left atrial volume index; PCI,
percutaneous coronary intervention; SYNTAX, Synergy between PCI with
Taxus and Cardiac Surgery.

Table 3. Angiographic Characteristics of Patients With and Without
New-Onset Atrial Fibrillation (NOAF).

Inhospital NOAF

PNo (n ¼ 397) Yes (n ¼ 51)

Infarct-related artery (%)
LAD 173 (43.6) 19 (37.3) .390
LCx 136 (34.3) 13 (25.5) .211
RCA 73 (18.4) 18 (35.3) .01
Other 15 (3.8) 1 (2) .510
LMCA 6 (1.5) 0 .467

Number of diseased vessels (%)
1 222 (55.9) 29 (56.9) .898
2 97 (24.4) 18 (35.3) .124
3 78 (19.6) 4 (7.8) .052

Abbreviations: LAD, left anterior descending coronary artery; LCx, left circum-
flex coronary artery; LMCA, left main coronary artery; RCA, right coronary
artery.

Figure 1. Receiver operating characteristic curves for ejection frac-
tion, LAVI, SYNTAX score, and SYNTAX score II in study groups.
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that the levels of hsCRP, uric acid, WBC, and platelets were

higher in the patients with NOAF.

In the present study, severity of CAD was assessed with SS,

which was obtained from numbers, characteristics, location,

and complexity of the lesions. An important angiographic

finding of our study was that NOAF was predicted by more

extensive CAD, but there was no association between NOAF

and number of diseased vessels. Based on the results, we can

say that SS is a more precious parameter than the number of

diseased vessels in predicting NOAF. In a recent study on

patients with ACS, it was reported that NOAF was associated

with the SS, LAVI, and LVEF, and the SS was an independent

predictor showing development of NOAF. In our study, these

parameters were also correlated with development of NOAF.40

More frequent involvement of RCA in patients with NOAF

includes specified territories at risk: the atria, atrioventricular

node, and sinoatrial node. The appearance of atrial ischemia

could induce the development of NOAF.41,42 Besides,

increased ischemic load with higher SS brings about LV sys-

tolic and diastolic dysfunction and can induce a rhythm disor-

der by increasing LV filling pressures. These hemodynamic

mechanisms are potentially more important at pathogenesis

of NOAF and may account for our principal findings.

One of the most important findings of the present study is

that SSII was considerably higher in NOAF patients. The mul-

tivariate analysis demonstrated that the SSII parameters (age,

LVEF, and SS) were respective independent predictors of

NOAF, and SSII was superior to its own parameters, and ROC

analysis showed that the SSII was superior to the SS. It is not

surprising that the present study found LVEF and older age as

the predictors for NOAF, and this finding is in agreement with

other studies.24,43 This may be due to the cumulative effect of

SSII parameters. Furthermore, the combination of SSII para-

meters can increase the likelihood of AF with the additive

effect. The SYNTAX score II has been found to be a predictor

for NOAF. Although SSII does not claim to be a screening

method for NOAF, clinicians should be careful for the possi-

bility of developing NOAF in higher SSII patients and should

avoid drugs that will trigger it (inotropic agents and b2

agonist).

Our study has several limitations. It was relatively small-

sized managed by a single institution. The results need to be

supported by larger multicenter studies. Furthermore, the

method used for AF screening was based on the patients’ symp-

toms and clinical follow-up. Therefore, it is likely to miss the

asymptomatic or short duration AF attacks. Additionally, we

were unable to identify silent/asymptomatic paroxysmal AF

episodes before admission. The severity of CAD was assessed

only visually, and the severity and extensity of CAD could not

be evaluated with adjunct tools such as fractional flow reserve

and intravascular ultrasound. In conclusion, based on its cross-

sectional design, the present findings are naturally limited to

explain the causal relation between NOAF and SSII.

We presented the first study showing the relationship

between CAD and NOAF development using SSII and SS in

patients with NSTE-ACS. In this study, we demonstrated a

significant relationship between high SSII value and NOAF.

Because of the poor prognosis of NOAF in patients with ACS,

it is essential to estimate that it may occur. In conclusion, in our

study which evaluated the severity of CAD with SSII, we also

found that SSII was better in predicting patients with NOAF

than its own parameters (SS, LVEF) and other parameters.
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