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INTRODUCTION

Atrial fibrillation (AF) still stays one of the major reasons
of ischemic stroke, heart failure, and sudden cardiac
death.1 Postoperative atrial fibrillation (POAF) is very
common arrhythmia after coronary artery bypass
grafting surgery (CABG) resulting in increased mortality
and morbidity rates.2,3 Its incidence is estimated to be
occurring in 15-45% of patients in spite of progression in
postoperative management.1 Various surgical risk
models can be used to predict postoperative mortality.
The European System for Cardiac Operative Risk
Evaluation (Euroscore-I) and The Society of Thoracic
Surgeons (STS) score are still used to estimate
preoperative risk before surgery. Euroscore-II was

developed as an updated version in 2012.4 The Logistic
Euroscore is based on an international European
database consisting of patients mainly with CABG.5

Application of these scoring systems for the prediction of
POAF has not been clearly assessed. 

The aim of this study was to evaluate the predictive value
of Euroscore II, Logistic Euroscore and STS scoring
systems for identifying POAF. 

METHODOLOGY
It was a multi-center, observational, prospective study
conducted at Istanbul Yeni Yuzyil University, Gaziosmanpasa
Hospital and Istanbul Mehmet Akif Ersoy Thoracic and
Cardiovascular Surgery Center. One hundred and four
patients undergoing isolated on-pump CABG were
consecutively included from June to December 2018.
Exclusion criteria were off-pump coronary bypass surgery,
a history of permanent or paroxysmal AF, current usage
of sotalol and amiodarone, valvular heart disease
necessitating surgery and ischemic mitral regurgitation,
left atrial diameter over 50 mm, malignant disease,
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active infection, advanced liver failure, hyperthyroidism.
The study was approved by the local institutional Ethical
Committee of Istanbul Yeni Yuzyil University; written
informed consent was acquired from patients.

Logistic Euroscore and Euroscore-II and the STS score
calculations for isolated CABG were implemented with
the online calculator. The Euroscore-II and Logistic
Euroscore consist of 18 and 17 variables, respectively.
The STS score comprises 41 variables from 8 different
categories. 

Extent and severity of coronary artery disease was
determined angiographically by the online Syntax score
calculator. Syntax II was also calculated online by uniting
Syntax score with clinical variables. These calculations
were made by independent physician unaware of the
study objective. Clinical features of the patients, echo-
cardiographic parameters and biochemical tests were
noted before the operation.

Thiopental sodium (10 g/kg), midazolam (0.1 mg/kg),
sufentanil (1.5 g/kg) and rocuronium 0.5 (g/kg) were
used for the induction of general anesthesia. The
operations were carried out by standard midline
sternotomy. Intravenous heparin was applied with a
dose of 100 IU/kg to achieve activated clotting time
(ACT) over 400 seconds. Myocardial protection was
maintained with antegrade isothermic blood cardioplegia
with high potassium level. Cardiopulmonary bypass and
cross-clamp times were noted. The effect of heparin was
neutralised by protamine sulfate. 

After CABG, all the patients were monitored in the
surgical intensive care unit and a 12-lead ECG was
taken from the patients every 12 or 24 hours during
hospital stay. When the patients complained of
palpitation, angina, dyspnea, an additional 12-lead ECG
was obtained. POAF was defined as an episode lasting
than 60 seconds.6 Amiodarone perfusion was used to
restore the sinus rhythm

Statistical analyses were performed using SPSS
software (version 22.0; SPSS Inc., Chicago, IL, USA).
Continuous variables were reported as mean ±standard
deviation (SD) or median (min-max). Frequencies and
percentages were used for categorical data. Kolmogorov-
Smirnov test was used to identify normality of distri-
bution. Student's t-test and Mann-Whitney U-test were
used to compare continuous variables. Pearson Chi-
square test or Fisher's exact test were performed to
compare categorical data.

Significant variables in the univariate analysis were
incorporated into multivariate logistic regression with
backward selection.

For each surgical risk scoring system, receiver operating
characteristic (ROC) curves were used to define the
sensitivity, specificity and the area under the resulting
curve (AUC). AUC values were compared to determine

the predictive ability of all scoring systems. A p-value
less than 0.05 was considered statistically significant.

RESULTS

One hundred and four consecutive isolated CABG patients
were included and evaluated. Twenty-three (22.1%)
patients developed atrial fibrillation post-operatively.
Comparison of POAF negative and positive groups in
terms of clinical, echocardiographic and laboratory
parameters were presented in Table I. Patients with
POAF had higher percentages of peripheral artery
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Table I: Comparison of POAF negative and positive groups according
to clinical, laboratory and echocardiographic parameters.

POAF - POAF+ P

n:83 n:21

Age (years) 60 ±9 63 ±9 0.178

Gender (male), n, % 63 (75.9) 15 (71.4) 0.672

Hypertension, n, % 56 (67.5) 17(81.0) 0.228

Diabetes mellitus, n, % 37 (44.6) 9 (42.9) 0.887

Hyperlipidemia, n, % 36 (43.4) 9 (42.9) 0.966

Current smoking, n, % 21 (25.3) 12 (57.1) 0.005

Previous MI, n, % 10 (12.0) 5 (23.8) 0.153

Chronic renal failure, n, % 3 (3.6) 0 (0) 0.505

History of stroke, n, % 2 (2,4) 0 (0) 0.635

Peripheral artery disease, n, % 1 (1.2) 7 (33.3) 0.001

Carotid artery disease, n, % 7 (8.4) 6 (28.6) 0.023

Stable angina pectoris, n, % 65 (78.3) 19 (90.5) 0.171

NSTEMI, n, % 15 (18.1) 2 (9.5) 0.280

STEMI, n, % 2 (2.4) 0 (0) 0.635

Cross-clamp time 50 ±15 56 ±16 0.104

Cardiopulmonary bypass time 83 ±25 96 ±31 0.048

WBC, µl 7830 (4100-17160) 8170 (4500-15000) 0.811

Hemoglobin g/dL 14.2 (8.6-17) 13.6 (10.6-18.7) 0.209

Platelet, 103/µl 256385 ±66298 260285 ±67894 0.811

Mean platelet volume, fL 10.6±1.0 10.6±0.7 0.745

RCDW, % 13 (11.4-16.9) 13.1 (11.2-15.1) 0.615

CRP, mg/dL 4.9 (0.42-207.9) 5.7 (1.41-18.70) 0.252

Urea, mg/dL 15.1 (6.5-58.9) 17.0 (11.7-30.5) 0.052

Creatinine mg/dL 0.9 (0.47-10.66) 0.87 (0.67-1.72) 0.283

LDL-C, mg/dL 122 ±44.7 123 ±34.1 0.904

HDL-C, mg/dL 42,7 ±9.8 46.2 ±11.6 0.158

Triglyceride, mg/dL 165 (53-724) 170 (86-680) 0.686

LV-EF, % 58 (35-68) 58 (35-66) 0.860

LV-ESD, cm 3.3 (2.2-4.7) 3.2 (2.9-4.9) 0.474

LV-EDD, cm 4.7 ±0.4 4.9 ±0.5 0.118

Left atrium diameter, cm 3.7 (2.9-4.6) 4.0 (3.3-4.6) 0.014

MI: Myocardial infarction, NSTEMI: Non-ST segment elevation myocardial infarction, STEMI:
ST segment elevation myocardial infarction, WBC: White blood cells, RCDW: Red cell
distribution width, CRP:C-reactive protein, LDL-C: Low density lipoprotein-cholesterol,
HDL-C: High density lipoprotein- cholesterol, LV-EF: Left ventricle-ejection fraction,
LV-ESD: Left ventricle-end systolic diameter, LV-EDD: Left ventricle-end diastolic diameter.

Table II: Comparison of Syntax, Syntax II, Euroscore II, STS and Logistic
Euroscore in POAF + and - groups.

POAF - POAF+ P

Syntax 19.0 (10.0-40.5) 20.5 (10.0-30.0) 0.207

Syntax II 23.5 (5.7-42.0) 25.6 (13.8-50.9) 0.023

Euroscore II 1.52 (0.55-5.71) 2.45 (0.83-12.69) 0.005

STS 0.634 (0.202-3.240) 1.240 (0.236-3.210) 0.026

Logistic Euroscore 2.10 (0.88-8.62) 2.74 (1.31-25.10) 0.032
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disease, carotid artery disease, and current smoking. In
addition, cardiopulmonary bypass time and left atrial
diameter were higher in patients developing POAF.

Even though Syntax score was not different between
groups, Syntax II score was higher in POAF-positive
patients compared to the POAF-negative patients.
Moreover, all risk scoring systems, Euroscore II, STS
and Logistic Euroscore were statistically different
between POAF-positive and POAF-negative groups.
This comparison of risk systems was depicted in Table II.

ROC curve analysis was used to determine discriminative
ability of each risk score system (Figure 1). Euroscore II
had better area under the ROC curve than other
systems (0.697). This was followed by STS (0.658) and
logistic Euroscore (0.652). Euroscore II could be preferred
for the larger area under the ROC curve.

Cut-off points for the prediction of POAF were used to
indicate sensitivity and specificity. Cut-off point for
Euroscore II was 2.56, with a sensitivity of 47% and a
specificity of 85% (p=0.002). It was 1.136 for STS, with
a sensitivity of 61% and a specificity of 69% (p=0.021).
Finally, for logistic Euroscore cut-off was 2.1, with a
sensitivity of 85% and a specificity of 51% (p=0.010). 

Logistic regression was applied and significant inde-
pendent variables were put into the multiple logistic
regression. PAD and cardiopulmonary bypass time was
found to be related with the development of POAF
independently, with = -2.818 and 0.028, p = 0.022 and
0.045, OR=0.060 and 1.028, and 95% CI of 0.005-0.662
and 1.00-1.050, respectively. 

DISCUSSION

This study indicates that Euroscore II can be more
preferable compared with Logistic Euroscore and STS
score for the prediction of postoperative atrial fibrillation.

Nevertheless, all the risk models were originally
developed for the prediction of mortality, all of them were
also associated with POAF according to this study.

Atrial fibrillation after CABG is related with increased
mortality, stroke and duration of hospital stay.7,8 In this
study, peripheral artery and carotid artery disease,
current smoking, left atrium diameter, cardiopulmonary
bypass time were found to be associated with POAF.
There is growing proof about an increased risk of AF in
patients with peripheral artery disease.9 This study
contributes to the current evidence by showing that PAD
is also related with POAF. Moreover, carotid atherosclerosis
is proposed to a risk factor for developing AF.10 As a
routine preoperative examination, all the patients were
investigated with carotid ultrasonography. Patients with
carotid artery disease were likewise at risk of POAF with
respect to this study. The effect of smoking on AF is a
debated topic in recent studies.11 Even though, the
Rotterdam study indicated elevated risk of AF among
current and former smokers, the Danish Diet, Cancer,
and Health Study showed no effect of smoking on AF.12,13

Current smoking was significantly higher in patients with
POAF.

POAF is an expected arrhythmia as a result of cardio-
pulmonary bypass and reperfusion after ischemic cardio-
plegia.14 In this study, rise in cardiopulmonary bypass
time led to increase in POAF development, which supported
the previous findings.

Syntax and Syntax II scores were also evaluated in this
study. Syntax score indicates the complexity of coronary
artery disease and is linked with adverse events after
surgical or percutaneous revascularization.15,16 Gecmen
et al. concluded that Syntax score was higher in POAF-
developed patients.3 However, in this study, it was not
found to be related with POAF in contradiction to the
mentioned study. Adding clinical factors to Syntax score
led to change in this matter. Syntax II (also known as
clinical Syntax score) was associated with POAF in our
trial. This finding was compatible with previous study
conducted by Oktay et al.8

Numerous cardiac risk systems to assess surgical
mortality have been introduced. Performance analysis of
Euroscore II, logistic Euroscore and STS were compared
in various studies to evaluate CABG, valve surgeries,
transcatheter aortic valve implantation (TAVI) and
percutaneous mitral valve repair.17 Besides from
mortality analysis, prediction of some postoperative
complications, such as acute kidney injury, was applied
by current risk scoring systems.18 Comparison of
surgical risk score systems to predict POAF was aimed
as a new approach in our study. To the best of authors'
knowledge, this is the first study to compare cardiac risk
scores for the prediction of POAF following isolated
CABG. According to our study, all risk models can be
used to predict POAF. Yet, the discriminatory ability of
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Figure 1: Receiver-operating characteristic curves indicating the discriminative
ability of the risk scoring systems.



Euroscore II was slightly found to be higher than that of
the STS score and Logistic Euroscore for POAF following
isolated CABG. 

A number of studies comparing these three risk scores
for the prediction of operative mortality have been
published. Ad el al. demonstrated that discriminatory
ability of Euroscore II for surgical mortality was slightly
better than STS. This finding was compatible with our
evidence indicating the same prediction ability for
POAF.19 On the contrary, Kunt et al. showed that
Euroscore II underestimated the mortality and was
inferior to logistic Euroscore and STS in this manner.12 It
was indicated that Logistic Euroscore overpredicted the
mortality in some studies. According to ROC analysis,
AUC for logistic Euroscore was lower than Euroscore II
and STS in our study. This finding indicated that the
predictive ability of logistic Euroscore was barely lower
than the other ones for POAF.

Limitations of the study were as follows: Firstly, the study
population included a relatively small number of
patients. Furthermore, it was restricted to the patients
underwent isolated CABG, not valvular surgery.
Population size is not sufficient to draw certain
assessments. Because of multifactorial nature of POAF,
scoring systems might lead to inaccurate prediction of
POAF

CONCLUSION

Euroscore II, STS and Logistic Euroscore were all
associated with postoperative atrial fibrillation. Among
them, Euroscore II seems to be more preferable to
predict AF development.
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