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Highlights of the Study

•	 The SYNTAX score I is an angiographic scoring system that indicates the severity of coronary artery 
disease.

•	 The HATCH score is a scoring system calculated using clinical parameters of patients.
•	 Each of these clinical parameters could be a risk factor for the development of atrial fibrillation (AF).
•	 Here we investigated the association between the development of postoperative AF (PoAF) and the 

HATCH score. The SYNTAX score I and a HATCH score > 2 are independent predictors of PoAF.

DOI: 10.1159/000508726
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Abstract
Objective: Postoperative atrial fibrillation (PoAF) is the most 
frequently encountered rhythm problem after coronary ar-
tery bypass graft (CABG) surgery. This situation decreases the 
capacity of the patients with respect to functional exercise 
and creates a risk for stroke. In this study, we aimed to deter-
mine the effect of coronary artery disease extensiveness and 
HATCH score on PoAF in patients undergoing CABG surgery 
with cardiopulmonary bypass. Subjects and Methods: Pa-
tients who underwent CABG between December 2014 and 
December 2018 were included retrospectively. Preoperative 

demographic characteristics, laboratory parameters, and op-
erative parameters of the patients were recorded retrospec-
tively. Results: Of the 352 patients, 274 had HATCH scores ≤2 
(71.1% male, mean age: 61.7 ± 12.4 years), and 78 had HATCH 
scores > 2 (69.2% male, mean age: 65.9 ± 11.7 years). Signifi-
cant differences were found between the 2 groups in terms 
of the age (p = 0.014), presence of hypertension (p = 0.012), 
PoAF (p < 0.001), and SYNTAX (synergy between percutane-
ous coronary intervention with taxus and cardiac surgery) 
score I (p = 0.001). A HATCH score > 2 and SYNTAX score I were 
identified as independent predictors of PoAF (OR: 1.022, 95% 
CI: 1.004–1.128, p = 0.032, and OR 1.098, 95% CI 1.035–1.164, 
p = 0.002, respectively). For predicting PoAF, the cutoff level 
in the ROC curve analysis was 19.7 for SYNTAX score (AUC 
0.647, 95% CI 0.581–0.714, p < 0.001, 72.2% sensitivity and 
66.4% specificity), and the cutoff level for HATCH score was 2 
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(AUC 0.656, 95% CI 0.595–0.722, p < 0.001, 69.4% sensitivity 
and 56.8% specificity) Conclusions: HATCH and SYNTAX 
scores are predictors of PoAF. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Postoperative atrial fibrillation (PoAF) is the most fre-
quently encountered rhythm problem following coronary 
artery bypass graft (CABG) surgery. PoAF may emerge in 
10–40% of the cases in the postoperative term [1, 2]. This 
situation decreases the capacity of the patients with respect 
to functional exercise and creates a risk for stroke [3]. As a 
result, PoAF prolongs hospital stay of the patients.

The SYNTAX (synergy between percutaneous coro-
nary intervention with taxus and cardiac surgery) score I 
is an angiographic scoring system that indicates the sever-
ity of coronary artery disease. It is commonly utilized to 
assess long-term results after percutaneous coronary in-
terventions and CABG surgery [4, 5]. In patients under-
going CABG, extensive coronary artery disease has been 
shown to be an additional risk factor for the occurrence 
of PoAF [6].

The HATCH score is a scoring system that can easily 
be calculated using clinical parameters (Table 1). As each 
of these clinical parameters could be a risk factor for AF 
development, the HATCH score is a significant parame-
ter for predicting PoAF. It has been shown that this scor-
ing system can predict AF recurrence after ablation ther-
apy [7]. It has also been used to express the risk of PoAF 
after coronary bypass operations [8].

In this study, we aimed to determine the role of 
HATCH and SYNTAX scoring systems in predicting 
PoAF in patients undergoing CABG surgery with cardio-
pulmonary bypass and to investigate the relationship be-
tween both scoring systems.

Subjects and Methods

Three hundred and fifty-two consecutive patients who under-
went isolated CABG between December 2014 and December 2018 
were included in this study. The local ethics committee approved 
the study. Data were retrospectively obtained from the hospital 
registry and patient files. Preoperative demographic characteris-
tics, laboratory parameters, operative parameters, SYNTAX 
scores, and HATCH scores were recorded. Patients with preop-
erative AF and mild mitral insufficiency or worse, and a left atrial 
diameter > 40 mm on preoperative echocardiography as well as 
those who used amiodarone and underwent emergency operations 
were excluded from the study.

Diagnosis of PoAF
All patients were observed in the intensive care unit (ICU) with 

continuous heart rhythm and invasive blood pressure monitoring. 
Furthermore, 12-lead electrocardiography (ECG) was taken dur-
ing the ICU period. The 12-lead ECG was performed when the 
patients had complaints such as palpitation, dyspnea, or angina 
pectoris. AF was verified via 12-lead ECG. The diagnosis of AF was 
based on guidelines of the European Society of Cardiology [9]. 
Postoperative AF was defined as irregular or fibrillatory waves in 
place of typical p waves on ECG. An AF episode > 60 s was consid-
ered a PoAF. 

Calculation of SYNTAX Score
Coronary angiography was performed using the Judkins meth-

od. All lesions causing stenosis of ≥50% in a coronary artery with 
a diameter of ≥1.5 mm were involved in the SYNTAX score calcu-
lation. For this purpose, score I calculator version 2.28 (Cardialy-
sis, Boston Scientific; available at www.syntaxscore.com) was uti-
lized.

Laboratory Measurements
Preprandial blood samples were obtained from an antecubital 

vein at the time of admission. The sample was collected in tubes 
containing ethylenediaminetetraacetic acid and was used for auto-
matic blood count with the usual hospital procedures. An auto-
mated hematological analyzer was used for measuring hemato-
logical parameters (Coulter LH 780 Analyzer, CA, USA).

Statistical Analysis
Statistical analysis was performed with SPSS (version 21.0; 

IBM Statistical Package for the Social Sciences Statistic Inc., Chi-
cago, IL, USA). Descriptive statistics such as means and SD were 
calculated for continuous and ordinal variables. The frequencies 
and percentages were analyzed for nominal variables. Kol-
mogorov-Smirnov and Shapiro-Wilk tests were performed to an-
alyze the normality of the data. Student t and Mann-Whitney U 
tests were used to compare continuous variables with and without 
normal distribution between 2 groups, respectively. Nominal 
variables were compared using the χ2 test. Predictors of PoAF 
were defined via binary logistic regression analysis. p <  0.05 was 
considered statistically significant. Receiver-operating character-
istic (ROC) curve analysis was used for the prediction of PoAF, 
and the area under the curve (AUC) was calculated for HATCH 
and SYNTAX scores. Correlation analysis between HATCH and 
SYNTAX scores was performed using Spearman correlation anal-
ysis. 

Table 1. HATCH score parameters

Variables Points

Ejection fraction ≤40 2
Transient ischemic attack/stroke 2
Age >75 years 1
Hypertension 1
Chronic obstructive pulmonary disease 1
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Results

Of the 352 patients, 274 had HATCH scores ≤2 (71.1% 
male, mean age: 61.7 ± 12.4 years) and 78 had HATCH 
scores > 2 (69.2% male, mean age: 65.9 ± 11.7 years). Sig-
nificant differences were found between the 2 groups in 
terms of age (p = 0.014), presence of hypertension (p = 
0.012), PoAF (p < 0.001), and the SYNTAX score I (p = 
0.001). However, there was no significant difference be-
tween the 2 groups in terms of preoperative ejection frac-
tion, gender, β-blocker/angiotensin receptor blocker/an-
giotensin-converting enzyme inhibitor therapy, history 
of percutaneous coronary intervention, or ejection frac-
tion. The demographic and clinical characteristics of the 
patients are shown in Table 2.

The comparison of laboratory measurements and op-
erative data between the 2 groups are shown in Table 3. 
The groups were similar concerning laboratory and op-
erative findings, they showed significant differences in 
blood urea nitrogen (p = 0.032) and C-reactive protein  
(p = 0.042). 

PoAF was seen in 94 (26.7%) patients. Factors related 
to the occurrence of PoAF were included in the logistic 
regression analysis. In unadjusted univariate logistic re-
gression analysis, PoAF correlated with age, SYNTAX 
score, and a HATCH score > 2 (p = 0.036, p = 0.016, p = 
0.001, respectively) but did not correlate with hyperten-

sion, chronic obstructive pulmonary disease, body mass 
index, diabetes mellitus, C-reactive protein, and ejection 
fraction. In multivariate analysis, SYNTAX score I and a 
HATCH score > 2 were identified as independent predic-
tors of PoAF (OR 1.022, 95% CI 1.004–1.128, p = 0.032, 
and OR 1.098, 95% CI 1.035–1.164, p = 0.002, respective-
ly; Table 4).

For predicting PoAF, the cutoff level in the ROC curve 
analysis was 19.7 for SYNTAX score (AUC 0.647, 95% CI 
0.581–0.714, log-rank p < 0.001, 72.2% sensitivity and 
66.4% specificity) and 2 for HATCH score (AUC 0.656, 
95% CI 0.595–0.722, log-rank p < 0.001, 69.4% sensitivity 
and 56.8% specificity; Fig. 1). A weak positive correlation 
was found between the HATCH and SYNTAX scores  
(r = 0.272, p < 0.001) 

Discussion

AF, a supraventricular arrhythmia characterized by 
chaotic atrial activation and associated mechanical dys-
function, is the most frequent cardiac rhythm disorder. 
AF is found in 1–2% of the population, and the prevalence 
is higher in the elderly (5–15% at 80 years of age) [10]. AF 
may have catastrophic consequences such as heart failure, 
ischemic stroke, and death.

Table 2. Demographic features of the patients

Characteristics HATCH score p value

≤2 (n = 274) >2 (n = 78)

Age, years 61.7±12.4 65.9±11.7 0.014a

Gender, male, n (%) 195 (71.1) 54 (69.2) 0.799
Hypertension, n (%) 149 (54.3) 56 (71.7) 0.012
Diabetes mellitus, n (%) 84 (30.6) 18 (23) 0.421
Ejection fraction, %, 48.9±9.5 47.6±9.8 0.567a

Preoperative cerebrovascular accident, n (%) 33 (12) 16 (20.5) 0.173
Preoperative PCI, n (%) 57 (20.8) 18 (23) 0.876
Chronic obstructive pulmonary disease, n (%) 28 (10.2) 15 (19.2) 0.189
Peripheral artery disease, n (%) 22 (8) 8 (10.2) 0.356
β-Blocker therapy, n (%) 221 (80.6) 64 (82) 0.757
ARB/ACE-I therapy, n (%) 83 (30.2) 22 (28.2) 0.815
SYNTAX score I 18 (12–28) 18 (14–35) 0.001b

Postoperative atrial fibrillation (+), n (%) 61 (22.2) 33 (42.3) <0.001
Body mass index, kg/m2 26.56±5.48 27.26±4.28 0.454a

Means ± SD, medians (ranges), and numbers (%) are shown. PCI, percutaneous coronary intervention; 
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker. Significant values are 
italicized. a Student t test. b Mann-Whitney U test, Pearson χ2 test. 
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After coronary bypass operations, the incidence of AF 
varies between 20 and 45% [11, 12]. PoAF can lead to 
cerebrovascular events and death, and PoAF also in-
creases the cost of treatment by extending hospital stays 
[13]. Therefore, it is critical that the risk factors are de-
termined in patients who are scheduled for operation 

and that necessary preventive measures are taken. Al-
though the pathophysiology of AF is not fully under-
stood, dilatation of the atrium, increased age-related fi-
brosis, structural defects in the heart, and comorbid fac-
tors (hypertension, diabetes mellitus, and chronic 
obstructive pulmonary disease) can play a role in AF de-

Table 3. Laboratory and operative variables of the patients

Parameters HATCH score p value

≤2 (n = 274) >2 (n = 78)

Hematocrit, % 41.8±3.37 39.5±3.49 0.329
White blood cells, 103/µL 9.2±2.36 9.1±2.12 0.618
Platelets, 103/µL 230 (180–400) 240 (185–400) 0.443
Albumin, g/dL 3.5±0.6 3.7±0.4 0.321
Potassium, mEq/L 4.07±0.56 4.1±0.48 0.618
Magnesium, mg/dL 1.79±0.34 1.88±0.26 0.453
Blood urea nitrogen, mg/dL 18.96±7.69 21.35±7.53 0.032
Creatinine, mg/dL 0.92±0.22 1.0±0.27 0.182
Free T3, pg/mL 3.17±0.8 2.98±0.5 0.176
Free T4, ng/dL 1.09±0.4 1.05±0.13 0.286
TSH, IU/mL 3.15±4.35 2.82±1.43 0.596
C-reactive protein, mg/dL 7 (1–28) 9 (1–36) 0.042
Cholesterol, mg/dL

Total 200.2±32.13 197.6±30.86 0.556
Low-density lipoprotein 126.3±25.72 122.5±24.96 0.650
High-density lipoprotein 40.7±4.32 41.2±5.67 0.884

Triglycerides, mg/dL 165.1±57.96 152.8±49.69 0.626
Cross-clamp time, min 62 (44–88) 65 (48–90) 0.343
Total perfusion time, min 88 (75–140) 92 (78–144) 0.146

Means ± SD and medians (ranges). TSH, thyrotropin-stimulating hormone; T3, triiodothyronine; T4, 
thyroxine. Student t test and the Mann-Whitney U test (medians and ranges) are applied. Significant values are 
italicized.

Table 4. Binary logistic regression analysis to identify predictors of postoperative atrial fibrillation

Variables Univariate analysis Multivariate analysis

p exp(B) OR 95% CI p exp(B) OR 95% CI

Age 0.036 1.026 1.002–1.150 0.116 1.020 0.995–1.045
Hypertension 0.200 0.727 0.447–1.184
COPD 0.116 0.789 0.542–1.004
Body mass index 0.369 0.879 0.715–1.048
Diabetes mellitus 0.764 0.648 0.624–0.984
Ejection fraction 0.316 0.576 0.176–1.117
SYNTAX score I 0.016 1.102 1.040–1.168 0.032 1.022 1.004–1.128
C-reactive protein 0.342 0.576 0.152–1.622
HATCH score >2 0.001 1.010 0.629–1.265 0.002 1.098 1.035–1.164

COPD, chronic obstructive pulmonary disease. Significant values are italicized.
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velopment [14]. During open-heart surgeries, interven-
tion to the heart structure may increase AF frequency. 
These effects may lead to electrophysiological changes. 
In addition, ectopic beats from pulmonary veins may 
lead to PoAF [15]. Atrial ischemia may occur during car-
dioplegic arrest; perioperative electrolyte imbalances 
may also lead to PoAF [16]. The development of AF after 
other surgical interventions (0.3–17.3%) is an important 
indicator that hemodynamic changes other than direct 
intervention to the heart may also be the cause of AF de-
velopment [17].

The SYNTAX score I is calculated based on the local-
ization of coronary artery disease, functional importance, 
and the number and complexity of stenosis [18]. This 
scoring system can show the risks of PoAF and significant 
adverse events after CABG [19]. Cerit et al. [20] studied 
106 patients who underwent CABG with cardiopulmo-
nary bypass and showed SYNTAX score to be an inde-
pendent predictor of AF development. Chronic obstruc-
tive pulmonary disease, heart failure, transient ischemic 
attack, and diabetes mellitus were also found to be predic-
tors of PoAF. In the same study, a SYNTAX score > 22.3 
was found to be one of the strongest predictors for the 

development of PoAF (AUC 0.777, 95% CI 0.676–0.877; 
86.1% sensitivity and 58.6% specificity) [20].

The HATCH score is another scoring system that in-
cludes factors such as age and heart failure (Table 1). A 
study followed up 670,804 patients > 20 years of age using 
this scoring system. The study found that 9,174 patients 
(1.4%) experienced new-onset AF during 9.0 ± 2.2 years. 
They analyzed the incidence of AF using the HATCH 
scores of the patients. The incidence of AF was 1.5 per 
1,000 patient-years. They found that increasing the 
HATCH score from 0 to 7 increased the incidence of AF 
from 0.8 to 57.3 per 1,000 patient-years [21]. Another 
study by Emren et al. [22] investigated the importance of 
the HATCH score in the return of sinus rhythm after 
electrical cardioversion in 227 patients. The HATCH 
scoring system was found to indicate early clinical suc-
cess. They reported that a HATCH score > 2 was an indi-
cator of failed electrical cardioversion with 77% sensitiv-
ity and 62% specificity.

Advanced age is associated with major cardiovascular 
events in patients with coronary artery disease [23]. It is 
also a risk factor for PoAF not only in heart surgery but 
also in noncardiac surgeries [24, 25]. In this context, age 
was ranked by 1 point in the HATCH scoring system. It 
is thought that there is an increase in AF incidence due to 
structural shifts in the heart and atrial fibrosis related to 
advanced age [26]. In our study, age was significantly 
higher in the AF group in univariate analysis, but it was 
not an independent predictor of PoAF.

Two previous studies have investigated the relation-
ship between the HATCH score and the development of 
PoAF after CABG. Emren et al. [8] studied 284 consecu-
tive patients undergoing CABG of which 25% had PoAF. 
The HATCH scores of those with PoAF were significant-
ly higher. In the ROC curve analysis, the AUC of the 
HATCH score was 0.773 (95% CI 706–841, p < 0.001). 
They also found that a HATCH score > 2 indicated pos-
sible PoAF with 72% sensitivity and 75% specificity [8]. A 
study by Selvi et al. [27] included 369 patients who under-
went CABG and detected PoAF in 27.9% of the patients; 
the patients were categorized as PoAF+ and PoAF–. 
HATCH score and age were significantly higher in the 
PoAF+ group. In multivariate analysis, HATCH score 
and higher triglyceride levels were found to be indepen-
dent predictors of PoAF. In ROC curve analysis, a 
HATCH score > 2 indicated possible PoAF with 42% sen-
sitivity and 70% specificity [27].

In our study, we separated patients into 2 groups, those 
with HATCH score > 2 (group 1) and those with HATCH 
score ≤2 (group 2). We also calculated the SYNTAX score 
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to evaluate the extensiveness of coronary artery disease. 
We found a significantly higher SYNTAX score in group 
1. PoAF occurred in 42.3 and 22.2% of group 1 and 2 pa-
tients, respectively; the difference was statistically signifi-
cant. Univariate analysis showed that age, high SYNTAX 
score, and HATCH score > 2 were significant and (except 
for age) independent predictors of PoAF. In correlation 
analysis, we found a weak positive correlation between 
HATCH score and SYNTAX score.

Limitations
The small sample size and the retrospective design are 

the main limitations of this study. Twenty-four-hour 
ECG follow-up was performed during 5 days after sur-
gery. After that, 12-lead ECG was performed in hospital-
ized patients who had complaints such as palpitation, 
dyspnea, or angina pectoris; 12-lead ECG was also per-
formed daily in all inpatients until discharge. Therefore, 
PoAF might have been missed in some patients who did 
not report their complaints.

Conclusion

This study investigated the development of PoAF with 
reference to the HATCH score. The study demonstrated 
a correlation between the HATCH and SYNTAX scores. 

These scores can be calculated for patients scheduled to 
undergo coronary artery bypass surgery, and the inci-
dence of PoAF may be reduced via measures taken to pre-
vent AF in high-risk patients.
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