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ABSTRACT

Background: This study aimed to investigate the inci-
dence of postoperative atrial fibrillation (POAF) in patients 
undergoing off-pump versus on-pump coronary artery bypass 
grafting (CABG) under cardiopulmonary bypass (CPB).

Methods: A total of 3,197 consecutive patients (1,816 
males, 1,381 females; mean age: 60.8 ± 9.8 years) with pre-
operative sinus rhythm who underwent CABG at a cardio-
vascular surgery clinic between November 2009 and March 
2014 retrospectively were analyzed. Of the patients, 1,680 
underwent on-pump and 1,517 underwent off-pump cardiac 
surgery. Data, including demographic characteristics, preop-
erative risk factors, preoperative medications, laboratory test 
results, postoperative data and complications, and mortality 
and morbidity rates, were recorded.

Results: According to the multivariate analysis, the type 
of operation, number of anastomoses, right coronary artery 
or right coronary posterior descending artery graft, vasopres-
sor therapy (epinephrine, norepinephrine), operation dura-
tion, age >60 years, hypertension, length of hospital stay >4 
days, and obstructive sleep apnea syndrome (OSAS) were the 
independent predictors of POAF after CABG. Our study 
results suggest that on-pump CABG under CPB is correlated 
with POAF.

Conclusion: We recommend using off-pump CABG in 
select cases to minimize the risk of POAF.

INTRODUCTION

Atrial fibrillation (AF), which is the most common car-
diac arrhythmia, is a major public health problem leading 
to increased health-related costs due to the aging popula-
tion. The prevalence of AF is estimated as 2% in the general 
population [Zoni-Berisso 2014]. Postoperative AF (POAF) is 
the most frequent cardiac complication, following coronary 
artery bypass grafting (CABG), accounting for 15% to 50% 
of cases [Maesen 2012].

The majority of AF in the early postoperative period is 
temporary and can spontaneously resolve. Atrial fibrillation 
following CABG was found to be associated with hemody-
namic instability, prolonged hospital stays, an increased risk 
for thromboembolic events, and early and late mortality 
[Maesen 2012].

Although the etiology of POAF still is not elucidated, 
several authors have suggested that cardiopulmonary bypass 
(CPB) may be correlated with POAF. The most common 
culprits blamed for POAF include right atrial manipulation, 
cannulation, cardioplegic arrest, prolonged cross-clamping, 
insufficient protection of the atrial tissue from ischemia, the 
release of CPB-related inflammatory mediators, and oxida-
tive stress [Sabzi 2011; Hogue 2000; Gasparova 2017].

There is no consensus on the risk factors of POAF.  
Therefore, we aimed to investigate the incidence of POAF in 
patients undergoing off-pump versus on-pump CABG under 
CPB in the present study.

MATERIALS AND METHODS

This retrospective study included 3,197 consecutive 
patients (1,816 males, 1,381 females) with preoperative 
sinus rhythm and no history of AF who underwent CABG 
at a cardiovascular surgery clinic between November 2009 
and March 2014. Patients with a history of AF development 
despite preoperative sinus rhythm, emergency CABG, urgent 
CABG, additional procedures with CABG, reoperation, and 
open cardiac surgery except CABG were excluded from the 
study. The only interest of outcome was postoperative AF, 
thereby, other types of arrhythmias, such as supraventricular 
arrhythmias other than AF and ventricular arrhythmias, were 
excluded. However, atrial flutter was accepted as AF since they 
were in the same spectrum of arrhythmia development and 
the treatment protocol was the same. The written informed 
consent was obtained from each patient. The study proto-
col was approved by the Lokman Hekim University Ethics 
Committee (25.12.2019-2019038). The study was conducted, 
according to the principles of the Declaration of Helsinki.

Data, including demographic characteristics, preoperative 
risk factors, preoperative medications, laboratory test results, 
postoperative data, and complications and mortality and mor-
bidity rates, were obtained from hospital records and hospital 
databases. Additionally, postoperative intubation, length of 
intensive care unit (ICU) and hospital stay, comorbidities such 
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as diabetes mellitus, hypertension, and chronic obstructive 
pulmonary disease, risk factors, preoperative arrhythmia, and 
echocardiographic findings, coronary angiography findings, 
the number of vessels bypassed, type of grafts used, duration of 
aortic cross-clamp and total CPB, the total amount of cardio-
plegia, postoperative drainage and total amount of blood prod-
ucts, and postoperative medications used in patients with POAF 
were evaluated. All patients underwent 6-channel, 5-lead D-II 
electrocardiography (ECG) and invasive arterial monitoring 
through the radial artery for three days in the intensive care unit. 
Moreover, the patients were administered blood gas analysis 
for acid-base imbalance, electrolyte imbalance, partial oxygen, 
and carbon dioxide pressure hourly on the first day and every 
four hours on the second day and thereafter. The patients with 
hemodynamic stability who were transferred to the ward after 
the drain tubes were removed were followed through body tem-
perature and pulse examination, arterial pressure, and oxygen 
saturation using a finger probe. All patients underwent standard 
12-lead ECG every day, during their intensive care unit and 
hospital stay. The patients with postoperative arrhythmia also 
underwent standard 12-lead ECG during routine follow up.  
Postoperatively, arterial blood gas (serum K+, PaO2, PaCO2, 
etc.) was checked during each episode of AF and corrected 
before starting further therapy. Hemodynamically stable 
patients were treated with intravenous amiodarone and low 
molecular weight heparin (LMWH). In addition, cardioversion 
was used if ventricular rate control was not achieved within 48 
hours of initiation of therapy.

Operative technique
Off-pump CABG was performed on patients with high risk 

or contraindication for CPB and aortic cross-clamp, those 
with severe atheromatous plaques and dense calcifications of 

the ascending aorta, aortic disease with a high-risk for embo-
lization, rupture, or dissection, renal impairment or chronic 
renal failure, a history of transient ischemic attack or cere-
brovascular disease, respiratory problems, systemic disease 
or comorbidities complicating surgery and elderly patients. 
On-pump CABG was performed on patients with poor target 
vessel quality, intramyocardial, diffuse coronary artery dis-
ease, hemodynamic instability, severe left ventricular dys-
function, recent myocardial infarction, and those who were 
scheduled for endarterectomy. All operations were performed 
through a median sternotomy. The technique used in the off-
pump CABG was previously described in detail by Yanagawa 
and Puskas [Yanagawa 2016].

On-pump CABG was performed using aorta caval cannu-
lation. Two patients, who underwent off-pump CABG and 
required urgent CPB during surgery due to hemodynamic 
instability, were switched to on-pump CABG. Following car-
diac arrest using antegrade and retrograde cold crystalloid 
cardioplegia and topical hypothermia, intermittent retro-
grade cold blood cardioplegia was administered to all patients. 
All operations were completed under moderate hypothermia 
(32ºC to 35ºC). The left internal mammary artery (LIMA) 
grafts were used for the left anterior descending artery in 
3,175 patients, while the great saphenous vein was harvested 
for other operations. The patients were provided warm blood 
cardioplegia before cross-clamp removal.

Data analysis
Data were analyzed using SPSS version 13.0 software pro-

gram (SPSS Inc., Chicago, IL, USA). Descriptive statistics 

Table 1. Baseline demographic and clinical characteristics of 
patients

Variable
Off-Pump CABG  

(N = 1,517)
On-Pump CABG 

(N = 1,680) P

Age 61.63 ± 9.57 60.2 ± 10.17 .752

Sex (male/female)
803 (53%)/514 

(47%)
1013(60%)/867 

(40%)
.041*

Diabetes mellitus 417 (27%) 576 (34%) .071

Hypertension 872 (57%) 1124 (67%) .001*

COPD 231 (15%) 324 (19%) .425

Previous myocardial 
infarction

496 (33%) 768 (46%) .001*

Body mass index (kg/m²) 29.2 ± 3.8 29.8 ± 4.1 .361

LVEF (mean ± SD) 46.7 ± 8.4 48.3 ± .9.2 .245

Standard EuroSCORE 3.7 ± 2.4 3.4 ± 2.2 .123

Data are given in mean ± SD or in number. COPD, chronic obstructive 
pulmonary disease; LVEF, left ventricular ejection fraction; EuroSCORE, 
European System for Cardiac Operative Risk Evaluation

Table 2. Intraoperative data of patients

Variable
Off-Pump CABG 

(N = 1,517)
On-Pump CABG 

(N = 1,680) P

Cross-clamp time (min) NA 67.2 ± 23.5 -

Cardiopulmonary bypass 
time (min)

NA 98.3 ± 32.7 -

Operation duration (min) 138.25 ± 29.12 227.13 ± 49.17 .001*

Total amount of  
cardioplegia (mL)

NA 1570 ± 450 *

Number of anastomosis

≤2 1296 (85%) 724 (43%) .001*

≥3 221 (15%) 956 (57%) .001*

Diffuse coronary artery 
disease

227 (15%) 1120 (67%) .001*

Left internal mammary 
artery use

1515 (99%) 1660 (99%) .981

Right coronary artery or 
right coronary posterior 
descending artery graft

287 (19%) 1163 (69%) .001*

Data are given in mean ± SD or in number. NA, not applicable
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were expressed in mean ± standard deviation (SD), median 
(min-max), or number and frequency for continuous vari-
ables. Categorical variables were compared between the 
groups using the Chi-square test. The Fisher exact test was 
used for the expected contingency table cells with a frequency 
less than 5. The Mann-Whitney U test and independent 
samples t-test were used to analyze significant differences 
between the groups for continuous variables. The relation-
ship between the presence of AF and pre-, intra-, and postop-
erative variables was analyzed through the univariate analysis. 
Variables that were found to be significant in the univariate 
analysis with a P-value of <.25 were included in the multivari-
ate logistic regression analysis and independent predictors of 
AF were determined. A P-value of <.05 with a 95% confi-
dence interval (CI) was considered significant.

RESULTS

Of the patients, 1,680 underwent on-pump and 1,517 
underwent off-pump CABG. The baseline demographic and 
clinical characteristics of the patients are shown in Table 1.

Of all 3,197 patients, 635 (19.86%) developed POAF, 
including 163 patients (10.74%) in the off-pump group and 
472 patients (29.09%) in the on-pump group. There was 
a significant difference in sex (P = .041), hypertension (P = 
.001), previous myocardial infarction (P = .001), operation 
duration (P = .001), number of anastomosis (P = .001), diffuse 
coronary artery disease (P = .001), right coronary artery graft 
(P = .001), vasopressor therapy (epinephrine, norepinephrine) 

(P = .002), positive inotropic support (dopamine) (P = .001), 
intra-aortic balloon pump (P = .021), chest tube drainage (P 
= .001), total amount of blood products (P = .001), intubation 
duration (P = .001), length of ICU stay (P = .001), length of 
hospital stay (P = .001), and re-exploration (P = .001) (Tables 
2 and 3). Furthermore, POAF most commonly developed in 
the second and third days of surgery and indicated no statisti-
cally significant difference between the groups (Figure 1).

The mean time to return to sinus rhythm using medical 
treatment, which was 19.7 ± 9.1 hours, indicating a shorter 
time for the off-pump group (Figure 2). Seventeen patients 
were returned to sinus rhythm through electro cardioversion 
due to sudden hemodynamic instability.

According to the multivariate analysis, the type of opera-
tion (OR: 4.85; 95% CI 1.75-6.95; P = .001), number of anas-
tomosis (OR: 3.86; 95% CI 2.61-5.11; P = .001), right coro-
nary artery or right coronary posterior descending artery graft 
(OR: 6.85; 95% CI 4.67-9.03; P = .001), vasopressor therapy 
(epinephrine, norepinephrine) (OR: 2.01; 95% CI 1.09-2.99; 
P = .021), operation duration (OR: 4.85; 95% CI 1.48-3.68; 
P = .023), age >60 years (OR: 1.22; 95% CI 1.02-1.78; P = 
.032), hypertension (OR: 2.12; 95% CI 2.04-6.76; P = .019), 
length of hospital stay >4 days (OR: 1.31; 95% CI 0.22-2.43; 
P = .041), obstructive sleep apnea syndrome (OR: 1.70; 95% 
CI 1.05-2.35; P = .024), were the independent predictors of 
POAF after CABG (Table 4).

DISCUSSION

Postoperative atrial fibrillation is one of the most frequent 
complications within the first week of CABG and is seen in 
approximately 5% to 40% of patients [Andrews 1991]. It 
still is unclear whether off-pump CABG reduces the rate of 
POAF. In a meta-analysis including 43 studies, Chen et al 
reported that off-pump CABG did not significantly reduce 
POAF, postoperative stroke, and perioperative myocardial 
infarction [Chen 2012]. However, some authors suggested 
that the incidence of POAF was lower in patients under-
going off-pump CABG [Hashemzadeh 2013; Sajja 2004;  
Zoni-Berisso 2014].

Figure 1. Time to POAF development in on-pump and off-pump CABG 
surgery patients. POAF, postoperative atrial fibrillation; CABG, coro-
nary artery bypass grafting

Table 3. Postoperative data of patients

Variable
Off-Pump CABG 

(N = 1,517)
On-Pump CABG 

(N = 1,680) P

Vasopressor therapy (epi-
nephrine, norepinephrine)

73 (5%) 227 (14%) .002*

Positive inotropic support 
(dopamine)

176 (12%) 462 (28%) .001*

Intra-aortic balloon pump 12 (1%) 65 (4%) .021*

Chest tube drainage (mL) 487.6 ± 182.3 692.5 ± 256.4 .001*

Total amount of blood 
products (mL)

523.3 ± 164.7 738.5 ± 274.8 .001*

Intubation duration (hour) 6.3 ± 1.7 10.4 ± 3.2 .001*

Length of ICU stay (day) 2.2 ± 1.1 3.4 ± 1.5 .001*

Length of hospital stay (day) 5.2 ± 2.4 8.1 ± 3.7 .002*

Time to POAF development 
(hour)

34.9 ± 12.4 36.4 ± 13.9 .498

Re-exploration 12 (1%) 76 (5%) .042*

Mortality 2 (0.1%) 17 (1%) .082

Data are given in mean ± SD or in number. NS, not significant; POAF, post-
operative atrial fibrillation; ICU, intensive care unit
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We investigated the incidence of POAF in patients under-
going off-pump versus on-pump CABG under CPB in 
the present study. We found the incidence of POAF to be 
19.86% and the incidence of POAF to be significantly lower 
in the off-pump surgery compared with on-pump surgery 
(10.74% versus 29.09%, respectively; P = .001). The mean 
time to POAF development was similar between the groups, 
although the meantime to return to sinus rhythm was shorter 
in the off-pump group.

Several independent risk factors were proposed for the 
development of POAF, following CABG in the literature. 
Age was suggested to play a key role in the POAF develop-
ment. The incidence of AF ranged from 0.12% to 0.19% 
in patients aged under 49 years, from 3.7% to 4.2% in 
patients aged 60-70 years, and from 10% to 17% in patients 
aged ≥80 years [Sajja 2004]. With strong documentation, 
increasing age was found to be associated with degenera-
tive alterations of the atrial myocardium, reduced response 
to oxidative stress, and altered electrical properties of the 
sinoatrial node and atrioventricular node [Allessie 2001]. 
We also found a significant increase in the rate of POAF 
in patients aged ≥60 years (P = 0.032) in the present study. 
Although being male is a well-defined risk factor for POAF 
development [Lee 2017], and the present study also finds a 
significant correlation between sex and POAF development 
(P = .041).

Hypertension is a major preventable cardiovascular risk 
factor for POAF development [Lau 2012]. In line with the 
literature, we found a significant effect of hypertension on 
POAF development (P = .001). This finding indicates that 
blood pressure control is an effective way of POAF preven-
tion as hypertension is an independent risk factor for POAF. 
Furthermore, several studies support a role for sympathetic 
activation in the pathogenesis of AF following cardiac surgery 
[Dzeshka 2017; Chelazzi 2011; Workman 2010]. Similarly, 
the present study also showed that vasopressor therapy (i.e., 
epinephrine, norepinephrine) significantly increased the inci-
dence of POAF (P = .002).

Additionally, recent studies demonstrated patients with 
OSAS have a higher incidence of POAF compared with con-
trols, and preoperative continuous positive airway pressure 
decreased the incidence of POAF in this patient population 
[Patel 2010; Mooe 1996]. Likewise, we also found OSAS to 
be an independent risk factor that increased the incidence of 
POAF (P = .024).

There also are several studies investigating the preven-
tive effect of medications for POAF in patients undergo-
ing CABG [Wang 2017]. Among them, statins are the most 
commonly used drugs in the treatment of atherosclerotic 
heart disease. Statins exert their effect mainly by lower-
ing serum cholesterol levels. However, additional favor-
able effects of statins on the cardiovascular system were 
recently found as well as their effects on cholesterol synthesis  
[Diamantis 2017]. Statins also were found to decrease inflam-
matory markers, irrespective of their lipid-lowering effect 
[Diamantis 2017; Lefer 2002]. In a meta-analysis including 17 
studies, the relationship between preoperative statin use and 
incidence of AF, early cardiac complications such as POAF, 
myocardial infarction, and myocardial injury, and inflamma-
tory markers (i.e., cytokines, C-reactive protein [CRP]) in 
patients undergoing CABG and preoperative statin use was 
associated with a significant decrease in the POAF incidence 
[Diamantis 2017; Lefer 2002; An 2017].

Recent studies also demonstrated ACE inhibitors, which 
currently are widely used to decrease mortality in patients with 
heart failure and myocardial infarction [Berliner 2018]. Mortal-
ity partly is related to arrhythmias in selected patients, so it is 
thought that ACE inhibitors may have antiarrhythmic effects. 
There also are clinical studies suggesting that angiotensin 
receptor blockers (ARBs) or ACE inhibitors decrease the inci-
dence of AF in patients with chronic heart failure and myocar-
dial infarction [Pedersen 1999]. In a meta-analysis, preopera-
tive beta-blocker use was associated with reduced incidence of 
AF following CABG, therefore, it should not be discontinued 
[Burgess 2006]. However, the authors highlighted preopera-
tive beta-blocker for the prevention of POAF to be insufficient 
when used alone [Burgess 2006]. Statin and ACE inhibitor 
usage doses and molecules were different and statistical analysis 
could not be made since this study was retrospective.

Figure 2. Time to return to sinus rhythm in on-pump and off-pump 
CABG surgery patients. CABG, coronary artery bypass grafting

Figure 3. CRP levels (mg/dl) in on-pump and off-pump CABG surgery 
patients. CRP, C-reactive protein
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C-reactive protein is an acute inflammatory protein 
secreted by the liver [Fakanya 2014]. Previous studies found 
CRP to be associated with increased cardiovascular complica-
tions [Fakanya 2014; Yehc 2001; Liuzzo 1994]. In their study 
titled Atorvastatin for Reduction of Myocardial Dysrhyth-
mia after Cardiac Surgery (ARMYDA-3), Patti et al reported 
patients with POAF to have the highest CRP levels follow-
ing surgery [Patti 2006]. In the aforementioned study, multi-
variate analysis revealed increased CRP levels above median 
values to be significantly correlated with POAF development. 
In another study investigating the effect of CRP on POAF 
development, postoperative CRP levels and postoperative 
arrhythmias simultaneously reached their peak (i.e., on post-
operative days 2 and 3) [Bruins 1997]. Similarly, the high-
est CRP levels and POAF most commonly were observed on 
the second, third, and fourth postoperative days in our study. 
However, we found no significant correlation between the 
elevated CRP levels and POAF development or sinus rhythm 
(Figure 3).

There is no dramatic decline in the POAF incidence, and 
POAF still is a major concern of morbidity and mortality for 
patients undergoing CABG despite the developments in the 
surgical techniques and therapeutic modalities. POAF previ-
ously was associated with hemodynamic instability, increased 
cerebrovascular disease, increased treatment expenditures, 
and prolonged hospital stays [Kosuma 2018]. None of the 
patients had any thromboembolic complications in our study. 
There also was no significant difference in the in-hospital 
mortality among the patients with POAF and those with sinus 
rhythm. However, the patients with POAF had a significantly 
prolonged hospital stay in our study (P = .04).

In line with the literature, our study results indicate that 
CPB is an important risk factor for POAF. Nonetheless, there 
still is a need for further studies investigating the etiology 

of POAF considering CPB, hypothermia and cardioplegic 
arrest-related factors, and other risk factors including reper-
fusion injury, cardiac manipulation, postoperative pericardial 
effusion, electrolyte imbalance, intra- and postoperative cat-
echolamine discharge, and histopathological atrial alterations 
with advanced age, which all are common characteristics of 
on-pump and off-pump surgery. Moreover, further studies 
for predicting and preventing POAF to reduce morbidity and 
mortality are required in this patient population.

There were some limitations to this study. The elimina-
tion of CPB-related adverse effects during off-pump surgery, 
a lower number of distal anastomoses and right coronary 
artery or right coronary posterior descending artery grafts in 
patients undergoing off-pump CABG, less diffuse coronary 
artery disease, a lower amount of chest tube drainage and 
blood products, and lower use of vasopressor therapy, positive 
inotropic support, and IABP might have affected the results.

As a result, off-pump CABG yielded a lower number of 
POAF compared with on-pump surgery. Although all POAF 
patients, irrespective of the type of surgery, were returned to 
sinus rhythm with pharmacological or non-pharmacological 
treatment; the meantime to return to sinus rhythm was rela-
tively shorter in the patients undergoing off-pump CABG. 
Based on multivariate analysis and these findings, we conclude 
that the CABG on-pump may be associated with the devel-
opment of POAF, and we recommend considering off-pump 
CABG in select situations to minimize the risk of POAF.
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