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ABSTRACT
 Introduction: Postoperative atrial fibrillation (poAF) is a common 
complication of coronary artery bypass grafting, and its reasons are still 
the subject of research. The aim of this study was to evaluate whether QT 
interval is related to new onset of poAF occurrence.
 Methods: This study included 167 patients undergoing elective isolated 
off-pump coronary artery bypass grafting (OPCAB) surgery. Patients 
were divided into two groups as poAF (+) and poAF (-), according to the 
development of poAF, and the results of the measurements were compared 
between the groups.
  Results: PoAF was detected in 37 (22.1%) of 167 patients who underwent 
OPCAB surgery. When QT interval measurements were compared, 
preoperative and postoperative QT and corrected QT interval (QTc) values 

were significantly longer in the group with atrial fibrillation. Mean values 
of preoperative QT were 407.5±27.1 in the poAF (-) group vs. 438.5±48.5 
in the poAF (+) group (P<0.001). Mean values of preoperative QTc were 
419.1±14.5 in the poAF (-) group vs. 448.5±26.6 in the poAF (+) group 
(P<0.001). Mean values of postoperative QT were 416.3±48.3 in the poAF (-) 
group vs. 439.2±45.8 in the poAF (+) group (P=0.005). And mean values of 
postoperative QTc were 419.8±12.5 in the poAF (-) group vs. 452.0±23.3 in 
the poAF (+) group (P<0.001).
  Conclusion: QT interval measurement may be a new parameter in 
predicting poAF development after OPCAB surgery.
Keywords: Atrial Fibrillation. Coronary Artery Bypass. Coronary 
Artery Bypass, Off-Pump.  Elective Surgical Procedures. Postoperative 
Complications.

Abbreviations, Acronyms & Symbols

ACE-I                 = Angiotensin-converting enzyme inhibitors Hct                       = Hematocrit

AF                      = Atrial fibrillation IABP                    = Intra-aortic balloon pump

ARB                   = Angiotensin receptor blockers ICU                       = Intensive care unit

AUC                   = Area under the curve LA                         = Left atrial

BMI                    = Body mass index LVEF                     = Left ventricular ejection fraction

CABG                = Coronary artery bypass grafting MPV                     = Mean platelet volume

CI                        = Confidence interval NPV                      = Negative predictive value

COPD                = Chronic obstructive pulmonary disease OPCAB                = Off-pump coronary artery bypass grafting

CRP                    = C-reactive protein poAF                    = Postoperative atrial fibrillation

ECG                    = Electrocardiogram PPV                       = Positive predictive value

FEV1                  = Forced expiratory volume in the first second QTc                        = Corrected QT interval

FVC                    = Forced vital capacity RDW                     = Red cell distribution width

Hb                      = Hemoglobin ROC                      = Receiver operating characteristic
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INTRODUCTION

  Postoperative atrial fibrillation (poAF) is one of the most 
common complications after cardiac surgery and a major risk 
factor that can result in mortality of the patients. It complicates 
about one third of cardiac surgery cases and is associated with 
major adverse events, prolonged hospitalization, increased 
healthcare costs, and increased re-hospitalization rates[1-7]. The 
first two weeks after surgery are the most critical, with patients at 
high risk for poAF[8].
  New-onset poAF was shown to predict long-term newly 
developed atrial fibrillation (AF) in coronary artery bypass grafting 
(CABG) patients[9]. New-onset poAF is significantly associated 
with increased long-term risk of mortality independent of patient 
preoperative severity[10].
    Although there have been some changes in medical treatment 
and surgery over time, the overall incidence of poAF has not 
changed significantly[11]. The incidence of poAF remains high, 
ranging between 15-40%[12-14]. The underlying pathophysiology of 
poAF is still unclear; however, numerous risk factors predisposing 
to its development have been identified, including advanced 
age, structural damage to the heart, left ventricular dysfunction, 
hypertension, and valve surgery[15]. Preventive strategies have 
been partially effective in reducing the overall incidence of AF 
in the past two decades[16]. If the underlying mechanisms can 
be identified, high-risk patients can be identified, and individual 
preventive strategies and treatments can be developed[12]. Several 
studies have investigated predictors of poAF[17,18]. In a recent 
meta-analysis including a total of 11 studies and 40,112 patients 
who underwent CABG, the predictors of poAF were found as 
older age, low ejection fraction, a history of cardiac failure or 
hypertension, prior peripheral arterial disease, and stroke[19].
  The QT interval is obtained from a standard 12-lead electrocardio-
gram (ECG) and is a ready, cheap, and fast measure of ventricular 
repolarization. Several studies have shown that prolonged QT 
interval is independently correlated with an increased risk of AF 
and stroke[20-22]. In a recent systematic review and meta-analysis, 
prolonged QT interval was also associated with an increased risk 
of AF[19]. The association between prolongation of QT and AF has 
been explained by abnormalities in myocardial repolarization[23]. 
However, it is not known whether there is a clinically significant 
relationship between ventricular repolarization and atrial 
electrophysiology. Ventricular and atrial refractoriness is 
determined by many of the same potassium and sodium 
channels, and there is possibly a correlation between the two[20].
  In this study, we aimed to investigate whether a longer QT 
interval might be an important predictor of poAF in off-pump 
CABG (OPCAB) patients.

METHODS

Study Population and Design

   A total of 167 consecutive patients between 18-80 years of age 
who had no history of AF and underwent elective OPCAB surgery 
between January 2013 and December 2014 were included 
in this study. Patients were divided into two groups as poAF 

(+) and poAF (-), according to the development of poAF, and 
the results of the measurements were compared between the 
groups. Demographic data of the patients (age, gender); body 
mass index (BMI); history of hypertension, chronic kidney failure, 
diabetes, heart failure, chronic obstructive pulmonary disease 
(COPD), and stroke; preoperative drug use (angiotensin-con-
verting enzyme inhibitors [ACE-I], angiotensin receptor blockers 
[ARB], beta blockers, and statins); and echocardiographic findings 
(ejection fraction, left atrial diameter, and valve disease) were 
obtained from the hospital records and retrospectively analyzed.    
All patients were operated by the same surgical team and 
Octopus IV (Medtronic, Minneapolis) was used as a stabilizer in all 
operations. Patients who needed preoperative inotropic support, 
those who underwent on-pump CABG, additional surgical 
procedures (valves, vascular, etc.), or emergency surgeries were 
excluded.

QT Interval and Corrected QT Interval (QTc) Measurements

    In each patient, a 12-lead ECG was obtained before the surgery 
and immediately after extubation, in the postoperative period. 
QT interval and heart rate were detected on these ECGs and 
recorded. QTc was measured according to the Bazett formula.

Postoperative Monitoring

    Patient data were retrospectively analysed for the development 
of new-onset AF in the postoperative period up to discharge. All 
patients were monitored continuously using five-lead telemetry 
in the intensive care unit (ICU) postoperatively. Daily routine ECGs 
were obtained until discharge from the hospital. In addition, 
when the patients complained of palpitation, dyspnea, and 
angina, an additional 12-lead ECG was obtained. The new-onset 
poAF was defined as the new AF requiring treatment during 
hospitalization after isolated CABG, as defined by the Society of 
Thoracic Surgeons Adult Cardiac Surgery Database[11].

Ethical Considerations

  The study protocol was approved by the local ethics committee 
(decision nº: 2020/177, date: 21.07.2020). The study was 
conducted in accordance with the ethical principles of the 
Declaration of Helsinki. All patients included in the study were 
informed and their written consents were taken before the 
operation.

Statistical Analysis

    Data obtained in this study were statistically analyzed using IBM 
Corp. Released 2016, IBM SPSS Statistics for Windows, Version 24, 
Armonk, NY: IBM Corp statistical software. To calculate the sample 
width, power of analysis for each variable was determined by 
taking at least 0.80 and Type 1 error 0.05. Descriptive statistics for 
continuous variables are expressed as median, mean, standard 
deviation, minimum, and maximum; and descriptive statistics for 
categorical variables, as numbers and percentages.     
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 higher in the poAF (+) group than in the poAF (-) group (P=0.034) 
(Table 3).
  Risk factors for the development of poAF were evaluated by 
univariate logistic regression analysis. Age (odds ratio [95% 
confidence interval, CI] 1.062 [1.015-1.111], P=0.009) and 
postoperative QTc (odds ratio [95% CI] 1.147 [1.064-1.238], 
P=0.001) were detected to be significantly higher for poAF. In 
multivariate logistic regression analysis, only postoperative QTc 
was found to be an independent predictor for the development 
of poAF (odds ratio [95% CI] 1.093 [1.063–1.122], P=0.001) (Table 
4).
  In the ROC curve analysis we performed to determine cutoff 
values, sensitivity and specificity values of QT and QTc, and 
AUC cutoff, sensitivity and specificity values were calculated 
for preoperative QT, preoperative QTc, postoperative QT, and 
postoperative QTc in predicting poAF at 95% CI and are shown 
in Table 5 and Figure 2. In addition, after ROC analysis of four QT 
values was performed, a pairwise analysis was also performed 
for the ROC curves. The results of pairwise analysis are shown in 
Table 6 and the result of cutoff values, positive predictive value, 
and negative predictive value are shown in Table 7.

Kolmogorov-Smirnov and Shapiro-Wilk tests were used to check 
whether the measurement averages were normally distributed 
and nonparametric tests were applied since the measurement 
values of the variables were not normally distributed. 
Mann-Whitney U Test was used to compare the measurements 
of the AF groups. Wilcoxon test was used for nonparametric 
variables in comparisons of dependent variables.
  In order to determine predictive values of measurements 
according to AF groups, the area under the curve (AUC), 
sensitivity-specificity values, and cutoff values were determined 
by receiver operating characteristic (ROC) analysis. Chi-square 
test was used to determine the relationship between categorical 
variables. P<0.05 values were considered statistically significant.

RESULTS

  The present study included 167 consecutive patients who had 
no prior history of AF and underwent OPCAB. Thirty-seven of 
167 patients (22.1%) developed AF before the discharge from 
the hospital in the postoperative period. Mean age was 66.7±9.0 
years in the poAF (+) group and 61.7±10.4 years in the poAF (-) 
group. The mean age was statistically significantly higher in the 
poAF (+) group compared to poAF (-) group (P=0.007). Of the 37 
patients who developed poAF, nine (24.3%) were female and 28 
(75.7%) were male. Of the 130 patients without poAF, 24 (18.5%) 
were female and 106 (%81.5) were male. No significant difference 
was found between both groups in terms of gender distribution 
(P>0.05). In addition, there was no significant difference between 
the groups in terms of BMI (P>0.05). And no statistically significant 
difference was found between both groups in terms of frequency 
of comorbidities (diabetes mellitus, hypertension, hyperlipidemia, 
COPD, myocardial infarction, and smoking status) and drug use 
(beta blocker therapy, statin therapy, ACE-I/ARB therapy) (for all 
P>0.05) (Table 1).
 When pre- and postoperative laboratory data and clinical 
findings were evaluated, no statistically significant difference 
was observed between both groups in terms of preoperative 
left ventricular ejection fraction, preoperative left atrial diameter, 
preoperative hemoglobin (Hb), preoperative hematocrit (Hct), 
preoperative red cell distribution width (RDW), preoperative 
mean platelet volume (MPV), preoperative C-reactive protein, 
preoperative troponin I, postoperative Hb, postoperative Hct, 
and postoperative troponin I (for all P>0.05).
On the contrary, preoperative QT (P<0.001), preoperative QTc 
(P<0.001), postoperative QT (P=0.005), and postoperative QTc 
values were statistically significantly higher in the poAF (+) group 
compared to the poAF (-) group (Table 2, Figure 1).
  When operative and postoperative characteristics of CABG 
operations were evaluated, no statistically significant difference 
was found between poAF (+) and poAF (-) groups in terms of 
heart rate, forced  expiratory volume in the first second/forced 
vital capacity, bypassed vessels, transfusion (unit), length of 
stay in ICU (hours), hospital stay (days), extubation time (hours), 
postoperative lactate, the need for transfusion, the presence 
of intra-aortic balloon pump, the need for inotropic support, 
neurologic deficit, and mortality (for all P>0.05). On the other 
hand, the amount of total drainage was statistically significantly

Fig 1. Pre- and postoperative QT and corrected QT interval (QTc) 
values of postoperative atrial fibrillation (poAF) (+) and poAF (-) 

groups.

DISCUSSION

  In the present study, preoperative QT, preoperative QTc, 
postoperative QT, and postoperative QTc interval measurements 
were significantly longer in patients who underwent OPCAB 
surgery and developed AF in the postoperative period. In 
addition, advanced age was found to be an independent risk 
factor for the development of poAF. In a study by Velioglu et 
al.[24] investigating the development of poAF after beating heart 
CABG, age was significantly higher in the poAF (+) group. In a 
study by Turkkan and Bozbeyoğlu, conducted on 311 patients 
undergoing elective CABG, poAF (+) patients were significantly 
older than poAF (-) patients[25]. In another study, the rate of 
patients aged > 85 years was significantly higher in the poAF 
(+) group[26]. And in a study by Lotfi et al.[27], the mean age 
was statistically significantly higher in poAF (+) patients. As is 
seen, older age is a risk factor of developing poAF in most of 
the studies. In addition, age is the only risk factor that has been 
systematically proven in the literature[28].
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Table 1. Preoperative clinical characteristics of the groups.
poAF (-) group poAF (+) group

P-value
n=130 n=37

Age (years) 61.7±10.4 66.7±9.0 0.007*
BMI 27.7±5.0 28.6±4.7 0.331*

Gender, n (%)
Female 24 (18.5) 9 (24.3)

0.429#

Male 106 (81.5) 28 (75.7)

Diabetes mellitus, n (%)
- 73 (56.2) 16 (43.2)

0.165#

+ 57 (43.8) 21 (56.8)

Hypertension, n (%)
- 69 (53.1) 16 (43.2)

0.291#

+ 61 (46.9) 21 (56.8)

Smoking, n (%)
- 67 (51.5) 19 (51.4)

0.984#

+ 63 (48.5) 18 (48.6)

Hyperlipidemia, n (%)
- 46 (35.4) 15 (40.5)

0.566#

+ 84 (64.6) 22 (59.5)

COPD, n (%)
- 123 (94.6) 34 (91.9)

0.538#

+ 7 (5.4) 3 (8.1)

Myocardial infarction, n (%)
- 92 (70.8) 21 (56.8)

0.108#

+ 38 (29.2) 16 (43.2)

Beta blocker therapy, n (%)
- 120 (92.4) 32 (86.5)

0.428#

+ 10 (7.6) 5 (13.5)

Statin therapy, n (%)
- 42 (32.4) 9 (24.3)

0.527#

+ 88 (67.6) 28 (75.7)

ACE-I/ARB therapy, n (%)
- 57 (43.9) 15 (40.6)

0.608#

+ 73 (56.1) 22 (59.4)
*Significance levels according to Mann-Whitney U test results.
#Significance levels according to the Chi-square test results.
ACE-I=angiotensin-converting enzyme inhibitors; ARB=angiotensin receptor blockers; BMI=body mass index; COPD=chronic 
obstructive pulmonary disease; poAF=postoperative atrial fibrillation

Fig 2. Receiver operating characteristic (ROC) curve and the area under the curve for QT and corrected QT interval (QTc) to predict postopera-
tive atrial fibrillation.
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Table 2. Laboratory and other parameters of the groups.

poAF (-) group poAF (+) group *P-value

n=130 n=37

Preoperative LVEF 51.8±9.0 48.7±9.1 0.053

Preoperative left atrial diameter 38.2±5.7 40.1±6.0 0.083

Preoperative QT 407.5±27.1 438.5±45.8 < 0.001

Preoperative QTc 419.1±14.5 448.5±26.6 < 0.001

Postoperative QT 416.3±48.3 439.2±45.8 0.005

Postoperative QTc 419.8±12.5 452.0±23.3 < 0.001

Preoperative Hb 13.4±2.0 13.7±2.1 0.577

Preoperative Hct 40,8±5,9 41,3±6,0 0.906

Preoperative RDW 16.3±2.2 16.4±2.7 0.857

Preoperative MPV 8.2±1.6 8.2±1.4 0.740

Preoperative CRP 18.0±29.6 13.0±27.4 0.140

Preoperative troponin I 980.3±3095.1 350.6±849.0 0.900

Postoperative Hb 10.6±1.3 10.9±1.4 0.389

Postoperative Hct 31.6±3.7 32.5±4.7 0.480

Postoperative troponin I 6961.6±13958.9 8311.6±14162.2 0.197

*Significance levels according to Mann-Whitney U test results.

CRP=C-reactive protein; Hb=hemoglobin; Hct=hematocrit; LVEF=left ventricular ejection fraction; MPV=mean platelet volume; 
poAF=postoperative atrial fibrillation; QTc=corrected QT interval; RDW=red cell distribution width

				  

   No statistically significant difference was found between poAF 
(+) and poAF (-) groups in terms of comorbidities (diabetes 
mellitus, hypertension, hyperlipidemia, COPD, myocardial 
infarction, and smoking status) in the present study. Conversely, 
there are studies in the literature that have reported several 
comorbidities as risk factors for poAF including a history of 
prior AF, hypertension, congestive heart failure, COPD, chronic 
lung disease, and chronic kidney disease[17,29]. However, many of 
these studies are retrospectively designed and have a relatively 
short follow-up. Findings of the studies regarding other possible 
preoperative risk factors are inconsistent[30-32]. Therefore, we still 
do not have an accurate understanding about the association 
between comorbidities and poAF. For example, unlike the 
other studies, Akintoye et al.[33] found that the frequency of 
hypertension and prior history of AF were significantly higher 
in poAF (-) patients.
  In this study, no correlation was found between preoperative 
RDW and preoperative MPV values and poAF development. In 
another previous study, it was found that preoperative RDW 
and preoperative MPV levels did not have a predictive value for 
poAF in patients undergoing OPCAB surgery[34].
  Studies have investigated routine ECG parameters as potential 
predictors of incident AF. Perez et al.[35] identified several P-wave 
characteristics — including P-wave index — that independently 
increased the risk of incident AF.

   The prolonged QT interval, previously thought to be associated 
only with ventricular arrhythmias, has been associated with 
an increased risk of AF incidence[20]. In a study conducted to 
determine the characteristics of cardiac autonomic modulation 
and repolarization, preoperative QT and QTc intervals were 
found to be longer in the group that developed poAF[36].
   Nielsen et al.[21] investigated the development of AF in subjects 
who were followed for an average of 5.7 years in a study in the 
general population. Compared to the reference group (40th 

to < 60th percentile, 411 to 419 ms), in the 99th percentile 
and over (≥ 464 ms) and 1st percentile and below (≤ 372 ms) 
groups, there was a statistically significant increased risk of AF 
in QTcFram (QTc calculated using the Framingham formula) 
intervals. When lone AF subgroup analysis was performed, it 
was revealed that the relationship between the QTc interval and 
the lone AF result was at least stronger for the QTc intervals in 
the upper range compared to AF.
  Patel et al.[37] compared the QT interval components (QRS 
duration and JT interval) with the incidence of AF. In the study 
in which 4,181 participants were analyzed, it was found that 
the JT interval is a more important marker of AF risk in the QT 
interval among other personal delays[38]. In another study with 
14,625 participants, 1,505 (10.3%) developed AF in mean 17.6 
years of follow-up. When the ECG parameters of patients who 
developed AF were examined, QT-interval components involved 
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Table 3. Operative and postoperative data of the groups.

poAF (-) group poAF (+) group
P-value

n=130 n=37

Heart rate 64.2±6.9 64.3±9.4 0.869*

FEV1/FVC 77.1±10.6 74.9±13.3 0.344*

Bypassed vessel 4.6±1.0 4.5±1.1 0.386*

Transfusion (unit) 2.0±1.4 1.7±1.0 0.444*

Total drainage 579.1±298.1 675.8±279.4 0.034*

Intensive care unit (hours) 69.6±45.0 71.4±42.3 0.623*

Hospital stay (days) 3.3±2.2 3.0±2.0 0.635*

Extubation time (hours) 6.3±3.0 5.9±1.7 0.678*

Postoperative lactate 1.5±0.7 2.3±3.1 0.508*

Transfusion
- 72 (56.3) 22 (59.5) 0.728#

+ 56 (43.8) 15 (40.5)

IABP
- 123 (94.6) 35 (94.6) 0.996#

+ 7 (5.4) 2 (5.4)

Inotropic support
- 109 (83.8) 27 (73.0) 0.133#

+ 21 (16.2) 10 (27.0)

Neurologic deficit
- 127 (97.7) 36 (97.3) 0.890#

+ 3 (2.3) 1 (2.7)

Mortality
+ 2 (1.5) 1 (2.7) 0.638#

- 128 (98.5) 36 (97.3)

*Significance levels according to Mann-Whitney U test results.
#Significance levels according to the Chi-square test results.

FEV1=forced expiratory volume in the first second; FVC=forced vital capacity; IABP=intra-aortic balloon pump; poAF=postoperative atrial 
fibrillation

Table 4. Univariate and multivariate logistic regression analyses of independent parameters for atrial fibrillation.

Univariate Multivariate

Variables Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Age 1.062 (1.015–1.111) 0.009 1.013 (0.961–1.069) 0.621

Postoperative QTc 1.147 (1.064–1.238) 0.001 1.093 (1.063–1.122) 0.001

Preoperative QTc 0.973 (0.905–1.045) 0.448

Postoperative QT 0.994 (0.980–1.009) 0.438

Preoperative QT 0.992 (0.968–1.017) 0.540

LVEF 0.979 (0.921–1.041) 0.500

LA diameter 1.095 (0.997–1.203) 0.058

Total drainage 0.999 (0.997–1.002) 0.564

CI=confidence interval; LA=left atrial; LVEF=left ventricular ejection fraction; QTc=corrected QT interval
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Table 5. Area under the curve (AUC), cutoff value, and diagnostic tests according to atrial fibrillation groups.

Test results
AUC Standard error P-value Cutoff Sensitivity Specificity

95% Confidence interval

Variables Lower Upper

Preoperative 
QT

0.728 0.057 0.001 419 0.703 0.692 0.617 0.839

Preoperative 
QTc

0.814 0.057 0.001 434.5 0.784 0.869 0.703 0.925

Postoperative 
QT

0.651 0.056 0.005 423.5 0.595 0.585 0.541 0.76

Postoperative 
QTc

0.845 0.051 0.001 431 0.811 0.885 0.744 0.945

QTc=corrected QT interval

Table 6. Paired comparison results of variables with significant cutoff values after ROC analysis.

N Mean Standard 
deviation Min. Max. *P-value

Preoperative 
QT

AF (+) 130 407,4923 27,11281 290 510
< 0,001

AF (-) 37 438,5135 45,84431 348 538

Total 167 414,3653 34,55454 290 538

Preoperative 
QTc

AF (+) 130 419,1154 14,52271 374 474
< 0,001

AF (-) 37 448,4865 26,62666 389 491

Total 167 425,6228 21,61788 374 491

Postoperative 
QT

AF (+) 130 416,3 48,32363 168 592
0,011

AF (-) 37 439,2162 45,82463 322 537

Total 167 421,3772 48,59218 168 592

Postoperative 
QTc

AF (+) 130 419,8 12,48093 380 462
<0,001

AF (-) 37 452 23,29998 401 486

Total 167 426,9341 20,46188 380 486

*Significance levels according to independent t-test results.

AF=atrial fibrillation; QTc=corrected QT interval; ROC=receiver operating characteristic

						    
Table 7. Cutoff levels for QT and QTc preoperative and postoperative measurements in atrial fibrillation groups.

Cutoff Sensitivity % (95% CI) Sensitivity % (95% CI) PPV % NPV % AUC P-value

Preoperative QT 419,0 70,3 (59,4-79,3) 69,2 (41,3-87,8) 39,4 89,1 0,728 0,001

Preoperative QTc 434,5 78,4 (68,5-86,1) 86,9 (59,1-96,8) 65,1 9,34 0,814 0,001

Postoperative QT 423,5 59,5 (48,4-69,7) 58,5 (32,1-80,8) 29 83,5 0,651 0,005

Postoperative QTc 431,0 81,1 (71,0-88,3) 88,5 (60,9-97,4) 66,7 94,3 0,845 0,001

AUC=area under the curve; CI=confidence interval; NPV=negative predictive value; PPV=positive predictive value; QTc=corrected 
QT interval
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