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Background: Atrial fibrillation (AF) is the most common arrhythmic complication following coronary artery 
bypass surgery (CABG). The incidence of postoperative AF ranges from %10 to %0 and it usually tends to occur 
within 2 to 4 days after operation. The etiology of AF after cardiac surgery is incompletely understood. Aggres-
sive prophylactic intervention should be directed and limited to high risk patients who are most likely to benefit 
from such procedure. The aim of this study was to identify the frequency of AF and to determine risk factors by 
using available clinical predictors of postoperative AF after CABG.
Methods:  The present study was a prospective observational investigation of 300 patients undergoing elective 
isolated CABG from 2006 to 2008 in Urumiyeh Imam Khomeini Hospital. Peri-operative risk factors were used 
to develop logistic regression equation in order to predict the development of post-operative AF. 
Results:  A total of 300 patients aged 58± 10 (221 male) were included in the study. The incidence of AF was 
%12/3(n=37). By univariate analysis, congestive heart failure (P=0.02), and low left ventricular ejection frac-
tion (P=0.04) were associated with the development of post-CABG AF. However, in the logistic regression 
model CHF (OR: 4.87, 95%CI: 1.09-21.6, P=0.038) remained an independent predictor for the development 
of postoperative AF. On the other hand, patients with and without AF were similar regarding body mass index, 
preoperative heart rate , time of ventilation in ICU, pump time, grafting or absence of grafting on right coronary 
artery (RCA)  and the prevalence of chronic lung diseases, previous myocardial infarction, and diabetes mel-
litus. Patients who developed AF had longer ICU stay (OR=4.92, P=0/000).
Conclusion: The results of the present study demonstrated that the combination of congestive heart failure, and 
low left ventricular ejection fraction can identify patients at high risk for occurrence of AF after CABG.
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Introduction

Atrial fibrillation (AF) is the most common ar-
rhythmic complication after coronary artery 

bypass surgery (CABG). The incidence of post-
operative AF varies from %10 to %40 according 
to patient characteristics, type of surgical proce-
dure and the method of heart rhythm monitoring. It 
usually tends to occur within 2 to 4 days after the 
operation, with less than %10 on the first postop-
erative day.1-4 Owing to advances in surgical and 

anesthetic techniques, and postoperative care, 
and despite its inherent higher risks, postoperative 
mortality and morbidity has remained low and even 
declined in recent years.5,6 In spite of the general 
decline in complications, the incidence of postop-
erative AF has not decreased and actually appears 
to be increasing. This is most likely attributed to the 
rising proportion of CABG procedures performed 
on elderly patients.7,8 AF after CABG is self-limited 
in most cases. Even in uncomplicated cases, it re-
quires prolong hospitalization, additional medical 
treatment, and increasing costs. In some cases, it 
may result in inappropriate tachycardia, hypoten-
sion, heart failure, and possible increase in the risk 
of cerebrovascular accidents.8-11  Because of the 
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enormous clinical and economic impact presented 
by this complication, numerous attempts have been 
made to identify risk factors for postoperative AF 
in an effort to provide insight into its pathophysiol-
ogy, and to allow better assessment of prophylactic 
management strategies.12 Identifying patients who 
are at risk allows us to implement preventive or 
therapeutic interventions that can reduce the side 
effects of antiarrhythmic drugs and decrease the 
cost of prophylactic treatment.11,13 

The aim of this study was to identify the frequen-
cy of AF and to determine its risk factors by using 
available clinical predictors of post- CABG AF. 

 
 Patients and Methods

We conducted a prospective observational 
study of 300 patients undergoing elective and iso-
lated CABG for the first time, between 2006 and 
2008 in Urumiyeh Imam Khomeini Hospital. Exclu-
sion criteria were preoperative chronic atrial fibrilla-
tion or atrial flutter, surgical procedures other than 
isolated CABG, preoperative critical conditions; 
(advanced atrioventricular heart block or severe 
conduction disturbance, impaired renal function 
(serum creatinin>2mg/dl) and previous stroke or 
transient ischemic attack, intra- or post-operative 
death during hospital stay. 

For each patient a form was completed which 
included preoperative, intra-operative, and post-
operative data. In all patients, maintenance of an-
esthesia was conducted with propofol infusion at 
150µ g/kg/min combined with remifentanil infusion 
at 0.2 to 1 µg/kg/min and cisatracurum 0.2 to 1 µg/
kg/min. Air and oxygen (% 50) were used and nor-
mocapnia was achieved. Midline sternotomy with 
standard surgical technique was used for moderate 
hypothermia (28-30ºC) cardiopulmonary bypass 
(CPB) for all the patients, and cardioplegia in cold 
crystalloid (modified St. Thomas solution) was ad-
ministered for myocardial protection. After surgery, 
patients were admitted to cardiothoracic intensive 
care unit, and weaned off the ventilator as soon as 
they met the following criteria: hemodynamic stabil-
ity, absence of major bleeding, normothermia, ade-
quate consciousness, and pain control. Potassium 
and magnesium supplements were given as nec-
essary to maintain electrolyte balance within the 
normal range. All patients were monitored daily by 
a certified nurse until discharge with continuous te-
lemetry and standard 12-lead ECG. The major out-
come measured was the development of postoper-
ative AF. AF was detected by ECG monitoring and 
defined as any development of AF of more than 10 

minutes or of any length of time requiring interven-
tion. The relationship between post-operative AF 
and pre-, intra-, and post-operative parameters was 
assessed. A p value ≤ 0.05 was considered signifi-
cant. The association of pre-, intra-, and postopera-
tive factors with the occurrence of postoperative AF 
was tested by using Student’s t-test for continuous 
variables with normal distribution (expressed as 
means±SD), and Chi-square test and the Fisher’s 
exact probability test (whenever appropriate) for 
categorical variables. Factors that proved signifi-
cantly associated with postoperative AF by univari-
ate analysis entered into logistic regression analy-
sis (OR and 95% CI) to determine the independent 
characteristics associated with postoperative AF. 
Statistical analyses were done with a commercially 
available software SPSS version16. 

Results
A total of 300 patients, 221(73.3%) males and 

79 (% 26.3) females with mean age of 58±10 years, 
participated in the study and underwent on-pump 
CABG. Postoperative AF developed in 37(12.3%) 
of patients undergoing CABG.  The postoperative 
AF peaked on day-3 with mean duration of 27±22 
hours. The baseline characteristics of the study 
population are shown in Table1. 

There was no significant difference between 
groups in regard to the age, sex, left main coronary 
artery involvement, past history of hypertension, di-
abetes mellitus, myocardial infarction, chronic lung 
diseases, and pre-operative beta blocker consump-
tion. However, the prevalence of congestive heart 
failure (CHF) was significantly higher in the AF 
group (P=0.024))]. There was no significant differ-
ence between method of anesthesia or surgery, the 
pump time, aortic cross clamp time, and duration 
of intubation in the ICU. Nevertheless, significant 
difference in left ventricular ejection fraction (LVEF) 
was found between two groups.. (P=0.04). On the 
other hand, the length of ICU stay was significantly 
(P=0.00) longer in the AF group than in the non-AF. 
Characteristics of the groups and p values by uni-
variate analysis are shown in Table-2.

By using stepwise logistic multivariate regres-
sion model CHF (OR; 4.87, 95% CI: 1.09-21.6, 
P=0.038) remained an independent predictor for 
the development of post-operative AF.

Discussion
Postoperative AF remains the most common 

arrhythmia after cardiac surgery and occurs in up 
to 50% of patients after open-heart surgery. The 
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incidence of post-operative AF has not changed 
despite major improvements in surgical and an-
esthetic techniques.1 Mechanism of Postoperative 
AF is complex and still not well-understood. Recent 
experimental studies have suggested that AF is the 
result of multiple wavelets that wander around ana-
tomical obstacles and areas of functional conduc-
tion block, randomly activating contiguous regions 
once they have recovered excitability from previous 
depolarization by another wavelet. The fibrillation 
process, therefore, is based on re-entry, with dif-
ferent simultaneous circuits that characteristically 
exhibit a notable variability in terms of number and 
dimensions.14,15,16 However, the reason for frequent 
episodes of arrhythmia following CABG surgery is 
still a matter of debate. Many pr-eoperative and 
post-operative factors have been suggested to 
increase the incidence of postoperative AF after 
conventional CABG including advanced age, hy-
pertension, withdrawal of Beta-blocker drugs, right 

coronary artery (RCA), stenosis, respiratory com-
plications, and bleeding.17,18,19 Strategies directed 
toward reduction of post-operative AF have focused 
on several drugs given prophylactically, such as 
beta-blockers,20,21 calcium antagonists,22 and amio-
darone,23 with conflicting results. However, little is 
known about intra-operative mechanisms through 
which the incidence of post-operative AF could be 
reduced.24

The AF incidence found in our study was 12.3%, 
which was lower than those of similar studies.25,25 

These differences in the results may be due to no-
table differences in study population, methodology 
of studies, and methods of monitoring for the post-
operative AF.

The main finding of the present study is conges-
tive heart failure (CHF) which  is the main indepen-
dent predictor for development of post-operative 
AF. 

In contrast to most of the previous reports,25,26 
these results failed to demonstrate advanced age 
as an independent predictor of post-operative AF, 
although overall, a high percentage of AF was ob-
served in older patients, and this finding was con-
cordant with the results from Spodick DH et al.26 

Some studies,17,28 identified  the males as an 
independent predictor of AF in the post-operative 
period, but data derived from our study did not sup-
port this finding which was similar to the results of 
Auer et al.26

 Aranki and colleagues,17 have identified hyper-
tension as a predictor of AF in the post-operative 
period. Data from the present study confirm the re-
sults of most previous reports that hypertension is 
not predictor of post-operative AF. 

The univariate analysis of the present study 
showed that low LVEF was a predictor of AF after 
CABG, however, when this factor was included in 
a stepwise logistic multivariate regression model, it 
did not appear to have an independent role. 

On the other hand, majority of patients with and 
without AF had similar body mass index, pre-opera-
tive heart rate, time of ventilation in ICU, with Pump 
time histories and diabetes mellitus, and chronic 
lung diseases not being different in the two groups.

The development of post-operative AF is ex-
tremely important. It affects a large population of pa-
tients and imposes substantial costs. In our study, 
the mean length of stay in the ICU after bypass sur-
gery increased from 3±0.5 days for patients without 
AF to 4±1 days for patients with AF. Similar results 
were reported by Magee MJ et al.25

 The administration of pre-operative beta-block-

Acc=Aortic cross clamp time, NS= no significant, S=significant 
ICU= intensive care unit, RCA= right coronary artery, No=number 
min=minute, CHF=Congestive heart failure, RCA= right coronary ar-
tery, LVEF= left ventricular ejection fraction

Table 1: Baseline Characteristics of the Patients 

Characteristics Total

No. at risk 300

Age 58±10
Body mass index(kg/m2) 26.8±4
Males/Females ( % Males) 221/79(73.7)
LVEF (%) 44±9

Concomitant beta blocker therapy 68

Hypertension (%) 69

Diabetes mellitus (%) 22

Chronic lung disease 12

Symptoms of heart failure (%) 3.3

Prior myocardial infarction (%) 42

No. LM involvement (%) 20

Pump time(min) 122±34

ACC time (min) 75±21

No. of coronary graft(median) 4

RCA-bypass graft 26
Time of ventilation in ICU (hours) 11± 7

No. of days in ICU 3±0.5



er has been suggested to have a protective role 
against the development of post-operative AF.27,28 
Findings of our study did not support this issue.  
There was no significant difference among 68% of 
our patients receiving beta-blockers pre-operative-
ly, in regard to the development of post-operative 
AF. 

Several finding in our study were concordant 
with similar previous studies. In the mean time, 
some of our results did not support those of previ-
ous studies. Particularly, incidence of post-opera-
tive AF in present study in comparison with other 
reports was relatively low. Such discrepancies are 
common among large epidemiologic studies8,28-30 
and may reflect one or more of the following as-
pects.  These include differences in patient charac-
teristics and demographics surveyed, sample size, 
number of risk factors in the multivariate model, and 
monitoring techniques. Our observation suggested 
the need for more advanced studies on mechanism 

of AF after CABG procedures. Although most would 
agree that, unlike low-risk group, the high-risk pa-
tients should receive prophylaxis either before or 
immediately after surgery. In addition, for interme-
diate-risk patients cost-benefit analysis of potential 
preventive or therapeutic strategies would provide 
evidence-based data in order to minimize drug re-
lated adverse effects and costs.31,32  

The results of the present study demonstrated 
congestive heart failure, and low left ventricular 
ejection fraction (LVEF) as predicting factors for the 
development of AF. Such high-risk patients may be 
proper candidates for the pre-operative implemen-
tation of prophylactic interventions.
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Variables   AF
(N=37)

  No AF 
(N=263)   P value

Age (years;mean±SD) 60±9 58±10 0.188(NS)
Gender (%male) 70% 74% 0.6(NS)
Body mass index (kg/m2) 27.4±4 26.7±4 0.33(NS)
LVEF (%) 41±2 44±1 0.04(S)
Preoperative heart rate 77±3 76±1 0.77(NS)
Concomitant beta blocker use 62 69 0.38(NS)
RCA graft(%CABG) 13.5 27.4 0.07(NS)
History of hypertension (%) 76 68 0.32(NS)
Diabetes mellitus (%) 24 21 0.6(NS)
Chronic lung diseases (%) 27 39 0.15(NS)
Preoperative CHF (%) 11 2 0.02(S)
Prior myocardial infarction (%) 32 43 0.22(NS)
Pump time (min) 129±6 121±2 0.19(NS)
ACC time (min) 77±4 75±1 0.5(NS)
Time of ventilation in ICU (hours) 13±1 11±05 0.15(NS)
No. of days in ICU 4±1 3±0.5 0.00(S)

Table2: Characteristics of Study Groups (with or without Post-operative AF) 
Univariate Analysis for Atrial Fibrillation

References
1 Ommen SR, Odell JA , Stanton MS. Atrial arrhythmias after cardio-

thoracic surgery. N Engl J  1997;336:1429-34. [9145681]
2 Hogue CW Jr, Hyder ML. Atrial fibrillation after cardiac operating; 

risk mechanisms, and treatment. Ann Thorac Surg 2000;69:300-6. 
[10654548]

3 Svedjehom R, Haikanson E. Predictors of atrial fibrillation in pa-
tients undergoing surgery for ischemic heart diseas. Scand Cardio-
vasc J 2000;34:516-21. [11191944]

4 Siebert J, Anisimowicz L, Lango R, Rogowski J, Pawlaczyk R, 
Brzezinski M, et al. Atrial fibrillation after coronary artery bypass 
grafting: does the type of procedure influence the early postoperati-
ve incidence?   Eur J Cardiothorac Surg 2001;19:455-9.

5 Ivanov J, Weisel RD, David TE, Naylor CD. Fifteen-year trends in 
risk severity and operative mortality in elderly patients undergoing 
coronary artery bypass graft surgery. Circulation 1998;97:673-80. 
[9495303]

Acc=Aortic cross clamp time, NS= no significant, S=significant ICU= intensive care unit, 
RCA= right coronary artery, No=number min=minute, CHF=Congestive heart failure, 
RCA= right coronary artery, LVEF= left ventricular ejection fraction



Iranian Cardiovascular Research Journal    Vol.4, No.2 , 2010                                                                                                                                 90

www.icrj.ir                                                                      Atrial Fibrilation following CABG    

6 Ferguson TB Jr, Hammill BG, Peterson ED, DeLong ER, Grover 
FL. A decade of change–risk profiles and outcomes for isolated 
coronary artery bypass grafting procedures, 1990–1999: a report 
from the STS National Database committee and the Duke Clinical 
Research Institute. Ann Thorac Surg 2002;73:480-90. [11845863]

7 Creswell LL, Damiano RJ Jr. Postoperative atrial fibrillation: an 
old problem crying for new solutions. J Thorac Cardiovasc Surg 
2001;121:638-41. [11279402]

8 Mathew JP, Parks R, Savino JS, Friedman AS, Koch C, Mangano 
DT, et al. Atrial fibrillation following coronary artery bypass graft 
surgery: predictors, outcomes, and resource utilization. Multi-
Center Study of Perioperative Ischemia Research Group. JAMA 
1996;276:300-6. [8656542]

9 Almassi GH, Schowalter T, Nicolosi AC, Aggarwal A, Moritz TE, 
Henderson WG, et al. Atrial fibrillation after cardiac surgery a major 
morbid event? Ann Surg 1997;226:501-11. [9351718]

10 Majahalme S, Kim MH, Bruckman D, Tarkka M, Egale KA. Atrial 
fibrillation after coronary artery surgery. Comparison between dif-
ferent health care system. Int J Cadiolg 2002;82:209-18. [11911907]

11 Borzak S, Tisdale JE, Amin NB, Goldberg AD, Frank D, Padhi ID, 
et al. Atrial fibrillation after bypass surgery: does the arrhythmia 
or the characteristics of the patients prolong hospital stay? Chest 
1998;113:1489-91. [9631782]

12 Jannati M, Kojuri J. Ischemic Preconditioning and Atrial Fibrilla-
tion after Coronary Artery Bypass Grafting Surgery. Iranian Car-
diovascular Research Journal 2008;2(1):38-41

13 Hogue CW Jr, Creswell LL, Gutterman DD, Fleisher LA. Epidemiol-
ogy, mechanisms, and risks: American College of Chest Physicians 
guidelines for the prevention and management of postoperative atrial 
fibrillation after cardiac surgery. Chest 2005;128:9S-16S. [16167659]

14 Cox JL, Canavan TE, Schuessler RB, Cain ME, Lindsay BD, Stone 
C, et al. The surgical treatment of atrial fibrillation. II. Intraopera-
tive electrophysiologic mapping and description of the electrophysi-
ologic basis of atrial flutter and atrial fibrillation. J Thorac Cardio-
vasc Surg 1991;101:406-26. [1999934]

15 Holm M, Johansson R, Brandt J, Luhrs C, Olsson SB. Epicardial right 
atrial free wall mapping in chronic atrial fibrillation. Documentation 
of repetitive activation with a focal spread--a hitherto unrecognized 
phenomenon in man. Eur Heart J 1997;18:290-310. [9043847]

16 Allessie MA, Kirchhof CJ, Konings KT. Unravelling the electrical 
mysteries of atrial fibrillation. Eur Heart J 1996;17:2-9. [8809533]

17 Aranki SF, Shaw DP, Adams DH, Rizzo RJ, Couper GS, VanderV-
liet M, et al. Predictors of atrial fibrillation after coronary artery sur-
gery. Current trends and impact on hospital resources. Circulation 
1996;94:390-7. [8759081]

18 Mendes LA, Connelly GP, McKenney PA, Podrid PJ, Cupples LA, 
Shemin RJ, et al. Right coronary artery stenosis: an independent 
predictor of atrial fibrillation after coronary artery bypass surgery. J 
Am Coll Cardiol 1995;25:198-202. [7798502]

19 Moulton MJ, Creswell LL, Mackey ME, Cox JL, Rosenbloom M. Reex-
ploration for bleeding is a risk factor for adverse outcomes after cardiac 
operations. J Thorac Cardiovasc Surg 1996;111:1037-46. [8622301]

20 Pfisterer ME, Kloter-Weber UC, Huber M, Osswald S, Buser PT, 
Skarvan K, et al. Prevention of supraventricular tachyarrhythmias 
after open heart operation by low-dose sotalol: a prospective, dou-
ble-blind, randomized, placebo-controlled study. Ann Thorac Surg 
1997;64:1113-9. [9354537]

21 White HD, Antman EM, Glynn MA, Collins JJ, Cohn LH, Shemin 
RJ, et al. Efficacy and safety of timolol for prevention of supra-
ventricular tachyarrhythmias after coronary artery bypass surgery. 
Circulation 1984;70:479-84. [6378423]

22 Seitelberger R, Hannes W, Gleichauf M, Keilich M, Christoph M, 
Fasol R. Effects of

23 diltiazem on perioperative ischemia, arrhythmias, and myocardial 
function in patients undergoing elective coronary bypass grafting. J 
Thorac Cardiovasc Surg 1994;107:811-21. [8127110]

24 Larbuisson R, Venneman I, Stiels B. The efficacy and safety of in-
travenous propafenone versus intravenous amiodarone in the con-
version of atrial fibrillation or flutter after cardiac surgery. J Cardio-
thorac Vasc Anesth 1996;10:229-34. [8850403]

25 Mulay A, Kirk AJ, Angelini GD, Wisheart JD, Hutter JA. Posterior 
pericardiotomy reduces the incidence of supra-ventricular arrhyth-
mias following coronary artery bypass surgery. Eur J Cardiothorac 
Surg 1995;9:150-2. [7786532]

26 Magee MJ, Herbert MA, Dewey TM, Edgerton JR, Ryan WH, 
Prince S, et al. Atrial fibrillation after coronary artery bypass graft-
ing surgery: development of a predictive risk algorithm. Ann Thorac 
Surg 2007;83:1707-12. [17462385]

27 Auer J, Weber T, Berent R, Ng CK, Lamm G, Eber B. Risk factors 
of postoperative atrial fibrillation after cardiac surgery. J Card Surg 
2005;20:425-31. [16153272]

28 Spodick DH. Predictors of atrial fibrillation after conventional and beat-
ing heart coronary surgery. Circulation 2001;103:E130. [11425789]

29 Fuller JA, Adams GG, Boxton B. Atrial fibrillation after coronary 
artery bypass grafting. Is it a disorder of the elderly?  J Thorac Car-
diovasc Surg 1989;97:821-5. [2566713]

30 Hashimoto K, Ilstrup DM, Schaff HV. Influence of clinical and hemody-
namic variables on risk of supraventricular tachycardia after coronary 
artery bypass. J Thorac Cardiovasc Surg 1991;101:56–65. [1986170]

31 Mahoney EM, Thompson TD, Veledar E, Williams J, Weintraub 
WS. Cost-effectiveness of targeting patients undergoing cardiac 
surgery for therapy with intravenous amiodarone to prevent atrial 
fibrillation. J Am Coll Cardiol 2002 21;40:737-45. [12204505]

32 Crystal E, Connolly SJ, Sleik K. Interventions on prevention of 
postoperative atrial fibrillation in patients undergoing heart surgery. 
a meta-analysis. Circulation 2002;106:75–80. [12093773]


