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Abstract
Purpose Indian patients who undergo surgical revascularization are relatively younger than their Western counterparts and are
predominantly revascularized using off-pump coronary artery bypass grafting (OPCAB) technique. They may therefore be at a
reduced risk of developing post-operative atrial fibrillation (POAF). The aim of this study was to assess the incidence of POAF,
measure its impact on outcomes, and identify the predictors for POAF in the Indian patients undergoing OPCAB. Besides, the
ability of European System for Cardiac Operative Risk Evaluation (EuroSCORE) and Society of Thoracic Surgeons (STS) scores
in predicting POAF was also assessed.
Methods In this prospective observational study, all patients undergoing isolated OPCAB in a single institution over a 12-month
periodwere included. Patients undergoing re-operative surgery, emergency procedure, concomitant surgery, or those with history
of previously diagnosed or treated atrial fibrillation were excluded. Logistic regression was performed to identify the predictors of
POAF. The receiver operating characteristic (ROC) curve was used to determine the ability of EuroSCORE and STS scores to
assess risk of developing POAF.
Results We recruited 1108 patients in the study of which 88 (7.94%) patients developed POAF. Age (OR = 1.082, p < 0.001,
95%CI: 1.050–1.114), unstable angina (OR = 16.32, p = 0.036, 95%CI: 1.2–221.4), presence of diabetes mellitus (OR 1.781, p
= 0.025, 95%CI: 1.074–2.955), left atrial size (OR 2.506, p = 0.001, 95%CI: 1.478–4.251), and presence of chronic renal failure
(OR 8.7, p = 0.001, 95%CI: 2.4–31.53) were significant predictors of POAF. Both the EuroSCORE (p = 0.035) and the STS
score (p = 0.001) were significantly higher in patients developing POAF. The area under the ROC curve for the EuroSCORE II
was 0.62 and for the STS score was 0.64 suggesting satisfactory and similar discriminatory power of both the scores to predict
POAF in these patients. POAF was associated with significantly increased adverse outcomes like stroke and prolonged hospital
stay.
Conclusions In our study, the incidence of POAF was much lower (7.94%) than that reported previously. POAF significantly
increased adverse outcomes and length of hospital stay. Both EuroSCORE II and STS scores had similar discriminating power in
predicting POAF.
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Introduction

Post-operative atrial fibrillation (POAF) is seen in nearly one-
third of patients undergoing coronary artery bypass grafting

(CABG) and has significant impact on patient outcomes like
stroke rates, mortality and resource utilization [1, 2]. As a
result, several strategies have been attempted to reduce the
incidence of POAF after CABG. Pharmacological measures
like β-blockers, amiodarone, magnesium, and non-
pharmacological measures like atrial pacing and posterior
pericardiotomy have all been attempted [3, 4].

Besides avoidance of cardiopulmonary bypass (CPB), the
role of off-pump coronary artery bypass grafting (OPCAB) in
reducing POAF has also been evaluated by various studies.
Even though there are contradictory results in the literature,
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evidence from randomized comparisons with on-pump
CABG and meta-analyses has shown a significant reduction
of POAF with the use of OPCAB strategy for surgical coro-
nary revascularization [5, 6].

However, majority of these studies have been carried out in
the Western population where the demographics of patients
undergoing CABG is considerably different compared to the
Indian population. There are a few studies which have evalu-
ated the incidence of POAF in Indian patients [7–11] but
often these studies have a small sample size, are retrospective
in design, and suffer from significant heterogeneity in terms of
operative procedures [8, 10, 11].

Besides evaluating the incidence of POAF in patients un-
dergoing CABG, it is important to identify the predictors of
POAF pertaining to the Indian population. The European
System for Cardiac Operative Risk Evaluation (EuroSCORE)
and the Society of Thoracic Surgeons (STS) score are often
used for risk prediction, but their ability to predict the risk of
POAF has not been evaluated in the Indian patients [12, 13].

In this prospective study, we sought to examine the inci-
dence of POAF in patients undergoing elective OPCAB. We
also attempted to identify the risk factors for POAF as well as
evaluated the STS score and EuroSCORE II for a possible
association with POAF.

Material and methods

Patients undergoing primary, isolated, elective OPCAB at a
single center over a 12-month period (January 2018–
December 2018) were enrolled in this prospective observa-
tional study. Institutional Ethics Committee approval was ob-
tained (NHRTIICS-EC/AP/2016; 01/08/2016) and informed
consent was taken from all study participants. The aim of the
study was to determine the incidence of POAF after OPCAB.
The other objectives were to identify risk factors for POAF in
patients undergoing CABG and the impact it had on post-
operative outcomes. Inclusion criteria included all patients
undergoing isolated OPCAB during the study period.
Exclusion criteria included re-operative surgery, emergency
procedure, concomitant surgery, history of previously diag-
nosed or treated atrial fibrillation (AF), as well as use of
CPB, with or without cardioplegic arrest, to perform the
CABG.

Definitions

POAF was defined using the STS definition as “AF in the
postoperative setting requiring treatment with rate or rhythm
control agents, with or without anticoagulation” [14].
Electrocardiographic analysis and continuous monitoring for
POAF in patients were done during their stay in the intensive
care unit (ICU). Standard 12-lead electrocardiographic

recordings were obtained for all patients daily until discharge.
Additional electrocardiography recordings are taken if the pa-
tient developed new symptoms or signs, such as palpitation,
tachycardia, or irregular pulse rhythm. Pre-operative chronic
renal failure (CRF) was defined as a glomerular filtration rate
< 60 mL/min/1.73 m2. Left ventricular ejection fraction
(LVEF) was defined as good (EF ≥ 50%), mild impairment
(40–49%), moderate impairment (30–39%), and severe im-
pairment (< 30%). Definitions used in our study with regard
to diabetes mellitus (DM), chronic obstructive pulmonary dis-
ease (COPD), left ventricular (LV) dysfunction, deep sternal
wound infection (DSWI), and respiratory and gastro-intestinal
(GI) complications were as defined by the STS [15]. Post-
operative renal failure was graded according to the Kidney
Disease Improving Global Outcomes (KDIGO) criteria, but
only stage III (increase of serum creatinine to ≥ 4.0 mg/dL
or a 3-fold rise over the most recent pre-operative creatinine
level or a new requirement for dialysis) was taken as signifi-
cant for the purpose of this study. Neurological complications
included both cerebro-vascular accident (CVA) and transient
ischemic attack (TIA). Respiratory complications included
consolidation, pleural effusions, pneumothorax, and pro-
longed ventilation (> 48 h). Cardiovascular (CVS) complica-
tions included high Vasoactive-Inotropic Score (VIS), need
for intra-aortic balloon pump, and post-operative myocardial
infarction (MI). VIS was defined as high if it was ≥ 10.

Protocol for POAF prevention and management

Beta-blockers were not withdrawn in the pre-operative period
and were instituted as soon as possible after the operation.
During the ICU stay, 4-hourly potassium measurements were
carried out. Magnesium levels were measured if atrial ectopics
occurred. Electrical cardioversion was employed where
POAF led to significant hemodynamic compromise or if the
patient was still ventilated. Drug treatment of POAF was pre-
dominantly with amiodarone. In some cases, where the LV
function was preserved, sotalol was preferred over amioda-
rone as a matter of personal preference. Anticoagulation was
started if POAF lasted more than 48 h. Only vitamin K antag-
onists (warfarin or acenocoumarol) were used in the study.
The novel oral anticoagulants (NOAC) were not used on
any of the patients. We also did not use heparin as a bridging
therapy. The target international normalized ratio (INR) was
2.0–3.0 and the duration of therapy was for a minimum of 4
weeks.

Surgical techniques

The strategy of revascularization was OPCAB. Left internal
thoracic artery (LITA) was harvested as a pedicle graft in
almost all the cases. When bilateral internal thoracic artery
(BITA) was used, the right internal thoracic artery (RITA)
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was harvested as a skeletonized conduit and composite graft
was fashioned using the LITA. Radial artery was anastomosed
directly to the aorta. There was a general consensus regarding
positioning and stabilization techniques during OPCAB, and
Octopus (Octopus 3;Medtronic, Minneapolis, MN, USA) and
Starfish apical suction devices (Medtronic, Minneapolis, MN,
USA) were used for stabilization along with an intra-coronary
shunt (ClearView Intracoronary Shunt, Medtronic,
Minneapolis, MN, USA).

Statistical analysis

Statistical analysis was performed using SPSS version
20.0. Descriptive statistical analysis was reported using
percentage, mean, and standard deviation as appropriate.
The chi-square test was used to compare categorical vari-
ables between patients who developed POAF and those
who did not. Fisher’s exact test was used in case the ex-
pected cell frequency was less than 5 in any of the table
and chi-square test could not be applied. The Mann-
Whitney U test was used to compare ordinal variables be-
tween two groups. Spearman’s rank correlation was used
to obtain strength of association. For continuous variables,
the unpaired t test was used to compare means of continu-
ous variables between patients who developed POAF and
those who did not. Receiver operating characteristic (ROC)
curve was used to determine ability of EuroSCORE II and
STS scores to assess risk of developing POAF. Logistic
regression was used to identify predictors of POAF in the
study population.

Results

Our study included 1108 patients who underwent elective
OPCAB and had a mean age of 59.28 ± 9.11 years. Among
the study population, 138 (12.5%) were females, 595 (53.8)
were diabetic, and 707 (63.8%) gave history of smoking. A
history of previous MI was elicited in 527 (47.6%) patients.
The mean EuroSCORE and the STS score in the cohort were
1.89 ± 3.04 and 1.16 ± 1.23, respectively. Of these, 88
(7.94%) cases developed POAF and 1020 remained in sinus
rhythm. None of the patients below the age of 40 years had
POAF. The rate of POAF in patients between ages of >
40 years but < 55 years was 4% (13 out of 324). This increased
to 8.37% (55 out of 657) in patients aged between 55 and
70 years and further increased to 20.6% (20 out of 97 patients)
in those aged more than 70 years. There was a weak but
positive correlation between age and likelihood of developing
POAF (Spearman’s rho = 0.147, p < 0.001). The incidence
of POAF in males was higher 82/970(9.23%) compared to
females 6/138(4.34%), however, this relationship was statisti-
cally non-significant (p = 0.09). Patients with higher New

York Heart Association (NYHA) class had significantly
higher chance of developing POAF (p < 0.001). Of the 173
patients in class I, only 7 (4%) developed POAF compared to
7.5% (38 out of 501) in class II; 8.9% (37 out of 415) in class
III, and 33.3% (6 out of 18) in class IV (Table 1).

With regard to the pre-operative medications, there was no
significant difference in the usage of beta-blockers between
the 2 groups. The only difference seen was a higher use of pre-
operative diuretics in the group that developed POAF (32
(36.4%) vs. 201 (19.7%); p < 0.001) (Table 2). POAF was
also significantly more common in patients with CRF (p <
0.001) and those with EF < 30% (p = 0.007) (Table 1). Left
atrial (LA) size and left ventricular internal diameter end dias-
tole (LVIDD) were significantly larger in patients who devel-
oped POAF. In the group that developed POAF (n = 88),
LITA usage was significantly lower (87.5%) compared to
those who did not develop POAF (93.8%). The use of radial
arteries and usage of RITA were similar in both the groups
(Table 3).

POAF was associated with significantly higher adverse
outcomes in the post-operative period. The number of pa-
tients requiring prolonged ventilation (> 48 hours) was
significantly higher in this group along with the post-
operative respiratory complications (p < 0.001). Need for
re-intubation and re-admission to ICU was also significant-
ly higher (p < 0.001). The CVS complications, as well as
stroke rates, were also significantly higher in the group that
experienced POAF in the post-operative period (Table 4).
There was no difference in 30-day mortality between the
groups. At the time of discharge, 22 (25%) patients were
on ora l amiodarone and 6 (6.8%) were on ora l
anticoagulation.

The onset of POAF was within 24 h in 9 (10.2%) cases,
which peaked on day 3, when 26 (29.5%) of the patients
developed POAF (Fig. 1). Sixteen (18.1%) of the patients
developed AF after 1 week in the post-operative period.
EuroSCORE II was significantly higher in patients devel-
oping POAF (1.88 ± 3.08 vs. 2.55 ± 2.52; p = 0.035).
STS score was also significantly higher among patients
developing POAF (1.12 ± 1.22 vs.1.59 ± 1.31; p =
.001) (Table 5). The ROC curve for the EuroSCORE II
showed an area under the curve of 0.62 and for the STS
score was 0.64. Thus, there was satisfactory and similar
discriminatory ability of both the EuroSCORE II and the
STS score to predict post-operative POAF (Fig. 2). A 90%
specificity was observed with the STS score of 1.99 and a
EuroSCORE II of 2.99.

Age above 60 years (OR 1.082, p < 0.001, CI 1.050–
1.114), unstable angina (OR = 16.32, p = 0.036, 95%CI:
1.2–221.4), presence of DM (OR 1.78, p = 0.025, 95%CI:
1.07–2.95), LA size (OR 2.506, p = 0.01, 95%CI 1.47–4.25),
and presence of CRF (OR 8.7, p = 0.001, 95%CI: 2.4–31.5)
were significant predictors of POAF (Table 6).
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Discussion

In our study, pre-operative risk factors like age > 60 years, DM,
and LA size were independent risk factors for POAF in patients
undergoing OPCAB surgery. POAF did not influence mortali-
ty, but significantly increased post-operative adverse events and
hospital length of stay. Both STS and EuroSCORE had satis-
factory discriminatory power to predict POAF.

The incidence of POAF peaked on the third post-operative
day in our study, which is similar to what is reported in the
literature [16]. Several factors have been reported to be asso-
ciated with POAF in patients undergoing cardiac surgery.
Pathophysiology of POAF is heterogeneous and can be trig-
gered by inflammation and oxidative stress which lead to in-
creased signal heterogeneity and shortened effective refracto-
ry periods [17]. Broadly, cardiac ischemia, electrolyte

Table 1 Baseline characteristics
of patients with or without POAF Study variables Non-AF

(n=1020)

AF

(n=88)

Age < 0.001
25–40 30 (2.9%) 0 (0%)

41–55 311 (30.5%) 13 (14.8%)

56–70 602 (59.0%) 55 (62.5%)

71–85 75 (7.4%) 20 (22.7%)

Above 85 2 (0.2%) 0 (0%)

BMI 24.5 ± 4.11 23.88 ± 3.63 0.141#

Sex 0.095
Females 132 (12.9%) 6 (4.34%)

Males 888 (90.77%) 82 (93.1%)

Unstable angina 225 (24%) 30 (36.2%) 0.01

NYHA < 0.001
Class I 167 (16.4%) 7 (8%)

Class II 463 (39.4%) 38 (43.2%)

Class III 378 (37.1%) 37 (42%)

Class IV 12 (1.2%) 6 (6.8%)

Diabetes mellitus 536 (52.6%) 59 (67%) 0.01

Chronic renal failure 8 (0.8%) 5 (5.7%) < 0.001

Hypertension 902 (88.4%) 79 (89.8%) 0.704

Smoking 664 (63.1%) 63 (71.6%) 0.11

Peripheral vascular disease 25 (2.5%) 5 (5.7%) 0.07

Previous myocardial infarction 478 (46.9%) 49 (55.7%) 0.112

Hypothyroidism 69 (6.8%) 7 (8%) 0.671

Chronic obstructive pulmonary disease 49 (4.8%) 7 (8%) 0.196

Left ventricular ejection fraction 0.007
Good (≥ 50%) 452 (44.3%) 31 (35.2%)

Mild impairment (40–49%) 307 (30.1%) 22 (25%)

Moderate impairment (30–39%) 199 (19.5%) 22 (25%)

Severe impairment (< 30%) 62 (6.1%) 13 (14.8%)

Left atrial size (cm) 3.97±1.2 4.79±1.09 < 0.001

*LVIDS (cm) 0.97±2.02 1.47±5.3 0.07

*LVIDD (cm) 1.55±2.47 2.21±6.3 0.046

Left main coronary artery stenosis 177 (17.4%) 16 (18.2%) 0.844

Coronary artery disease 0.504
Single vessel 44 (4.3) 2 (2.2)

Double vessel 149 (14.6) 14 (15.9)

Triple vessel 827 (81.2) 72 (81.8)

*The values for LVIDS (left ventricular internal dimension systolic) and LVIDD (left ventricular internal dimen-
sion diastolic) provided are the Z-scores indexed to the BSA

#p value for the unpaired t test used to compare mean BMI
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imbalance, and increased sympathetic activity can all contrib-
ute to POAF. Patient-specific factors like age, gender, ethnic-
ity, and body mass index (BMI) are all associated with POAF.
Duration of ventilatory support as well as degree of inotropic
support can also influence the occurrence of POAF.
Abnormalities of LA and LV can also increase the incidence
of POAF. Atrial myocardial expression of micro-ribonucleic
acid (miRNA) and increased plasma levels of endothelin-1
have been reported to be associated with increased occurrence
of POAF [18].

Age is the most consistently reported risk factor for POAF
[19–21]. It has been shown that there was a progressive in-
crease in the odds of developing POAF with every 10-year
increase in age [22]. In our study, the risk of POAF was 21%
in patients older than 70 years of age. Several pathophysiolo-
gical mechanisms have been proposed for age-related increase
in POAF. There is an increase in comorbidities with age,
which interact in a synergistic fashion. There is decreased
compliance of both the left ventricle and left atrium with age

which results in higher filling pressure. These higher filling
pressures contribute to atrial stretch, which in turn increases
the propensity to develop AF [23]. Further evidence of age
being the single most independent risk factor for POAF is
provided by the fact that it is included in all risk prediction
scores that have attempted to predict the risk of POAF. The
CHA2DS2-VASc score starts the scoring at a cut-off age of
65 years, the POAF score uses a cut-off of 60 years, and the
HATCH score (hypertension < 1 point >, age > 75 years < 1
point >, transient ischemic attack [TIA] or stroke < 2 points>,
chronic obstructive pulmonary disease [COPD] < 1 point >,
and heart failure < 2 points >) and the combined AF (COM-
AF) score both use 75 years as the cut-off [12, 24–26].

DM emerged as an independent risk factor for developing
POAF in our study. There is ample evidence in the literature
confirming this association. It has been shown that patients
with DM have a 40% higher risk of POAF compared to non-
diabetic patients and the risk of developing POAF increases
by 3% every year in diabetic patients [27]. While studies have
reported DM to be an important risk factor for POAF in pa-
tients undergoing CABG, there is scarcity of data in the spe-
cific cohort of patients undergoing OPCAB surgery [28]. A
number of physiological mechanisms have been proposed for
the association between diabetes and AF. Patients with DM
have been reported to have a higher level of C-reactive protein
suggesting a pro-inflammatory state. This inflammatory mi-
lieu leads to myocardial fibrosis and diastolic dysfunction.
DM is also known to influence the autonomic system, as well
as causes structural remodelling, thus influencing the occur-
rence of POAF [20]. In the presence of coronary artery dis-
ease, coronary microvascular dysfunction has been suggested
as another potential mechanism [29]. The importance of DM
in the pathophysiology of AF has led to its inclusion in the
CHADS2 and the CHA2DS2-VASc scoring systems [25].

The effect of LA size has been unreported in most studies.
However, studies which examined the influence of LA size on
rates of POAF have reported increased LA size to be a risk
factor for POAF [19, 30–33]. LA size serves as an indirect
marker for the severity and chronicity of LV diastolic dysfunc-
tion and may explain the increased incidence of atrial arrhyth-
mias [34]. The remodelling and resultant dilation of the atria
predispose to re-entrant electrical circuits and POAF. Unstable
angina and CRF were also found to be independent risk fac-
tors for developing POAF. However, a wide confidence inter-
val was observed with both these variables. This could have
resulted due to only 255 (23%) of patients presenting with
unstable angina and a mere 13 (1.1%) patients with CRF.
Evidence exists about a bi-directional relationship between
chronic kidney disease and AF [35]. In the context of cardiac
surgery, renal dysfunction has been shown to be an indepen-
dent risk factor for POAF [36]. The mechanisms by which
renal dysfunction leads to POAF are not completely elucidat-
ed. Some of the proposed mechanisms include pathological

Table 2 Pre-operative medications in patients with POAF

Non-AF (n=1020) AF (n=88)

Diuretics 201 (19.7) 32 (36.4) < 0.001

Beta-blockers 606 (59.4) 59 (67) 0.16

ACE inhibitors 303 (29.7) 24 (27.3) 0.631

Calcium channel inhibitors 204 (20) 21 (23.9) 0.387

Nitrates 541 (53) 44 (50) 0.583

Statins 711 (69.7) 70 (79.5) 0.052

Clopidogrel 256 (25.1) 29 (33) 0.105

Heparin 93 (9.1) 9 (10.2) 0.729

Insulin 58 (5.7) 8 (9.1) 0.196

Thyroxin 32 (3.1) 2 (2.3) 0.651

Table 3 Operative characteristics of patients with or without POAF

Non-AF n=1020 (%) AF n=88 (%)

LIMA 957 (93.8) 77 (87.5) p=0.048

SVG 772 (75.7) 71 (80.6) p=0.199

RADIAL 145 (14.2) 15 (17) p=0.482

RIMA 256 (25) 19 (21.6) p=0.409

Total number of grafts

1 34 (3.3) 1 (1.1) p=0.405
2 181 (17.7) 16 (18.2)

3 452 (44.3) 42 (47.7)

4 289 (28.3) 25 (28.4)

5 62 (6.1) 3 (3.4)

6 2 (0.2) 1 (1.1)

SVG to LAD graft 77 (7.5) 13 (14.8) p=0.02
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activation of the renin-angiotensin-aldosterone system that re-
sults in myocardial fibrosis, LV diastolic dysfunction, and
increase in LA enlargement and stretch. This leads to electrical
as well as structural remodelling of the left atrium, which
increases the risk of POAF [36]. In some cases, where the left
anterior descending (LAD) artery was perceived to be a very
poor target, LITA was preferentially grafted to the diagonal or
even the circumflex territory. In other cases, intra-operative
hemodynamic concerns may have led to saphenous vein graft
(SVG) being used for the LAD anastomosis. Thus, the SVG-
LAD anastomosis could be seen as a surrogate marker for a
higher risk profile and perhaps was a confounder. This was
confirmed on our analysis, where this association was seen
only on univariate analysis. After adjusting for the risk scores

and other variables, the SVG-LAD was no longer associated
with increased incidence of POAF.

The incidence of POAF was lower in our series (7.9%)
compared to contemporary reported studies. There are several
important reasons for this finding. First and foremost, our
study population comprised younger patients with one-third
of the patients below the age of 40 years. None of the patients
below 40 years developed POAF. Moreover, we followed a
very strict protocol, where beta-blockers were continued until
CABG and were initiated as soon as possible in the post-
operative period. While beta-blockers provide considerable
protection against POAF, they have been shown to be more
effective in younger patients, which was the case in our study
[37]. All our patients were operated using the OPCAB

Table 4 Post-operative
complications among patients
with and without POAF

Non-AF n=1020 (%) AF n=88 (%)

Ventilation > 2 days 4 (0.4) 7 (8) < 0.001

Continuous positive airway pressure 22 (2.2) 9 (10.2) < 0.001

Tracheostomy 4 (0.4) 7 (8) < 0.001

VAP 0 1 (1.1) < 0.001

Consolidation 171 (16.8) 29 (33.7) < 0.001

Pleural effusions 44 (4.3) 10 (11.4) p=0.008

Pneumothorax 3 (0.3) 2 (2.3) p<0.001*

CVS complications 28 (2.7) 13 (14.8) < 0.001

CNS complications 10 (0.9) 4 (4.54) 0.04*

Re-admission to ICU 2 (0.2) 5 (5.6) < 0.001*

Re-intubation 26 (2.5) 18 (20.5) < 0.001

Death 10 (1) 2 (2.4) p=0.3

Death < 30 days 10 (1) 1 (1.1) p=0.888

Post-operative stay 6.91 (2.4) 10.68 (5.198) < 0.001

Amiodarone 0 (0) 22 (25)

Warfarin 0 (0) 6 (6.8)

CVS, cardiovascular system; CNS, central nervous system; ICU, intensive care unit; VAP, ventilator-associated
pneumonia

*Fisher’s exact test was applied as the chi-square test was not applicable

Table 5 EuroSCORE II and STS scores among patients with and
without POAF

Non-AF n=1020 (%) AF n=88 (%)

EuroSCORE II

Low risk (0–2) 633 (62.1) 43 (48.8) 0.002
Moderate risk (2–5) 338 (33.1) 34 (38.7)

High risk (> 5) 49 (4.8) 11 (12.5)

STS scores

Low risk (0–2) 921 (90.2) 67 (76.1) < 0.001
Moderate risk (2–5) 84 (8.3) 19 (21.6)

High risk (> 5) 15 (1.5) 2 (2.3)
Fig. 1 Day of occurrence of atrial fibrillation in the post-operative period
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technique, which is the strategy of myocardial revasculariza-
tion in > 50% of patients in India [38]. There is some contro-
versy whether OPCAB is truly protective against POAF com-
pared to on-pump CABG. A study carried out in an Indian
population showed a non-significant increase in the rate of
POAF in patients undergoing CABG using CPB (17.2%) ver-
sus OPCAB (12.9%) [39]. A meta-analysis examining this
question concluded that OPCAB is protective in younger pa-
tients, but not in the elderly [5]. Thus, a combination of dili-
gent use of beta-blockers and utilization of OPCAB technique
of myocardial revascularization in a young cohort of patients
was probably responsible for the low POAF rates seen in our
study.

POAF results in a significant prolongation of length of stay
in the hospital and leads to increased utilization of resources

[40]. There has been evidence of POAF being associated with
increased long-term mortality. However, POAF has not been
shown to increase in-hospital mortality and stroke rates and is
in keeping with the findings of our study [32]. POAF was
associated with higher EuroSCORE II and STS scores.
There have been some studies which have examined the as-
sociation between EuroSCORE II and POAF [20, 39]. Both
EuroSCORE and STS scores had similar correlation with
POAF as seen by largely similar area under the curve
(AUC) of the ROC curves and future risk prediction models
could consider including these scores.

Limitations

Our study population was limited to OPCAB surgery, and
the risk factors identified may not be generalizable to on-
pump CABG or extrapolated for other cardiac surgical pro-
cedures. The patient population in our study was younger
than most reported series and are unlikely to be replicated
in the elderly population. Our definition of POAF included
only those AF which needed treatment and longer-term
outcomes were not assessed. Post-operative respiratory, re-
nal, and cardiac complications can all increase the occur-
rence of POAF. They can also be triggered by these events.
As a result, a definite cause and effect relationship is diffi-
cult to establish in these cases. Our study did not include a
control arm where CPB was used. As a result, the findings
of our study cannot be used as evidence of OPCAB being
protective against POAF. Moreover, it was a single-center
study, and a multi-center study design would be required to
address regional variations.

Conclusions

In our study on Indian patients, the incidence of POAF
(7.94%) was much lower than that reported previously.
None of the patients below the age of 40 years experienced

Fig. 2 Receiver operating characteristic (ROC) curves for STS and
EuroSCORE II in relation to post-operative atrial fibrillation

Table 6 Logistic regression to assess risk factors for POAF

Predictor β S.E. (β) Wald df p value Exp (β)
Odds ratio

95%CI for Exp (β)

Lower Upper

Age (cut-off 60 years) .079 .015 27.540 1 .000 1.082 1.050 1.114

Unstable angina 2.792 1.331 4.404 1 .036 16.320 1.203 221.475

Diabetes mellitus .577 .258 4.994 1 .025 1.781 1.074 2.955

Left atrial size .919 .270 11.620 1 .001 2.506 1.478 4.251

Pre-operative chronic renal failure 2.164 .657 10.866 1 .001 8.708 2.405 31.535
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POAF. Occurrence of POAF significantly increased adverse
outcomes and length of stay in hospital. Both EuroSCORE II
and STS scores had satisfactory and similar discriminatory
power for POAF.
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