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ABSTRACT

Objectives: To detect perioperative risk factors for atrial
fibrillation (AF) after coronary artery bypass graft (CABG)
and to assess the impact of AF on outcome and postoperative
complications.

Methods: We undertook a prospective observational study
of 1000 consecutive patients who underwent isolated CABG
in Cairo University hospitals and other centers from March
2019 to November 2020. Patients were subsequently divided
into 2 groups depending on the occurrence of postoperative
AF. Preoperative, intraoperative, and postoperative risk fac-
tors were recorded for all patients, as well as postoperative
mortality, complications, and hospital and intensive care unit
(ICU) lengths of stay.

Results: Postoperative atrial fibrillation (POAF) occurred in
78 patients (7.8%), with significant risk factors of age (P =.001),
low ejection fraction (P = .001), absence of preoperative beta-
blocker use (P = .001), and presence of right coronary artery
lesion (P = .003). The intraoperative significant risk factor was
the absence of total coronary revascularization (P = .001). Post-
operative significant risk factors were electrolyte imbalance
(P = .001) and postoperative inotropes (P = .02). Patients with
postoperative AF had increased risk of mortality (P = .001) and
longer ICU (P = .001) and hospital (P = .001) stays.

Conclusion: The risk of POAF can be decreased by modi-
fying perioperative adjustable risk factors, namely routinely
using preoperative beta-blockers (unless contraindicated),
achieving total coronary revascularization, avoiding postop-
erative electrolyte imbalance, and avoiding unnecessary use
of inotropic support.

INTRODUCTION

Atrial fibrillation (AF) is a supraventricular tachyar-
rhythmia with uncoordinated atrial activity predisposing to
deterioration in cardiac mechanical activity [Maisel 2001].
Postoperative atrial fibrillation (POAF) may be a tempo-
rary, self-limiting phenomenon, but it can lead to poor
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hemodynamics with jeopardized myocardial function and
prolonged intensive care unit ICU) and hospital stays. POAF
has a multifactorial pathophysiology that has not been fully
explained; multiple perioperative factors may show a pro-
arrhythmogenic effect, increasing the incidence of POAF
[Echahidi 2008]. Incidence of AF after coronary artery bypass
graft (CABG) ranges from 20% to 40%, with the highest
recorded incidence on postoperative day 2 [Aranki 1996].
Post-CABG AF is linked to progressive deleterious effects
such as congestive heart failure, prolonged ICU and hospital
stays, increased health system costs, increased hospital mor-
tality, and poor survival [Filardo 2009].

METHODS

This research was performed after informed consent was
obtained from each patient. We undertook a prospective
observational study on a group of 1000 consecutive patients
who underwent isolated CABG in Cairo University hospi-
tals and other centers from March 2019 to November 2020.
Inclusion criteria included any patient undergoing isolated
CABG with preoperative sinus rhythm. We excluded patients
requiring any associated valvular intervention, those with
preoperative AF, and patients on antiarrhythmic drugs other
than beta-blockers. There were some significant differences
in demographic data and baseline clinical characteristics
between the groups (Tables 1 and 2).

In all cases, medical history, physical examination, com-
plete laboratory investigation, chest x-rays, 2D and M mode
echocardiography (ECG), and coronary angiography were
evaluated. Recorded preoperative characteristics included

Table 1. Demographic Data of the 2 Groups*

Characteristic Non-AF (n = 922) AF (n=78) P Value
Age (y) 57.07 £ 9.16 67.51 + 6.80 .001¢
Sex
Female 150 (16.3) 17 (21.8) .209
Male 772 (83.7) 61 (78.2)

*Data are mean + SD or n (%).

tSignificant at P <.05.
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age, sex, hypertension, diabetes, preoperative use of beta-
blockers, smoking, preoperative ejection fraction (EF), left
atrium size, and presence of a significant right coronary artery
lesion. Intraoperative parameters included total revasculariza-
tion, cross-clamp time, total cardiopulmonary bypass (CPB)
time, and use of intra-aortic balloon pump. All patients were
assessed postoperatively to determine the use of inotropes
and the occurrence of electrolyte imbalance. Postoperative
ICU and hospital lengths of stay, mortality, reoperation for
bleeding, and wound infection were recorded.

Routine median sternotomy incision was performed in
all cases. Standard CPB was initiated through aorto-atrial

Table 2. Preoperative Parameters in the 2 Groups™

cannulation in all patients after ensuring that the activated
clotting time was >480 seconds. The left internal mammary
artery was almost always grafted to the left anterior descending
artery, and the great saphenous vein was used to graft other
targets. Warm intermittent antegrade blood/potassium cardio-
plegia was used for myocardial protection. At the end of CPB,
heparin was neutralized with protamine sulfate. In off-pump
CABG, half the dose of heparin was used. First performed was
the anastomosis of left internal mammary artery to left anterior
descending artery, followed by other grafts, and then proximal
vessels were connected to the aorta. Surgery was followed in
both techniques by hemostasis and routine closure.

Factor Non-AF (n = 922) AF (n=78) P Value
Smoking 470 (51.0) 45 (57.7) 254
Diabetes 475 (51.5) 48 (61.5) .089
Hypertension 598 (64.9) 43 (55.1) .085
Preoperative beta-blocker use 831 (90.1) 55 (70.5) .00t
Right coronary lesion 688 (74.6) 70 (89.7) .003t
EF .00t
Minimum, maximum 25.0, 75.0 25.0, 69.0
Mean + SD 56.21 + 11.01 50.33 + 11.32
Left atrium size (cm) 222
Minimum, maximum 2.6,5 3.5,4.5
Mean + SD 3.94 £ 0.43 4.00 £0.25
*Data are mean + SD or n (%) unless noted otherwise.
tSignificant at P < .05.
Table 3. Intraoperative Parameters in the 2 Groups™*
Parameter Non-AF (n = 922) AF (n=78) P Value
Total revascularization 865 (93.8) 65 (83.3) .001t
On pump 813 (88.2) 64 (82.1) 14
Off pump 109 (11.8) 14 (17.9) 14
Total CPB (min) .180
Minimum, maximum 30.0, 180.0 65.0, 135.0
Mean + SD 101.94 + 27.56 106.64 + 18.32
Cross-clamp time (min) 134
Minimum, maximum 20.0, 120.0 35.0, 120.0
Mean + SD 66.52 + 18.95 70.16 £ 15.01
Intra-aortic balloon 8 (0.9) 1(1.3) .710

*Data are mean + SD or n (%) unless noted otherwise.

tSignificant at P < .05.
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AF was diagnosed on the basis of abnormalities on ECG
lasting for 230 seconds and characterized by irregular RR
intervals, absent P waves, and different intervals between
atrial contractions (cycle <200 ms).

Results were expressed as mean + standard deviation (SD)
or n (%). Comparisons between categorical data were per-
formed using ’ test or Fisher’s exact test if cell count was <5.
Tests of normality (Kolmogorov—Smirnov) were used to mea-
sure the distribution of data. Multivariate analysis was used to
study the predictive effect of different variables for develop-
ing AF. Statistical Package for Social Sciences software (ver-
sion 20 for Windows) was used for data analysis. P values <.05
were considered significant.

RESULTS

Results are presented in 2 groups based on the occurrence
of POAF: the non-AF group included 922 patients, and the
AF group, 78 patients. Demographic data are shown in Table
1. The mean age was significantly higher in the AF group
(67.5 versus 57.07 years; P < .001).

Preoperative parameters were analyzed for both groups.
In the non-AF group, 831 patients (90.1%) received preop-
erative beta-blockers, compared with 55 patients (70.5%)
in the AF group (P = .001). The presence of a significant
right coronary artery lesion was also more common in the

AF group, and was found in 70 patients (89.7%) versus 688
(74.6%) in the non-AF group. Another statistically significant
factor was preoperative EF, which was higher in the non-AF
group (mean 56.2%) than the AF group (50.3%). Preopera-
tive parameters for both groups are summarized in Table 2.

Intraoperative parameters, including choice of surgical
technique (on or off pump), bypass time, cross-clamp time
(for on-pump cases), and the application of intra-aortic bal-
loon pump, showed no statistically significant effect on the
occurrence of POAF. The only intraoperative variable show-
ing an effect was total coronary revascularization, which was
done in 93.8% of cases in the non-AF group compared with
83.3% in the AF group. Preoperative parameters for both
groups are summarized in Table 3.

Postoperatively, a higher percentage of patients in the AF
group were on inotropes (56.4% versus 42.6% in the non-AF
group), with a higher mean dose of adrenaline. Also, the pres-
ence of electrolyte disturbance was higher in the AF group
(34.6% versus 0.7% in the non-AF group). Mortality was
higher in the AF group, as were the mean ICU and hospi-
tal lengths of stay. No statistically significant difference was
observed regarding postoperative bleeding or wound infec-
tion between the 2 groups. Postoperative parameters are
summarized in Table 4.

In the AF group, 47 patients (60.25%) had 1 episode of
AF, and 31 (39.7%) had 2 episodes. In the 78 patients who
developed AF, only 1 (1.28%) needed direct-current shock to

Table 4. Postoperative Risk Factors and Outcomes in the 2 Groups™*

Factor Non-AF (n = 922) AF (n=78) P Value
Inotropes 395 (42.8) 44 (56.4) .02
Adrenaline 393 (42.6) 44 (56.4) .018%
Adrenaline dose (ng/kg/min) .001¢
Range 20.0 to 200.0 50.0 to 150.0
Mean + SD 56.18 +22.03 69.55 + 30.50
Dobutamine 2(0.2) 1(1.3) .099
Dopamine 5(0.5) 0 (0.0) 514
Electrolyte imbalance 6 (0.7) 27 (34.6) .001¢
Bleeding 12 (1.3) 1(1.3) 1.000
Wound infection 26 (2.82) 4(5.13) 251
ICU stay (d) .001¢
Minimum, maximum 2.0,5.0 2.0,5.0
Mean + SD 2.15+0.43 3.66 £0.77
Hospital stay (d) .001t
Minimum, maximum 4.0, 13.0 5.0, 14.0
Mean + SD 5.31£0.95 7.33 £1.51
Mortality 1(0.1) 2 (2.6) .001¢

*Data are mean + SD or n (%) unless noted otherwise.

tSignificant at P < .05.
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return to sinus rhythm; 6 patients (7.69%) returned to sinus
rhythm after correction of electrolyte imbalance and other
metabolic factors; and 71 patients (91%) needed medical car-
dioversion using amiodarone (2.5 to 5 mg/kg intravenously
over 20 minutes; then 15 mg/kg or 1.2 g intravenously over 24
hours; then continuation orally at 200 mg/day). The highest
incidence of POAF was on postoperative day 2. The timing of
POAF is summarized in Figure 1.

Atrial fibrillation is the most common arrhythmia that
occurs after cardiac surgical procedures. It may have clini-
cal consequences for postoperative patients, and it may
affect hospital stays and costs [Aranki 1996]. Advances in
operative technique and postoperative care over the years
have not decreased the occurrence of this significant com-
plication [Gorczyca 2018]. Our study conducted on 1000
patients shows that the incidence of AF after isolated CABG
was only 7.8%, in contrast with other studies that showed a
higher incidence (16.9% in the retrospective study by LaPar
[2014] including 40,585 patients; 23.2% in a study conducted
by Banach [2006] on 1200 patients, including some with a
history of supraventricular arrhythmia, who were excluded
in our study). This difference can also be explained by the
younger mean age in our study, the frequent use of preopera-
tive beta-blockers, the high incidence of total revasculariza-
tion, the low incidence of the use of postoperative inotropes,
and the low incidence of postoperative electrolyte imbalance.

Regarding demographics, age was a statistically significant
factor increasing the incidence of POAF (non-AF age 57.07 =
9.16 years compared with 67.51 = 6.80 years in the AF group;
P <.001). These results are similar to those of Ismail [2017],
Lee [2018], and Filardo [2009], all of whom showed increased
incidence of POAF in higher age groups. The higher overall
mean age in those studies can explain the difference in the
overall incidence of AF between our study and theirs. The
higher incidence of AF with age may be related to associated
comorbidities as well as degenerative changes in the atrial
wall [Aranki 1996].

Patients receiving preoperative beta-blockers were found
to have a lower incidence of POAF in our study. The study
by Lee and Jang [2018] showed no significant difference, but
with a low overall percentage of patients receiving preopera-
tive beta-blockers, which may explain the difference in the
incidence of AF between the 2 studies: in their work, only
56.82% received beta-blockers in the non-AF group and
53.27% in the AF group. Our study showed statistical signifi-
cance regarding preoperative EF (P = .001), with lower EF a
predisposing factor for AF. In the non-AF group, the mean
EF was (56.21% + 11.01%), and it was (50.33% = 11.32%) in
the AF group. Kannell [1982] reported increased incidence of
AF with decreased left ventricular contractility in the general
population.

Choice of surgical technique (on pump versus off pump)
and total bypass and cross-clamp times did not affect the
incidence of POAF. Our study showed statistical significance
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Figure 1. Timing of AF.

regarding total revascularization as a preventive factor for
POAF (P = .001): in the non-AF group, 93.8% were totally
revascularized in comparison with 83.3% in the AF group.

Postoperatively, electrolyte disturbance and inotropic sup-
port, namely adrenaline, were shown to be significant risk fac-
tors in the development of POAF. Potassium plays a central
role in cardiac electrophysiology. Serum K+ concentrations
are commonly low after cardiac surgery [Polderman 2004].
Hypokalemia (serum potassium <3.5 mmol/l) leads to cellu-
lar hyperpolarity, higher resting potential, increased automa-
ticity and excitability, and ventricular arrhythmias [January
2014]. The administration of adrenergic drugs is an indepen-
dent risk factor for AF after CABG. Studies have suggested
that the increased sympathetic response enhances the devel-
opment of POAF [Salaria 2005].

The occurrence of POAF was associated with higher early
mortality in our study (0.1% in the non-AF group and 2.6%
in the AF group). Hospital and ICU stay were also prolonged
in the AF group, a finding shared by Banach [2006].

Postoperative AF is a common complication after CABG
surgery, increasing mortality, as well as ICU and hospital
lengths of stay. The risk of postoperative AF can be decreased
by modifying perioperative adjustable risk factors, including
routinely using preoperative beta-blockers (unless contrain-
dicated), achieving total coronary revascularization, avoiding
postoperative electrolyte imbalance, and avoiding unneces-
sary use of inotropic support.
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