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Medical Faculty, Mengücek Gazi Training and Research Hospital,
Erzincan, Turkey.
Correspondence: Bilgehan Erkut, Department of Cardiovascular Surgery,

Erzincan University Medical Faculty, Erzincan, Turkey (e-mail:
bilgehanerkut@yahoo.com).

The authors have no funding and conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution- NonCommercial License, where it is permissible to download,
share and reproduce the work in any medium, provided it is properly cited.
The work cannot be used commercially.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000001576

Medicine � Volume 94, Number 41, October 2015
?

Oruc Alper Onk, MD

Abstract: This study examined the influence of preoperative admin-

istration of amiodarone and metoprolol in preventing postoperative

atrial fibrillation (AF) after coronary artery bypass grafting (CABG)

surgery.

The study comprised 251 patients who underwent CABG

surgery at our hospital between January 2012 and May 2014. The

patients were randomly divided into 2 groups: amiodarone therapy

group (n¼ 122 patients) and metoprolol therapy group (n¼ 129

patients).

In the amiodarone group, the patients received amiodarone

tablet orally 1 week before coronary bypass surgery and during the

postoperative period. In the metoprolol group, the patients received

metoprolol tablet orally 1 week before surgery and during the post-

operative period. The AF development rate was retrospectively eval-

uated between the first 3 days and 4 weeks after surgery.

AF developed in 14 patients in the amiodarone group and 16

patients in the metoprolol group 4 weeks after the operation

(P¼ 0.612).

No significant difference was observed between the groups in

terms of intensive care unit and hospital stay. Furthermore, hospital

charges were similar in both groups (P¼ 0.741).

The results of the logistic regression analysis showed age, left

ventricular ejection fraction, left atrial diameter, and aortic cross-

clamping time to be predictors for postoperative AF.

This study demonstrates that amiodarone and metoprolol have

similar effects in prevention of AF after cardiac surgery. However,

larger-scale studies need to be conducted to substantiate these find-

ings.

(Medicine 94(41):e1576)

Abbreviations: AF = atrial fibrillation, CABG = coronary artery

bypass grafting, CI = confidence interval, CPB = cardiopulmonary

bypass, IABP = intraaortic balloon pulsation, ICU = intensive care
Bilgehan Erkut, MD
INTRODUCTION

A trial fibrillation (AF) is still among the most common
morbidities after cardiac surgery with its incidence being

ranged from 10% to 65% despite the advances in both surgical
practice and medical management. The incidence is mainly
dependent on the type of operation as well as on patient
characteristics, definition of the arrhythmia, and study fol-
low-up or design. As the population is aging and number of
cardiac surgical operations is increasing, incidence of AF has
gradually increased recently. Moreover, AF brings about sev-
eral problems, including hemodynamic derangement, throm-
boembolic complications, longer time of hospital stay, and
higher costs.1,2

There have been several pharmacological and nonpharma-
cological strategies suggested for prevention against AF after
coronary artery bypass grafting (CABG).3,4 Some studies
showed that b-blockers did not achieve any benefit in preven-
tion of postoperative AF in patients undergoing CABG.2–4

Recent evidence demonstrated that use of certain drugs, such
as antiplatelet agents, statins, and angiotensin-converting
enzyme inhibitors, decreases the risk of postoperative compli-
cations. These medications were also shown to inhibit the
inflammatory response that occurs because of cardiopulmonary
bypass (CPB), thereby preventing early arrhythmias including
AF.5–7 The present study investigated the role of amiodarone
and metoprolol in prevention of AF following CABG. If not
contraindicated, we suggest continuation of these drugs both
before and after the operation in patients undergoing open
heart surgery.

PATIENTS, MATERIAL, AND METHODS
This was a prospective randomized study and made up of a

total of 251 patients (147 male, 104 female) undergoing CABG
in our department between January 2012 and May 2014. The
study was approved by the institutional review board of
Erzurum Regional Training and Research Hospital. A pro-
cedure-oriented informed consent form was signed by each
patient. Hospital Ethical Committee also approved the study.
All procedures were performed in accordance with the Declara-
tion of Helsinki.

The patients were randomly divided into 2 groups: the
amiodarone therapy group (group I; n¼ 122 patients) and the
metoprolol therapy group (group II; n¼ 129 patients). In group
I, the patients received amiodarone tablets orally (200 mg/d as
3� 1) 1 week before coronary bypass surgery and during the
postoperative period. In group II, the patients received meto-
prolol tablets orally (50 mg/d as 2� 1) 1 week before surgery
and during the postoperative period. The mean age in group I
was 56.1� 4.1 years (45–78 years) and in group II was
5 years). On transthoracic echocardio-
jection fraction (LVEF) was found to be
I and 43.1%� 3.9% in group II. Eleven
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Patients were admitted to the intensive care unit (ICU)
after completion of the operation. They were then transferred to
wards when their hemodynamic and respiratory parameters

TABLE 2. Operative Data

Variables Group I % Group II % P

CPB time, s 75� 10 74� 13 0.121
�

CPB time >80 min 21 17.2 18 14 0.088y

XCL time, s 29� 11 28� 11 0.416
�
y

(9%) patients in group I and 13 (10%) patients in group II had
the insertion of an intraaortic balloon pulsation (IABP) pre-
operatively. The criteria for preoperative IABP were as follows:
cardiogenic shock or refractory ventricular failure, hemody-
namic instability, refractory angina, ventricular arrhythmia, and
a critical left main stenosis (>70%).

Inclusion Criteria
All consecutive adult patients undergoing cardiac surgery

and without contraindications to b-blockage and amiodarone
were included in this study. The criteria for inclusion were that
patients needed to be referred for primary elective coronary
artery and should be in normal sinus rhythm.

Exclusion Criteria
Patients were excluded if they had severe liver disease or

elevated transaminase levels 1.5 times of the upper normal
limit, elevated serum creatinine 2.5 mg/dL, previous history of
myopathy or elevated baseline creatinine kinase, previous blood
dyscrasia or gastrointestinal disease, and pregnancy. Women
who were lactating or having possible pregnancy were also
excluded. Additional exclusion criteria were prior coronary
revascularization or heart valve surgery, emergency surgery,
ruptured papillary muscle, severe mitral regurgitation, postin-
farction ventricular septal defect, New York Heart Association
class III or IV congestive heart failure, history of AF, hyperthyr-
oidism, inflammatory diseases except coronary artery disease,
infection, a left atrium (LA) size �70 mm, electrolyte imbal-
ance, patients with <40 heart beats per minute and combined
surgical procedures, and severe left ventricular diastolic dys-
function. Other supraventricular tachycardias, such as sinus
tachycardia, atrial flutter, atrioventricular nodal reentry tachy-

Onk and Erkut
cardia, and junctional tachycardias, have been recognized as
paroxysmal AF and were not included in the study. All pre-
operative data are shown in Table 1.

TABLE 1. Preoperative Data in Patients Undergoing CABG

Group I % Group II % P

Sex (M/F) 75/47 72/57 0.450y

Age (mean) 56.1� 4.1 59.2� 4.2 0.330
�

Age �70 55 57 0.198y

Hypertension 99 81.1 105 81.3 0.387y

Smoker habits 102 83.6 110 85.2 0.678y

Diabetes mellitus 45 36.8 51 39.5 0.854y

Hypercholesterolemia 111 90.9 120 93 0.991y

CVD 7 5.7 8 6.2 0.790y

PVD 6 4.9 9 6.9 0.866y

Preoperative PTCA 101 82.8 100 77.5 0.702y

Preoperative IABP 11 9 13 10 0.817y

Unstable angina 44 36 46 35.6 0.390y

LA diameter 4.2� 0.9 4.0� 1.2 0.265
�

LA diameter >45 mm 63 51.6 66 51.1 0.334y

LVEF (mean %) 42.2� 4.0 43.1� 3.9 0.760
�

LVEF �40% 32 26.2 35 27.1 0.211y

CVD¼ cerebro-vascular disease, IABP¼ intraaortic balloon pulsa-
tion, LA¼ left atrium, LVEF¼ left ventricle ejection fraction (P values
<0.05; important statistically), PTCA¼ percutaneous transluminal cor-
onary angioplasty, PVD¼ peripheral vascular disease.�

Student t test.
y x2 or Fisher exact test.
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Anesthesia
Anesthesia consisted of propofol (3 mg/kg/h) combined

with remifentanyl (0.5–1 g/kg/min). Neuromuscular blockade
was achieved by using 0.1 to 0.15 mg/kg pancuronium bromide
or vecuronium. In group I, metaraminol or phentolamine was
used to maintain the systemic pressure between 50 and 60 mm
Hg, and if necessary, esmolol hydrochloride (11 mg/kg) was
used to slow the heart rate. Operations were performed through
median sternotomy with cross-clamping. Systemic temperature
was maintained between 308C and 328C (middle hypothermic).
Preoperative data are shown in Table 2.

Hospital Charges
Hospital costs were obtained through hospital billing

department. This information included the surgery and hospital
stay costs. All costs are calculated as per the patient and
presented in US dollars.

Definition and Follow-Up for Postoperative AF

Medicine � Volume 94, Number 41, October 2015
XCL time >40 min 35 28.6 38 29.4 0.278
Number of distal

anastomosis
3.7� 0.8 3.1� 0.5 0.212

�

LAD by pass 120 100 125 100 0.911y

Diagonal branches 118 74.4 126 75 0.816y

Cx bypass 99 65.5 101 64.6 0.711y

RCA bypass 103 52.2 98 52.8 0.616y

Coronary
endarterectomy

22 24.1 31 25.3 0.414y

ITA usage 121 99.2 128 98.9 0.334y

Retrograde
cardioplegia
usage

100 54.8 120 55 0.204y

Cumulative regional
ischemic
times, min

9.1� 1.2 9.2� 1.3 0.712
�

Details of coronary
artery disease

Left main disease 41 48 0.604y

Three vessel
disease

45 39 0.545y

Two vessels
disease

36 42 0.306y

Complete
revascularization

122 129 0.900y

CPB¼ cardiopulmonary bypass, Cx¼ circumflex artery, ITA¼
internal thoracic artery (P values <0.05; important statistically),
LAD¼ left anterior descending artery, RCA¼ right coronary artery,
XCL¼ aortic cross-clamping.�

Student t test.
yx2 or Fisher exact test.
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become stable. Routine electrocardiography monitoring was
continued during the operation and during 2 days after the
operation. Twelve-lead electrocardiography monitoring was
performed in the ward. An electrocardiograph was taken at
least 2 times daily on a routine basis. All episodes of AF were
documented with 12-lead electrocardiographs, and these were
assessed by 2 blinded cardiologists. All patients underwent a
control echocardiography and electrocardiography within 4
weeks after the operation. Survival information was obtained
by phone interview.

Hospital mortality was defined as death for any reason
occurring within 30 days after the operation. An increase of
�1.4% in plasma creatinine indicated the impairment of renal
function.8 Neurological complications were defined as any
transient or permanent neurological deficit that developed after
surgery. Gastrointestinal complications included confirmed
diagnosis of upper and lower gastrointestinal hemorrhage,
intestinal ischemia, acute cholecystis, and pancreatitis. Gener-
ally, mortality, preoperative acute myocardial infarction, IABP
usage, incidence of low cardiac output syndrome (LCOS), renal
failure, use of inotropic agent, ICU and hospital stay, cardiac
hemodynamic changes, bleeding, revision rates, gastrointesti-
nal, pulmonary, and neurological complications, infections, and
survive rates were determined.

Statistical Analysis
All statistical calculations were done using the software

package SPSS (Statistical Package for the Social Science,
version 17; SPSS Inc, Chicago, IL) for Microsoft Windows.
Data were statistically expressed in terms of the mean� stan-
standard deviation, a frequency (number of cases), or a percen-
tage when appropriate for all the continuous variables. The
difference in continuous variables was analyzed using unpaired
Student t test. Categorical variables between the 2 groups were
compared using the x2 test, corrected by the Fisher exact test
when appropriate. The relationship between each variable and
the development of postoperative AF was evaluated by a
logistic regression analysis (univariate as dependent variables
and the preoperative factors as independent variables). First, the
univariate logistic regression analysis was performed to deter-
mine the significant predictors of AF after CABG surgery.
Factors with a P value of <0.05 in the univariate analysis were
considered as candidates for multivariable analysis, which was
performed to determine the independent predictors of AF. The
results of the logistic regression analysis were presented as odds
ratios (ORs) and 95% confidence intervals (CIs). Statistically
significant differences were noted for each analysis, with
statistical significance based on a P value of <0.05.

RESULTS
Baseline patients’ characteristics were similar for the 2

study groups (Table 1). No differences were observed in the
preoperative patients’ characteristics between the 2 groups, and
no statistically significant differences were reported in the
preoperative features (P> 0.05).

Table 2 shows intraoperative variables of the patients. The
groups were similar with respect to the number of grafts
(including the use of internal thoracic vessels), ischemic time
and total perfusion time, retrograde cardioplegia usage, the
number of endarterectomies conducted, and internal thoracic

Medicine � Volume 94, Number 41, October 2015
artery usage; these values were not statistically different
(Table 2). The mean overall number of distal anastomoses
was 3.7� 0.8 versus 3.1� 0.5 (P¼ 0.212).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
No difference was reported in the number of bypassed
vessels, type of arterial conduits, or sites of surgical anasto-
moses between the groups. The details on the extent of coronary
artery disease are shown in Table 2.

Table 3 shows the results of univariate analysis of factors
related with the development of postoperative AF. The unad-
justed univariate analysis demonstrated that the risk factors
related with AF were age �70 (P¼ 0.013), hypertension
(P¼ 0.018), LA antero-posterior diameter >45 mm
(P¼ 0.007), LVEF �40 (P¼ 0.009), CPB time >80 minutes
(P¼ 0.012), and aortic cross-clamping (XCL) time >45 min-
utes (P¼ 0.003). Other variables were not significantly associ-
ated with the development of postoperative AF. After
eliminating variables that were closely related to others, these
independent risk factors for AF were adopted as confounders
in the logistic regression model for the multivariate analysis.
Four factors were identified as independent predictors of
postoperative AF after CABG surgery in a multivariate
analysis: age �70 (P¼ 0.022, OR: 0.77; 95% CI: 0.66–
4.16), LA diameter >45 mm (P¼ 0.017, OR: 2.55; 95%
CI: 2.01–9.06), LVEF �40 (P¼ 0.039, OR: 2.01, 95% CI:
2.11–4.19), and XCL time >45 minutes (P¼ 0.033, OR:
1.11; 95% CI: 0.41–3.60).

Postoperative survival, complications, and data between
the groups are shown in Table 4. There were no statistical
differences in the amount of bleeding, amount of blood pro-
ducts’ use, duration of inotropic support, amount of drainage,
duration of extubation, revision for bleeding, and sternal dehis-
cence in the groups. The postoperative use of IABP, preopera-
tive acute myocardial infarction, postoperative renal
dysfunction, and LCOS were similar in the groups
(P> 0.05). Although pulmonary, neurological, gastrointestinal,
and infectious complications were identified postoperatively in
both groups, these complications were not statistically different
between the groups (Table 4). Hospital mortality was observed
in 11 patients (9%) in group I versus 13 patients (10%) in the
control group (P¼ 0.109). Operative mortality was the same for
the 2 groups. The cause of death was low cardiac output. Early
mortality within 48 hours was observed in 2 patients in group I
and 2 patients in group II (P¼ 0.404). Early and late pericardial
effusion was detected by echocardiography. There was no
pleural effusion requiring intervention in any group, and we
did not encounter pericardial tamponade in the patients. The
echocardiographic examination within a month revealed
improvement in the left ventricle function. Ejection fraction
increase and left ventricle end-diastolic diameter decrease were
higher in both groups. However, these differences between the
groups were not statistically significant (P¼ 0.222 and
P¼ 0.411, respectively; Table 4).

The mean follow-up time of the survivors was 4 weeks. In
the assessment between the first 3 days and a week, the AF rates
were statistically similar for the 2 groups. At the end of the
fourth week, AF appeared in 22 patients (18.1 %) in group I and
25 patients (19.3%) in group II. No statistically significant
difference was observed between the groups with respect to
AF (P¼ 0.612; Table 5).

ICU and hospital length of stay was significantly higher in
patients with AF than without AF (Table 5). However, com-
pared to without AF patient, it was observed that the duration of
ICU and hospital stay was similar between the treatment groups,
and there were no statistically significant differences (P¼ 0.636

Reducing Atrial Fibrillation After Cardiac Surgery
and P¼ 0.505, respectively; Table 5).
The hospital charges were>$5000 in 21 patients in group I

and 24 patients in group II ongoing AF. In the non-AF patients,
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TABLE 3. Univariate and Multivariate Logistic Regression Analysis to Identify Predictors for Risk Factors Associated With
Postoperative AF

Univariate Multivarite

Predictors Odds Ratio 95% CI P Odds Ratio 95% CI P

Age �70 0.91 0.88–1.16 0.013 0.77 0.66–4.16 0.022
Sex 3.66 2.01–4.62 0.521
Hypertension 0.88 0.69–3.07 0.018 0.92 0.85–1.85 0.128
Smoker habits 2.90 2.28–3.41 0.764
DM 2.51 1.62–3.22 0.870
Hypercholesterolemia 1.77 1.12–3.42 0.850
CVD 2.90 2.28–3.41 0.764
PVD 0.51 0.40–1.01 0.870
Unstable angina 1.34 0.99–2.12 0.850
Preop. PTCA 0.44 0.35–0.98 0.278
Preop. IABP 3.91 3.02–4.16 0.632
Unstable angina 2.89 2.04–5.10 0.320
LA diameter >45 mm 3.60 2.98–4.06 0.007 2.55 2.01–9.06 0.017
LVEF �40% 2.92 2.65–3.09 0.009 2.01 2.11–4.19 0.039
CPB time >80, min 1.03 0.69–1.78 0.012 1.98 1.56–3.98 0.0750
XCL time >45, min 1.01 0.71–1.50 0.003 1.11 0.41–3.60 0.033
Number of distal 3.89 3.22–5.08 0.852
LAD bypass 0.88 0.75–1.41 0.764
Diagonal bypass 2.01 1.92–4.02 0.870
Cx bypass 0.77 0.55–1.10 0.333
RCA bypass 2.90 2.28–3.41 0.764
Coronary endarterectomy 2.11 1.95–3.88 0.870
ITA usage 2.22 1.09–3.44 0.759
Retrograde cardioplegia usage 1.98 1.20–4.41 0.569
CRIT, s 1.19 0.99–1.98 0.870

CI¼ confidence interval, CPB¼ cardiopulmonary bypass, CRIT¼ cumulative regression ischemia times (P values<0.05; important statistically),
CVD¼ cerebro-vascular disease, Cx¼ circumflex artery, DM¼ diabetes mellitus, IABP¼ intraaortic balloon pulsation, ITA¼ internal thoracic

left
arte
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hospital charges were over expenses $5000, only in 2 patients in
the group I and 3 patients in the group II. These results show us
the number of patients that costs>$5000 were higher in patients

artery, LA¼ left atrium, LAD¼ left anterior descending artery, LVEF¼
angioplasty, PVD¼ peripheral vascular disease, RCA¼ right coronary
who continue AF (Table 5), but there was no statistically

significant difference in patients without AF between treatment
groups in terms of hospital charge (P¼ 0.212).

DISCUSSION
Despite significant progress in terms of heart surgery in the

last 50 years, AF after CABG is still the most common
complication. It may often cause prolonged ICU and hospital
stay after surgical treatment.9 As reported in the literature, AF
occurs most frequently in the first week postoperatively, and the
incidence ranges between 30% and 60%.10,11 Although it
usually does not cause postoperative mortality, AF often can
induce hemodynamic impairment and thromboembolic events,
and requires antiarrhythmic therapy. Because AF extends the
duration of ICU and hospital stay, it accounts for the increased
hospital costs.9,12

Many factors can lead to the development of AF post-
operatively, and the reentry mechanism is acceptable as the

main cause of AF. Operative trauma, increased atrial pressure,
autonomic nervous system disproportion, metabolic and
electrolyte changes, and myocardial ischemia contribute to

4 | www.md-journal.com
arrhythmia. Moreover, old age, hypertension, low ejection
fraction, inadequate myocardial preservation, and ICU stress
can increase the incidence of postoperative AF. However, the
electrophysiological mechanisms of postoperative AF are not
fully understood yet. Some of the factors triggering AF are
pericardial inflammation combined with autonomic imbalance,
extreme catecholamine release, and hemodynamic factors.
Systemic and local inflammatory responses can contribute to
the pathogenesis of postoperative AF. Despite many etiologic
and predisposing factors, it is difficult to demonstrate a single
causal factor. It is possible that the main reason for postopera-
tive AF is the interaction between all these factors, as observed
with all cardiac surgery patients.

A number of treatments and drugs, such as atrial pacing,
oral or intravenous amiodarone and/or metoprolol, and mag-
nesium therapy, have been reported to prevent AF after
surgery.11–14 However, this needs to be investigated further
because the results concerning the efficacy of these medications
and treatments in preventing postoperative AF are conflicting.15

Because the effective treatments remain uncertain, this study
compared the effect of metoprolol and amiodarone in prevent-
ing AF after CABG.

ventricle ejection fraction, PTCA¼ percutaneous transluminal coronary
ry; XCL¼ aortic cross-clamping.
The efficacy of pharmacologic prophylaxis in reducing the
incidence of AF has been investigated in several studies.16,17

Two main groups of drugs have been shown to be effective in

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Postoperative Parameters Between Groups

Variables Group I Group II P

Hospital mortality
(within 30 d)

11 13 0.109y

Early mortality
(48 h)

2 2 0.404y

Preoperative AMI 7 8 0.711y

New IABP
insertion

12 11 0.216y

Duration of
inotropic

support, d

5.2� 2.3 5.1� 2.1 0.711
�

LCOS 4 5 0.904y

Postoperative pulse rates
45–55 21 26 0.610y

55–65 29 30 0.601y

65–75 34 35 0.709y

>75 38 38 0.891y

Postoperative
renal
dysfunction
(Cr�1.4 mg %)

3 5 0.341y

Postoperative
hemodialysis

2 2 0.444y

Pulmonary
complications

5 6 0.505y

Neurological
complications

5 7 0.300y

Gastrointestinal
complications

6 8 0.511y

DSWI 9 11 0.101y

Time to
extubation, h

41.2� 15 33.2� 14 0.334
�

Infectious
complications

7 5 0.716y

Surgical revision
for bleeding

11 12 0.401y

Postoperative
bleeding
>1000 mL

17 16 0.591y

LVEF increase
(>35%)

86 92 0.222y

LVEDD decrease
(<60 mm)

32 30 0.411y

AMI¼ acute myocardial infarction, DSWI¼ deep sternal wound
infection, IABP¼ intraaortic balloon pulsation, LCOS¼ low cardiac
output syndrome, LVEDD¼ left ventricle end-diastolic diameter
(P values<0.05; important statistically), LVEF¼ left ventricle ejection
fraction.�

TABLE 5. The Comparison of Postoperative AF, Length of Stay
in ICU and Hospital, Hospital Fees Between Groups

Variables Group I Group II P

Atrial fibrillation
(patients)

First 3 d 28 30 0.502y

1 wk 25 29 0.189y

4 wk 22 (18.1%) 25 (19.3%) 0.612y

ICU stay/d
(patients
without AF)

1.2� 1.1
(average: 1.7)

1.3� 1.3
(average: 1.8)

0.636
�

ICU stay/d
(patients
with AF)

3.5� 1.2
(average: 4.0)

3.6� 1.3
(average: 4.1)

0.109
�

Hospital stay/d
(patients
without AF)

7.9� 3.4
(average: 8.2)

8.1� 3.1
(average: 8.4)

0.505
�

Hospital stay/d
(patients
with AF)

11.3� 3.1
(average: 12.1)

11.4� 3.2
(average: 12.4)

0.202
�

Hospital charge
>$5000
(patients
with AF)

21 24 0.741y

Hospital charge
>$5000
(patients
without AF)

2 3 0.212y

AF¼ atrial fibrillation (P values <0.05; important statistically),
ICU¼ intensive care unit.

Medicine � Volume 94, Number 41, October 2015 Reducing Atrial Fibrillation After Cardiac Surgery
preventing postoperative AF: antiarrhythmic and anti-inflam-
matory agents.18–20 In addition, calcium channel-blocking
agents, and recently nonchannel blockers, have been proven
as promising candidates.

Some clinical trials using b-adrenergic antagonists have

Student t test.
yx2 or Fisher exact test.
demonstrated prophylactic benefit in postoperative AF21–23;
however, other studies showed conflicting conclusions.16,24,25

A possible reason for this difference may be that in some

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
studies, patients randomly assigned to placebo were treated
with b-adrenergic blockers until the time of surgery.11 Accord-
ing to the American College of Cardiology/American
Heart Association and the European Society of Cardiology
Guidelines for AF, the preoperative or early postoperative
administration of b-blockers in patients without contraindica-
tions is evidence for preventing AF after CABG surgery.26

b-blockers have been demonstrated as strong prophylactic
agents and to have a lower risk than other antiarrhythmic
agents.26,27 The AF rate observed in this study was similar
to the findings of several other studies,17,28,29 and the post-
operative AF rate significantly reduced with the prophylactic
use of b-blockers. The efficacy and safety of metoprolol have
been studied in preventing AF after cardiac surgery.21,22,27,30–32

These studies concluded that both b-blockers were effective in
AF prophylaxis when compared with the placebo. Metoprolol
has been presumed to protect better than traditional b-blockers
because it blocks b1- and b2-receptors. Therefore, this study
investigated the efficacy of metoprolol therapy in preventing
AF. No potential side effects were observed during the therapy.
The postoperative AF ratio is known to be 30% to 60%. In the
present study, the AF ratio was found to be 19.3% with meto-
prolol treatment, a slightly greater reduction than that reported
by Janssen et al,21 who also used the same medication with fixed

�
Student t test.
y x2 or Fisher exact test.
dosages and almost the same type of monitoring. The meta-
analyses by Andrews et al33 and Kowey et al34 reported 74% and
51% reduction, respectively, in the risk of arrhythmias with the

www.md-journal.com | 5



use of b-blockers. The present study was more effective in AF
prevention compared with previous works.

Amiodarone is well tolerated and does not cause major
complications postoperatively. With the more widespread use
of amiodarone, several side effects have been identified. In the
majority of patients, these are well tolerated and are often
modified by a reduction in dosage so that the discontinuation
of therapy is rarely necessary. Although the mechanisms are
unclear, amiodarone can cause thyroid, pulmonary, hepatic,
neurological, and ocular function disorders. Patients should be
monitored in time because of unwanted side effects. Amiodar-
one therapy was not associated with pro-arrhythmia or serious
adverse reactions, even among patients with severe coronary
disease. Among the CABG surgery patients, amiodarone
reduced the ventricular rate and AF more significantly than
the placebo. The effectiveness of amiodarone in preventing AF
has been demonstrated in many studies.15,35–37 According to the
double-blind randomized placebo-controlled study of Gu Song
et al,36 postoperative AF occurred in 16% of patients receiving
amiodarone and in 37.7% of patients receiving placebo. In this
study, the AF rate was 18.1% in patients who received amio-
darone. In contrast, Mahoney et al38 assessed the cost-effec-
tiveness of intravenous amiodarone therapy, and found that the
routine use of intravenous amiodarone after CABG is not cost-
effective. The AF frequency significantly reduced in this study
with the prophylactic use of amiodarone, and the results were
similar to the findings of other studies.35,37,38 Despite opposing
views, the effects of this antiarrhythmic agent were compared
with those of b-blockers. Each of the 2 agents was found to be
superior in preventing AF; no statistical difference was noted
between the 2 agents in terms of AF prevention after CABG.

The incidence of AF after cardiac surgery is influenced by
various factors.31,36,39,40 Age has been repeatedly shown to be
the major risk factor for AF after cardiac surgery.12,39,41 Despite
no statistical difference between the groups in terms of age, our
results showed that age �70 years is a risk factor for post-
operative AF. Thus, on the basis of age alone, patients >70
years are considered to be at high risk for developing AF.
Researchers found that patients with a history of AF had an
increased risk of postoperative AF. Mathew et al40 found that
postoperative AF increased by approximately twofold in
patients with a history of AF. No preoperative atrial arrhythmias
were reported in the 2 groups. LA diameter increase was shown
to be a major cause for AF in many studies.42–44 No difference
was observed between the groups in terms of preoperative LA
diameter in this study. However, LA diameter increase
(>45 mm) is found to be a significant risk factor for AF
processing. Although some authors have emphasized that a
decrease in LVEF rate is insignificant for the development of
postoperative AF,45,46 a few others have realized this as a risk
factor for postoperative AF.47–49 In this study, no significant
difference was observed between the groups in relation to
ejection fraction in preoperative and postoperative periods.
However, LVEF �40% has been identified as a major risk
factor for postoperative AF. XCL time was significant in some
studies in terms of the occurrence of postoperative AF,50 but
some studies found it to be insignificant.51 When it is seen in the
comparison between groups, although there is no difference in
terms of XCL time, but XCL time > 45 minutes has been
identified as a risk factor for postoperative AF. In accordance
with our results in previous studies, the history of AF, ejection
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fraction <50%, left atrial size >50 mm, and XCL time were
significantly related to post-open heart AF.30,36 In this study,
multivariate analysis revealed that age �70 years, LA diameter
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>45 mm, LVEF �40%, and XCL times >45 minutes were
associated with an increased risk of AF and identified as
predictors for posterative AF.

The lower heart rate observed in patients receiving amio-
darone compared with patients receiving metoprolol confirms
the beneficial effect of amiodarone in the present study, but this
result was not statistically significant. The discontinuation of
b-blockers or amiodarone postoperatively has been a point of
discussion for a long time because it would leave the patient
more exposed to the action of circulating catecholamines,
increasing the risk of arrhythmias.30,31,40 In both groups, the
patients were followed up for the first weeks. The electrocar-
diography monitor device was applied only during the first 48
hours postoperatively in both the groups. The later rhythm
follow-up was performed with daily electrocardiogram until
the day of discharge, and the final follow-up was made in the
first month. Side effects, such as bradycardia and heart block,
were not observed in any of our patients; hence, the medication
was not discontinued in any of the groups. All the patients
tolerated amiodarone and metoprolol well with acceptable side
effects; no complications were reported pre- and postopera-
tively, and postoperative thyroid function tests were within
normal limits. This study demonstrates the safe initiation of
amiodarone and metoprolol treatment after CABG.

Postoperative AF can increase the length of hospital and
ICU stay after CABG,52 and hence increasing the costs to US
$10,000.53,54 Crystal et al15 conducted meta-analysis on 52
randomized trials, and concluded that b-blockers reduced the
percentage of patients with AF from 33% in the control group to
19% in the b-blocker group with no significant effect on hospital
stay after open heart surgery. In addition, the percentage of
patients with AF was reduced from 37% in the control group
to 22.2% in the b-blocker group with significant differences
between the length of hospital stay and total hospital costs.53,54 If
rhythm problems do not occur, the length of ICU stay is approxi-
mately 2 days after CABG. The length of ICU stay was approxi-
mately 1.7 and 1.8 days in our groups (without AF), respectively.
When rhythm problems such as AF develop, the period can
extend up to 3 to 5 days. A prolonged stay in the ICU also
extends the length of hospital stay. The duration of hospital stay is
7 to 10 days normally. The length of hospital stay was 8.2 and 8.4
days in our groups (without AF), respectively, which may
increase up to 10 to 15 days in patients with AF (Table 5). These
results show that the duration of ICU and hospital stay was within
the normal limits in patients without AF. In our hospital, the
operation cost was $4000 to $5000 for uncomplicated CABG
surgery. If rhythm problems develop, the duration of hospitaliz-
ation increases and the cost exceeds $5000. The hospital costs
were >$5000 in patients with AF until the discharge day in this
study. There was no difference between the treatment groups in
patients with ongoing AF. In this study, the amiodarone and
metoprolol groups showed fewer incidences of postoperative AF,
shorter ICU and hospital stay, and reduced hospital costs
(Table 5). The results were similar to the study of Nayeem
et al30 and were consistent with the relevant literature.15,53

Prophylactic amiodarone and metoprolol for 1 week before
CABG and after elective CABG were well tolerated and
significantly reduced the incidence of postoperative AF and
the number of symptomatic episodes of AF occurring after
discharge. In addition, this study demonstrated that these agents
significantly reduced the length and total cost of hospitalization.

Medicine � Volume 94, Number 41, October 2015
Amiodarone and metoprolol have similar efficiency in control-
ling postoperative AF. However, a larger randomized controlled
trial is needed to corroborate the results of this study.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



LIMITATIONS
The first limitation of this study is that Holter monitoring

could not be performed to detect postoperative AF because of
device failure. In addition, asymptomatic AF was improbable to
influence patient care or make it unfavorable. However, the
primary goal of this study was to address the clinical utility of
prophylactic amiodarone and metoprolol.

The second limitation is that the administration of AF was
directed by the cardiac surgeon. To avoid disruptions in the
follow-up, the patients were followed up in the hospital where
they were operated on. In addition, because of socio-cultural
trends in our region, the patients wanted to be followed up in the
same clinic where the surgery was performed.
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