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ABSTRACT

Objective: The objective of this study is to determine the efficacy of a bolus dose of amiodarone administered by the way of cardiopulmonary bypass 
pump before releasing of aortic cross-clamp (ACC) in the prevention of atrial fibrillation.

Methods: In this prospective study, 22 non-diabetic patients were randomly assigned in a double-blind fashion to either amiodarone or placebo 
group. In amiodarone group injection amiodarone 3 mg/kg in 10 ml normal saline (amiodarone group, Group A, n=10) and in control group (control 
group, Group P, n=12), the same volume of normal saline was administered 3 min before the release of ACC. Initial rhythm after the release of ACC 
was noted.

Results: The major rhythm after the release of ACC was ventricular arrhythmia in control group (n=5, 40%), whereas in amiodarone group, it is 
normal sinus rhythm (n=7, 63%). Only the need of cardioversion/defibrillation and the amount of energy needed was less in the amiodarone group 
but not reached statistical significance level. There was a trend toward a higher ventricular rate in control group compared to amiodarone group, but it 
never reached statistical significance level (114±46 vs. 97±29, p=0.3). One patient in amiodarone group required temporary pacemaker for sustained 
atrioventricular block with heart rate of <50 beats/min and continued on temporary pacemaker for 48 h.
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INTRODUCTION

Atrial fibrillation (AF) is one of the most commonly encountered and 
sustained cardiac arrhythmias in clinical practice [1]. AF is associated with 
the risk of thromboembolic complications in 17–18% of patients [2,3].

The pharmacological intervention in AF trial suggested that the 
maintenance of normal sinus rhythm (NSR) in patients with AF leads to 
symptomatic improvement [4]. However, the AF follow-up investigation 
of rhythm management study did not show any mortality benefit by the 
maintenance of sinus rhythm [1].

Postoperative AF occurs in 20–40% of patients undergoing open-heart 
surgery. The presence of AF after mitral valve replacement (MVR) is 
associated with a poor New York Heart Association (NYHA) Functional 
Classification, increased transmitral gradients, and larger areas of both 
atria [5].

Among all the antiarrhythmic drugs evaluated for AF, amiodarone 
has shown the most promising results with successful conversion 
and maintenance of NSR achieved in 50–70% of patients [6-8]. Oral 
amiodarone therapy needs frequent visits to the hospital and intense 
monitoring for side effects [9]. However, the onset of the antiarrhythmic 
effect of intravenous amiodarone is rapid [10,11].

We evaluated the effect of intraoperative single dose of amiodarone by 
cardiopulmonary bypass pump before releasing of ACC to convert AF 
into NSR in patients undergoing valvular heart surgery.

PATIENTS AND METHODS

In this prospective study, 22 non-diabetic patients were randomly 
assigned in a double-blind fashion to either amiodarone or placebo 

group after obtaining approval from institute’s Ethical Committee of 
SVIMS University. In amiodarone group injection amiodarone 3  mg/
kg in 10  ml normal saline and in control group, the same volume of 
normal saline was administered 3 min before the release of ACC. The 
anesthesia, cardiopulmonary bypass (CPB), and surgical technique 
were standardized.

All patients scheduled for elective MVR surgery requiring CPB were 
included in the study. Written informed consent was obtained from all 
the patients. Patients were excluded if they were allergic to amiodarone, 
used amiodarone within the past 4  months of study, history of 
amiodarone toxicity, participating in another investigation protocol, 
thyroid disease, serum aspartate and alanine aminotransferase 
concentration more than 4 times the upper limit of normal, pregnant, 
resting heart rate (HR) of <50 beats/min, uncontrolled heart failure, 
sick sinus rhythm, atrioventricular (AV) heart block, and serum 
creatinine more than 2 mg/dl.

Patients were prepared according to standard protocol. On the day 
before surgery, a standard coagulation profile, electrolytes, and 
complete blood count were done. All chronic diseases and medications 
were recorded. Pre-medications of ranitidine 150 mg and alprazolam 
0.5 mg were administered orally, the night before proposed surgery. The 
patients remained nil orally for minimum period of 8 h before surgery.

On the day of surgery, patients were induced using a standardized 
anesthetic protocol consisting of fentanyl, midazolam, thiopentone, 
sevoflurane, and vecuronium. Anesthesia was maintained with 
sevoflurane, 50% oxygen in air. Patients were ventilated with volume-
controlled ventilation and a tidal volume of 10  ml/kg body weight. 
Respiratory rate was adjusted to maintain a PaCO2 of 35–40 mmHg. 
Electrocardiography (ECG), SpO2, EtCO2, arterial blood gas (ABG), 
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invasive blood pressure, central venous pressure, nasopharyngeal 
temperature, and urine output were monitored.

Anticoagulation was achieved with injection of heparin 300 IU/kg body 
weight with additional heparin to maintain the satisfactory activated 
coagulation time. All surgeries were done with mild hypothermia and 
surface cooling of the heart with ice slush. CPB circuit was primed with 
ringer lactate and/or packed red blood cells to achieve hemoglobin of 
more than 9 g%. Myocardial protection was achieved with cold (4°C) 
blood cardioplegic arrest (4:1 blood and crystalloid). ABG analysis 
was done at every 30  min during bypass period and 15  min before 
anticipated ACC release, and potassium and calcium were corrected 
to reference value as per institute’s protocol. After replacement of 
valve, the patients were warmed actively to 37°C nasopharyngeal 
temperature.

The drug or saline was prepared and was administered in a random 
(computerized random number technique) manner 3  min before 
anticipated release of ACC, by a resident doctor who was not a part of 
this study.

Data source
Initial rhythm after the release of ACC was noted. If the patient was 
in AF, internal cardioversion was attempted with internal paddles 
for a maximum of three times with stepwise increasing energy 
(10J, 20J, 30J). If the patient was in NSR at aortic cross-clamp 
(ACC) release or after cardioversion with the HR of more than 60 
beats/min, no intervention was done, if HR of <60 beats/min, atrial 
pacing (epicardial) was initiated. If the patient develops ventricular 
fibrillation or ventricular tachycardia, it was treated with internal 
defibrillation with stepwise increasing energy. If the patient was in 
AV block, AV sequential pacemaker (epicardial) was initiated. Time 
from the release of ACC to complete separation from extracorporeal 
circulation was monitored. Inotropic support was started if systolic 
blood pressure was <90 mmHg. Decannulation was done after 

reversing anticoagulation with injection of protamine sulfate. After 
surgical closure, patients were shifted to post-operative intensive 
care unit (ICU) and were monitored for rhythm with five lead ECG. 
The recurrence of AF at the end of surgical procedure and in post-
operative ICU was noted. At the end of study, the incidence of AF 
was compared in the placebo group versus the amiodarone group. 
Intraoperative data included CPB time, ACC time, total volume of 
cardioplegia used, ABG value, and electrolytes.

Statistical analysis
Comparison between two groups with respect to continuous variables, 
such as operative time (CPB and ACC), volume of cardioplegia used, and 
potassium level before ACC release was performed with student’s t-test. 
Categorically, values such as sex ratio were analyzed using Chi-square 
test. All statistical analyses were done using SPSS (Statistical Packages 
for the Social Science, Chicago) 11.5 software. p<0.05 was considered 
statistically significant. The mean of the continuous variables is 
presented as mean ± standard deviation.

RESULTS AND OBSERVATIONS

There was no significant difference in the patient characteristics 
anddemographic data (Graph 1, Table 1) between two groups. All the 
patients underwent MVR surgery for chronic rheumatic mitral valve 
disease except 2 from amiodarone and 1 from control group. The basal 
rhythm in all cases was AF with HR ranging from 70 to 122 beats/min, 
but there is no significant difference in basal HR between two groups 
(control group: 85±15.2; amiodarone group: 98±22, p=0.1). All patients 
belong to either NYHA Class  2 or 3 classifications and were on oral 
digoxin (0.25  mg) preoperatively. Atenolol 25  mg orally once daily 
was given to 4 patients in control group and 2 patients in amiodarone 
group along with oral digoxin for effective rate control. Two patients 
from control group and three patients for amiodarone group have left 
arterial size more than 60 mm.
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The CPB time, ACC time (Graph 2, Table 2) and number of cold 
cardioplegia were comparable between two groups. The mean serum 
K+ level before the release of ACC was within the reference range 
(control group: 4.5±0.6; amiodarone group: 4.3±0.3 mEq/L, p=0.5). 
Dopamine was the main inotrope in all cases in the post-bypass period 
to maintain the hemodynamics. Isoprenaline was used in two cases 
(one for each group) for maintaining HR above 50 beats/min. One 
patient from amiodarone group was weaned with support of milrinone 
for severe pulmonary hypertension. Two patients from amiodarone 
group required additional dose of 5 ml xylocard 2% along with DC 

shock in the post-ACC release period to maintain pulsating rhythm. All 
the patients were extubated within 4–16 h and the time to extubation 
was comparable in both groups (control group: 11.03±5.2; amiodarone 
group: 9.7±5.4, p=0.4). The ICU stay was significantly more in control 
group compared to amiodarone group (p=0.02)**.

The major rhythm after the release of ACC was ventricular arrhythmia 
in control group (n=5, 40%), whereas in amiodarone group, it is NSR 
(n=7, 63%, p=0.05***). Only the need of cardioversion/defibrillation 
and the amount of energy needed was less in the amiodarone group 
but not reached statistical significance level. There was a trend toward 
a higher ventricular rate in control group compared to amiodarone 
group, but it never reached statistical significance level (114±46 vs. 
97±29, p=0.3). One patient in amiodarone group required temporary 
pacemaker for sustained AV block with HR of <50 beats/min and 
continued on temporary pacemaker for 48 h (Table 3).

DISCUSSION

Amiodarone (2-butyl-1-benzofuran-3-yl)-[4-[2-(diethylamino)
ethoxy]-3,5- diiodophenyl]methanone, a Class III antiarrhythmic agent 
in the Vaughan Williams scheme [12], is the most efficacious agent 
for reducing ventricular arrhythmias and suppresses the incidence of 
post-myocardial infarction sudden death [13]. Intravenous amiodarone 
has become one of the most frequently administered intravenous 
antiarrhythmics in cardiac surgery because of its broad spectrum 
of efficacy. Amiodarone is an unusual Class  III antiarrhythmic that 
produces each of the four main types of antiarrhythmic action according 
to Vaughan Williams classification [12]. It displays a wide cellular 
electrophysiological spectrum inhibiting the potassium currents 
as well as sodium currents and L-type calcium currents in isolated 
cardiomyocytes [14].

Some case series have reported an increased risk of marked bradycardia 
and hypotension immediately after cardiac surgery in patients already 
on amiodarone at the time of surgery [15]. Other case–control studies, 
however, have not reproduced this finding. None of the placebo-
controlled trials of prophylactic amiodarone for perioperative AF 
prevention found any adverse cardiovascular effective of the drug [16]. 
Thus, it is unlikely that amiodarone poses a serious cardiovascular 

Table 1: Demographic data

Patient variables Control 
group (n=12)

Amiodarone 
group (n=10)

p

Age (years) 41.0±11.9 40.4±9.9 0.8
Male: female (n) 7:5 6:4 1
Body weight (kg) 54.2±10.2 48.8±7.3 0.1
Height (cm) 159.7±8.4 161.3±8.2 0.6
NYHA class

Class II 7 6 1
Class III 5 4

Left ventricular function
0‑Normal 11 7
1‑Mild 0 0
2‑Moderate 1 3
3‑Severe dysfunction 0 0 0.2

Digoxin 12 10
Β‑blocker 4 2 0.6
Calcium channel blocker 2 1 1
Type of heart surgery (n) 0.5

MVR 11 8
DVR 1 2

LA size in mm 55±10.4 53.2±9.6 0.6
LA size
<45 mm 1 1 0.3
45–59 mm 9 6
≥60 mm 2 3

History of CCF (n) 3 1 0.5
LA: Left atrium, NYHA: New York Heart Association Functional Classification, 
MVR: Mitral valve replacement, DVR: Double valve replacement. p <0.05 
is statistically significant. n: Number of patients. Data are presented as 
“mean±standard deviation” if not stated otherwise

Table 2: Intraoperative events

Intraoperative events Control 
group (n=12)

Amiodarone 
group (n=10)

p

CPB time (minutes) 98.8±35.5 105.5±34.7 0.6
ACC time (minutes) 69.5±30.8 75.1±29.0 0.6
Time to CPB off after the 
release of ACC (minutes)

21.3±7.1 17.8±6.5 0.2

Number of cold cardioplegia 2.7±1.0 2.9±0.9 0.7
Serum K+at the release of 
ACC (mEq/l)

4.5±0.6 4.3±0.3 0.5

Basal HR‑beats/min 85±15.2 98±22 0.1
Use of antiarrhythmics for 
VT/VF

2 0 0.4

Inotrope use (n) 0.2
Dopamine 4 6
Dopamine+adrenaline 7 2
Dopamine+isoprenaline 1 1
Milrinone 0 1

T.BT (units) 1.8±0.3 1.4±0.5 0.03*
T.FFP (units) 2.1±0.3 1.8±0.6 0.1
Extubation time (hours) 11.03±5.2 9.7±5.4 0.4
ICU stay (days) 6.7±0.7 6.1±0.3 0.02**
T.BT: Units of blood transfused, T. FFP: Units of fresh frozen plasma transfused, 
CPB: Cardiopulmonary bypass, ACC: Aortic cross‑clamp; HR: Heart rate, 
VT: Ventricular tachycardia, VF: Ventricular fibrillation. Data are presented as 
“mean±standard deviation” if not stated otherwise. ICU: Intensive care unit

Table 3: Primary outcome

Primary outcome Control 
group 
n=12 (%)

Amiodarone 
group 
n=10 (%)

p

First rhythm after the ACC 
release

0.05***

Ventricular arrhythmias 5 (40) 1 (9)
AF 3 (24) 2 (18)
JR 2 (16) 0 (0)
NSR 2 (16) 7 (63)

Others 0 0
Number of patients 
responding to 
cardioversion/defibrillation

7 2 0.09

Number of cardioversion/
defibrillation needed

0.6±0.6 0.5±1.03 0.6

Amount of energy 
needed (joules)

7.5±11.1 5.0±10.0 0.6

AF at end of surgery (n) 1 (8) 0 (0) 0.5
Recurrence of AF in ICU (n) 1 (8) 0 (0) 0.5
Need of TPI (n) 0 (0) 1 (9) 0.4
AF at 1st post‑operative 
day (n)

1 (8) 0 (0) 0.5

Ventricular rate in patients 
with AF‑beats/min

114±46 97±29 0.3

n: Number of patients, ACC: Aortic cross‑clamp, AF: Atrial fibrillation, 
TPI: Temporary pacemaker insertion. Data are presented as “mean±standard 
deviation” if not stated otherwise. ICU: Intensive care unit
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risk to the post-operative patients. In our study, we used a low-dose 
amiodarone of 150 mg through pump and did not find any significant 
difference in time from the time to release the ACC to weaning from 
CPB in both the groups (control group, 21.3±7.1  min; amiodarone 
group, 17.8±6.5 min; p=0.2). One patient in amiodarone group required 
temporary pacemaker for sustained AV block with HR of <50 beats/min 
and continued on temporary pacemaker till discharge from ICU.

Spontaneous sinus rhythm was observed in seven patients in 
amiodarone group compared two patients in control group. Two 
patients from amiodarone group had recurrence of AF out of which 
one patient responded to cardioversion/defibrillation and reverted 
back to NSR at the end of surgery. One patient who did not respond to 
cardioversion/defibrillation continued to have AF till discharge.

Left atrial size is a known risk factor for the occurrence of AF in post-
ACC release [17,18]. Out of five patients with left atrial size ≥60  mm, 
three patients (60%) had AF (two from amiodarone group and one from 
control group), and out of 15 patients with left atrial size between 45 
and 59 mm, two patients from control group continued to have AF in 
the post-ACC release period, but from amiodarone group, all the patients 
demonstrated either spontaneous NSR or NSR after DC shock therapy.

In our study, total five patients had recurrence of AF in their initial 
rhythm after the release of ACC (two from amiodarone group and 
three from control group). Those two patients from amiodarone group 
who had recurrence of AF after the release of ACC had left atrial size 
of ≥60  mm, but in the control group, those three patients who had 
recurrence of AF after the release of ACC, one patient had left atrial size 
>60 mm and rest two had left atrial size between 45 and 59 mm.

Although the ICU stay was prolonged in control group (6.7±0.7 days) 
compared to amiodarone group (6.1±0.3), p=0.02, we could not 
comment on this as we have not set any discharge criteria from ICU in 
our original study protocol.

There was a significant difference in the total blood transfusion 
intraoperatively; the amount of blood transfusion required in the 
control group was (1.8±0.3 units) higher than the amiodarone group 
(1.4±0.5 units); however, we did not randomize all the factors affecting 
the blood transfusion; therefore, we are considering that it is an 
incidental finding in our study.

CONCLUSION

We suggest the regular use of amiodarone (150 mg) in practice, and we 
also recommend further study to find the effect of amiodarone in the 
prevention of AF immediately after the release of ACC and also during 
ICU stay.
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