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Abstract

The availability of intravenous (IV) Sotalol has equalized the treatment options since both amiodarone and sotalol are available in both
IV and oral formulations. A review of the efficacy of sotalol as compared to amiodarone both for conversion of atrial fibrillation (AF) and
maintenance of normal sinus rhythm (NSR) following cardiac surgery was undertaken. Standard methods of meta-analysis were employed.
Full text publications of clinical trials written in English that compared the efficacy of sotalol to amiodarone were included in the analysis. For
the conversion of AF to NSR, five studies were found eligible for the analysis. Two studies clinically compared sotalol to amiodarone for the
maintenance of NSR after cardiac surgery. The common relative success of sotalol was 0.947 (95Cl: 0.837 to 1.071, P = 0.385), revealing
essentially no differences in efficacy for conversion between amiodarone and sotalol. The average conversion rate was 47% with sotalol
and 52% with amiodarone. The conversion rates were lower for persistent AF (sotalol 22% and amiodarone 27%), while greatest for recent
onset AF (88% sotalol and 77% for amiodarone). The risk of developing post-operative atrial fibrillation was practically the same in both
regimes, relative risk = 1.214 (95% CI: 0.815-1.808, p=0.339). In summary, sotalol and amiodarone are equally effective in AF conversion
and maintenance of NSR post-cardiac surgery.

Introduction

Atrial fibrillation (AF) is the most common arrhythmia with
an estimated prevalence of between 2.7 million and 6.1 million
patients in the United States.1 Atrial fibrillation results in significant
morbidity including thromboembolic events, stroke, heart failure and
increased risk of mortality.2 Currently there are two management
strategies for AF, a “rate control” strategy which aims to control the
rate of ventricular response, and a “rhythm control” strategy which
aims to restore and maintain normal sinus rhythm.2 The restoration
of sinus rhythm either with electrical cardioversion or antiarrhythmic
drugs and successful maintenance of sinus rhythm has been recently
reported to yield improvements in symptoms and quality of life.2,4
However, neither strategy offers a mortality benefit.2,3 The role of
sotalol is well established for maintenance of sinus rhythm after
successful restoration of normal sinus rhythm (NSR).2 With the
introduction of intravenous (IV) Sotalol, we thought it useful to
compare the efficacy of sotalol to amiodarone, both for maintenance
of sinus rhythm and the conversion of AF. Sotalol’s role in
pharmacologic conversion of AF is controversial. Prior meta-analyses

Key Words:

Sotalol, Atrial Fibrillation, Treatment, Meta-Analysis.
Disclosures:

Dr. Somberg lead the team developing IV Sotalol and has since sold his proprietary interest. He
also has investments in generic drug companies manufacturing amiodarone.

Corresponding Author:
John C. Somberg,
21 N. Skokie Hwy, G-3
Lake Bluff, IL 60044.

www.jafib.com

have reviewed the role of sotalol in maintenance of sinus rhythm and
prevention of AF following cardiac surgery,5,6 but its efficacy in AF
conversion as compared to amiodarone has not been reviewed.

Methods

A systematic review of the published literature was undertaken
and meta-analyses were performed to assess the efficacy and safety of
sotalol in the pharmacologic conversion of AF and the maintenance
of sinus rhythm following cardiac surgery.
Publications of clinical trials on pharmacologic conversion of AF
that evaluated the efficacy of sotalol in comparison to amiodarone
were collected for inclusion in this report. Studies could employ
either IV or oral route of administration for sotalol or amiodarone.
Publications were limited to full text papers written in English.
Selected publications must have had sufficient information on patient
selection, study methods, and primary outcome(s) to be included.
Studies that used electrophysiologic drug testing during induced AF
were not included.
The following databases were searched from the earliest date
possible to June 30 2015: PubMed, SCOPUS, CINAHL, Cochran
Database of Systematic Reviews. The strategy and the results of the
search of PubMed are shown in Figure 1. The keywords “sotalol” and
“amiodarone” resulted in 700 publications. Using the combination of
“sotalol”, “amiodarone” and “atrial fibrillation” reduced the number of
the publications to 319. When the search was limited to publications
written in English with human subjects, the number of publications
was reduced to 245. Further limiting the search to reviews and
clinical trials resulted in 160 publications, of these, 54 were original
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Flow Chart of Study Selection
This flow chart shows the search strategy for studies on the
Figure 1: comparative efficacy of amiodarone and sotalol in AF conversion
employed with PubMed . The systematic review resulted in 5 eligible
studies

reports and 106 reviews. For the review on AF conversion, of the 54
original reports, 49 did not meet the inclusion criteria, either being
not relevant (most often the topic was maintenance of sinus rhythm
without data on pharmacologic AF conversion), or the studies
were case series without a comparator. As a result, 5 publications
met inclusion criteria and were analyzed for AF conversion in this
study. The search of SCOPUS, CINAHL, and Cochran Database of
Systematic Reviews did not result in additional eligible publications.
A summary tabulation of the 5 published studies is enumerated in
Table 1.
For maintenance of sinus rhythm following cardiac surgery, using
the key word “sotalol” resulted in 2,683 publications, searching for

Figure 2:

“sotalol” and “Atrial Fibrillation” reduced the articles to 495, those in
English and on human subjects were 370, 242 were original reports
and only 2 publications directly compared sotalol to amiodarone.6
The studies were grouped according to the treatment employed,
i.e. sotalol versus amiodarone, as well as the goal of therapy: AF
conversion, or maintenance of sinus rhythm.
For each group, a meta-analysis was performed to obtain the
common relative success of the primary endpoint (AF conversion).
Additionally, data were extracted for adverse events. The statistical
analysis was performed by using the Comprehensive Meta-Analysis
software (BiostatTM, Englewood, NJ, USA). Heterogeneity of
the studies was assessed for each outcome in each group by using
Q statistics and I2 statistics. Those studies that were homogeneous
for an outcome were analyzed by the fixed effect model, while those
studies that were heterogeneous for an outcome were analyzed by
the random effect model to determine the common relative success
(relative risk of successful AF conversion) and the relative risk of
developing AF post cardiac surgery. The relative success is the ratio
of the proportion of patients who had successful AF conversion in
the sotalol versus the amiodarone group. The common relative success
is the weighted estimate of the success ratios across the studies. The
relative risk was computed by a similar approach resulting in the
weighted estimate of the relative risks of developing AF. A twosided alpha error of less than 0.05 was considered to be statistically
significant (p<0.05). Existence of publication bias was evaluated by
using a funnel plot and Egger’s regression intercept.

Results

Sotalol vs. Amiodarone for AF Conversion
Five studies7,8,9,10,11 evaluated the efficacy of amiodarone in
comparison to sotalol for AF conversion (Figure 2). This comparison
has the largest patient population, with 420 patients receiving
sotalol and 544 receiving amiodarone. While the studies differed in
the duration of AF before an attempt at cardioversion, the follow

Relative Success of AF Conversion to Normal Sinus Rhythm: Sotalol versus Amiodarone
Each row shows the name of the first author of the publication followed by the reference number in parenthesis, the relative success (Risk
ratio: “risk” of successful AF conversion) with 95% confidence interval (95% CI), and the significance (p) of the difference in success. The
number of patients of whom AF converted and the total number of the patients (Event/Total) in the sotalol and the amiodarone arms are
also shown for each study. The graphic presentations of the results are shown on the right (Forrest Plot). The boxes represent the relative
success and the lines represent the 95% CI for individual studies. The size of boxes and the thickness of lines reflect the weight of a study in
the analysis. The result of the meta-analysis is shown in the last row (bottom) numerically, as well as graphically (the diamond in the Forest
Plot). Test for heterogeneity: I2 is the percentage of total variation in study estimates that is due to heterogeneity (16%.). The studies effect
sizes were homogenous, thus the fixed effect model was employed for meta-analysis. The combined relative success is 0.947 (95% CI: 0.837
to 1.071, p=0.385), indicating no difference between the two drugs in pharmacologic conversion of AF
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Figure 3:

Relative Success of AF Conversion to Normal Sinus Rhythm: Sotalol versus Amiodarone Followed by DC Shock in Non Converters
Those patients, who did not convert by the drug they were randomized to receive (amiodarone or sotalol) underwent direct current (DC)
electrical cardioversion. The figure shows the combined success of pharmacological and DC cardioversion. The studies and data elements are
organized as in Figure 2. The studies were homogenous (I2 = 0%), thus the fixed effect model was employed for meta-analysis. None of the
studies found a significant difference between the amiodarone and sotalol groups. The meta-analysis indicates practically identical efficacy
with a common relative success of 1.013 (95% CI: 0.961 to 1.067, p=0.631)

up time to evaluate success, as well as in the dosing regimens, the
studies were homogenous for the primary outcome, AF conversion.
The common relative success of sotalol was 0.947 (95% CI: 0.837 to
1.071, p=0.387), indicating no difference compared to amiodarone in
pharmacologic conversion of AF. The conversion rate ranged between
19 and 88% in the sotalol and between 26 and 79% in the amiodarone
groups, with an average conversion rate of 49% with sotalol and 52%
with amiodarone. The conversion rates were the lowest in persistent
AF studies8,10 ranging between 19 and 24% for sotalol and 26 and
27% for amiodarone, while in recent onset AF of less than 24 hour
duration (paroxysmal AF) the success rate was 88% for sotalol and
77% for amiodarone. Four of these five studies7,8,9,10 evaluated the
combined success rate of pharmacologic and electrical AF conversion
(Figure 3). Those patients, who did not convert by their assigned drug
treatment received direct current (DC) cardioversion. None of the
studies found significant difference in the success of pharmacologic
and DC conversion between the amiodarone and sotalol groups
(Figure 3). The meta-analysis indicates a practically identical efficacy
with a common relative success of 1.013 (95% CI: 0.961 to 1.067,
p=0.631). The success rate ranged between 80 and 96% in the sotalol
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groups and between 80 and 95% in the amiodarone groups.
Three studies reported data about the suppression of AF after
successful conversion of AF.8,9,10 One study with 12 hour follow up
reported early recurrence,9 one study reported AF recurrence during
6 weeks and 6 months follow up,10 and one study reported long term
AF suppression during 12 months follow up.8 The results are shown
in Figure 4. Figure 4 shows that with longer follow up time the risk
of AF recurrence increases more in patients who received sotalol
compared to those who received amiodarone. The relative risk of
AF recurrence on sotalol became significant at 6 months (p=0.027)
and became more significant during 1 year follow up (p<0.001). The
meta-analysis (Figure 4) indicates a significantly higher common
relative risk of AF recurrence for sotalol (relative risk: 1,462, 95%
CI: 1.260 to 1.697, p<0.001). Overall, these results translate to less
effective long term AF suppression with oral sotalol therapy than
with amiodarone.
Two studies reported adverse events affecting the cardiovascular
system.7,9 Combining these 2 studies, there were 2 cases of
symptomatic bradycardia and 2 cases of hypotension among patients
who received sotalol. There were more cases of adverse events among

Recurrence of AF among Patients with AF Conversion: Sotalol versus Amiodarone
The studies and data elements are organized as in Figure 2. The studies were homogeneous (I2 = 2%), thus the fixed effect model was
employed for meta-analysis. The combined (weighted mean) relative risk of AF recurrence is 1,462 (95% CI: 1.260 to 1.697, p<0.001)
indicating a significantly higher common relative risk of AF recurrence for sotalol. The figure also indicates that with longer follow up time
the risk of AF recurrence increases more in patients who received sotalol comped to those who received amiodarone. The relative risk of AF
recurrence on sotalol became significant at 6 months follow up (p=0.027) and became more significant during 1 year follow up (p<0.001)
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Table 1:

Summary Tabulation of the Clinical Trials
Drug Regimen

AF Duration Before Treatment

Follow up
for Efficacy

Patient Conditions/
Characteristics

<24 h

48 h.

Emergency

Authors

Study Type

Joseph et al.7

Randomized

1. IV sotalol 1.5 mg/kg over 30 min

Open Label

then 3x80 mg oral/day for 2 days

admission for

2. IV amiodarone 5 mg/kg over 30 min

symptomatic

then 3x400 mg oral/day for 2 days
Singh et al.8

AF

Randomized

1. Oral sotalol 2x80 mg a day

>72 h.

Double blind

for 1 week, 2x160 mg thereafter

to years

28 days

Persistent AF
eligible for

2. Oral amiodarone 800 mg a day

cardioversion

for 2 weeks then 600 mg/day for 2 weeks,
Thomas et al.

9

Randomized

1. IV sotalol 1.5 mg/kg over 10 min

<48 h.

Open Label

then 2x80 mg oral a day

in 80%

12 h.

Emergency
admission for

2. IV amiodarone 10 mg/kg over 30 min

of the patients

symptomatic

Then 2x200 mg oral a day

recent onset
AF

AF; Atrial Fibrillation, AFL; Atrial Flutter, h; hour, IV; intravenous, MI; myocardial infarction. Note: Wong et al.15 did not provide dosing regimens

patients who received amiodarone including 2 cases of bradycardia,
5 cases of hypotension, and 4 cases of left ventricular failure.
Discontinuation of therapy was similar for amiodarone and sotalol
with a relative risk of 1.194 (95% CI: 0.311 to 4.587, p=0.796).
Sotalol vs. Amiodarone for Maintenance of NSR Post Cardiac
Surgery
Two clinical trials directly compared the efficacy of sotalol with
amiodarone for the prevention of atrial fibrillation after cardiac
surgery.12,13 Both were randomized double-blind trials (Figure 5).
In the study of Mooss and colleagues,13 atrial fibrillation occurred
in 17% of the 83 patients taking amiodarone and in 25% of the 76
patients taking sotalol (RR=1.482, 95% CI: 0.80 to 2.745, p = 0.211),
a nonsignificant difference. In the study of Auer and coworkers,12
patients were randomized to receive placebo, sotalol, metoprolol,
or amiodarone plus metoprolol. Atrial fibrillation occurred in 20 of
the 63 patients (32%) randomized to sotalol and in 19 of the 63
patients (30%) randomized to amiodarone plus metoprolol. The risk
of developing postoperative atrial fibrillation was practically the
same with both regimens (RR = 1.05, 95% CI: 0.625 to 1.774, p =
0.847).6 The combined relative risk of developing postoperative atrial
fibrillation on sotalol therapy was 1.214 (95% CI: 0.815 to 1.808, p =
0.339) (Figure 5). Discontinuation of therapy due to adverse events

Figure 5:

(hypotension, bradycardia, AV block) were similar for amiodarone
(8.9%) and sotalol (13.7%) in the post cardiac surgery setting with a
relative risk of 1.554 (95% CI: 0.801 to 3.016, p=0.192).
Adverse Events and Drug Toxicity Following Acute and Chronic
Administration of Amiodarone and Sotalol
The number of studies is limited in this meta-analysis and most of
the studies had short duration. Therefore they do not provide a full
picture about the incidence of adverse events that may be anticipated
with these drugs. Therefore, we performed a thorough review of the
literature to provide estimates of adverse events and toxicities with
acute and long term administration of sotalol and amiodarone that
should be considered when administering these drugs to patients for
conversion of AF and to maintain NSR. The results are summarized in
Table 2. Most of the adverse events are related to the pharmacologic
effects of these drugs. Both sotalol and amiodarone are VaughanWilliams Class III (action potential prolonging) agents with Class
II (beta receptor blocking) properties. With acute, predominantly IV
administration, hypotension, bradycardia, AV block and new onset
CHF can be anticipated with both drugs. Both drugs prolongs the
QTc interval, and Torsades de Pointes (TdP) ventricular tachycardia
may occur with both, but to a much lesser extent for IV sotalol
(<1%) than observed with chronic oral sotalol administration for the

Relative Risk of Developing Atrial Fibrillation after Cardiac Surgery: Sotalol versus Amiodarone
The studies and data elements are organized as in Figure 2. The studies were homogeneous (I2 = 0%), thus the fixed effect model was
employed for meta-analysis. The combined (weighted mean) relative risk is 1.214 (95% CI: 0.815 to 1.808) indicating no significant difference
between sotalol and amiodarone in preventing atrial fibrillation following cardiac surgery (p<0.339)
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Table 2:

Adverse Events and Drug Toxicity Following Acute and Chronic
Administration of Amiodarone and Sotalol

Administration

Amiodarone

Sotalol

*Hypotension

12-20%14

6.3%15

*TdP

<2%14

<1% (0.1%)15

Bradycardia/AV block

4.9%

12-13%16

Acute (Predominantly IV)

14

*Cardiac Arrest

3%

14

0.1%15

Heart Failure

2%14

1.2%16

*ARDS

214-11%17

0%

*Optic neuropathy/neuritis

infrequent14

0%

Peripheral neuropathy

infrequent14

extremely rare16

*Thyrotoxicosis

infrequent

0%

Hepatic injury

2.8-4.2%14

extremely rare16

*Proarrhythmia (TdP)

<1%18

0.3-3.2%16

CHF (new onset)

2-2.2%

*Pulmonary toxicity

1-17%19

0%

Non-Allergic Bronchospasm

0%

1.8-2.4%16

*Optic neuropathy/neuritis

<1-2%20

0%

Photophobia, corneal microdeposits

>90%

0%

Gastrointestinal Complaints

30%18

Elevated Liver Enzyme Levels

15-30%

*Hepatitis and Cirrhosis

<3%14

14

Chronic (Oral)

14

14,20

1.2-3.3%16

20.5-20.7%16
14

extremely rare16
0%

*Hypothyroidism

4-22%

14

0%

*Hyperthyroidism

2-12%14

0%

Neurologic Events (i.e. Dizziness,
Headache, Insomnia, Malaise, etc.)

3-30%

22-29%16

Fatigue

4-9%21

10-11%16

Tremor, ataxia

3-35%20

0%

Peripheral neuropathy

0.3%

20

extremely rare16

Photosensitivity

25-75%14,20

extremely rare16

Skin discoloration

4-9%

0%

*Aplastic anemia

rare14

18

20

0%

* indicates major adverse event/toxicity. Superscript numbers indicate the reference numbers of
the data source. 0% indicates that no report of that adverse event has been found. “infrequent”
and “extremely rare” indicate that events were occasionally reported as part of either the post
marketing experience or foreign experience and the actual incidence have not been or cannot
be estimated. ARDS; Adult Respiratory Distress Syndrome, CHF; congestive heart failure, IV;
intravenous. TdP; Torsades de Pointes ventricular tachycardia

suppression of AF (0.3-3.2%) or ventricular tachycardia (2-4%).15,16
Adult Respiratory Distress Syndrome (ARDS) is a potentially lethal
complication which is due to amiodarone toxicity. It is especially
frequent with IV administration following pulmonary surgery
(11%),17 but the lower end of the estimate is still considerable with
a 2% incidence of ARDS.14 Other serious amiodarone toxicities like
optic neuropathy, optic neuritis and thyrotoxicosis are realitve rare
with acute IV administration, hepatic injury may occur in 2.8-4.2%
of the patients.14 With chronic oral administration for maintenance
of NSR after AF conversion, Tdp is the most serious adverse event
that occurs between 0.3 to 3.2% of the patients with sotalol, and
extremely rare with amiodarone.16,18 Non allergic bronchospasm
occurs only with sotalol administration.16 Less serious adverse events
show a similar incidence between sotalol and amiodarone therapy
including gastrointestinal complains (sotalol ≈20%, amiodarone≈
30%), dizziness, headache, insomnia malaise may occur as high as ≈
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30%, as well as fatigue ≈10% of the patients by both drugs. On the
other hand, pulmonary toxicity, hypo- and hyperthyroidism, hepatitis
and cirrhosis, may occur frequently with amiodarone therapy and not
at all with sotalol. Aplastic anemia is relatively rare with amiodarone
but can be fatal and does not occur with sotalol.14,19 Other frequent,
but potentially non fatal amiodarone toxicities manifested as
photophobia, corneal microdeposits, photosensitivity and skin
discoloration (See Table 2). Optic neuropathy or optic neuritis
(estimated incidence <1% to 2%) caused by amiodarone may lead
to blindness.20 In summary, both drugs may cause serious adverse
events, but amiodarone therapy may result in a number of potentially
fatal non cardiovascular organ toxicities, while sotalol therapy has not
been associated with potentially fatal organ toxicity.

Discussion

With the availability of IV, as well as oral sotalol and amiodarone,
both agents can be employed in a number of different situations with
flexibility in the route of delivery. We thus undertook a systematic
literature review and meta-analysis to evaluate the efficacy of sotalol
for the pharmacologic conversion of AF, and reviewed meta-analysis
of the maintenance of sinus rhythm after cardiac surgery.6 The efficacy
of sotalol IV and oral was similar to amiodarone in AF conversion
and sotalol and amiodarone were equally effective in the maintenance
of normal sinus rhythm after cardiac surgery.
While the focus of this study was AF conversion and prevention
of AF following cardiac surgery, we also hade limited data on the
efficacy of both drugs in the long term maintenance of NSR with
oral administration following cardioversion of AF. We found a better
long term suppression of AF with oral amiodarone compared to oral
sotalol treatment. Our findings are in agreement with a recent metaanalysis, which evaluated the long term efficacy of both drugs in the
maintenance of NSR following cardioversion.22
An important consideration is that amiodarone has numerous
none cardiovascular adverse events, some of them can be fatal such
as amiodarone-induced pulmonary toxicity. Our review of the
adverse events and toxicity of the two drugs indicates that sotalol
has much less serious non cardiovascular adverse effects. This is
confirmed in a study on the reassessment of clinical outcomes by
initial antiarrhythmic drug therapy in the AFFIRM Trial, which
concluded that death, intensive care unit hospitalization and noncardiovascular death were more frequent with amiodarone.23
The estimates of the incidence of adverse events and toxicities
can have a wide range (see Table 2). This can be explained by the
underlining disease status of a patient group, as well as the wide range
of doses employed of the two agents. For example, the incidence
of TdP was less when it used for maintenance of NSR after AF
conversion (0.3-3.2%) than in the treatment of ventricular tachycardia
(2-4%).15,16 Furthermore, sotalol has a linear pahramacokinetic
profile and the QT prolongation caused by sotalol is dose related.
Consequently, with high sotalol doses the risk of developing TdP is
higher than with lower daily doses of sotalol. Similarly, pulmonary
toxicity of amiodarone has been reported more frequently when
high maintenance doses are employed and declined when the daily
dose was reduced to 400 mg or below. Still, pulmonary toxicity may
happen at any dose at any time with amiodarone therapy. Given the
long elimination half life of amiodarone, toxicities may occur after
discontinuation of amiodarone for up to one year.
Side effects contribute an important dimension in the decision
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to employ sotalol, or amiodarone. The cardiac side effects of Sotalol
are bradycardia, hypotension and QT prolongation with a 1-3%
incidence of TdP tachycardia, more frequently seen in low EF
patients. Amiodarone also causes bradycardia, as well as hypotension,
but proarrhythmia and TdP is much more infrequent. The noncardiac side effects are significantly different between sotalol and
amiodarone. Amiodarone is well known to cause a long list of side
effects from photosensitivity and skin discoloration to blood dyscrasias
(neutropenia and agranulocytosis), to hypo or hyperthyroidism
, hepatic toxicity and pulmonary toxicity (ARDS like picture or
pulmonary fibrosis). Neuropathies, including optic and peripheral are
also reported. Often the non-cardiac side effects of amiodarone are
such as to influence the choice of which agent to employ.

Clinical Implications

Given the similar efficacy of sotalol and amiodarone and the short
and long term toxicity of amiodarone, consideration should be given
to employing IV and oral sotalol in the treatment of AF in patients
with adequate left ventricular function.
Perhaps the greatest utility of IV sotalol is in the treatment of AF
is in preventing AF post coronary artery bypass surgery and valve
surgery where AF remains a problem.6 Currently, IV amiodarone is
often employed, though even brief periods of amiodarone use can
lead to optic and peripheral neuropathies,24,25 as well as rarely an
acute respiratory distress syndrome like picture.26,27 The efficacy of
oral sotalol has been demonstrated in patients post CABGS28 and it
is possible that with IV loading a pharmacoeconomic advantage may
be found with IV sotalol over oral sotalol.

Limitations

One of the limitations of this systematic review is the relatively
small number of studies in our meta-analyses. However, the studies
were homogenous for all outcomes and publication bias was not
found, which support the creditability of our findings. Another
limitation is that most of the studies in our meta-analysis had short
follow up time. Given the limited number of studies and the short
follow up times, we had limited data on the adverse event profile
of amiodarone and sotalol in AF conversion and during long term
administration.
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