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Abstract
Objectives: Electrical cardioversion is commonly used to treat patients with atrial fibrillation and atrial
flutter to restore normal sinus rhythm. There has been considerable debate as to whether the electrode
placement affects the efficacy of electrical cardioversion. The objective of this study was to examine the
effectiveness of anteroposterior (A-P) versus anterolateral (A-L) electrode placement to restore normal
sinus rhythm.

Methods: A search of eight electronic databases, including Medline, EMBASE, CINAHL, and Cochrane
was completed. Grey literature (hand-searching, Google, and SCOPUS) searching was also conducted.
Studies were included if they were controlled clinical trials comparing the effectiveness of A-P versus
A-L pad placement to restore normal sinus rhythm in adult patients with atrial fibrillation and flutter.
Two independent reviewers judged study relevance, inclusion, and quality (e.g., risk of bias). Individual
and pooled statistics were calculated as relative risks (RRs) with 95% confidence intervals (CIs) using a
random-effects model, and heterogeneity (I2) was reported.

Results: From 788 citations, 13 studies were included; seven involved monophasic, five involved biphasic,
and one analyzed both waveform devices. The included studies tended to report cumulative success rates
to restoring normal sinus rhythm after one to five sequential shocks of increasing energy; the number of
shocks and energy used differed among studies. The risk of bias of the studies was “unclear.” After the
first shock, pad placement was not associated with an increased likelihood of restoring normal sinus
rhythm (RR = 0.88; 95% CI = 0.73 to 1.06); however, heterogeneity was high (I2 = 63%). Subgroup
comparisons revealed that the A-L position was more effective (RR = 0.77; 95% CI = 0.59 to 1.00) at
restoring normal sinus rhythm when using biphasic shocks (comparison p = 0.04). Overall, the pooled
results failed to identify a difference between A-P and A-L pad placement in restoring normal sinus
rhythm at any time (RR = 1.00; 95% CI = 0.95 to 1.05); however, heterogeneity was high (I2 = 61%). No
significant subgroup differences were found. Side effects were reported in only three studies.

Conclusions: The published literature is restricted to persistent atrial fibrillation and atrial flutter, pad
placement varied, and energy levels used were lower than currently recommended; however, the
accumulated evidence suggests that electrical pad placement is not a critically important factor in
successful cardioversion in atrial fibrillation and flutter (AF/AFL). A trial is urgently needed in recent-
onset atrial fibrillation and atrial flutter patients using biphasic devices and high energy levels to resolve
the debate.
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Atrial fibrillation is characterized by disorganized
atrial electrical depolarization leading to an
irregular and rapid heart rate and is the most

common arrhythmia seen in the emergency department
(ED). Atrial flutter is a less common arrhythmia with
similar pathophysiology that is characterized by rapid,
regular atrial depolarizations. In the ED, physicians
often manage patients with either recent-onset or per-
manent (chronic) atrial fibrillation and flutter (AF/AFL).1

This study focused on those with symptomatic, recent-
onset episodes of AF/AFL, the most common arrhyth-
mia requiring management in the ED.2,3 Recent-onset
AF/AFL episodes usually have been present less than
48 hours, are highly symptomatic, and may be first or
recurrent events.

Atrial fibrillation and flutter is a growing area of ED
expertise; however, practice variation exists with
respect to treatment. For example, in a Canadian retro-
spective study, 73% of emergency physicians followed a
rhythm control strategy for recent-onset AF/AFL,
where attempts are made to cardiovert patients to nor-
mal sinus rhythm in the ED, either with drugs or electri-
cally, and then discharge them home in sinus rhythm.4

Guidelines exist for the treatment of AF/AFL; however,
many are not evidence-based. The most recent guideline
was unable to generate a recommendation for this
question due to the lack of a systematic review on the
topic.5 The need for evidence-based recommendations
are especially critical for therapies, such as electric car-
dioversion, that has evolved over time.

Since its development in 1962,6 the procedure for
inducing electric cardioversion for treating AF/AFL has
changed. For example, monophasic waveform devices
were traditionally used for performing electric cardio-
version; however, the use of biphasic waveform devices
has increased over the past decade, as biphasic wave-
forms have been found to be more effective in restoring
normal sinus rhythm.7 What has been less clear in the
literature, however, is whether the location of the place-
ment of the two electrodes can affect the effectiveness
of electric cardioversion. Traditionally, electrodes have
been placed in the anterolateral (A-L; right parasternal-
left midaxillary) position; electrodes can also be placed
at the anteroposterior (A-P; right parasternal-left infra-
scapular) position to restore normal sinus rhythm. Sev-
eral studies have compared the effectiveness of A-L and
A-P with mixed results.8–10 To date, there have been no
systematic reviews synthesizing the available evidence
of studies comparing A-P versus A-L placement of elec-
trodes for treating AF/AFL. The objective of this study
was to review the effectiveness of A-P versus A-L elec-
trode placement to restore normal sinus rhythm and
whether monophasic or biphasic waveform devices
influence cardioversion success for A-P or A-L pad
placement.

METHODS

We developed a study protocol a priori to define the
objective, outline the search strategy, establish explicit
selection criteria, determine the primary outcome, guide
the data collection process, and define the analysis. The
protocol was registered with PROSPERO, which is an

international register for systematic reviews (registra-
tion # 42013004188).

The research question addressed in this review was
as follows: in patients with AF/AFL requiring cardiover-
sion, does A-P pad placement (intervention) safely
improve conversion success and reduce the number of
shocks required (outcomes), compared to A-L pad
placement (comparison)? Only prospective randomized
controlled trials or controlled clinical trials comparing
the effectiveness of A-P versus A-L placement of electri-
cal pads/paddles to facilitate conversion to normal sinus
rhythm were included. Potentially eligible studies exam-
ined adult (≥18 years) patients with recent or persistent
AF/AFL in a primary, secondary, or tertiary care set-
ting. Diagnosis of AF/AFL was made either using inter-
national or national criteria. Patients could receive
additional standard treatments such as rate-controlling
agents or anticoagulants. Patients could not receive
electric cardioversion for treatment of cardiac arrhyth-
mias other than AF/AFL.

Two reviewers (SWK, BHR) independently screened
the citations identified by the literature search. Both
reviewers independently reviewed citations that were
found to be potentially relevant for inclusion. In the case
of disagreement, resolution was reached by consensus.
Foreign language and nonpublication were not reasons
for exclusion.

The primary outcome was successful conversion to
normal sinus rhythm after administration of the first
shock. Monophasic and biphasic waveforms were
examined for subgroup analysis. “As reported” and
worse-case scenario intention-to-treat analysis was per-
formed on the primary outcome.

In most cases, studies used shock protocols in which
they administered predetermined numbers of shocks in
case the patients did not successfully convert to normal
sinus rhythm. As a result, secondary outcomes included
the successful conversion to normal sinus rhythm after
the final shock of the shock protocol; success rate of
crossover shocks; overall conversion rates of all patients
receiving either A-L or A-P shocks, including crossover
shocks; and cumulative restoration of normal
sinus rhythm at different shock energies (<100, 100, 150,
200, 300, and 360 J). Additional secondary outcomes
included mean shock energy, average number of electri-
cal shocks to restore normal sinus rhythm, transthoracic
impedance, side effects, and antiarrhythmic use.

Search Strategy
A systematic search of bibliographic databases includ-
ing the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, EMBASE, SCOPUS, LILACS,
CINAHL, IEEE Explore, and Proquest Dissertations and
Theses was conducted to identify randomized and con-
trolled clinical studies. Databases were searched using
thesaurus terms and subject headings that were
adapted to each database (see Data Supplement S1,
available as supporting information in the online
version of this paper).

Foreign language and unpublished articles were
included in this review. Foreign language articles were
translated using Google Translate. The search went
back to 1962 and the most recent search was updated in
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June 2013. Additionally, clinical trial registries (Coch-
rane Central Register of Controlled Trials, controlled-
trials.com, and ClinicalTrials.gov), Google Scholar, and
bibliographies from included studies and reviews were
searched for any relevant citations. A SCOPUS forward
search of a sentinel paper8 was also performed.

Selection of Studies. Two independent reviewers
(BHR, SWK) identified potentially relevant studies via
abstracts and titles. Once identified, two reviewers
(BHR, SWK) independently reviewed the full text of the
selected studies using predefined inclusion and exclu-
sion criteria.

Data Extraction. Two reviewers (SWK, TYA) indepen-
dently extracted data onto a standardized form contain-
ing information about patients, methods, interventions,
outcomes, and adverse events provided in the articles.
After data extraction was completed, data extraction
forms were verified (SWK) to ensure that the data
extracted from the articles were accurate. Discrepancies
were resolved by discussion and confirmation of the
results from the text of the articles. Attempts were made
to contact primary authors for clarification of any miss-
ing or unclear data. All primary authors were contacted
to retrieve their original databases for the study.

Assessment of Risk of Bias. Quality assessment of
included studies was completed with the “risk of bias”
assessment tool.11 Two independent reviewers (SWK,
TYA) assessed six different categories of bias including:
1) sequence generation, 2) allocation concealment, 3)
blinding, 4) incorporation of outcome data (attrition and
exclusions), 5) selective reporting, and 6) “other” poten-
tial sources of bias. Disagreements were resolved and
discussed by third-party adjudication (BHR) until a con-
sensus was reached.

Data Synthesis. Data were extracted by two reviewers
(SWK, TYA) and checked for reliability (SWK). Studies
were pooled only if they represented similar popula-
tions, outcomes, and designs, and the research team
judged that clinical heterogeneity was sufficiently low.
Statistical analysis was performed using I2 in Review
Manager (RevMan) software version 5. For dichoto-
mous variables, individual and pooled statistics were
calculated as relative risks (RRs) with 95% confidence
intervals (CIs) using a random-effects model. For con-
tinuous outcomes, individual trial results were reported
using mean differences or standardized mean differ-
ences and pooled results as weighted mean differences
with 95% CIs using a random effects model. The
weights given to each study in the pooled analysis were
based on the inverse variance method.

Heterogeneity was tested using the I2 statistic with I2

values of 25, 50, and 75% representing low, moderate,
and high degrees of heterogeneity, respectively.11 Het-
erogeneity was assessed using I2 in RevMan. Antici-
pated subgroup analysis was not possible due to
insufficient data. Planned sensitivity testing included
study quality, random and fixed effects, and monophasic
versus biphasic results. A funnel plot of the primary
outcome was created to assess publication bias using

RevMan. The PRISMA checklist was employed to
ensure that standard outcomes were reported.12

RESULTS

Search Results
The systematic and grey literature search identified 917
and 167 studies, respectively (see Figure 1). Removing
duplicates resulted in 788 citations overall. Twenty-five
studies were selected as potentially relevant and
accessed for full-text review, and the remaining 763
studies were excluded for various reasons. Twelve stud-
ies were excluded after full-text review, while the
remaining 13 studies were included in the review
involving 836 patients receiving A-P and 856 patients
receiving A-L pad placement.9,10,13–23 One of the
included studies13 was only found in the bibliography of
several included studies. Google Translate was used to
translate one Spanish14 and one Lithuanian15 paper to
English. Of the 12 excluded studies, 11 were not pro-
spective randomized or controlled, and one did not
compare A-P versus A-L pad placement. Reviewer
agreements for identifying potentially relevant studies
(K = 0.91; 95% CI = 0.77 to 0.97) and included or
excluded studies (K = 0.84; 95% CI = 0.4 to 0.99) were
excellent (see Table 1 for characteristics of included
studies, which are summarized below).

All of the included studies were peer-reviewed arti-
cles except for one abstract.13 All of the included studies
were randomized clinical trials, including one factorial
randomized clinical study.15 The majority of studies
included patients with persistent atrial fibrillation in a
hospital ward setting. None of the included studies
examined recent-onset AF/AFL strictly in the ED. The
majority of studies strictly enrolled patients with atrial
fibrillation. Only one study exclusively enrolled patients
with atrial flutter,20 while another enrolled patients with
either atrial fibrillation or flutter.13 Interestingly, all of
the studies were conducted in Europe, except for one
study set in Taiwan.18 None of the included studies were
set in North America.

The majority of studies involved shock protocols of
one to five sequential shocks of increasing energy, in
which patients were administered shocks until they suc-
cessfully cardioverted. The amount of energy used per
shock varied among studies, depending largely on
whether the study used monophasic or biphasic wave-
form electric cardioversion. One study administered
shocks based on the patients’ weights,16 while the
remaining studies administered shocks at predeter-
mined energy levels. Overall, monophasic waveforms
were used in seven studies,9,10,13,16,18,19,22 five studies
involved biphasic,14,17,20,21,23 and one study analyzed
both waveform devices.15 In six studies, if normal sinus
rhythm was not restored by the end of the shock proto-
col, patients received an additional crossover shock in
the alternate pad position.9,10,14,16,20,23 To induce shocks,
paddles were used in five studies,9,10,13,15,17 while the
remaining studies utilized pads/electrodes.14,16,18–23 The
placement of the pads or paddles also varied across
studies in both the A-P and A-L positions. For example,
the A-P position for three studies was at the left infra-
clavicular and left infrascapular,14,15,17 while in seven
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studies, the A-P position was at the right infraclavicular
and left infrascapular.9,16,18–20,22,23 Unfortunately, due to
limited information, it is unclear where the pads were
placed in one study.13

Outcomes. Successful cardioversion was defined dif-
ferently across studies including restoration of normal
sinus rhythm immediately after a shock10,21,22 or a main-
tained normal sinus rhythm for at least 10,16 30,20,23 or
60 minutes18 or more than 8 hours.13 Two studies
defined successful electric cardioversion as the presence
of either at least one P wave17 or recorded sinus
rhythm15 within 30 seconds after the shock. The defini-
tion of successful cardioversion was unclear in three
studies.9,14,19

Cointerventions. In regard to additional treatments,
each study stated that patients received supplementary
antiarrhythmic agents, such as amiodarone or digoxin,
prior to, during, or after electric cardioversion based on
either previous antiarrhythmic use or the discretion of
the attending physician. While none of the included
studies administered standardized antiarrhythmic drug
treatment to all patients, many provided patients with
what they had been receiving previously.

Quality. The overall risk of bias was considered
unclear in nine studies.10,13,14,16–18,21–23 Four studies
were considered at high risk of bias; two studies stated
they were single-blinded,9 or open-labeled,20 while two

studies reported cardioversion success incompletely.15,19

For one study,19 the cardioversion success rates at 100
and 300 J had to be estimated because the data were
not available in the text. Another study did not present
data that could be entered into a meta-analysis.15 We
were unsuccessful in our attempts to contact the
authors of either study. None of the included studies
were rated as low overall risk of bias, and no differ-
ences were detected between the monophasic and
biphasic studies with respect to methodologic quality.
The majority of studies failed to provide adequate infor-
mation on randomization, allocation concealment, blind-
ing, attrition or exclusions, or statements of funding
sources (see Figure 2).

Primary Outcomes
First-shock Success. Ten studies investigated the effi-
cacy of pads in the A-L or A-P position to restore nor-
mal sinus rhythm after the initial shock in 1,397 patients
(see Figure 3). There were no differences in A-L or A-P
pad position with respect to overall successful return to
normal sinus rhythm (RR = 0.88; 95% CI = 0.73 to 1.06);
heterogeneity was considered high (I2 = 63%). Signifi-
cant subgroup differences (p = 0.04) revealed that
patients who were administered their initial shock
through a biphasic waveform device in the A-L pad
position were more likely to convert to normal sinus
rhythm than in the A-P position (RR = 0.77; 95% CI =
0.59 to 1.00); however, this subgroup did not eliminate
the heterogeneity (I2 = 73%). Intention-to-treat analysis

* Electronic databases 
included MEDLINE, 
EMBASE, CINAHL, 
SCOPUS, Cochrane, 
Dissertation Abs., LILACS, 
IEEE explore

** Grey literature searches 
included hand searching, 
Google scholar, and Scopus 
forward searches of included 
papers.

Electronic database 
search*
n = 917

Grey literature
search**
n = 167

Results after 
duplicates removed

n = 788

Clearly irrelevant 
after screen

n = 763

Full-text articles 
assessed for eligibility

n = 25

Studies included in 
systematic review

n = 13

Studies excluded 
with reasons

n = 12

Reasons for exclusion
Not an RCT/CCT = 12
Did not compare A-L vs. A-P = 1

Figure 1. Systematic literature search overview. Prisma flow diagram delineating search, screening, and eligibility assessment
results for the comparative effectiveness systematic review of anteroposterior (A-P) and anterolateral (A-L) electrical pads place-
ment for treating atrial fibrillation. RCT/CCT = randomized controlled trial/controlled clinical trial.
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Figure 2. Risk of bias assessments for 13 trials included in a systematic review of anteroposterior versus anterolateral pad place-
ment for atrial fibrillation/flutter.

Table 1
Descriptive Characteristics of Studies Included in the Review

Reference Location

Recent-onset
or

Persistent AF/
AFL

No. of
Subjects A-P Position*

Pads or
Paddles Shock Protocol

Crossover
Shocks?

Biphasic devices
Brazdzionyte17 Lithuania Recent-onset/

persistent
103 Left anterior Paddles 100–150–200–300 J None

Munoz-
Martinez14

Spain Persistent 91 Left anterior Pads 150–200–200 J Two 200-J
shocks

Risius20 Germany Recent-onset/
persistent

96 Right anterior Pads 50–75–100–150–200 J One 200-J
shock

Siaplaouras21 Germany Persistent 123 Midsternal to
midscapular

Pads 120–150–200–200 J None

Stanaitiene15 Lithuania Recent-onset/
persistent

224 Left anterior Paddles Monophasic 100–150–
200–300–360 J
Biphasic 100–200–300–
360 J

None

Walsh23 United
Kingdom

Persistent 294 Right anterior Pads 70–100–150–200 J One 200-J
shock

Monophasic devices
Alp9 United

Kingdom
Persistent 59 Right anterior Paddles 360 J One 360-J

shock
Botto16 Italy Persistent 301 Right anterior Pads 3 to 4 J/kg One 4 J/kg

shock
Chen18 Taiwan Persistent 70 Right anterior Pads 100–150–200–300–360 J None
Kirchof10 Germany Persistent 108 Midsternal to

midscapular
Paddles 50–100–200–300–360 J One 360-J

shock
Mathew19 United

Kingdom
Persistent 90 Right anterior Pads 100–200–300–360 J None

Tuinenburg13 The
Netherlands

Persistent 70 N/A Paddles 100–200–360–360 J None

Vogiatzis22 Greece Persistent 62 Right anterior Pads 200–300–360 J None

AF/AFL = atrial fibrillation/atrial flutter; A-L = anterolateral; A-P = anteroposterior.
*Right anterior = anterior pad right infraclavicular and posterior pad left infrascapular; left anterior = anterior pad left infraclavicu-
lar and posterior pad left infrascapular; midsternal to midscapular = anterior pad centered on sternum and posterior pad cen-
tered between scapula.
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using a worst-case scenario failed to identify differences
in electric cardioversion success between A-L or A-P
pad placement (RR = 0.88; 95% CI = 0.72 to 1.06) with
high heterogeneity (I2 = 64%). Significant subgroup dif-
ferences (p = 0.04) were again identified: biphasic
shocks in the A-L pad position were more likely to
restore normal sinus rhythm than in the A-P position
(RR = 0.76; 95% CI = 0.58 to 1.00); heterogeneity was
high (I2 = 74%).

Secondary Outcomes
Successful Conversion After the Final Shock of the
Shock Protocol. Because in most cases patients did
not successfully return to normal sinus rhythm after

their first shocks, they underwent multiple shocks
before conversion was accomplished. Twelve studies
with 1,467 patients reported the cumulative cardiover-
sion success after the final shocks in the shock protocol,
not including crossover shocks (see Figure 4). Pad
placement was not associated with an increased likeli-
hood of restoring normal sinus rhythm (RR = 1.00; 95%
CI = 0.95 to 1.05); however, heterogeneity was again
high (I2 = 61%). No significant subgroup differences
were found (p = 0.17) between biphasic and monophasic
devices. Intention-to-treat analysis of cardioversion suc-
cess using worst-care scenarios failed to reveal differ-
ences between pad positions (RR = 1.00; 95% CI = 0.95
to 1.05) with high heterogeneity (I2 = 62%).

Figure 3. Forest plot of the effect of anteroposterior versus anterolateral pad placement on restoring normal sinus rhythm after
the first shock in patients with atrial fibrillation or flutter.

Figure 4. Forest plot of the overall cardioversion success of anteroposterior versus anterolateral pad placement in patients with
atrial fibrillation or flutter.
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Crossover Success. Six studies with 145 participants
used crossover shocks when patients failed to return to
normal sinus rhythm after the initial shock protocol.
Cardioversion success of crossover shocks was not
influenced by pad placement (RR = 0.88; 95% CI = 0.47
to 1.63); heterogeneity (I2 = 35%) in this pooled analysis
was considered low. No significant subgroup difference
between biphasic and monophasic devices was identi-
fied (comparison p = 0.06). To further investigate the
efficacy of pad placement, overall cardioversion success
was investigated in all patients who received shocks in
either the A-P or the A-L position, including crossover
shocks, across 12 studies in 1,612 patients. Similar to
previous results, no differences were identified between
A-L and A-P pad placement in restoring normal sinus
rhythm (RR = 1.00; 95% CI = 0.96 to 1.05) with moderate
heterogeneity (I2 = 49%). No subgroup difference between
biphasic and monophasic devices was identified (p =
0.10).

Shock Energies. The effect of shock energies on
cumulative cardioversion success rates was examined.
Included studies employed various shock protocols
ranging from 50 to 360 J as a starting energy. The effi-
cacy of A-L or A-P pad placement to restore normal
sinus rhythm in patients was similar at under 100 J (RR =
0.75; 95% CI = 0.45 to 1.26; n = 498; I2 = 65%), 100 J
(RR = 0.95; 95% CI = 0.79 to 1.13; n = 761; I2 = 50%), 150
J (RR = 0.93; 95% CI = 0.84 to 1.04; n = 777; I2 = 65%),
200 J (RR = 0.97; 95% CI = 0.93 to 1.01; n = 1,037; I2 =
23%), 300 J (RR = 1.01; 95% CI = 0.89 to 1.16; n = 524;
I2 = 66%), and 360 J (RR = 0.98; 95% CI = 0.90 to 1.06;
n = 448; I2 = 43%). No subgroup differences were found
at any energy level.

Cardioversion Energy. The mean energy required to
induce cardioversion was similar between A-L and A-P
pad placement (standardized mean difference = 0.09;
95% CI = –0.20 to 0.38) across eight studies with 953
patients. Additionally, both pad positions required a
similar number of shocks to achieve normal sinus
rhythm (mean difference = 0.22; 95% CI = –0.15 to 0.58)
across six studies with 565 patients. Interestingly,
shocks in the A-P position had lower transthoracic
impedance compared to A-L shocks in either monopha-
sic or biphasic waveforms across five studies with 641
patients (mean difference = –5.79; 95% CI = -8.33 to
-3.26). Body mass index was recorded in eight studies
with 947 participants and was similar between patients
receiving A-L or A-P shocks (mean difference = –0.42;
95% CI = –0.20 to 1.04).

Side Effects. Only three studies including 257 partici-
pants examined side effects in patients receiving shocks
in either A-L or A-P positions. Two studies reported no
side effects, while one reported transient sinus node
dysfunction in two and three patients with A-P and A-L
pad placement, respectively. An insufficient number of
studies reported on early recurring relapse for that to
be included in the meta-analysis.

Antiarrhythmic Medication Treatment. Treatment
with rate-controlling agents was measured across

studies. The use of antiarrhythmic drugs such as amio-
darone (RR = 1.01; 95% CI = 0.87 to 1.17; n = 1,328; I2 =
0%), flecainide (RR = 1.08; 95% CI = 0.70 to 1.68; n =
763; I2 = 0%), sotalol (RR = 0.78; 95% CI = 0.57 to 1.08; n
= 1,147; I2 = 0%), propafenone (RR = 0.91; 95% CI = 0.60
to 1.37; n = 711; I2 = 0%), sodium channel blockers (class
I; RR = 0.97; 95% CI = 0.47 to 1.99; n = 231; I2 = 0%),
beta blockers (class II; RR = 1.07; 95% CI = 0.80 to 1.43;
n = 960; I2 = 9%), and calcium channel blockers (class
IV; RR = 0.83; 95% CI = 0.51 to 1.34; n = 820; I2 = 0%)
were similar between patients undergoing cardiover-
sion in either the A-P or the A-L position. No subgroup
differences were found. Cardiac glycosides (digoxin,
digitoxin, and digitalis) were more likely to be given to
patients undergoing cardioversion in the A-L pad posi-
tion, compared to patients in the A-P position (RR =
0.78; 95% CI = 0.67 to 0.89; n = 833) with low heteroge-
neity (I2 = 0%). No significant subgroup differences
were found (p = 0.18). The number of patients who did
not receive any antiarrhythmic drugs while undergoing
cardioversion was similar between groups (RR = 0.84;
95% CI = 0.32 to 2.21; n = 317) with low heterogeneity
(I2 = 12%). The use of other antiarrhythmic drugs could
not be included in meta-analysis due to insufficient data.

Subgroup and Sensitivity Analyses
The influence of age, sex, and race on conversion to
normal sinus rhythm could not be fully examined in
subgroups due to incomplete outcome reporting.
Attempts were made to conduct a sensitivity analysis on
methodologic quality; however, insufficient variation in
study quality precluded sensitivity analyses. Random-
and fixed-effect results were similar; however, fixed-
effects analyses did identify more statistically significant
results.

Publication Bias
A funnel plot on first shock success suggested a slight
publication bias (see Figure 5). Every effort was made
to locate all available publications through a systematic
search of eight databases and an extensive search of
the grey literature.

Figure 5. Funnel plot of first shock success.
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DISCUSSION

This systematic review provides a comprehensive and
up-to-date synthesis of the effectiveness of A-P com-
pared to A-L pad placement in AF/AFL in adults requir-
ing electric cardioversion. This review was restricted to
the highest quality designs and included only trials
involving head-to-head comparisons. From an extensive
search, 13 studies were included in the review involving
836 patients receiving A-P and 856 patients receiving A-
L pad placement. The risk of bias assessment showed
that most trials had a high risk of bias or were unclear,
meaning the quality was moderate or low quality. There
were no significant differences identified between A-P
and A-L pad placement and reaching the ultimate goal
of conversion to normal sinus rhythm. The evidence
failed to conclude that the two treatments were equiva-
lent, and further research is clearly needed.

The results from studies of the newer biphasic
devices are important to highlight. While monophasic
devices were once commonly used, the past decade has
seen a switch to the use of biphasic devices for the use
of defibrillation in many countries.24 As a result, it is
important to highlight the results of the subgroup
analysis which, despite the overall null results, sug-
gested A-L pad positioning to be more effective in
restoring normal sinus rhythm when using biphasic
devices when administering the first shock. Indeed, it is
likely that the overall lack of effect of pad placement on
cardioversion success in this review may partially be
the result of the inclusion of older studies using mono-
phasic devices. Future research should continue to
examine the use of biphasic devices with A-L pad place-
ment. Exploring the other outcomes revealed that
shocks in the A-P position had lower transthoracic
impedance than in the A-L position. Transthoracic
impedance is the resistance to current flow through the
chest, and higher transthoracic impedance reduces the
success of cardioversion at similar current.25 Our results
failed to find any evidence that patients receiving shocks
in the A-P positions were more likely to return to nor-
mal sinus rhythm after the first shock or with low level
shocks (<100, 100, and 200 J). It should be noted, how-
ever, that only five of the included studies reported
transthoracic impedance as an outcome, and so this
conclusion is tempered by this fact.

The frequency of clinicians selecting A-P or A-L pad
placement is difficult to ascertain from the published lit-
erature. Recently, clinical practice guidelines for AF/
AFL were developed in Canada; however, not every
decision is evidence-based.5 For example, the clinical
practice guideline recommends that electric cardiover-
sion should be administered using biphasic waveform
devices and that the A-P position might be more effec-
tive than the A-L position in restoring normal sinus
rhythm. There has been, however, considerable debate
on whether pad placement affects the efficacy of electric
cardioversion.

LIMITATIONS

There are several limitations that need to be discussed.
First, there were a relatively small number of trials

(n = 13) and patients included in those trials (n = 1,692),
meaning that a lack of difference was not suggestive of
equivalence. In addition, the lack of studies examining
patients with acute or recent-onset AF/AFL limits the
scope of this review to patients with persistent symp-
toms. More studies, especially in the acute setting, are
required before these results can be considered conclu-
sive.

Second, the risk of bias was assessed as high or
unclear, suggesting a relatively low quality of evidence.
These assessments are based on the methods that were
reported in the publications. Most unclear designations
were the result of poor descriptions of the system of
randomization and concealment of allocation; however,
this may be a limitation in the reporting and not of the
conduct of the trials.

Third, there was some variation in the protocols
adopted in the studies; for example, the use of mono-
phasic versus biphasic devices, the positions used for
A-P and A-L pad placement, the starting and subse-
quent energy levels, and the use of crossover shocks. In
the end, these variations permitted subgroup analyses,
which provided more granular information to be
reported.

Fourth, it is likely that treatment of antiarrhythmic
drugs may have had a confounding effect on the results
of this review. The use of antiarrhythmic drugs varied
from patient to patient depending on their previous
medication histories, and without access to the original
data, we were unable to examine the effect of specific
antiarrhythmic drugs on pad placement and conversion
to normal sinus rhythm.

Fifth, the definition of successful electric cardiover-
sion varied across studies, often with very small dura-
tions of normal sinus rhythm qualifying as
“cardioversion.” Consequently, it is unclear whether
patients were able to maintain normal sinus rhythm or
relapsed shortly thereafter. Future studies need to apply
a definition of successful electric cardioversion with an
extended duration of normal sinus rhythm to improve
the clinical relevance.

Sixth, there was inconsistency in reporting the out-
comes from the studies included in this review, which
hampered efforts to provide pooled evidence summa-
ries. In the case of the main primary outcome of return
to normal sinus rhythm, the reporting of first shock suc-
cess, timing of assessment, and failure to report results
in sufficient detail limited the number of studies
included in the results and may have biased estimates of
effect. While all protocols mandated that patients
received the currently recommended energy levels by
the end of the shock protocol if they had not yet con-
verted, the initial energy levels would be considered low
by today’s standards.5 The direction of these biases is
difficult to estimate.

In addition to the issues identified above, all system-
atic reviews have several important potential limitations.
Due to the small number of studies for each comparison
we were unable to formally assess the potential for pub-
lication bias. Nonetheless, a comprehensive search of
the published and grey literature was conducted with-
out restrictions on publication status or language of
publication. Consequently, the risk of publication bias
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should be low. There is also the possibility of study
selection bias. To address this, at least two independent
reviewers identified potentially relevant studies and the
authors are confident that the studies that were
excluded were done so for consistent and appropriate
reasons.

CONCLUSIONS

The published literature is restricted to persistent atrial
fibrillation and flutter, is of low methodologic quality,
employs variability in pad placement, and uses energy
levels lower than currently recommended. Not surpris-
ingly, the accumulated evidence suggests that electrical
pad placement is not a critically important factor in suc-
cessful cardioversion in atrial fibrillation and flutter.
Importantly, anterolateral placement for the initial shock
appears to be more effective when using the biphasic
devices currently used in most North American EDs. A
large pragmatic trial is urgently needed in recent-onset
atrial fibrillation and flutter patients using biphasic
devices and high energy levels to resolve the debate of
the effectiveness of anterolateral versus anteroposterior
pad placement.

The authors thank Drs. Stephanos Siaplaouras, Tim Risius, and
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