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Visual Abstract
IMPORTANCE Atrial fibrillation and obesity are common, and both are increasing in Multimedia
prevalence. Obesity is associated with failure of cardioversion of atrial fibrillation using

a standard single set of defibrillator pads, even at high output. Supplemental content

OBJECTIVE To compare the efficacy and safety of dual direct-current cardioversion (DCCV)
using 2 sets of pads, with each pair simultaneously delivering 200 J, with traditional single
200-J DCCV using 1set of pads in patients with obesity and atrial fibrillation.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective, investigator-initiated,
patient-blinded, randomized clinical trial spanning 3 years from August 2020 to 2023. As

a multicenter trial, the setting included 3 sites in Louisiana. Eligibility criteria included body
mass index (BMI) of 35 or higher (calculated as weight in kilograms divided by height in
meters squared), age 18 years or older, and planned nonemergent electrical cardioversion
for atrial fibrillation. Patients who met inclusion criteria were randomized 1:1. Exclusions
occurred due to spontaneous cardioversion, instability, thrombus, or BMI below threshold.

INTERVENTIONS Dual DCCV vs single DCCV.

MAIN OUTCOMES AND MEASURES Return to sinus rhythm, regardless of duration, immediately
after the first cardioversion attempt of atrial fibrillation, adverse cardiovascular events, and
chest discomfort after the procedure.

RESULTS Of 2079 sequential patients undergoing cardioversion, 276 met inclusion criteria
and were approached for participation. Of these, 210 participants were randomized 1:1.
After exclusions, 200 patients (median [IQR] age, 67.6 [60.1-72.4] years; 127 male [63.5%)])
completed the study. The mean (SD) BMI was 41.2 (6.5). Cardioversion was successful more
often with dual DCCV compared with single DCCV (97 of 99 patients [98%] vs 87 of 101
patients [86%]; P = .002). Dual cardioversion predicted success (odds ratio, 6.7; 95% Cl,
3.3-13.6; P = .01). Patients in the single cardioversion cohort whose first attempt failed
underwent dual cardioversion with all subsequent attempts (up to 3 total), all of which
were successful: 12 of 14 after second cardioversion and 2 of 14 after third cardioversion.
There was no difference in the rating of postprocedure chest discomfort (median in both
groups = 0 of 10; P = .40). There were no cardiovascular complications.

CONCLUSIONS AND RELEVANCE In patients with obesity (BMI =35) undergoing electrical

cardioversion for atrial fibrillation, dual DCCV results in greater cardioversion success Author Affiliations: Division of

compared with single DCCV, without any increase in complications or patient discomfort. Cardiac Electrophysiology.
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he prevalence of atrial fibrillation (AF) and obesity con-

tinue to increase in parallel, posing a formidable im-

pact on both the health care system and patients’ qual-
ity of life. Atrial fibrillation stands as the most prevalent cardiac
dysrhythmia, with projections of 6 to 16 million individuals
in the US being affected by this condition by the year 2050.1>
Furthermore, it is projected that by 2030, approximately 1 in
2 adults will be classified as having obesity (BMI >30; calcu-
lated as weight in kilograms divided by height in meters
squared), a condition that is associated with a 50% elevated
risk of developing AF.®° When a rhythm control strategy is ad-
opted for patients with persistent atrial fibrillation, external
direct-current cardioversion (DCCV) is the mainstay treat-
ment for immediate restoration of sinus rhythm.

Studies have shown that even when maximum energy,
biphasic waveform shocks are delivered, cardioversion using
a single set of pads fails in 20% to 35% of patients with obe-
sity, in contrast to the less than 10% failure rate in the general
population.'-1® This failure is often attributed to higher trans-
thoracic impedance, atrial enlargement, and the dispersion
of energy, which collectively lead to insufficient current
density at the atrial myocardium.!”2° Cardioversion failure
may result in adverse patient outcomes related to multiple
shocks and prolonged sedation duration, as well as a nega-
tive impact on quality of life and loss of cardiac benefit
that would be expected from restoring sinus rhythm.?%-22
Patients with obesity may be particularly susceptible to such
complications.

Dual DCCYV, in contrast to the conventional approach
using a single set of pads (single DCCV), uses 2 sets of defib-
rillator pads to administer simultaneous shocks, resulting in
higher cumulative energy and current density delivered to
the atrial myocardium.?® Dual DCCV has historically been
used as salvage therapy for patients with AF refractory to
maximum energy single DCCV, with previous case reports
and retrospective analyses demonstrating this strategy to be
potentially more effective and safe.'®-24-3° In response to
the notably elevated rate of cardioversion failure among
patients with obesity, this study sought to evaluate the com-
parative effectiveness of dual DCCV vs single DCCV as an
initial therapeutic approach for managing AF in this specific
patient population.

Methods

Trial Design and Oversight

This multicenter, parallel-group, single-blinded, random-
ized clinical trial was designed to investigate whether dual
DCCV is superior to single DCCV as an initial treatment strat-
egy for cardioversion of AF in patients with obesity. The
study was approved by the Ochsner Health institutional
review board and was performed in accordance with the
principles of the Declaration of Helsinki. The trial protocol
and statistical analysis plan are available in Supplement 1
and Supplement 2, respectively. The trial followed the Con-
solidated Standards of Reporting Trials (CONSORT) reporting
guidelines.
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Key Points

Question Is dual direct-current cardioversion a more effective
cardioversion strategy than single direct-current cardioversion
in patients with atrial fibrillation and obesity?

Findings In this multicenter, patient-blinded, randomized clinical
trial of 200 patients with obesity (body mass index =35) and atrial
fibrillation, dual direct-current cardioversion was associated with

a significantly higher likelihood of cardioversion success (98%)
compared with standard single direct-current cardioversion
(86%), without increased risk of adverse events.

Meaning Dual direct-current cardioversion results in a higher
rate of success of cardioverting atrial fibrillation in patients with
obesity compared with conventional single direct-current
cardioversion.

Patient Population
Between August 2020 and August 2023, patients scheduled
for elective external cardioversion of AF in 3 centers (Ochsner
Medical Center, New Orleans, Louisiana; Ochsner Medical
Center-West Bank, Gretna, Louisiana; and Louisiana Health
Science Center-Shreveport, Shreveport, Louisiana) were
screened. There were considerable differences in the number
of patients recruited from the 3 sites. Inclusion criteria were
age 18 years or older, body mass index (BMI) of 35 or higher
(calculated as weight in kilograms divided by height in me-
ters squared), and therapeutic anticoagulation. Exclusion cri-
teria included emergent cardioversion, pregnancy, and/or in-
carceration. All clinical trial data were entered directly from
the participating sites into a web-based secure REDCap data-
base (Vanderbilt University).>! Patients’ self-identified race and
ethnicity were codified as Black vs non-Black and Hispanic
vs non-Hispanic. The patients gave written informed con-
sent. Patient data in the database were deidentified.
Following patients’ acceptance of involvement in the trial,
the REDCap randomization tool was used to randomize par-
ticipants in a 1:1 ratio into single-DCCV vs dual-DCCV co-
horts. Enrollment and randomization were performed by a
clinical research coordinator. Patients were blinded to treat-
ment assignment. No important changes to the methods were
made after trial commencement.

End Points
The primary end point was successful cardioversion to sinus
rhythm, irrespective of duration (defined as =1 beat of sinus
rhythm), after the first DCCV attempt, assessed immediately
after shock delivery. As the trial focused on evaluating the im-
mediate effectiveness of each cardioversion modality, we did
not monitor the occurrence or timing of AF recurrence after
successful cardioversion. These details pertain to the durabil-
ity of sinus rhythm, which is influenced by several factors in-
cluding atrial myopathy severity, duration of AF, and other
acute/chronic medical conditions known to exacerbate AF
recurrence.??34

Secondary safety outcomes included postcardioversion
tachyarrhythmias (excluding early recurrence of atrial fibril-
lation), bradyarrhythmias, chest discomfort (reported by the
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Figure 1. Defibrillation Pad Placement and Shock Vectors

Single DCCV
“Primary” pad position

“Secondary” pad position

Dual DCCV

. OR [8] Not used for shock delivery

Electrode pads on anterior (front) of thorax and used for shock delivery

D Electrode pads on posterior (back) of thorax and used for shock delivery

This figure demonstrates the
orientation of the 4 pads and
indicates the set(s) of defibrillation
pads used for cardioversion in

the single and dual direct-current
cardioversion (DCCV) cohorts,
respectively. The numbers on the

pads correspond to the pad pairs.

patient in recovery before discharge using a visual analog scale
of 0-10), stroke, myocardial infarction, and death.

Cardioversion Procedure

The participants were blinded to randomized treatment as-
signment. Deep sedation primarily involved the administra-
tion of propofol, sometimes supplemented by midazolam
and/or fentanyl. Transesophageal echocardiography (TEE) was
performed before DCCV if indicated to exclude the presence
of intracardiac thrombus. To ensure appropriate electrode con-
tact, body hair was removed with clippers, and the skin was
confirmed to be clean and dry. Two sets of electrode patches
were placed on all patients (Figure 1 and eFigure in Supple-
ment 3), regardless of treatment assignment. Both electrode
pairs were in the anterior-posterior position, with slight modi-
fication to accommodate 2 sets of pads. The primary set in-
cluded 1 patch inferior to the right clavicle and at the right
sternal border, with its paired patch placed on the posterior
chest wall slightly left of midline. For the secondary set of
pads, we positioned the anterior patch inferior to the left
clavicle and adjacent to the left sternal border, with its paired
patch placed on the posterior chest wall slightly rightward
of midline. This pad orientation created 2 different shock
vectors encompassing the cardiac structures in a crisscross-
ing fashion.

Biphasic cardioversion shocks were delivered via ZOLL R
Series external cardioverter-defibrillator units (ZOLL Medi-
cal), with 1set of electrodes attached to each defibrillator unit.
The single-DCCV group received a single QRS-synchronous
200-J shock from the primary electrode pair. The dual-DCCV
group received simultaneous QRS-synchronized shocks using
both the primary and secondary electrode pairs, totaling 400
J. In dual DCCV, the defibrillator units’ shock buttons were

jamacardiology.com

pressed simultaneously, resulting in delivery of shocks from
both units synchronized to the same QRS complex. This pro-
cedure is demonstrated in the Video. In both groups, failure
of the first shock could be followed by a maximum of 2 addi-
tional DCCV attempts, or fewer if deemed medically appro-
priate by the treating physician, all using the dual-DCCV tech-
nique. Treating physicians did not apply manual pressure to
the pads and did not time shocks to the respiratory cycle.

For all subsequent cardioversion attempts in patients
whose initial cardioversion failed, in both cohorts, the dual-
DCCV strategy was used. This design was chosen for several
reasons: (1) prior data have indicated suboptimal efficacy of
single DCCV, even with multiple attempts, in patients with
obesity,'?!3 (2) using dual DCCV in subsequent shocks for pa-
tients failing their initial single DCCV could provide insights
into the performance of dual DCCV in a population with even
more cardioversion-resistant AF (such as those with obesity
and prior DCCV failure), (3) the design would lead to a higher
number of dual-DCCV procedures being performed, thereby
increasing the power to detect potential safety concerns, and
(4) the recently updated “2023 American College of Cardiology/
American Heart Association/American College of Clinical
Pharmacy/Heart Rhythm Society Guideline for the Diagnosis
and Management of Atrial Fibrillation,” recommends modify-
ing subsequent shocks (eg, changing shock vector or increas-
ing energy), consistent with previous recommendations, af-
ter cardioversion failure—and both of these goals are achieved
with the dual-DCCV strategy.2:>*

Statistical Methods

All analyses were performed using SAS/STAT, version 15.2
(SAS Institute) and SPSS, version 27 (SPSS Inc). For all tests, a
2-sided P value < .05 was considered statistically significant.

JAMA Cardiology Published online May 22,2024

© 2024 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by SCELC - University of Southern California user on 06/03/2024

E3


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2024.1091?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2024.1091
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2024.1091?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2024.1091
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2024.1091

E4

Research Original Investigation

Dual vs Single Cardioversion of Atrial Fibrillation in Patients With Obesity

Figure 2. Consolidated Standards of Reporting Trials Flow Diagram

2079 Assessed for eligibility

1879 Excluded
1803 Not meeting inclusion criteria
66 Refused to participate
4 Spontaneous conversion

3 Left atrial appendage thrombus
1 Body mass index <35

1 Respiratory instability

1 Ventricular tachycardia

(200 Randomized )

101 Randomized to single DCCV
101 Received assigned intervention
0 Did not receive assigned intervention

J

0 Lost to follow-up
0 Discontinued intervention

99 Randomized to dual DCCV
96 Received assigned intervention
3 Did not receive assigned intervention
(unintentional single DCCV delivered)

!

0 Lost to follow-up
0 Discontinued intervention

)

)

101 Included in analysis
0 Excluded in analysis

99 Included in analysis
0 Excluded in analysis

DCCV indicates direct-current

cardioversion.

The sample size was determined using assumptions based
on prior published studies.!*!828 Using an expected efficacy
of 75% for single DCCV and 90% for dual DCCV, we calculated
that enrolling 200 patients and randomizing 1:1 would result
in 80% power at a 2-sided a = .05. The statistical analysis was
performed using the principle of intention to treat.

Binary data are described as counts and frequencies, and
continuous data are described as mean (SD) or median (IQR).
Baseline characteristics were compared using x? or Fisher
exact tests for categorical variables, as appropriate, and con-
tinuous variables were compared using unpaired t tests for
normally distributed variables or the Mann-Whitney U test
when the data were not normally distributed. The normality
of variables’ distributions was assessed using histograms and
Q-Q plots.

Univariable binary logistic regression was carried out for
the end point of cardioversion success. Due to small effective
sample sizes (ie, a low failure rate), we applied Firth penaliza-
tion. Randomization balance of a set of prespecified covari-
atesincluding BMI, age, sex, congestive heart failure, obstruc-
tive sleep apnea, left ventricular ejection fraction, left atrial
volume index, diabetes, and antiarrhythmic drug use was
evaluated. Multivariable analysis was precluded by low effec-
tive sample size (ie, few DCCV failures).

. |
Results

Among 2079 total cardioversions performed in the study cen-
ters during the study period (August 2020-2023), 276 pa-
tients met inclusion criteria and were approached to partici-
pate in the study. Among these, 210 agreed to participate
(Figure 2). Patients were recruited from the following 3 sites:

JAMA Cardiology Published online May 22,2024

Ochsner Medical Center, New Orleans, Louisiana (185 [92.5%]);
Ochsner Medical Center-West Bank, Gretna, Louisiana (11
[5.5%]); and Louisiana Health Science Center-Shreveport,
Shreveport, Louisiana (4 [2%]).

After randomization (n = 210), the controlled cardiover-
sion procedures of 10 patients (5%; 4 patients [4%] were ran-
domized to single DCCV, and 6 patients [6%] were random-
ized to dual DCCV) were canceled due to spontaneous
conversion to sinus rhythm (n = 4), thrombus on TEE (n = 3),
change in BMI to less than 35 (n = 1), respiratory instability
(n = 1), or ventricular tachycardia resulting in emergent car-
dioversion (n = 1).

The first 200 patients (median [IQR] age, 67.6 [60.1-
72.4] years; 73 female [36.5%]; 127 male 63.5%) who com-
pleted the study protocol composed the study population
and were randomized 1:1 to single DCCV (101 [50.5%]) vs
dual DCCV (99 [49.5%]). Participants self-identified with
the following race and ethnicity categories: 39 Black (19.5%)
161 non-Black (80.5%), 1 Hispanic (0.5%), and 199 non-
Hispanic (99.5%). The population’s baseline characteristics
are summarized in Table 1. Randomization resulted in well-
balanced groups overall, although patients in the single-
DCCV group tended to be older (median [IQR] age, 68.8
[61.8-74.1] years vs 66.6 [56.3-71.3] years; P = .003, Mann-
Whitney U test). The distributions of sex, race, BMI, past
medical history, medication use, left ventricular ejection
fraction, and left atrial volume index were similar between
the groups.

Due to technical difficulties, 3 patients (3%) randomized
to receive dual DCCV actually received single DCCV. These 3
(all of whose cardioversions were successful) were included in
the dual-DCCV group as dictated by the intention-to-treat prin-
ciple. All patients were analyzed for the primary outcome.
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Table 1. Baseline Characteristics of the Study Participants

Single DCCV
(n=101)

Dual DCCV

Characteristics (n=99)

Age, median (IQR), y
Sex, No. (%)

68.6(61.8-74.1)  66.6 (56.3-71.3)

Female 37 (37) 36 (36)
Male 64 (63) 63 (64)
Race and ethnicity, No. (%)
Black 15 (14.9) 24 (24.2)
Non-Black 86 (85.1) 75 (75.8)
Hispanic 0 1(1)
Non-Hispanic 101 (100) 98 (99)
Body mass index, mean (SD)? 41.2 (7.0) 41.1 (6.0)
New-onset AF (<3 mo) 43 (42.6) 39(39.4)
Prior DCCV 35 (34.7) 42 (42.4)
Medical history
Congestive heart failure 48 (47.5) 44 (44.4)
Coronary artery disease 25 (25) 25(25.3)
Obstructive sleep apnea 52 (51.5) 60 (60.6)
Diabetes 48 (47.5) 38(38.4)
Chronic kidney disease 25(24.8) 22(22.2)
Peripheral arterial disease 14 (13.9) 13(13.1)
Dyslipidemia 69 (68.3) 61 (61.6)
Hypertension 91(90.1) 83(83.8)
Echocardiographic, mean (SD)
Left ventricular ejection 52.3(11.9) 51 (13.4)
fraction, %
Left atrial volume 47.7 (18.8) 47.8 (20.7)
index, mL/m?
Medications
Antiarrhythmic drug use® 39(38.6) 43 (43.4)
B-Blocker 85(84.2) 85 (85.6)
Calcium channel blocker 33(32.7) 22(22.2)
ACE inhibitor/ARB 63 (62.4) 53 (53.5)
Sacubitril-valsartan 5(5.0) 8(8.1)
Mineralqcorticoid—receptor 11 (10.9) 13 (13.1)
antagonist
Diuretic 59 (58.4) 62 (62.6)
Antihyperlipidemic 64 (63.4) 67 (67.7)

medication

Abbreviations: ACE, angiotensin-converting enzyme; AF, atrial fibrillation;
ARB, angiotensin receptor blocker; DCCV, direct-current cardioversion.

2 Calculated as weight in kilograms divided by height in meters squared.

b Antiarrhythmic drugs included flecainide, propafenone, dofetilide, sotalol,
and amiodarone.

Primary Outcome
On the initial cardioversion attempt, success occurred more
often in those randomized to the dual-DCCV group com-
pared with the single-DCCV group (97 of 99 patients [98%] vs
87 of 101 patients [87%]; P = .002) (Figure 3). After successful
cardioversion, patients were monitored in the cardioversion
room during recovery from anesthesia, which usually lasted
10 to 15 minutes. No early recurrence of atrial fibrillation was
observed during that time.

We further evaluated the association between DCCV mo-
dality and failure of cardioversion, using binary logistic re-
gression (Table 2). On unadjusted analysis, the odds ratio (OR)

jamacardiology.com

Figure 3. Efficacy of Cardioversion: Single Direct-Current Cardioversion
(DCCV) vs Dual DCCV

100+

P=.002
96

= 92

88

Successful restoration of
sinus rhythm, %

84-

80

Single DCCV Dual DCCV

DCCV type

Compared with single DCCV, cardioversion using the dual-DCCV strategy more
often resulted in successful return to normal sinus rhythm.

Table 2. Binary Logistic Regression Examining the Association Between
Direct Current Cardioversion (DCCV) Modality and Success of DCCV

DCCV success, dual vs single

Variable OR (95% Cl) P value
Unadjusted 6.5 (1.6-25.7) .008
Adjusted? 6.7 (3.3-13.6) .01

Abbreviation: OR, odds ratio.

2 Propensity score weighting with robust SE; covariates include body mass
index, age, sex, congestive heart failure, obstructive sleep apnea, left
ventricular ejection fraction, left atrial volume index, diabetes, and
antiarrhythmic drug use.

of cardioversion success with dual DCCV compared with single
DCCV was 6.5 (95% CI, 1.6-25.7; P = .008). After noticing some
degree of intergroup imbalance, we performed logistic regres-
sion with inverse probability weighting and robust variance,
including BMI, age, sex, congestive heart failure, obstructive
sleep apnea, left ventricular ejection fraction, left atrial vol-
ume index, diabetes, and antiarrhythmic drug use.3® In this
analysis, dual DCCV had an adjusted OR for success of 6.7
(95% CI, 3.3-13.6; P = .01).

Due to significant disparity in the number of participants
enrolled from the 3 centers, accounting for potential corre-
lated responses by including center as a random effect re-
sulted in a G matrix not being positive definite, as at 2 centers
there were no unsuccessful cardioversions. Thus, we did not
perform center-stratified analysis.

Subsequent Cardioversions

Per protocol, after an unsuccessful single DCCV, each patient
underwent up to 2 additional cardioversions, each using dual
DCCV. Of the 14 patients with unsuccessful single-DCCV shocks,
all 14 (100%) experienced successful cardioversion using sub-
sequent dual DCCV: 12 of 14 patients (86%) after the second
shock and 2 of 14 patients (14%) after the third shock. Among
the 2 initial failures in the dual-DCCV group, 1 patient was suc-
cessfully cardioverted by a second dual DCCV, and after 2 failed
dual-DCCV attempts, the other patient underwent no further
cardioversion on the day of the study. This patient received
an amiodarone load and was successfully cardioverted using
the dual-DCCYV strategy 2 weeks later.
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Safety

There was no difference in participants’ rating of chest dis-
comfort after the shock. The median in both groups was 0 of
10 (IQR, O and O; P = .40). There were no adverse events
reported in either group.

.|
Discussion

This multicenter, patient-blinded, randomized clinical trial
compared dual DCCV to single DCCV as an initial treatment of
AF in patients with obesity who are undergoing nonemer-
gent cardioversion. The primary outcome of cardioversion suc-
cess occurred more often in the dual-DCCV group (ie, 2 sets
of pads) compared with the single-DCCV group (ie, 1 set of
pads): 98% vs 86%, respectively. Furthermore, all patients
randomized to single DCCV whose initial cardioversion failed
were successfully cardioverted on subsequent attempts using
the dual-DCCYV strategy. There were no significant adverse
events, and there was no difference in postprocedure chest
discomfort between the groups.

The correlation between increased body weight and higher
risk of cardioversion failure has been well documented for over
2 decades,10:1:13:37:38 gtarting with a comparison of internal
vs external cardioversion efficacy that revealed body weight
to be the only variable associated with DCCV outcomes.!%:!!
Additional studies have corroborated these findings.!-38-3°
Although improvements in cardioversion techniques (nota-
bly the use of biphasic waveforms and maximal shock en-
ergy) have improved outcomes, still a sizable portion of pa-
tients with obesity require multiple cardioversions or are
completely unable to attain sinus rhythm.

For successful cardioversion to occur, the current density
at the level of the atrial myocardium must exceed the myo-
cardial defibrillation threshold. It has been postulated that car-
dioversion failure in patients with obesity results from higher
transthoracic impedance, larger interelectrode distance, and
larger atrial size. Consequently, efforts have been directed
toward exploring alternative strategies to overcome these ob-
stacles, including manual pressure on the electrodes, altera-
tion of electrode positioning, pretreatment with antiarrhyth-
mic drugs, and increasing shock energy.1240-43

In a study using increasing biphasic shock energy (50 J to
100 J to 150 J to 200 J) and anterior-posterior electrode posi-
tioning, the investigators found that application of pressure
to the anterior electrode improved cardioversion success (96%
vs 84%), reduced defibrillation threshold, and decreased both
total shock energy and the required number of shocks.** In an-
other study, cardioversion outcomes in patients with obesity
(BMI >30) using various shock vectors (anteroposterior vs an-
teroapical) and pressure (handheld paddles vs adhesive
patches) were evaluated in a 1:1:1:1 randomized clinical trial
of 125 patients, with each cohort receiving escalating shock en-
ergy (100 J to 2007, with a third shock using crossover to
patches or paddles using 200 J).!? There was higher first or
second shock success with paddles compared with patches
(90% vs 68%) and a numerically higher success in patients in
the crossover group using paddles when a third cardiover-
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sion attempt was required. A simultaneous observational sub-
study (n = 20) performed to assess manual pressure augmen-
tation, timed to the end-expiratory phase of respiration, in
patients with morbid obesity (BMI >35) and cardioversion-
refractory AF (ie, failed up to 200 J with paddles and patches)
showed 50% and 86% success in 200-J and 360-J shocks, re-
spectively. There was no efficacy difference associated with
electrode orientation, which is consistent with a recent
metanalysis,** although conflicting evidence exists.** Lastly,
antiarrhythmic drugs may be beneficial not only in maintain-
ing sinus rhythm but also in their role as upstream facilitator
of cardioversion success.>*46

The use of higher-energy shocks has produced encourag-
ing results in both safety and effectiveness, making it a poten-
tial strategy to improve success in patients with obesity.*”-49
Energy selection in the biphasic era has been assessed using
maximum-fixed (360 J to 360 J to 360 J) vs low-escalating
(125 J to 150 J to 200 J) cardioversion protocols.>° Successful
cardioversion, defined as 1 minute of sinus rhythm, occurred
more often in the maximum-fixed energy group compared with
low-escalating group (88% vs 66%, respectively). Of note, the
first attempt success rate of high-output 360-J shocks was only
75%, which the authors postulated may have resulted from
30% of the population having longstanding AF (duration >1
year). Importantly, there were no differences in safety end
points or cardiac injury as measured by precardioversion and
postcardioversion troponin levels.

In the late 1990s, dual DCCV was first used in the setting
of atrial fibrillation to overcome cardioversion-refractory AF.2*
Since that time, several case reports and small series have in-
dicated that dual DCCV may be a safe and effective strategy.2%-28
Currently, no consensus exists regarding the optimal cardio-
version strategy in patients with obesity, highlighting the im-
portance of defining an alternative strategy that is effective and
safe.?-32:35 Ag such, our findings may be clinically impactful.
To our knowledge, this was the first prospective randomized
clinical trial assessing dual DCCV. We postulate that the high
efficacy seen in our study, compared with other studies in-
cluding maximum energy shock trials, is the result of simul-
taneously combining 2 different means to improve shock suc-
cess—maximizing energy output leading to higher current
density, and using alternative shock vectors, potentially ho-
mogenizing and optimizing current delivery. The contempo-
rary “2023 American College of Cardiology/American Heart
Association/American College of Clinical Pharmacy/Heart
Rhythm Society Guideline for the Diagnosis and Manage-
ment of Atrial Fibrillation” marks the first occurrence of briefly
addressing the challenges of electrical cardioversion in pa-
tients with obesity and the possible utility of dual DCCV. How-
ever, this document gives no specific guideline recommenda-
tions, given the scarcity of clinical data.>?

Limitations

There are several important limitations to this study. First, the
trial was single blinded (patient only). As such, the treating phy-
sician was aware of the treatment assignment, as they had to
be present to press both shock buttons simultaneously. Sec-
ond, the rhythm was analyzed by the treating physician after
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delivery of the shocks, rather than being adjudicated by an in-
dependent blinded observer. Our centers universally use ZOLL
R-series defibrillators (ZOLL Medical), which have maximum
output 200 J. Thus, the potential efficacy of higher-output defib-
rillator units (eg, 360 J) could not be assessed. Only a single dual-
DCCYV pad orientation was trialed. The primary end point fo-
cused solely on the restoration of sinus rhythm after the first
cardioversion attempt, irrespective of duration, and only the im-
mediate post-DCCV period was monitored, precluding any con-
clusions about events occurring after the peri-DCCV period.
Some baseline differences existed between the 2 groups (with
only age reaching statistical significance), likely related to the
relatively small sample size. Logistic regression with inverse
probability weighting and robust variance were used to ac-
count for any imbalances between the randomized groups. Due
tosignificant disparity in the number of patients enrolled at each

Original Investigation Research

of the 3 centers, site-specific analysis was not statistically fea-
sible. Although participants were recruited from 3 separate sites,
1site recruited the majority (92.5%). Finally, although the com-
monly used metric BMI was used to predict patients at a higher
risk of cardioversion failure, other measures or analyses of body
habitus, such as chest circumference, were not considered and
may offer additional predictive capabilities.

. |
Conclusions

In this randomized clinical trial, in patients with obesity (BMI
>35) undergoing electrical cardioversion for atrial fibrilla-
tion, dual DCCV resulted in greater cardioversion success com-
pared with conventional single DCCV, without any increase in
complications or patient discomfort.
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