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Optimizing Energy Delivery in Cardioversion: A Randomised PROTOCOLENERGY
Trial of Two Different Algorithms in Patients with Atrial Fibrillation

In AF cardioversion, both energy protocols (150J, 360J, 360J vs 3x360J) showed similar high cumulative efficacy.
An initial 150J shock proved beneficial in patients with BMI < 29-34 kg/m?2 and women due to fewer skin complications.
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ABSTRACT

Background: The optimal energy protocol for direct current cardio-
version of atrial fibrillation remains uncertain. The Rational vs
Maximum Fixed Energy (PROTOCOLENERGY) randomized trial
compared a stepwise escalating energy algorithm (RaA, 150 J, 360 J,
and 360 J) with a maximum fixed energy algorithm (MfA, 3 x 360 J).
Methods: In a 1:1 randomized trial, 300 patients with atrial fibrillation
received biphasic discharges via hand-held paddles in the anterolateral
position. Primary endpoints were sinus rhythm at 1 minute and
neurologic complications at 2 hours; secondary endpoints included
sinus rhythm at 2 hours, skin changes and chest discomfort at 24
hours.

Results: Sinus rhythm at 1 minute was achieved in 92.7% of RaA and
94.0% of MfA patients (P = 0.643) and maintained at 2 hours in
91.3% of both groups. There were no neurologic complications. The
protocols differed significantly after the first shock (72.7% in RaA vs
83.3% in MfA; P = 0.026) but equalized after subsequent maximum
energy shocks. Fewer RaA patients experienced skin redness
compared with MfA patients (19.3% vs 36.0%, P = 0.001), which was
attributed to the lower initial 150-J shock and total energy delivered
(r = 0.243, P < 0.0001). Chest discomfort at 24 hours was not
different between groups (P = 0.378). In multivariate analysis, lower
body mass index (P < 0.001, cutoff 29 to 34 kg/mz) was associated
with cardioversion success after the initial 150-J shock.

Conclusions: Both protocols showed similar high cumulative efficacy,
but RaA with the initial 150-J shock proved to be beneficial in patients
with body mass index less than 29 to 34 kg/m? because of fewer skin
complications.

Clinical Trial Registration No: NCT05148923

Direct current cardioversion (DCCV) is an established pro-
cedure that is commonly used in the acute and elective
management of patients with atrial fibrillation (AF). For years,
many investigators have searched for the optimal strategy/
protocol in studies using predominantly monophasic dis-
charges, in terms of which type of waveform to use,”” how
and under what pressure to place the pads/handheld pad-
dles,>* which energy to choose for the first and subsequent
discharges,”” or whether to use periprocedural antiarrhythmic
drug support.” In addition, many positive and negative clin-
ical (eg, body mass index [BMI], age, sex, comorbidities) or
structural (echocardiographic parameters) predictors of the
short-term success of DCCV have been identified.”"” This
suggests that the correct indication for DCCV and its optimal
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RESUME

Contexte : Le protocole énergétique optimal pour la cardioversion
électrique de la fibrillation auriculaire reste incertain. L'essai randomisé
«Rational vs Maximum Fixed Energy» (PROTOCOLENERGY) a comparé un
algorithme d’énergie progressif par étape (APE, 150 J, 360 J et 360 J) a
un algorithme d’énergie maximale fixe (AEMf, 3 x 360 J).

Méthodes : Dans un essai randomisé 1:1, 300 patients atteints de
fibrillation auriculaire ont recu des décharges biphasiques a I'aide de
palettes tenues a la main en position antérolatérale. Les principaux
critéres d’évaluation étaient le rythme sinusal a 1 minute et les
complications neurologiques a 2 heures; les critéres d’évaluation
secondaires étaient le rythme sinusal a 2 heures, les changements
cutanés et l'inconfort thoracique a 24 heures.

Résultats : Le rythme sinusal @ 1 minute a été atteint pour 92,7 % des
patients avec APE et 94,0 % des patients avec AEMf (p = 0,643) et
maintenu a 2 heures chez 91,3 % pour les deux groupes. Il n’y a pas eu
de complications neurologiques. Les protocoles différaient de maniére
significative aprés le premier choc (72,7 % dans le groupe avec APE
contre 83,3 % dans le groupe avec AEMf, p = 0,026) mais
s’égalisaient aprés les chocs ultérieurs avec énergie maximale. Les
patients APE ont été moins nombreux a présenter des rougeurs
cutanées que les patients AEMf (19,3 % contre 36,0 %, p = 0,001), ce
qui a été attribué au choc initial plus faible de 150-J et a I'énergie
totale délivrée (r = 0,243, p < 0,0001). La géne thoracique a 24
heures n’était pas différente entre les groupes (p = 0,378). Dans
I'analyse multivariée, un indice de masse corporelle plus faible (p <
0,001, seuil de 29 a 34 kg/m?) a été associé au succeés de la car-
dioversion aprés le choc initial de 150-J.

Conclusions : Les deux protocoles ont montré une efficacité cumula-
tive élevée similaire, mais le protocole APE avec un choc initial de 150-
J s’est avéré bénéfique chez les patients dont l'indice de masse
corporelle est inférieur a lintervalle 29 a 34 kg/m? en raison d'un
nombre moins important de complications cutanées.

Enregistrement de I’essai clinique : NCT05148923

performance are essential for the restoration of sinus rhythm
(SR).

The current standard for DCCV is the use of biphasic
shock waves, which have been shown to be more effective and
safer than monophasic shock waves.” A recent study by
Schmidt et al.'® showed—in a randomized fashion—that
anterior-lateral electrode positioning was more effective than
anterior-posterior electrode positioning for biphasic cardio-
version. The study was published in 2021 and therefore could
not have been included in the 2020 European Society of
Cardiology guidelines, which still recommend anterior-
posterior electrode positioning.'”

With regard to the choice of self-adhesive electrodes vs
hand-held electrodes with manual pressure and energy of the
first and subsequent discharges, neither the aforementioned
guidelines nor other international guidelines provide clear
recommendations.'* " A study by Ramirez et al. demon-
strated higher discharge efficiency using hand paddles with an
applied external force of 80N. This approach was able to
reduce the transthoracic impedance significantly compared
with discharges performed with adhesive electrodes without
pressure.”’ This conclusion suggests that the use of hand
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paddles with manual pressure may be more advantageous than
the use of adhesive electrodes.

It has been repeatedly confirmed that even high-energy
discharges above 200 to 300 ] do not lead to an increase in
cardiac troponins as a marker of myocardial damage.”**” This
may indicate the routine use of high-energy discharges from
the first discharge. On the other hand, elective cardioversions
are—in most cases—outpatient procedures, and it is certainly
desirable that the procedure is performed without complica-
tions: that is, without skin redness or burns after the dis-
charges, without residual pain on the sternum, and especially
without the need for hospitalization because of postdischarge
arrhythmias. Previous experience at our cardiac centre suggests
that physicians performing cardioversion often unnecessarily
choose high-energy discharges, especially in patients with
obesity and those on long-term amiodarone. The rationality of
this approach was not confirmed in a multivariate analysis.”*

Based on these facts and our experience, we designed and
conducted a study to compare the efficacy and safety of 2
different cardioversion protocols using biphasic discharges
delivered by manually controlled paddles in the anterior-
lateral position. The aim of the study was to determine
whether the use of a lower initial discharge energy is clinically
justified in terms of patient safety and comfort, without
compromising the overall clinical efficacy of subsequent en-
ergy escalation, compared with a protocol with a fixed
maximum discharge energy.

Material and Methods

Study design

The Rational vs Maximum Fixed Energy (PROTO-
COLENERGY) trial was an interventional, randomized,
investigator-initiated, monocentric, parallel-assignment study
conducted at the Agel Trinec-Podlesi Cardiocentre, Czech
Republic. The study was registered on ClinicalTrials.gov
(NCT05148923) and started on January 1, 2022, with the
last patient randomized on December 22, 2022. Inclusion
criteria were as follows: subjects older than 18 years with a
diagnosis of AF, clinically indicated for elective outpatient
DCCV; established therapeutic anticoagulation for at least 3
weeks before DCCV or performed esophageal echocardiog-
raphy excluding the presence of intracardiac thrombus; and
provided verbal and written informed consent to participate in
the study. Exclusion criteria were identical to the known
contraindications to elective cardioversion. Patients with
implanted pacemakers or defibrillators were not excluded.
When designing the study, we followed the Consolidated
Standards of Reporting Trials (CONSORT) guidelinesb (the
CONSORT  checklist is available in Supplemental
Table S1).The study was conducted in accordance with the
Declaration of Helsinki and approved by the local ethics
committee.

Defibrillation waveform characteristics

In the PROTOCOLENERGY trial, we used biphasic
truncated exponential shocks with impedance compensation
delivered with the Mindray BeneHeart D3 defibrillator
(Shenzhen Mindray Bio-Medical Electronics Co, Lid,
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Shenzhen, China). This technology adjusts the peak current in
response to the patient’s chest impedance, thus customizing the
shock to achieve an optimal current distribution across
the myocardium without the need for manual adjustment by
the operator. In short, the defibrillator charges to a high voltage
level, which is then truncated at a predetermined time. The
leading-edge voltage varies depending on the impedance of the
chest cavity it encounters. For example, for a 360 ] shock, the
leading-edge voltage ranges from approximately 1500 V to
2000 V across the different impedances from 25 Q to 175 Q.
The duration of each phase of the biphasic waveform is
impedance dependent, with the first phase being longer than
the second (5.1-12.5 ms and 3.2-8.6 ms, respectively,
Supplemental Fig. S1). Finally, the defibrillator automatically
adjusts the energy delivered based on real-time impedance
measurements to maximize defibrillation success while mini-
mizing potential tissue damage. As the transthoracic impedance
increases, the actual energy delivered decreases slightly (ie, for a

360-] shock: 50 Q-360 J, 75 Q-349 J, 100 Q-332 ]).*°

Randomization and treatment

Patients were admitted to a 1-day cardiology outpatient
clinic. Study criteria were reviewed, and informed consent was
obtained. Relevant demographic and clinical data were
collected from patients and available medical records. Because
of the large variability in echo data available at the time of
cardioversion from referring physicians, only left atrial diam-
eter and left ventricular ejection fraction (LVEF) were recor-
ded. Randomization was performed in blocks of 20 using
computer-generated sequences. Allocation concealment was
ensured using sequentially numbered opaque sealed enve-
lopes. Participants were assigned to 1 of 2 study protocols:
rational energy algorithm (RaA), 150-] initial shock followed
by maximum 360 ] and 360 ] or maximum fixed energy al-
gorithm (MfA): maximum 360-] initial shock followed by
360 J and 360 J.

We used hand-held paddles with manual pressure placed in
the anterior-lateral configuration. The setting was as follows:
With the patient in the supine position on the bed, the
attending physician leaned over the patient’s chest and placed
the lefthand paddle in the right inferoclavicular region and the
righthand paddle in the left axial line near the suggested
cardiac apex, avoiding the left breast nipple. When the device
was charged, the physician applied a force equivalent to a
“push-up” to the paddles’” covered with echocardiographic
gel, waited for maximum expiration, and fired the shock.

Subsequent second and possibly third shocks were applied
in a smooth sequence after the previous one if AF was still
present on the monitor, or AF recurred within 1 minute after
the first or second shock if SR had been temporarily restored.
The physician administering the shocks was not blinded to the
allocated study arm, but the patients and a physician assessing
skin changes were blinded. All subjects were sedated with 1
mg midazolam (2 mg for patients weighing more than 90 kg)
and 0.15 mg/kg etomidate. After the procedure, patients were
monitored for 2 hours and then discharged home if no
complications occurred. All patients were contacted by tele-
phone the following day for safety reasons and to collect
secondary endpoints.
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Endpoints and analyses

The primary efficacy endpoint was the presence of SR 1
minute after DCCV, and the primary safety endpoint was the
incidence of neurologic adverse events 2 hours after DCCV.

The secondary efficacy endpoint was the presence of SR 2
hours after DCCV, and the secondary safety endpoints were
the incidence of skin changes (no change, redness, burn) 2
hours after DCCV and the severity of skin discomfort or chest
pain assessed using a visual analogue scale (VAS) 1 day after
DCCV. The incidence of clinically relevant tachy/brady-
arthythmias was also assessed, as was the patent’s self-
reported rhythm status 1 day after DCCV.

With regard to the primary objective of the study, we
performed a series of analyses to compare the efficacy and
safety of the initial shocks of the 2 protocols: that is, 150 J vs
360 ], and to explore possible variables that, if present, would
favour the use of one protocol over the other.

Statistical analysis

As we intended to compare 2 DCCV protocols that
differed only in the energy of the initial shock, and then used
maximum discharge energies in both protocols, we did not
expect a significant difference in overall efficacy. To demon-
strate a 3% significant difference in efficacy between the 2
protocols, approximately 3000 patients would need to be
randomized. Therefore, we decided to perform an exploratory
analysis with fewer patients, based on the expected differences
in efficacy and safety of the first discharge: that is, 150 J vs
360 J. As a rationale for the sample calculation, we used the
results of our recently published DCCV registry.”* The suc-
cess rate of the first low-energy shock to restore SR was
77.1%, and the cumulative success rate after the last high-
energy shock was 89.6%. Therefore, we assumed a 12%
difference in the success rate in favour of MfA (78% vs 90%).
Based on 80% power and a significance level of 0.05, we
estimated that approximately 145 patients would be needed in
each arm. All randomized patients were included in the
intention-to-treat (ITT) analysis.

Data were analyzed using IBM SPSS Statistics for Win-
dows, version 29 (IBM Corp, Armonk, New York, USA).
Nonparametric tests were used because of the non-normal
distribution of the data, as confirmed by the Shapiro-Wilk
test. Continuous variables are presented as median (inter-
quartile range [IQR]) and categorical variables as number
(percentage). Comparisons were made using the Mann-
Whitney U test for continuous variables, the Pearson %>
test for categorical variables, and the Jonckheere-Terpstra test
for ordinal variables.

Univariate analysis was performed to identify parameters
associated with the effectiveness of the initial 150-] shock in
achieving SR. Multivariate logistic regression was then per-
formed, including parameters with a significance level of P <
0.1 in the univariate analysis, to further elucidate the inde-
pendent predictors of 150 ] DCCV efficacy. When appro-
priate, Spearman’s correlation coefficient (r, 95% confidence
interval [CI]) was determined to express the degree of asso-
ciation among parameters, receiver operating characteristic
(ROC) curve analysis, and area under the curve (AUC) cal-
culations were used to establish cutoff values and provide an
overall measure of the discriminatory power of significant
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variables. In addition, Youden’s J statistic was used to identify
optimal cutoffs by maximizing the sum of sensitivity and
specificity, providing a comprehensive visualization of ROC
curve performance.

Results

Patients

During the study recruitment period, 579 patients were
considered for DCCV procedures. Of these, 300 patients met
the study criteria and were randomized 1:1, resulting in 150
subjects in the RaA and MfA protocols. Patients in both arms
were well balanced (Table 1). During cardioversion, a total of
3 patients in the RaA arm and 4 patients in the MfA arm did
not undergo a third discharge after 2 previous unsuccessful
discharges. The reasons were problems with analgosedation in
5 patients, intermittent SR and AF in 1 patient (physician
decided to discontinue DCCV), and junctional bradycardia in
1 patient. All these patients were considered DCCV failures
and were included in the ITT analysis (Fig. 1).

Efficacy

The primary endpoint—that is, SR 1 minute after
DCCV—was achieved in 139 (92.7%) patients in the RaA
group and in 141 (94.0%) patients in the MfA group, P =
0.643. Similarly, no difference was found between the
measured SR rates at 2 hours post-DCCV (both groups equal
137 [91.3%)] patients, P = 1.0). In addition, the patient self-
reported rhythm status on the following day did not differ
between the groups (palpated or a device-detected regular
thythm considered as SR in 125 [90.6%] vs 127 [91.4%]
cases, respectively, P = 0.819).

Safety

No cardioversion-related neurologic abnormalities or
complications were observed. There were significant differ-
ences between the study arms in terms of skin changes 2 hours
after DCCV (P = 0.001, Table 2), with the RaA group
having fewer patients with skin redness. This difference was
mainly because of the low vs high energy of the inidal shock
(Fig. 2). There were no cases of skin burns in either group.

The mean cumulative energy delivered per subject was 361.6
=+ 232.2 J. There was a significant difference between the groups
(RaA median 150 ], range 150 J to 870 J; MfA median 360 J,
range 360 J to 1080 J; P < 0.001). A positive correlation was
found between the total energy dose and the incidence of skin
redness (r = 0.243, 95% CI, 0.130-0.350; P < 0.0001).

There were no significant differences in the severity of
chest pain 1 day after DCCV between the 2 study arms (P =
0.378, Table 2). With regard to other safety measures, as
mentioned earlier, 5 subjects experienced problems with
analgesia leading to protocol deviations, but these did not have
clinically relevant consequences. Three subjects in the RaA
group experienced clinically relevant junctional bradycardia, 2
of whom required overnight monitoring without the need for
pacemaker implantation.
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Table 1. Baseline characteristics of the study participants

Study arm
Rational energy algorithm Maximum fixed energy algorithm
Total (150, 360, 360 J) (360, 360, 360 J) P-value

Total 300 150 150
Sex

Male 199 (66%) 97 (65%) 102 (68%) 0.541

Female 101 (34%) 53 (35%) 48 (32%)
Age (years) 68 [13] 68 [13] 69 [12] 0.425
BMI (kg/mz) 31.8 [8.0] 31.8 [8.5] 31.9 [7.7] 0.986
CHA,DS,-VASC

0 10 (3.3%) 5 (3.3%) 5 (3.3%) 0.429

1 39 (13.0%) 21 (14.0%) 18 (12.0%)

2 85 (28.3%) 44 (29.3%) 41 (27.3%)

3 90 (30.0%) 45 (30.0%) 45 (30.0%)

4 38 (12.7%) 17 (11.3%) 21 (14.0%)

5 24 (8.0%) 10 (6.7%) 14 (9.3%)

6 7 (2.3%) 7 (4.7%) 0

7 6 (2.0%) 0 6 (4.0%)

8 1 (0.3%) 1 (0.7%) 0
Anticoagulation type

Warfarin 13 (4.3%) 7 (4.7 %) 6 (4.0%) 0.961

NOAC 285 (95.0%) 142 (94.7%) 143 (95.3%)

LMVH 2 (0.7%) 1 (0.7%) 1 (0.7%)
Antiarhythmic drugs

No antiarrhythmics 83 (27.7%) 39 (26.0%) 44 (29.3%) 0.69

Propafenone 67 (22.3%) 36 (24.0%) 31 (20.7%)

Sotalol 32 (10.7%) 18 (12.0%) 14 (9.3%)

Amiodarone 117 (39.0%) 57 (38.0%) 60 (40.0%)

Dronedarone 1 (0.3%) 0 1 (0.7%)
Beta blockers

On beta blockers 222 (74.0%) 114 (76.0%) 108 (72.0%) 0.43
RAAS

No RAAS 88 (29.3%) 47 (31.3%) 41 (27.3%) 0.484

ACEI 139 (46.3%) 72 (48.0%) 67 (44.7%)

Sacubitril/valsartan 8 (2.7%) 4 (2.7%) 4 (2.7%)

Sartan 65 (21.7%) 27 (18.0%) 38 (25.3%)
BP systole (mm Hg) 143 [28] 142 [27] 144 [28] 0.617
BP diastole (mm Hg) 83 [15] 83 [15] 83 [15] 0.847
Heart rate (per minute) 88 [25] 89 [26] 88 [23] 0.88
Left atrial diameter (mm) 47 171 47 7] 48 [7] 0.701
LVEF (%) 54 [8] 54 [8] 55(8] 0.9

ACEI, angiotensin-converting enzyme inhibitor; BMI, body mass index; BP, blood pressure; LMWH, low molecular weight heparin; LVEF, left ventricular

ejection fraction; NOAC, non-vitamin K antagonist oral anticoagulants; RAAS, renin-angiotensin-aldosterone system.

CHA2DS2-VASc: Congestive heart failure (1 point); Hypertension (1 point); Age >75 years (2 points); Diabetes mellitus (1 point); previous Stroke or transient
ischemic attack (TIA) or thromboembolism (2 points); Vascular disease (1 point); Age 65 to 74 years (1 point); Sex category (female) (1 point).

Initial 150-] shock analysis

Regarding the initial success rates of the RaA and MfA
protocols to restore SR, we found that the protocols differed
significantly: that is, after 150 ] vs 360 J (109 [72.7%] vs 125
[83.3%] patients, P = 0.026). After subsequent maximum
energy shocks in both protocols, the success rates were similar
(Fig. 3). In univariate analysis, we assessed differences in all
recorded parameters between patients who achieved SR after
the initial 150-] discharge and those who did not. Both weight
(mean 104 [IQR: 20] kg in AF vs 91 [IQR: 29] kg in SR, P <
0.001) and BMI (mean 34.1 [IQR: 7.4] kg/m” in AF vs 30.5
[7.8] kg/m2 in SR, P < 0.001) were statistically significant. In
addition, female sex showed a notable trend toward restora-
tion of SR (P = 0.086, Supplemental Table S2). Given the
collinearity between weight and BMI, and the widespread use
of BMI in clinical practice, we chose to include only BMI in
the multivariate regression analysis. The results were consis-
tent with the univariate analysis. In particular, for each unit
increase in BMI, the odds of achieving SR decreased by

10.8% (odds ratio (OR), 0.892; 95% CI, 0.832-0.956; P <
0.001). In addition, being female was associated with 2.2-fold
increased odds of achieving SR, although this was borderline
significant (P = 0.067, Supplemental Table S3).

Association of BMI and initial 150-] shock success

While the cumulative DCCV success rate including all 300
patients did not show a pronounced variance based on low or
high BMI (P = 0.984, Supplemental Fig. S2), in the RaA
group BMI values seemed to play an important role (P =
0.076, Fig. 4A). To find an optimal cutoff value for BMI to
justify the use of 150 J as the inidal DCCV shock to reduce the
risk of skin redness while maintaining a high rate of SR re-
covery, we performed an ROC analysis with BMI as the pivotal
variable. This revealed an AUC of 0.675 (95% CI, 0.582-
0.769) with a standard error of 0.048 (” = 0.001, Fig. 4B).
Subsequent Youden’s ] statistics identified 2 zeniths, with the
BMI range of 29 to 34 kg/m” as the most appropriate cutoff
that harmonized both sensitivity and specificity (Fig. 4C).
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Excluded
(n=279)

Assessed for eligibility
9)

Inpatient procedure (n = 202)
Informed consent not given (n = 28)

Inadequate anticoagulation (n = 20)
Non-fasting (n=13)
Spontaneous version to sinus (n = 11)

Randomised (n = 300)

D )

Intracardiac thrombus (n = 5)

Rational algorithm
(n = 150)
1st shock
150 J
Sinus rhythm Atrial fibrillation
(n=109) (n=41)
Hospitalisation
for junctional
escape rhythm
(n=2)
2nd shock
360 J
Sinus rhythm Atrial fibrillation
(n=25) (n=16)
Excluded
(n=3)
3rd shock
360 J
m=13)
Sinus rhythm Atrial fibrillation
@=35) m=3)

Figure 1. CONSORT flow diagram of the PROTOCOLENERGY study.

Discussion

Efficacy

This study compared 2 protocols for cardioverting AF,
both using the maximum available 360-] energy shocks but
differing in the energy of the initial shock. The main finding
was that the cumulative success rates were similar, but patients
who received the lower 150-] initial shock had less frequent
skin irritation related to the cumulative energy dose delivered.
The low escalating (rational) energy protocol was shown to be
feasible for patients with lower BMI and for women in whom
the initial 150-] shock was sufficient to restore SR.

The optimal DCCV algorithm is a daily dilemma in
clinical practice. Despite a large number of previously pub-
lished observational studies and reports,” there is a paucity of
randomized data addressing the issue of energy selection or

Maximum fixed
algorithm
(n = 150)
1st shock
360 J
Atrial fibrillation Sinus rhythm
(n =25) (n = 125)
2nd shock
360 J
Atrial fibrillation Sinus rhythm
(m=15) (n=10)
Excluded
(n=4)
3rd shock
360 J
m=11)
Atrial fibrillation Sinus rhythm
(n=6) @m=5)

escalation. The first randomized trial using impedance-
compensated biphasic shocks with pads in anterior-lateral
position (self-adhesive, no manual pressure applied), the
Biphasic Energy Selection for Transthoracic Cardioversion of
Atrial Fibrillation (BEST-AF) trial,*’ compared a low escala-
tion protocol (100-150-200-200 J) with a fixed energy pro-
tocol (200-200-200 J). The authors found no difference in the
overall success rate, defined as the restoration of SR for at least
30 seconds (90% vs 88%, P = 0.56) and also demonstrated
that a higher initial shock energy resulted in a higher initial
success rate (48% vs 71%, P < 0.01), particularly in patients
with obesity and BMI > 25 kg/m? (44% vs 75%, P = 0.001).
The second study, the Comparison of High vs Escalating
Shocks (CHESS) trial,>® used biphasic shocks with self-
adhesive pads (no manual pressure, no impedance compen-
sation) in the anterior-posterior position, and compared an
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Table 2. Secondary safety endpoints

Study arm

Rational energy algorithm Maximum fixed energy algorithm

Total (150, 360, 360 ]) (360, 360, 360 J) P value

Skin changes 2 hours post- DCCV

No skin changes 217 (72.3%) 121 (80.7%) 96 (64.0%) 0.001

Skin redness 83 (27.7%) 29 (19.3%) 54 (36.0%)

Skin burns 0 0 0
Chest pain (VAS 1-10) 24 hours post

DCCV

0 249 (89.9%) 126 (91.3%) 123 (88.5%) 0.378

1 12 (4.3%) 7 (5.1%) 5 (3.6%)

2 5 (1.8%) 3 (2.2%) 2 (1.4%)

3 3 (1.1%) 1 (0.7%) 2 (1.4%)

4 2 (0.7%) 0 2 (1.4%)

5 4 (1.4%) 0 4 (2.9%)

7 1 (0.4%) 1 (0.7%) 0

8 1 (0.4%) 0 1 (0.7%)

Bold values indicate statistical significance (P < 0.05).
DCCV, direct current cardioversion; VAS, visual analogue scale.

energy-escalating protocol with a maximum energy of 200 J of
the last shock with a fixed-energy protocol using novel
maximum energy shocks of 3 x 360 J. The authors found a
profound difference between the protocols in terms of initial
and cumulative efficacy in favour of the fixed maximum-
energy protocol.

Compared with our study, subjects in both protocol
groups of the PROTOCOLENERGY study had higher rates
of successful cardioversion after both the first and last
protocol-guided shock (comparison of studies in Table 3). In
addition, high rates (> 90%) of restoration of SR at 2 hours

were observed. This may be because the PROTO-
COLENERGY trial incorporated the best of previous studies:
in particular, the use of maximum high energy in cardiover-
sion protocols, the use of impedance-compensated waveforms
that automatically adjust the peak current to match patients
with different chest impedances, and the use of manual
pressure to increase shock effectiveness. Under these condi-
tions, the cumulative efficacy of DCCV can be as high as
94%, regardless of the initial shock energy.

It is important to note that there are different definitions of
DCCYV success. In the aforementioned studies, 30 seconds to

Skin redness according to the total number of DCCV shocks.

60,0%
50,0%

40,0%
p=0.001

30,0%

20,0%

) I
0,0%

total
m Study arm Rational energy algorithm (150, 360, 360J) Skin changes

m Study arm Maximum fixed energy algorithm (360, 360, 360 J) Skin
changes

19,3% (29/150)

36,0% (54/150)

p=0.120
p=0.341

p<0.001
1DCCV 2DCCV’s 3DCCV's

12,8% (14/109) 32,1% (9/28) 46,2% (6/13)

34,4% (43/125) 57,1% (8/14) 27,3% (3/11)

Figure 2. Incidence of skin redness postcardioversion by DCCV shock number and algorithm. Significant differences in the incidence of skin er-
ythema were observed between the 2 algorithms overall (left, total bars) and between patients receiving only 1 (initial) DCCV shock, favouring RaA
with 150-J shock. The differences in skin redness were not statistically significant in patients receiving 2 or 3 DCCV shocks, likely because of the
uniform energy level (360 J) used in subsequent shocks in both protocols, underscoring the skin-protective effect of the low energy of the initial

shock. DCCV, direct current cardioversion; RaA, rational energy algorithm.
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Cumulative efficacy of each DCCV protocol - Intention to
Treat Analysis

100,0%

80,0%
60,0%
40,0%
20,0%

0,0%

SR after first DCCV SHIEIATNE S Gy

cumulative SR after third

second DCCV DCCV
W Rational Igorithm (150, 360,
ational energy algorithm ( 72,7% 89,3% 92,7%
360J)
B Maximum fixed energy algorithm (360, N
360, 360)) 83,3% 90,0% 94,0%

Figure 3. Efficacy of each DCCV protocol after first, second and third shock. The DCCV success rate after the first shock was significantly higher in
the MfA protocol group using a maximum energy of 360 J. The cumulative success rates after subsequent shocks, delivered uniformly at 360 J for
both algorithms, were not significantly different, highlighting similar efficacy in SR restoration beyond the first shock. DCCV, direct current car-
dioversion; MfA, maximum fixed-energy algorithm; SR, sinus rhythm.

1 minute of postshock SR preservation was considered suc-
cessful DCCV. In the Ottawa AF Cardioversion Protocol
published by Ramirez et al.,”” implementing similar measures
as in our study, the DCCV success reached 99.2%, but was
defined as > 2 consecutive sinus beats or atrial-paced beats in

patients with implantable devices. As the CHESS trial used 3

definition as the CHESS trial to allow for better comparison
among trials and protocols.

Safety

There was no evidence of an increased risk of clinically

x 360 ] energy in the fixed-energy group but differed in the

energy-escalating group, we chose to use the same endpoint

relevant arrhythmias or neurologic complications with either
protocol or when comparing the incidence of adverse events

ROC Curve Youden's J stats C Relative efficacy of the first 150 J
Study arm: Rational energy algorithm (150, 360, 360J) 0,35 DCCV shock according to BMI groups
o (n=150, Rationale energy algorith
— rou
03 group)
08 35,0%
0,25
30,0%
_g 06 02 , 25,0%
2 20,0%
o 5 )
» o4 0,1! o,
R*=0,869
. 15,0%
0,1 14
10,0%
02
0,05 3 5.0% I I I
: [ ] .
%0 02 04 06 08 10 0 —& 3 o 0,0% =
15000 % 20,000 25000 30,000 35000 40,000 4s%00 50,000 S K o K o ©
1 - Specificity e e\"& ,&n v,w Ap’"’ 6;9,4: o°“e
-0,05 ~<> 8 & 8 8 ¥
o\)Q O & & & o\)Q
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0,1 S B S S S &

W AF after first 150) shock M SR after first 150J shock

Figure 4. Analysis of association of BMI with success of initial 150J shock. (A) Relative efficacy of the initial 150-J DCCV shock across different BMI
categories. The graph clearly shows that—despite the statistical insignificance—the percentage of successful cardioversions was much higher in
the lower BMIs than in the higher BMIs. (B) The ROC curve analysis for BMI and DCCV success after the initial 150-J shock. The AUC value of 0.675
indicates a moderate predictive value of BMI for cardioversion success in patients with AF. (C)Visualization of 2 BMI peaks using Youden's J
statistic. The peaks identify a BMI of 29 to 34 kg/m2 as the most appropriate cutoff for predicting 150J shock success, combining both sensitivity
and specificity. AF, atrial fibrillation; AUC, area under the curve; BMI, body mass index; DCCV, direct current cardioversion; ROC, receiver operating
characteristic.



Table 3. Comparison of BEST-AF, CHESS and PROTOCOLENERGY randomized trials in patients undergoing biphasic elective cardioversion

BEST-AF*

CHESS>

PROTOCOLENERGY

Pads position

Manual pressure applied

Waveform type

Cardioversion success
definition

Patients total

Success rate: (1) Initial
shock

(2) Cumulative

Number of shocks
(Average [+ SD],
median [IQR])

Energy applied (Average
[£ SD], median
[IQR))

Initial shock success
predictors

Cumulative success
predictors

Safety: (1) Arrhythmias

(2) Skin changes

Anterior-lateral
No
Truncated exponential, impedance compensated
Sinus rhythm 30 seconds after cardioversion

380
Energy escalating: Fixed energy:
100,150,200,200 J 200,200,200 ]
48% 71%'
90% 88%

1.88 (4 1.04) 1.46 (+ 0.76)!

202 ] (£ 135) 251 ] (& 110)"

BMI < 25 kg/m?
Short duration of AF

No difference
N/A

Anterior-posterior
No
Truncated exponential
Sinus rhythm 1 minute after cardioversion

276
Energy escalating: Fixed energy:
125,150,200 ] 360,360,360 J
34% 75%"
66% 88%"

2 [1-3] 1[1-17
275 J (125-475) 360 J (360-360)"
N/A
N/A

Low rates, no difference
Redness/burns no difference

Anterior-lateral
Yes
Truncated exponential, impedance compensated
Sinus rhythm 1 minute after cardioversion

300
Energy escalating: Fixed energy:
150,360,360 J 360,360,360]
73% 83%*
93% 94%*

1.36 (£ 0.64) 1.24 (£ 0.58)*

150 J (150-870) 360] (360-1080) ***

BMI < 29-34 kg/m?, female
N/A

Low rates, no difference
No burns, more redness in Fixed

AF, atrial fibrillation; BMI, body mass index; IQR, interquartile range; SD, standard deviation.
*P < 0.05 between the protocols within the study.

P < 0.01 between the protocols within the study.

P < 0.001 between the protocols within the study.

§ P value unknown between the protocols within the study.
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with previous studies. Although there was no difference in
skin redness between the low-escalation (up to 200 ]) and
maximum-fixed (360 J) protocol groups in the CHESS trial
using self-adhesive anterior-posterior pads, in our study using
hand-held paddles in the anterior-lateral position and manual
pressure, the incidence of skin redness was significantly higher
in the maximum-fixed energy group, especially after the first
shock. This may be because of the use of impedance-
compensated shocks with different peak currents, indepen-
dent of the total energy delivered, depending on chest
impedance, which is generally higher in patients with obesity
and women and lower in patients with heart failure and those
with reduced hemoglobin levels.”” Chest impedance is
significantly influenced by pad size, pad position, and skin-to-
pad contact and generally decreases with the number of shocks
delivered. However, increased im]pedance has not been asso-
ciated with cardioversion success. ~

Relationship among BMI, sex, and initial 150-] shock
success rate

In the post-hoc analysis, a BMI of 29-34 kg/m” was
identified as a potential cutoff for initiating DCCV with a
150-] shock. In the BEST-AF trial, overweight patients (BMI
> 25 kg/m®) were also significantly less likely to regain SR
with the initial 150-] vs 200-] shock (44% vs 75%, P <
0.001).”” This may be explained bZ higher defibrillation
thresholds in patients with obesity.”' The current study
confirms previous findings and recommends a BMI cutoff to
be considered when choosing between low or high energy of
the initial shock.

Although not statistically significant, women were more
likely than men to restore SR after the initial 150 J. Our
daily practice supports the clinical relevance of such an
observation and is consistent with the results of previous
studies.”” With a concept of less skin irritation and main-
tained efficacy, initiating cardioversion with lower ener-
gy—especially in women rather than in men—seems to be a
feasible approach.

Future directions

Recently, a meta-analysis comparing different ap-
proaches to DCCV was published after the trial was
completed.”® The results of this analysis demonstrated the
superiority of biphasic waveforms, high energy shocks, and
manual pressure. The PROTOCOLENERGY study has
already used these approaches and added further data to
support the use of a maximum energy of 360 ], which is
feasible to start with but essential to end with during the
course of DCCV.

There is growing evidence that the simultaneous use of 2
defibrillators, known as dual DCCYV, further increases the
overall success rate of electrical cardioversion, with no safety
issues when 200-J shocks are used. Darrat et al.”” incorporated
dual DCCV into a step-up institutional protocol and achieved
99.3% success in restoring SR, and in a randomized trial in
patients with obesity and AF (BMI > 35 kg/mz) the success
rate of single vs dual DCCV was 86% vs 98%, with a higher
likelihood of failure with single DCCV (adjusted OR, 12.6;
95% CI, 1.3-118.9).%" Despite higher success rates compared
with single DCCV studies including PROTOCOLENERGY,
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further studies are needed to elucidate the optimal output
energy for dual DCCV and to justify its use in daily clinical
practice. Potential indications for dual DCCV may include
failure of single DCCV”* or patients with known extensive
cardiac fibrosis, which has recently been associated with
endocardial damage, thrombus formation, conduction ab-
normalities, and atrial re-entry.””

Limitations

The study has several limitations. First, it is a single-centre
study. However, the approach to patients with AF and
DCCYV is similar between complex cardiology centres in the
Czech Republic. Second, not all patients indicated for DCCV
were enrolled. For logistic reasons, we chose to randomize
patients with stable AF who were indicated for an elective
outpatient procedure, and excluded hospitalized patients, those
with decompensated heart failure, and those indicated for acute
DCCV. Therefore, it is questionable whether the results can be
generalized to all patients with AF. Third, we did not record
detailed information on biochemical variables (potassium,
magnesium, renal function, N-terminal pro-B-type natriuretic
peptide [NT-proBNP]), echocardiographic parameters other
than LVEF and left atrial diameter (left/right atrial volume,
valvular disease, ischemic heart disease, diastolic filling pressure
calculations, left atrial and ventricular strain), or duration/type
of AF, which are known to potentially influence the onset and
course of AF and were therefore not included in our analyses.
The aim was to keep the study as simple and real-world as
possible, and this information was not available for patients
referred for elective DCCV from different centres. Fourth, the
cumulative energy delivered during DCCV may be slightly less
than the output energy set on the defibrillator, depending on
the individual patient’s thoracic impedance values, pulse
duration, and leading-edge voltage. These values were not
recorded. Fifth, a total of 7 patients did not receive a third
shock as per protocol and were included as failures in the ITT
analysis. These protocol deviations did not change the overall
results of the study, as an on-treatment analysis (not shown)
excluding these patients produced the same results. Finally, the
physician administering the shock was not blinded, but the
patients and the physician assessing the skin changes and all
outcome assessments were blinded.

Conclusions

Energy escalation (150 J-360 J-360 J) and maximum fixed
energy (3 x 360 J) DCCV protocols showed similar high
cumulative efficacy. Starting with 150 J, the initial shock
appeared to be adequate for most patients with BMI less than
29 to 34 kg/m?* and for women who benefited from less skin
erythema compared with the initdal 360-] shock. With its high
efficacy but better tolerability, the energy escalation protocol
should be preferred to the maximum fixed energy protocol in
elective cardioversion patients.
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