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ABSTRACT
Objectives: Direct current cardioversion (DCCV) is commonly used for atrial fibrillation, but there is uncertainty about whether 
active chest compression improves its effectiveness. This meta-analysis evaluates the impact of active compression on cardiover-
sion outcomes.
Methods: A systematic review and meta-analysis synthesizing evidence from randomized controlled trials (RCTs) retrieved 
from PubMed, Scopus, WOS, Embase, and Cochrane Library till September 2024. Statistical analysis was performed using R soft-
ware (version 4.3.1), applying risk ratios (RR) for dichotomous outcomes and mean differences (MD) for continuous outcomes, 
with 95% confidence intervals (CI). PROSPERO ID: CRD42024595499.
Results: Four RCTs with 737 patients were included. When compared to the no-compression approach, active compression dur-
ing DCCV was not associated with any significant difference in cardioversion success (RR: 1.10; 95% CI [0.96, 1.25], p = 0.16), first 
shock success (RR: 1.62; 95% CI [0.94, 2.81], p = 0.08), number of shocks (MD: -0.32; 95% CI [−1.01, 0.36], p = 0.36), or crossover 
success (MD: 0.76; 95% CI [0.33, 1.77], p = 0.52). However, active compression was associated with a reduced successful shock 
energy (MD: -23.97 J; 95% CI [−26.84, −21.10], p < 0.01).
Conclusion: Active compression during DCCV does not significantly improve cardioversion success but may reduce the energy 
required for successful cardioversion, suggesting potential safety benefits. However, further studies are needed to determine its 
clinical relevance.

1   |   Introduction

Atrial fibrillation (AF), the most common cardiac arrhyth-
mia, affects an estimated 37 million people globally (Lippi 
et  al.  2021; Amin, Ghaly, et  al.  2024). It is projected that 6 
to 12 million individuals in the United States will be affected 
by this condition by the year 2050, while an estimated 17.9 

million individuals in Europe are anticipated to be affected 
by 2060 (Lippi et al. 2021; Amin, Nazir, et al. 2024). By 2050, 
projections indicate a 60% increase in cases, highlighting 
its growing impact on aging populations (Lippi et  al.  2021; 
Elliott et al. 2023). The prevalence of AF rises from 1.5%–2% 
in the general population to nearly 10% among those over 
80 years (Klein and Trappe 2015). This arrhythmia is strongly 
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associated with cardiovascular complications, including a 
five-fold increase in stroke risk, heart failure, and increased 
hospitalization (Elliott et al. 2023; Klein and Trappe 2015; Ali 
et al. 2006).

Direct current cardioversion (DCCV), an essential strategy to 
restore sinus rhythm, achieves success in 90% of patients, but 
AF recurrence rates hover around 50% within a year (Ferreira 
et  al.  2024). Applying pressure on defibrillator pads reduces 
transthoracic impedance, enhancing energy transfer and po-
tentially improving cardioversion outcomes by lowering imped-
ance (Ferreira et  al.  2024). However, active compression can 
cause discomfort and complications like skin burns (Ferreira 
et al. 2024).

Emerging evidence supports the efficacy of non-compression 
techniques, particularly with modern biphasic waveform de-
fibrillators, which have shown superior performance in AF 
conversion without the need for compression (Link et al. 2010). 
These developments have spurred interest in less invasive, 
patient-friendly approaches to cardioversion (Link et al. 2010).

Our systematic review and meta-analysis will compare the effi-
cacy of active compression versus the no-compression approach 
during AF cardioversion. We will examine key outcomes such 
as cardioversion success, number of shocks, and energy required 
for cardioversion success. This study will provide evidence-
based recommendations for refining cardioversion protocols 
to improve patient care, focusing on minimizing recurrence, 
discomfort, and complications while maximizing procedural 
success.

2   |   Methodology

2.1   |   Protocol Registration

This systematic review and meta-analysis was conducted ac-
cording to the PRISMA guidelines (Page et al. 2020). In addition, 
we adhered to the Cochrane Handbook for Systematic Reviews 
of Interventions (Higgins et al. 2024). We registered the protocol 
in PROSPERO under the ID: CRD42024595499.

2.2   |   Data Sources and Search Strategy

Two authors (H.I.T. and M.S.E.) independently conducted 
a comprehensive search on September 24th, 2024, across 
PubMed, Cochrane Library, Scopus, WOS, and Embase without 
restrictions on data or language. We included both free-text key-
words and MeSH terms: (“pressure” OR “compression”) AND 
(“cardioversion” OR “defibrillation”) AND (“atrial fibrillation”). 
(H.I.T.) manually checked references to ensure no relevant arti-
cles were missed. The search details can be found in Table A.1 
in Appendix S1.

2.3   |   Eligibility Criteria

Studies that met the following PICOS criteria were included: 
population (P): adult patients ≥ 18 years with persistent AF; 

intervention (I): active compression during DCCV; control (C): 
no compression during DCCV; outcomes (O): cardioversion suc-
cess, first shock success, second shock success, third shock suc-
cess, fourth shock success, number of shocks, crossover success, 
total energy delivered, and successful shock energy; study design 
(S): randomized controlled trials (RCTs).

We excluded animal studies, in vitro studies, case–control stud-
ies, cohort studies, non-randomized trials, feasibility studies, 
reviews, books, theses, case reports, case series, unpublished 
work, protocols without results, studies with incomplete or du-
plicate data, and conference abstracts. Studies in which cardio-
version was done for indications other than AF were excluded. 
Studies in which the crossover was done between groups other 
than the active and no-compression groups were also excluded.

2.4   |   Study Selection

After duplicates were removed via EndNote (version 20.4.1), 
all remaining records underwent title and abstract screening 
independently by three reviewers (H.R.M., S.S., and M.M.) 
using Rayyan. Reference screening was done by a fourth author 
(H.I.T.) to ensure no relevant studies were missed. Studies meet-
ing inclusion criteria underwent full-text review, and (H.I.T.) re-
solved any discrepancies.

2.5   |   Data Extraction

Eligible full texts underwent pilot data extraction to format 
the data extraction sheet on Excel (Microsoft, USA). (M.S.E., 
H.R.M., S.S., and M.M.) independently extracted data into three 
sections: (1) a summary of included studies, including the name 
of the first author, study design, country, number of centers, 
total sample size, electrode position, number of shocks delivered 
before crossover, energy sequence of shocks, primary outcome, 
and inclusion criteria; (2) baseline participant characteristics: 
(demographics, AF duration, and past medical history); and (3) 
outcomes data on efficacy, as previously mentioned. Successful 
shock energy, in our analysis, refers to the minimum amount 
of electrical energy required to successfully convert the heart's 
rhythm from AF to normal sinus rhythm.

2.6   |   Risk of Bias and Certainty of Evidence

The Cochrane Risk of Bias 2 tool (Sterne et al. 2019) was used to 
assess the included RCTs' quality. It measures five key domains, 
including biases in randomization, deviations from the intended 
intervention, missing outcome data, outcome measurement de-
viations, and selective reporting of results (Sterne et al. 2019). 
The studies were then categorized as having “low risk”, “some 
concerns”, or “high risk”. Four reviewers (H.I.T., M.S.E., S.S., 
and H.R.M.) conducted this assessment, and discrepancies were 
resolved via discussion with an additional reviewer (M.A.). 
Although publication bias was considered, it was unreliable be-
cause fewer than 10 studies were included (Sterne et al. 2019).

The certainty of the evidence was assessed by (M.S.E.) using 
the Grading of Recommendations, Assessment, Development, 
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and Evaluation (GRADE) system (Guyatt et  al.  2008). This 
method considers five factors: risk of bias, inconsistency, 
indirectness, imprecision, and other relevant factors. After 
evaluation, we assigned an overall quality rating of the evi-
dence to be high, moderate, low, or very low certainty (Guyatt 
et  al.  2008). Finally, the grading was reviewed for accuracy 
by (M.A.).

2.7   |   Statistical Analysis

The statistical analysis was conducted by (A.A.I.) using R 
software version 4.3.1. For dichotomous outcomes, the risk 
ratio (RR) was used. In contrast, for continuous outcomes, the 
mean difference (MD) was used, both with 95% confidence in-
tervals (CI) using the random-effects model when there was 
a significant heterogeneity (I2 > 50%) and the common-effect 
model when heterogeneity was not significant (I2 < 50%). 
Heterogeneity was assessed using chi-square and I2 statistics. 
The chi-square test shows the presence of heterogeneity, and 
the I2 statistic shows the degree of heterogeneity. We used an 
alpha level below 0.1 for the Chi-square test to interpret signif-
icant heterogeneity. We conducted a Leave-one-out sensitivity 
analysis to assess our findings' robustness for outcomes with 
significant heterogeneity (I2 > 50%). This approach involves 
iteratively excluding one study at a time and recalculating 
the pooled effect size. Data presented as median with inter-
quartile range underwent post hoc analysis, converting it to 
mean with standard deviation. Finally, we conducted a meta-
regression analysis based on the study-level covariate (body 
mass index, BMI).

3   |   Results

3.1   |   Search Results and Study Selection

We identified 2402 studies after searching databases. 
Duplicate removal via EndNote excluded 883 duplicates, leav-
ing 1519 studies for title and abstract screening. Of these, 
1508 did not meet our inclusion criteria and were excluded. 
We evaluated the full texts of the remaining 11 studies in 
detail. Ultimately, seven studies (Dodd et  al.  2004; Ramirez 
et  al.  2016; Lakananurak et  al.  2022; Ferreira et  al.  2021; 
Forgione et  al.  2000; Kerber et  al.  1981; Cohen et  al.  1997) 
were removed, as illustrated in Table A.2 in Appendix  S1, 
leaving four studies (Ferreira et al. 2024; Squara et al. 2021; 
Kirchhof et al. 2005; Voskoboinik et al. 2018) that met all the 
inclusion criteria. A PRISMA flow diagram demonstrates the 
study selection process (Figure 1).

3.2   |   Characteristics of Included Studies

Four RCTs with a total of 737 patients were included. Of 
these, 374 were assigned to the active compression group, 
and 363 underwent the no-compression approach. Three 
trials (Ferreira et  al.  2024; Squara et  al.  2021; Voskoboinik 
et al. 2018) were multicenter, whereas one RCT was a single-
center trial (Kirchhof et al. 2005). These RCTs were conducted 
in Australia, France, and Germany. Blinding status differed 

between the studies. Additionally, the studies applied differ-
ent energy sequences for DCCV. Detailed summaries of the 
included RCTs and baseline participant characteristics are 
presented in Tables 1 and 2.

3.3   |   Risk of Bias and Certainty of Evidence

The risk of bias was assessed for each included study using the 
Risk of Bias 2 tool (Sterne et al. 2019). All four RCTs (Ferreira 
et al. 2024; Squara et al. 2021; Kirchhof et al. 2005; Voskoboinik 
et  al.  2018) had a low overall risk of bias (Figure  2). GRADE 
analysis showed a low certainty of evidence with cardioversion 
success and successful shock energy due to limitations in im-
precision. In addition, the certainty of evidence regarding first 
shock success, total energy delivered, number of shocks, and 
crossover success was very low due to limitations in imprecision 
and inconsistency. The full details can be found in Table A.3 in 
Appendix S1.

3.4   |   Primary Outcome: Cardioversion Success

Active compression during DCCV was not associated with any 
significant difference in cardioversion success when compared 
to the no-compression approach [RR: 1.10 with 95% CI (0.96, 
1.25), p = 0.16] (Figure  3). Our analysis revealed a significant 
heterogeneity (I2 = 83%, p < 0.01). Sensitivity analysis showed 
that the heterogeneity was best resolved after omitting the study 
by Ferreira et al. (2024) (I2 = 38%) (Figure A.1 in Appendix S1).

3.5   |   Secondary Outcomes

When compared to the no-compression approach, active com-
pression during DCCV was not associated with any significant 
difference in first shock success [RR: 1.62 with 95% CI (0.94, 
2.81), p = 0.08], second shock success [RR: 0.95 with 95% CI 
(0.74, 1.21), p = 0.66], third shock success [RR: 0.98 with 95% 
CI (0.72, 1.32), p = 0.88], or fourth shock success [RR: 0.73 with 
95% CI (0.41, 1.33), p = 0.31] (Figure 4). Moreover, there was also 
no significant difference between the two groups regarding the 
number of shocks [MD: −0.32 with 95% CI (−1.01, 0.36), p = 0.36] 
(Figure A.2 in Appendix S1) or crossover success [RR: 0.76 with 
95% CI (0.33, 1.77), p = 0.52] (Figure A.3 in Appendix S1).

Regarding energy used, active compression was not associated 
with any significant difference in total energy delivered [MD: 
−23.12 J with 95% CI (−184.62, 138.38), p = 0.78]. However, 
active compression was associated with a reduced success-
ful shock energy [MD: −23.97 J with 95% CI (−26.84, −21.10), 
p < 0.01] (Figure 5).

Pooled data were homogeneous in second shock success (I2 = 0%, 
p = 0.98), third shock success (I2 = 0%, p = 0.75), fourth shock 
success (I2 = 0%, p = 0.79), crossover success (I2 = 0%, p = 0.71), 
and successful shock energy (I2 = 0%, p = 0.91). However, pooled 
study data revealed substantial heterogeneity in first shock suc-
cess (I2 = 83%, p < 0.01) and number of shocks (I2 = 86%, p < 0.01). 
Sensitivity analysis of first shock success revealed that the het-
erogeneity was best resolved after omitting the study by Ferreira 
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et al. (I2 = 0%) (Figure A.4 in Appendix S1). Finally, sensitivity 
analysis of the number of shocks was not applicable.

3.6   |   Meta-Regression Analysis Based on BMI

There was no significant association between BMI and cardiover-
sion success (b = 0.019, p = 0.92), first shock success (b = −0.051, 
p = 0.54), or second shock success (b = 0.011, p = 0.78) (Table A.4 
in Appendix S1).

4   |   Discussion

As a major risk factor for stroke and heart failure, the timely 
and effective restoration of normal sinus rhythm is crucial in 
the management of AF (Saliba and Wazni 2011). DCCV remains 
one of the primary interventions for converting AF back to sinus 
rhythm, particularly in patients where pharmacological treat-
ments have failed or are unsuitable (Brandes et al. 2020). The 
success of cardioversion depends on delivering an electrical 

shock to the heart, and optimizing the delivery of this shock is 
critical to improving outcomes while minimizing risks (Goyal 
et al. 2024).

Traditionally, DCCV is performed without active compres-
sion, relying solely on the electrical shock to restore rhythm. 
However, recent interest in using active compression to enhance 
defibrillation efficiency has grown. The rationale behind this 
approach is that compression may reduce thoracic impedance, 
potentially facilitating better energy delivery and reducing the 
energy required for successful cardioversion (Squara et al. 2021; 
Kuppahally et  al.  2009). Despite the theoretical benefits, the 
clinical value of active compression during DCCV remains un-
certain, and its impact on outcomes like cardioversion success 
and patient safety has been a subject of debate.

This meta-analysis examined the efficacy of active chest com-
pression compared to the no-compression approach during 
DCCV for AF. Our findings revealed a notable reduction in the 
energy required for successful shocks with active compression, 
indicating a potential benefit in minimizing the energy delivered 

FIGURE 1    |    PRISMA flow chart of the screening process.



5 of 11

T
A

B
L

E
 1

    
|    

S
um

m
ar

y 
ch

ar
ac

te
ri

st
ic

s o
f t

he
 in

cl
ud

ed
 R

C
Ts

.

St
ud

y 
ID

St
ud

y 
de

si
gn

C
ou

nt
ry

N
. o

f 
ce

nt
er

s
Sa

m
pl

e 
si

ze
, N

.

E
le

ct
ro

de
s 

po
si

ti
on

 a
nd

 
ty

pe
 o

f s
ho

ck

N
. o

f 
sh

oc
ks

 
de

li
ve

re
d 

be
fo

re
 

cr
os

so
ve

r
E

ne
rg

y 
se

qu
en

ce
 

of
 s

ho
ck

s,
 J

ou
le

s
P

ri
m

ar
y 

ou
tc

om
e

In
cl

us
io

n 
cr

it
er

ia

Fe
rr

ei
ra

 
et

 a
l. 

(2
02

4)
D

ou
bl

e-


bl
in

de
d,

 R
C

T
A

us
tr

al
ia

3
31

1
A

P 
bi

ph
as

ic
3

15
0,

 2
00

, 3
60

To
ta

l e
ne

rg
y 

de
liv

er
ed

 
in

 Jo
ul

es

A
ge

 ≥
 18

, c
on

fir
m

ed
 A

F 
on

 E
C

G
, n

o 
ev

id
en

ce
 o

f 
LA

 th
ro

m
bu

s,
 ≥

 3 
w

ee
ks

 
of

 a
nt

i-c
oa

gu
la

tio
n 

an
d 

ab
ili

ty
 to

 p
ro

vi
de

 
in

fo
rm

ed
 c

on
se

nt

Sq
ua

ra
 e

t a
l. 

(2
02

1)
U

nb
lin

de
d,

 R
C

T
Fr

an
ce

2
10

0
A

P 
bi

ph
as

ic
4

50
, 1

00
, 1

50
, 2

00
D

ef
ib

ri
lla

tio
n 

th
re

sh
ol

d
A

ge
 ≥

 18
 w

ith
 p

er
si

st
en

t 
A

F 
≥

 7 
da

ys

Vo
sk

ob
oi

ni
k 

et
 a

l. 
(2

01
8)

U
nb

lin
de

d,
 R

C
T

A
us

tr
al

ia
4

12
5

A
A

 o
r A

P 
bi

ph
as

ic
2

10
0,

 2
00

C
ar

di
ov

er
si

on
 

su
cc

es
sa

O
be

si
ty

 (B
M

I ≥
 30

) a
nd

 
pe

rs
is

te
nt

 A
F 

un
de

rg
oi

ng
 

cl
in

ic
al

ly
 in

di
ca

te
d 

ex
te

rn
al

 c
ar

di
ov

er
si

on

K
ir

ch
ho

f 
et

 a
l. 

(2
00

5)
U

nb
lin

de
d,

 R
C

T
G

er
m

an
y

1
20

1
A

P 
m

on
op

ha
si

c 
or

 b
ip

ha
si

c
5

50
, 1

00
, 2

00
, 

30
0,

 3
60

C
ar

di
ov

er
si

on
 

su
cc

es
sa

Pe
rs

is
te

nt
 A

F 
w

ith
 

an
 in

di
ca

tio
n 

fo
r 

ex
te

rn
al

 c
ar

di
ov

er
si

on
, 

do
cu

m
en

te
d 

A
F 

pr
io

r 
to

 th
e 

pr
oc

ed
ur

e,
 

no
 e

vi
de

nc
e 

of
 L

A
 

th
ro

m
bu

s,
 ≥

 3 
w

ee
ks

 
of

 a
nt

i-c
oa

gu
la

tio
n

A
bb

re
vi

at
io

ns
: A

A
, a

nt
er

o-
ap

ic
al

; A
F,

 a
tr

ia
l f

ib
ri

lla
tio

n;
 A

P,
 a

nt
er

o-
po

st
er

io
r; 

BM
I, 

bo
dy

 m
as

s i
nd

ex
; E

C
G

, e
le

ct
ro

ca
rd

io
gr

am
; L

A
, l

ef
t a

tr
ia

l; 
N

, n
um

be
r; 

RC
T,

 ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l.

a S
uc

ce
ss

fu
l t

er
m

in
at

io
n 

of
 A

F 
an

d 
pr

es
en

ce
 o

f s
in

us
 rh

yt
hm

.



6 of 11 Annals of Noninvasive Electrocardiology, 2025

T
A

B
L

E
 2

    
|    

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s o
f t

he
 p

ar
tic

ip
an

ts
.

St
ud

y 
ID

A
rm

s
N

.
A

ge
, 

Ye
ar

s
M

al
e,

 
N

. (
%

)
B

M
I,

 
kg

/m
2

A
F 

du
ra

ti
on

, 
m

on
th

s

Pa
st

 h
is

to
ry

, N
. (

%
)

E
ch

oc
ar

di
og

ra
ph

y
A

nt
ia

rr
hy

th
m

ic
s,

a  
N

. (
%

)

H
yp

er
te

n
si

on
D

ia
be

te
s

L
ef

t 
at

ri
al

 
ar

ea
, c

m
2

LV
E

F,
 %

C
la

ss
 I 

(F
le

ca
in

id
e)

C
la

ss
 

II
Ib

Fe
rr

ei
ra

 
et

 a
l. 

(2
02

4)
A

ct
iv

e 
co

m
pr

es
si

on
15

8
66

.1
 ±

 10
.5

11
8 

(7
5)

32
.6

 ±
 7

11
 ±

 15
.7

N
M

N
M

N
M

46
.6

 ±
 13

.8
N

M
N

M

N
o 

co
m

pr
es

si
on

15
3

66
.5

 ±
 11

.3
11

6 
(7

6)
31

.1
 ±

 6.
1

14
 ±

 22
.5

N
M

N
M

N
M

48
.8

 ±
 13

.1
N

M
N

M

Sq
ua

ra
 e

t a
l. 

(2
02

1)
A

ct
iv

e 
co

m
pr

es
si

on
50

70
.8

 ±
 10

.3
25

 (5
0)

28
 ±

 4.
9

5.
8 ±

 10
.3

28
 (5

6)
8 

(1
6)

28
.1

 ±
 5.

1
45

.9
 ±

 14
3 

(6
)

17
 (3

4)

N
o 

co
m

pr
es

si
on

50
69

.6
 ±

 10
.2

31
 (6

2)
28

.9
 ±

 7.
7

6.
1 ±

 16
.9

28
 (5

6)
9 

(1
8)

28
.9

 ±
 4.

8
49

.1
 ±

 14
.2

3 
(6

)
21

 (4
2)

Vo
sk

ob
oi

ni
k 

et
 a

l. 
(2

01
8)

A
ct

iv
e 

co
m

pr
es

si
on

62
60

 ±
 10

44
 (7

1)
35

 ±
 5

5 ±
 5

31
 (5

0)
24

 (3
8)

28
 ±

 9
53

 ±
 10

7 
(1

1)
29

 (4
6)

N
o 

co
m

pr
es

si
on

63
61

 ±
 11

47
 (7

5)
35

 ±
 6

4 ±
 9

26
 (4

1)
16

 (2
5)

28
 ±

 8
50

 ±
 12

11
 (1

8)
33

 (5
3)

K
ir

ch
ho

f 
et

 a
l. 

(2
00

5)
A

ct
iv

e 
co

m
pr

es
si

on
10

4
63

 ±
 1

72
 (7

4)
27

.4
 ±

 0.
2

8.
1 ±

 2
N

M
N

M
N

M
N

M
19

 (2
0)

36
 (3

7)

N
o 

co
m

pr
es

si
on

97
63

 ±
 1

75
 (7

2)
27

 ±
 0.

5
4.

5 ±
 0.

2
N

M
N

M
N

M
N

M
11

 (1
1)

38
 (3

7)

N
ot

e:
 D

at
a 

ar
e 

pr
es

en
te

d 
as

 m
ea

n 
±

 SD
 a

nd
 p

ro
po

rt
io

ns
 a

s N
. (

%
).

A
bb

re
vi

at
io

ns
: A

F,
 a

tr
ia

l f
ib

ri
lla

tio
n;

 B
M

I, 
bo

dy
 m

as
s i

nd
ex

; L
E

V
F,

 le
ft 

ve
nt

ri
cu

la
r e

je
ct

io
n 

fr
ac

tio
n;

 N
, n

um
be

r; 
N

M
, n

ot
 m

en
tio

ne
d.

a C
hr

on
ic

 a
nt

ia
rr

hy
th

m
ic

 th
er

ap
y.

b A
m

io
da

ro
ne

 o
r s

ot
al

ol
.



7 of 11

during the procedure, which could hold implications for patient 
safety (Koneru et al. 2011).

While some studies have suggested potential mechanical ad-
vantages, our findings align with earlier work suggesting no 
substantial improvement in cardioversion or first shock success 
rates with active compression (Ferreira et al. 2024). The absence 
of significant differences in shock success across successive 
attempts further reinforces the notion that the mechanical ef-
fects of compression do not translate into clinically meaning-
ful improvements in restoring sinus rhythm. Nonetheless, our 
analysis showed a significant reduction in the energy required 
for successful shocks, a finding that has not been consistently 
reported in prior studies.

One potential explanation for this reduced energy requirement 
may lie in the modulation of thoracic impedance during active 

compression, allowing for more efficient energy transfer at lower 
shock intensities (Heyer et al. 2022; Niles et al. 2010). Although 
this did not translate into improved shock success, it presents an 
essential consideration for patient safety, particularly in cases 
where repeated high-energy shocks are associated with adverse 
effects. Excessive energy delivery during DCCV is known to 
increase the risk of complications such as myocardial injury, 
skin burns, and hemodynamic instability (Roman et  al.  2024; 
Nguyen et al. 2023; Bonfanti et al. 2019; Gallagher et al. 2008). 
As such, achieving successful cardioversion with lower energy 
levels could mitigate these risks, particularly in patients with 
compromised cardiovascular health or those undergoing re-
peated cardioversion attempts.

Our results highlight the importance of considering patient 
safety beyond immediate cardioversion success. While the 
clinical significance of reducing energy requirements may not 

FIGURE 2    |    Risk of bias graph and summary of the included randomized controlled trials.

FIGURE 3    |    Forest plot of cardioversion success; CI, confidence interval; RR, risk ratio.
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be immediately apparent regarding cardioversion outcomes, it 
could influence long-term patient recovery and complication 
rates. In clinical practice, this energy reduction could justify the 
use of active compression, particularly in vulnerable populations 
such as the elderly or those with structural heart disease, where 
minimizing myocardial stress is paramount (Roman et al. 2024; 
Franklin et al. 2022).

Heterogeneity in the pooled data, particularly regarding first 
shock success and overall cardioversion success, highlights sig-
nificant variations across the included studies. The resolution 

of heterogeneity in these outcomes following the exclusion of 
the Ferreira et  al. study raises important questions about the 
influence of study design, DCCV protocols, and patient charac-
teristics on the results. Differences in shock delivery protocols 
may further contribute to this variability. In the Ferreira et al. 
study, active compression was applied during each shock using 
plastic gloves and a folded towel placed on the anterior chest. 
This approach contrasts with the approaches used in the rest 
of the included studies (Squara et al. 2021; Kirchhof et al. 2005; 
Voskoboinik et al. 2018), where compression was applied using 
paddles. These methodological discrepancies emphasize the 

FIGURE 4    |    Forest plot of first, second, third, and fourth shock success; CI, confidence interval; RR, risk ratio.



9 of 11

need for future studies to adopt standardized chest compression 
and energy delivery techniques, thereby reducing variability 
and improving consistency in outcomes across trials.

In our analysis, BMI did not demonstrate a statistically signifi-
cant association with cardioversion success, first shock success, 
or second shock success. The slope estimate for cardioversion 
success indicates a negligible effect with a wide confidence in-
terval crossing zero. Similarly, first shock success and second 
shock success suggest no meaningful relationship. Our findings 
indicate that BMI is unlikely to play a major role in determining 
the success of defibrillation. These results are consistent with 
previous studies suggesting that body habitus alone may not sig-
nificantly influence the efficacy of DCCV (Lacoste et al. 2023). 
However, further research with larger sample sizes and strati-
fied analyses is necessary to confirm these findings and explore 
potential interactions with other clinical factors.

Another important finding was the lack of significant differ-
ences in secondary outcomes, including the required shocks and 
the crossover success rates between the two techniques. Despite 
the potential for active compression to improve energy effi-
ciency, it did not appear to influence the total number of shocks 
administered, nor did it significantly alter crossover success 
rates. This finding suggests that while active compression might 
enhance the energy dynamics of DCCV, it does not provide an 
advantage in terms of shock efficiency.

Left atrial size is a well-established determinant of electrical 
cardioversion success, as atrial enlargement has been associ-
ated with structural remodeling, increased arrhythmogenic po-
tential, and a reduced likelihood of maintaining sinus rhythm 
(Abhayaratna et al. 2006). Notably, two of the referenced studies 
did not report left atrial size, which may have influenced the 
overall findings of this analysis. The absence of this critical 
parameter limits the ability to ascertain whether variations in 
cardioversion success rates across studies were attributable to 
differences in atrial dimensions. Similarly, left ventricular ejec-
tion fraction (LVEF) is a key prognostic indicator in cardioversion 

outcomes, particularly in patients with concomitant heart fail-
ure (Breathett et al. 2016). One of the included studies did not re-
port LVEF, potentially restricting the capacity to evaluate its role 
in cardioversion efficacy. Given the well-documented impact of 
both left atrial size and LVEF on cardioversion outcomes, the 
omission of these variables in some studies may have introduced 
residual confounding, thereby influencing the overall interpre-
tation of our results.

5   |   Limitations

Several limitations of this meta-analysis should be acknowl-
edged. First, heterogeneity in the primary outcomes, even after 
sensitivity adjustments, suggests that variability in patient pop-
ulations, DCCV protocols, and operator experience may have 
influenced the results. Additionally, while we identified energy 
reduction as a significant benefit of active compression, the clin-
ical implications of this finding warrant further exploration, 
particularly concerning long-term patient outcomes. Moreover, 
our sensitivity analysis demonstrated that the observed het-
erogeneity could be partially attributed to variations in study 
methodology, reinforcing the need for standardized protocols 
in future investigations. Finally, the small number of available 
studies may limit the generalizability of our findings. Also, as 
the number of included RCTs was (< 10), the results of the meta-
regression analysis are not reliable, warranting further investi-
gation of the association between BMI and the effect of active 
compression on DCCV success.

6   |   Implications for Future Research

Future research should address the gaps in current knowledge 
by investigating the long-term efficacy and safety of active com-
pression during DCCV. RCTs incorporating standardized energy 
protocols and compression techniques are necessary to clarify 
the role of active compression, particularly in high-risk popula-
tions. Furthermore, studies should explore the potential benefits 

FIGURE 5    |    Forest plot of total energy delivered, J, and successful shock energy, J, CI, confidence interval; J, Joules; MD, mean difference.
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of reduced energy delivery regarding myocardial protection and 
overall patient morbidity and mortality. Understanding whether 
the energy reduction observed in our analysis translates into 
measurable clinical improvements will be critical for informing 
future clinical guidelines and practice. Future studies should 
aim for standardized reporting of echocardiographic parame-
ters, including left atrial size and LVEF, to enable more precise 
adjustments for these critical factors. A more comprehensive 
assessment of these variables may provide further insights into 
their role in predicting cardioversion success and help refine pa-
tient selection criteria for optimal outcomes.

7   |   Conclusion

This meta-analysis demonstrates that active chest compression 
does not significantly improve cardioversion or shock success 
rates during DCCV for atrial fibrillation. However, the reduction 
in energy required for successful shocks presents a compelling 
argument for the potential safety benefits of this technique, par-
ticularly in reducing the risk of energy-related complications. 
While immediate cardioversion success remains unchanged, 
the long-term clinical implications of energy reduction merit 
further investigation, and future studies should focus on eluci-
dating the full range of benefits and risks associated with active 
compression during DCCV.

Author Contributions

Hosam I. Taha: investigation, writing – original draft, and project 
administration. Abubakar Nazir: writing – original draft. Ahmed 
A. Ibrahim: formal analysis and writing – original draft. Mohamed 
S. Elgendy: investigation and writing – original draft. Abdalhakim 
Shubietah: writing – original draft. Hazem Reyad Mansour: investi-
gation and writing – original draft. Sherif Sary: investigation and writ-
ing – original draft. Moataz Maged: investigation and writing – review 
and editing. Mustafa Turkmani: writing – review and editing and su-
pervision. Mohamed Abuelazm: conceptualization, writing – review 
and editing, and supervision. All authors have read and agreed to the 
final version of the manuscript.

Acknowledgments

The authors have nothing to report. Declaration of generative AI in 
writing: The authors did not use a generative artificial intelligence (AI) 
tool or service to assist with the preparation or editing of this work. The 
author(s) take full responsibility for the content of this publication.

Ethics Statement

The authors have nothing to report.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data are available within the manuscript and can be obtained from 
the corresponding author upon a reasonable request.

References

Abhayaratna, W. P., J. B. Seward, C. P. Appleton, et al. 2006. “Left Atrial 
Size: Physiologic Determinants and Clinical Applications.” Journal of 
the American College of Cardiology 47, no. 12: 2357–2363. https://​doi.​
org/​10.​1016/j.​jacc.​2006.​02.​048.

Ali, S., M. Hong, E. S. Antezano, and I. Mangat. 2006. “Evaluation and 
Management of Atrial Fibrillation.” Cardiovascular & Hematological 
Disorders Drug Targets 6: 233–244. https://​doi.​org/​10.​2174/​18715​29067​
79010728.

Amin, A. M., R. Ghaly, A. A. Ibrahim, et  al. 2024. “Efficacy and 
Safety of High-Power Short-Duration Ablation for Atrial Fibrillation: 
A Systematic Review and Meta-Analysis of Randomized Controlled 
Trials.” Journal of Interventional Cardiac Electrophysiology 67: 1445–
1461. https://​doi.​org/​10.​1007/​s1084​0-​024-​01782​-​2.

Amin, A. M., A. Nazir, M. T. Abuelazm, et  al. 2024. “Efficacy and 
Safety of Pulsed-Field Versus Conventional Thermal Ablation for 
Atrial Fibrillation: A Systematic Review and Meta-Analysis.” Journal of 
Arrhythmia 40: 1059–1074. https://​doi.​org/​10.​1002/​joa3.​13118​.

Bonfanti, L., A. Annovi, F. Sanchis-Gomar, et al. 2019. “Effectiveness 
and Safety of Electrical Cardioversion for Acute-Onset Atrial 
Fibrillation in the Emergency Department: A Real-World 10-Year Single 
Center Experience.” Clinical and Experimental Emergency Medicine 6, 
no. 1: 64–69. https://​doi.​org/​10.​15441/​​ceem.​17.​286.

Brandes, A., H. J. G. M. Crijns, M. Rienstra, et al. 2020. “Cardioversion 
of Atrial Fibrillation and Atrial Flutter Revisited: Current Evidence and 
Practical Guidance for a Common Procedure.” EP Europace 22: 1149–
1161. https://​doi.​org/​10.​1093/​europ​ace/​euaa057.

Breathett, K., L. A. Allen, J. Udelson, G. Davis, and M. Bristow. 2016. 
“Changes in Left Ventricular Ejection Fraction Predict Survival and 
Hospitalization in Heart Failure With Reduced Ejection Fraction.” 
Circulation. Heart Failure 9: e002962. https://​doi.​org/​10.​1161/​CIRCH​
EARTF​AILURE.​115.​002962.

Cohen, T. J., B. Ibrahim, D. Denier, A. Haji, and W. Quan. 1997. 
“Active Compression Cardioversion for Refractory Atrial Fibrillation.” 
American Journal of Cardiology 80: 354–355. https://​doi.​org/​10.​1016/​
S0002​-​9149(97)​00364​-​0.

Dodd, T. E. L., C. D. Deakin, G. W. Petley, and F. Clewlow. 2004. 
“External Defibrillation in the Left Lateral Position—A Comparison of 
Manual Paddles With Self-Adhesive Pads.” Resuscitation 63: 283–286. 
https://​doi.​org/​10.​1016/j.​resus​citat​ion.​2004.​06.​002.

Elliott, A. D., M. E. Middeldorp, I. C. Van Gelder, C. M. Albert, and P. 
Sanders. 2023. “Epidemiology and Modifiable Risk Factors for Atrial 
Fibrillation.” Nature Reviews. Cardiology 20: 404–417. https://​doi.​org/​
10.​1038/​s4156​9-​022-​00820​-​8.

Ferreira, D., P. Mikhail, J. Lim, et al. 2024. “Manual Chest PRESSURE 
During Direct Current Cardioversion for Atrial Fibrillation: A 
Randomized Control Trial (PRESSURE-AF).” JACC: Clinical 
Electrophysiology 10: 2207–2213. https://​doi.​org/​10.​1016/j.​jacep.​2024.​
05.​037.

Ferreira, D., P. Mikhail, M. McGee, et  al. 2021. “Investigating the 
Efficacy of Chest Pressure for Direct Current Cardioversion in Atrial 
Fibrillation: A Randomised Control Trial Protocol (Pressure-AF).” 
Open Heart 8: e001739. https://​doi.​org/​10.​1136/​openh​rt-​2021-​001739.

Forgione, N. F., A. Limido, I. Caico, C. Saveri, S. Provasoli, and 
G. Binaghi. 2000. “Comparison With Different Site of Adhesive 
Pad Electrodes Versus Hand-Held Paddle Electrodes for Elective 
Cardioversion of Atrial Fibrillation.” European Heart Journal 21: 24–28.

Franklin, B. A., T. M. H. Eijsvogels, A. Pandey, J. Quindry, and P. 
P. Toth. 2022. “Physical Activity, Cardiorespiratory Fitness, and 
Cardiovascular Health: A Clinical Practice Statement of the American 
Society for Preventive Cardiology Part I: Bioenergetics, Contemporary 
Physical Activity Recommendations, Benefits, Risks, Extreme Exercise 

https://doi.org/10.1016/j.jacc.2006.02.048
https://doi.org/10.1016/j.jacc.2006.02.048
https://doi.org/10.2174/187152906779010728
https://doi.org/10.2174/187152906779010728
https://doi.org/10.1007/s10840-024-01782-2
https://doi.org/10.1002/joa3.13118
https://doi.org/10.15441/ceem.17.286
https://doi.org/10.1093/europace/euaa057
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002962
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002962
https://doi.org/10.1016/S0002-9149(97)00364-0
https://doi.org/10.1016/S0002-9149(97)00364-0
https://doi.org/10.1016/j.resuscitation.2004.06.002
https://doi.org/10.1038/s41569-022-00820-8
https://doi.org/10.1038/s41569-022-00820-8
https://doi.org/10.1016/j.jacep.2024.05.037
https://doi.org/10.1016/j.jacep.2024.05.037
https://doi.org/10.1136/openhrt-2021-001739


11 of 11

Regimens, Potential Maladaptations.” American Journal of Preventive 
Cardiology 12: 100424. https://​doi.​org/​10.​1016/j.​ajpc.​2022.​100424.

Gallagher, M. M., Y. G. Yap, M. Padula, D. E. Ward, E. Rowland, and A. 
J. Camm. 2008. “Arrhythmic Complications of Electrical Cardioversion: 
Relationship to Shock Energy.” International Journal of Cardiology 123: 
307–312. https://​doi.​org/​10.​1016/j.​ijcard.​2006.​12.​014.

Goyal, A., J. C. Sciammarella, L. Chhabra, and M. Singhal. 2024. 
“Synchronized Electrical Cardioversion.”

Guyatt, G. H., A. D. Oxman, G. E. Vist, et  al. 2008. “GRADE: An 
Emerging Consensus on Rating Quality of Evidence and Strength of 
Recommendations.” BMJ 336: 924–926. https://​doi.​org/​10.​1136/​bmj.​
39489.​470347.​AD.

Heyer, Y., D. Baumgartner, and C. Baumgartner. 2022. “A Systematic 
Review of the Transthoracic Impedance During Cardiac Defibrillation.” 
Sensors 22: 2808. https://​doi.​org/​10.​3390/​s2207​2808.

Higgins, J., J. Thomas, J. Chandler, M. Cumpston, T. Li, and M. Page. 
2024. “Cochrane Handbook for Systematic Reviews of Interventions 
Version 6.5.”

Kerber, R. E., J. Grayzel, R. Hoyt, M. Marcus, and J. Kennedy. 1981. 
“Transthoracic Resistance in Human Defibrillation. Influence of Body 
Weight, Chest Size, Serial Shocks, Paddle Size and Paddle Contact 
Pressure.” Circulation 63: 676–682. https://​doi.​org/​10.​1161/​01.​CIR.​
63.3.​676.

Kirchhof, P., G. Mönnig, K. Wasmer, et  al. 2005. “A Trial of Self-
Adhesive Patch Electrodes and Hand-Held Paddle Electrodes for 
External Cardioversion of Atrial Fibrillation (MOBIPAPA).” European 
Heart Journal 26: 1292–1297. https://​doi.​org/​10.​1093/​eurhe​artj/​ehi160.

Klein, H. H., and H.-J. Trappe. 2015. “Cardioversion in Non-Valvular 
Atrial Fibrillation.” Deutsches Ärzteblatt International 112: 856–862. 
https://​doi.​org/​10.​3238/​arzte​bl.​2015.​0856.

Koneru, J. N., C. D. Swerdlow, M. A. Wood, and K. A. Ellenbogen. 2011. 
“Minimizing Inappropriate or “Unnecessary” Implantable Cardioverter-
Defibrillator Shocks.” Circulation. Arrhythmia and Electrophysiology 4: 
778–790. https://​doi.​org/​10.​1161/​CIRCEP.​110.​961243.

Kuppahally, S. S., E. Foster, S. Shoor, and A. E. Steimle. 2009. “Short-
Term and Long-Term Success of Electrical Cardioversion in Atrial 
Fibrillation in Managed Care System.” International Archives of 
Medicine 2: 39. https://​doi.​org/​10.​1186/​1755-​7682-​2-​39.

Lacoste, J. L., J. C. Avalon, D. Ludhwani, et  al. 2023. “Comparative 
Effectiveness of Direct Current Cardioversion in Patients With Atrial 
Fibrillation and Obesity With Body Mass Index ≥50 kg/m2.” American 
Journal of Cardiology 203: 234–239. https://​doi.​org/​10.​1016/j.​amjca​rd.​
2023.​06.​121.

Lakananurak, C., D. Cutting, and E. Lockwood. 2022. “Pad Type and 
Manual Pressure Augmentation With Maximum Output Shocks in 
Atrial Fibrillation Cardioversion: A Randomized Controlled Trial 
(PRESS-AF Study).” Journal of the American College of Cardiology 79: 
79. https://​doi.​org/​10.​1016/​S0735​-​1097(22)​01070​-​1.

Link, M. S., D. L. Atkins, R. S. Passman, et al. 2010. “Part 6: Electrical 
Therapies: Automated External Defibrillators, Defibrillation, 
Cardioversion, and Pacing: 2010 American Heart Association Guidelines 
for Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care.” Circulation 122, no. 18 Suppl 3: S706–S719. https://​doi.​org/​10.​
1161/​CIRCU​LATIO​NAHA.​110.​970954.

Lippi, G., F. Sanchis-Gomar, and G. Cervellin. 2021. “Global 
Epidemiology of Atrial Fibrillation: An Increasing Epidemic and Public 
Health Challenge.” International Journal of Stroke 16: 217–221. https://​
doi.​org/​10.​1177/​17474​93019​897870.

Nguyen, S. T., E. P. Belley-Côté, O. Ibrahim, et al. 2023. “Techniques 
Improving Electrical Cardioversion Success for Patients With Atrial 
Fibrillation: A Systematic Review and Meta-Analysis.” EP Europace 25: 
318–330. https://​doi.​org/​10.​1093/​europ​ace/​euac199.

Niles, D. E., A. Nishisaki, R. M. Sutton, et  al. 2010. “Analysis of 
Transthoracic Impedance During Real Cardiac Arrest Defibrillation 
Attempts in Older Children and Adolescents: Are Stacked-Shocks 
Appropriate?” Resuscitation 81: 1540–1543. https://​doi.​org/​10.​1016/j.​
resus​citat​ion.​2010.​07.​011.

Page, M. J., J. E. McKenzie, P. M. Bossuyt, et al. 2020. “Statement: An 
Updated Guideline for Reporting Systematic Reviews.” BMJ 2021: n71. 
https://​doi.​org/​10.​1136/​bmj.​n71.

Ramirez, F. D., S. L. Fiset, M. J. Cleland, et al. 2016. “Effect of Applying 
Force to Self-Adhesive Electrodes on Transthoracic Impedance: 
Implications for Electrical Cardioversion.” Pacing and Clinical 
Electrophysiology 39: 1141–1147. https://​doi.​org/​10.​1111/​pace.​12937​.

Roman, M., R. Lucjan, J. Otakar, et  al. 2024. “Optimizing Energy 
Delivery in Cardioversion: A Randomized PROTOCOLENERGYTrial 
of 2 Different Algorithms in Patients With Atrial Fibrillation.” Canadian 
Journal of Cardiology 40: 2130–2141. https://​doi.​org/​10.​1016/j.​cjca.​
2024.​06.​003.

Saliba, W., and O. M. Wazni. 2011. “Sinus Rhythm Restoration and 
Treatment Success: Insight From Recent Clinical Trials.” Clinical 
Cardiology 34: 12–22. https://​doi.​org/​10.​1002/​clc.​20826​.

Squara, F., C. Elbaum, G. Garret, et al. 2021. “Active Compression Versus 
Standard Anterior-Posterior Defibrillation for External Cardioversion 
of Atrial Fibrillation: A Prospective Randomized Study.” Heart Rhythm 
18: 360–365. https://​doi.​org/​10.​1016/j.​hrthm.​2020.​11.​005.

Sterne, J. A. C., J. Savović, M. J. Page, et al. 2019. “RoB 2: A Revised 
Tool for Assessing Risk of Bias in Randomised Trials.” BMJ 366: l4898. 
https://​doi.​org/​10.​1136/​bmj.​l4898​.

Voskoboinik, A., J. Moskovitch, G. Plunkett, et al. 2018. “Cardioversion 
of Atrial Fibrillation in Obese Patients: Results From the Cardioversion-
BMI Randomized Controlled Trial.” Journal of Cardiovascular 
Electrophysiology 30: 155–161. https://​doi.​org/​10.​1111/​jce.​13786​.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.

https://doi.org/10.1016/j.ajpc.2022.100424
https://doi.org/10.1016/j.ijcard.2006.12.014
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.3390/s22072808
https://doi.org/10.1161/01.CIR.63.3.676
https://doi.org/10.1161/01.CIR.63.3.676
https://doi.org/10.1093/eurheartj/ehi160
https://doi.org/10.3238/arztebl.2015.0856
https://doi.org/10.1161/CIRCEP.110.961243
https://doi.org/10.1186/1755-7682-2-39
https://doi.org/10.1016/j.amjcard.2023.06.121
https://doi.org/10.1016/j.amjcard.2023.06.121
https://doi.org/10.1016/S0735-1097(22)01070-1
https://doi.org/10.1161/CIRCULATIONAHA.110.970954
https://doi.org/10.1161/CIRCULATIONAHA.110.970954
https://doi.org/10.1177/1747493019897870
https://doi.org/10.1177/1747493019897870
https://doi.org/10.1093/europace/euac199
https://doi.org/10.1016/j.resuscitation.2010.07.011
https://doi.org/10.1016/j.resuscitation.2010.07.011
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1111/pace.12937
https://doi.org/10.1016/j.cjca.2024.06.003
https://doi.org/10.1016/j.cjca.2024.06.003
https://doi.org/10.1002/clc.20826
https://doi.org/10.1016/j.hrthm.2020.11.005
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1111/jce.13786

	Active Compression During External Cardioversion of Atrial Fibrillation: A Meta-Analysis of Randomized Controlled Trials
	ABSTRACT
	1   |   Introduction
	2   |   Methodology
	2.1   |   Protocol Registration
	2.2   |   Data Sources and Search Strategy
	2.3   |   Eligibility Criteria
	2.4   |   Study Selection
	2.5   |   Data Extraction
	2.6   |   Risk of Bias and Certainty of Evidence
	2.7   |   Statistical Analysis

	3   |   Results
	3.1   |   Search Results and Study Selection
	3.2   |   Characteristics of Included Studies
	3.3   |   Risk of Bias and Certainty of Evidence
	3.4   |   Primary Outcome: Cardioversion Success
	3.5   |   Secondary Outcomes
	3.6   |   Meta-Regression Analysis Based on BMI

	4   |   Discussion
	5   |   Limitations
	6   |   Implications for Future Research
	7   |   Conclusion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


