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Abstract
Background and Objective: Double sequential external defibrillation (DSED) and 
vector-change defibrillation (VCD) have been suggested to enhance clinical outcomes 
for patients with ventricular fibrillation (VF) refractory of standard defibrillation (SD). 
Therefore, this network meta-analysis aims to evaluate the comparative efficacy of 
DSED, VCD, and SD for refractory VF.
Methods: A systematic review and network meta-analysis synthesizing randomized 
controlled trials (RCTs) and comparative observational studies retrieved from PubMed, 
EMBASE, WOS, SCOPUS, and Cochrane through November 15th, 2022. R software 
netmeta and netrank package (R version 4.2.0) and meta-insight software were used 
to pool dichotomous outcomes using odds ratio (OR) presented with the correspond-
ing confidence interval (CI). Our protocol was prospectively published in PROSPERO 
with ID: CRD42022378533.
Results: We included seven studies with a total of 1632 participants. DSED was simi-
lar to SD in survival to hospital discharge (OR: 1.14 with 95% CI [0.55, 2.83]), favorable 
neurological outcome (modified Rankin scale ≤2 or cerebral performance category ≤2) 
(OR: 1.35 with 95% CI [0.46, 3.99]), and return of spontaneous circulation (ROSC) (OR: 
0.81 with 95% CI [0.43; 1.5]). In addition, VCD was similar to SD in survival to hospital 
discharge (OR: 1.12 with 95% CI [0.27, 4.57]), favorable neurological outcome (OR: 
1.01 with 95% CI [0.18, 5.75]), and ROSC (OR: 0.88 with 95% CI [0.24; 3.15]).
Conclusion: Double sequential external defibrillation and VCD were not associated 
with enhanced outcomes in patients with refractory VF out-of-hospital cardiac ar-
rest, compared to SD. However, the current evidence is still inconclusive, warranting 
further large-scale RCTs.
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1  |  INTRODUC TION

While cardiovascular disease is the leading cause of death world-
wide, out-of-hospital cardiac arrest (OHCA) remains a major health 
crisis. In the United States, around 356,000 people are treated for 
OHCA annually (McCarthy et al., 2018). In Europe, approximately 
300,000 people are treated for OHCA by emergency medical ser-
vices (EMS) annually (Zeppenfeld et al., 2022). The outcome of the 
OHCA varies in different communities for different reasons, includ-
ing variations in the resuscitation process, awareness of the public 
of basic life support and their access to automated external defibril-
lation (AED), the readiness of EMS, and post-hospitalization care 
(Abrams et al., 2013; Sorensen, 2015; Zive et al., 2011). The survival 
rate of the EMS-treated OHCA was as low as 10.6% according to 
the cardiac arrest registry to enhance the survival (CARE) registry of 
2019 (Virani et al., 2021).

According to the American Heart Association (AHA) and the 
European Society of Cardiology (ESC), initiation of high-quality 
cardiopulmonary resuscitation (CPR) and application of AED by by-
standers are class I recommendations as they increase the neurolog-
ically intact survival (NIS) of OHCA by multiple folds (Berger, 2017; 
Zeppenfeld et al.,  2022). Patients who present with shockable 
rhythm, such as ventricular fibrillation (VF) or pulseless ventricular 
tachycardia (pVT) and patients with return of spontaneous circula-
tion (ROSC) in the field have higher NIS rates compared to those with 
non-shockable rhythms (Daya et al., 2015; McCarthy et al.,  2018; 
Okubo et al., 2017; Sasson et al., 2010). Besides basic life support, 
EMS uses antiarrhythmic medications and defibrillators to treat VF 
and pVT. Most VF patients respond to treatment; however, there is 
a subset of patients who do not respond to either defibrillation or 
antiarrhythmic medications (Eifling et al., 2011; Sakai et al., 2010). 
Refractory VF (RVF) is identified as a VF that does not resolve after 
three or five consecutive defibrillation attempts in addition to an-
tiarrhythmic medications (Emmerson et al.,  2017; Leacock,  2014; 
Miraglia et al.,  2020). With every defibrillation attempt, the suc-
cess rate of terminating the VF decreases, and the mortality rate 
increases (Eifling et al., 2011; Koster et al., 2008). Exploring other 
means to treat RVF led to the development of different techniques 
of defibrillation.

Double sequential external defibrillators (DSED) and vector-
change defibrillators (VCD) have been suggested for the treatment 
of RVF in OHCA due to the growing evidence of their efficacy (Beck 
et al., 2019; Cheskes et al., 2019, 2020, 2022; Emmerson et al., 2017; 
Kim et al., 2020; Mapp et al., 2019; Ross et al., 2016). In standard de-
fibrillation (SD), one pad is placed anterior to the chest wall, while the 
other one is placed on the lateral chest wall to deliver the shock. In 
the VCD, the pads' position is anterior–posterior instead of anterior-
lateral. Meanwhile, the DSED uses two defibrillators with two sets of 

pads, one is placed in the anterior-lateral position, while the other is 
placed in the anterior–posterior position. The two shocks generated 
from the DSED are delivered either at the same time or sequentially 
to one another. The exact mechanism by which the DSED terminates 
the RVT is unknown. However, its efficacy is reasoned to different 
theories, including higher energy delivery to overcome the increased 
defibrillatory threshold, exposing more myocytes to the shock, and 
lowering the defibrillation threshold (Miraglia et al., 2020).

With the lack of randomized control trials (RCTs) to evaluate the 
efficacy of the new defibrillation techniques and the available ev-
idence is mainly based on observational data (Deakin et al., 2020; 
Delorenzo et al., 2019; Miraglia et al., 2020), there is a need to ex-
plore their efficacy compared to SD in the OHCA. After the publica-
tion of the first RCT comparing DSED, VCT, and SD, we thought of 
conducting this network meta-analysis to evaluate the comparative 
efficacy of DSED, VCD, and SD in RVT in OHCA.

2  |  METHODOLOGY

2.1  |  Protocol registration

We submitted this systematic review and meta-analysis' protocol 
to PROSPERO with ID: CRD42022378533. Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) exten-
sion statement for network meta-analyses (Hutton et al., 2015) and 
the Cochrane Handbook of Systematic Reviews and Meta-analysis 
(Higgins et al.,  2019) were strictly followed during this study's 
conduction.

2.2  |  Data sources and search strategy

Two reviewers (B.A. and M.T.A.) searched PubMed (MEDLINE), Web 
of Science, Cochrane, SCOPUS, and EMBASE up to November 15th, 
2022, without using any search limits or filters. The search strategy 
for each database is outlined in (Table S1).

2.3  |  Eligibility criteria

We included studies fulfilling the following criteria: RCTs or ob-
servational comparative studies recruiting patients with RVF who 
had experienced OHCA and underwent either DSED controlled 
by VCD or SD. Our primary outcome was survival to hospital dis-
charge. Our secondary outcomes were favorable neurological 
recovery measured by either a modified Rankin Scale (mRS) or 
Cerebral Performance Category (CPC) ≤2, ROSC, and survival to 

K E Y W O R D S
cardiac arrest, meta-analysis, OHCA, resuscitation, systematic review, ventricular fibrillation
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hospital discharge. Review articles, letters, single-arm clinical tri-
als, animal studies, case series, case reports, comments, and con-
sensus documents were excluded from this systematic review and 
meta-analysis.

2.4  |  Study selection

Using the previous eligibility criteria, three independent reviews 
(B.E.K., A.R.H., and H.A.) initiated the titles and abstract screen-
ing after excluding duplicates via Covidence online software. Then 
(B.E.K., A.R.H., and H.A.) proceeded with the full-text screening. 
Disagreements were resolved by discussion or inviting (B.A.) to 
reach a consensus.

2.5  |  Data extraction

Four independent reviewers (B.E.K., A.R.H., H.A., and A.R.S.) ex-
tracted the following using an Excel data extraction form: summary 
characteristics (first author name, year of publication, country, study 
design, total participants, DSED indication, DSED technique details, 
primary outcome, and follow-up duration); baseline characteristics 
(age, sex, number of patients in each arm, emergency medical ser-
vices (EMS) witnessed arrest, bystander cardiopulmonary resuscita-
tion, and time to response); and outcomes data. Disagreements were 
resolved through discussion.

2.6  |  Risk of bias and quality assessment

Four independent reviewers (B.E.K., A.R.H., H.A., and A.R.S.) 
used Risk of Bias In Non-Randomized Studies -  of Interventions 
(ROBINS-I) (Sterne et al., 2016) to evaluate the quality of observa-
tional studies and Cochrane updated risk of bias (ROB 2) (Sterne 
et al., 2019) to evaluate the quality of RCTs. ROBINS-I consists of 
seven items: bias due to confounding, bias in the selection of par-
ticipants into the study, bias in classification of interventions, bias 
due to deviations from intended interventions, bias due to missing 
data, bias in the measurement of outcomes, and bias in the selec-
tion of the reported result. While ROB 2 consists of five items: 
randomization process, deviations from intended interventions, 
missing outcome data, measurement of the outcome, and selec-
tion of the reported result. Conflicts were discussed and resolved 
by consensus.

2.7  |  Statistical analysis

We conducted a network meta-analysis using a frequentist frame-
work (Hutton et al.,  2015), pooling dichotomous outcomes using 
odds ratio (OR) presented with the corresponding 95% confidence 
interval (CI). Analysis was performed using the R-software netmeta 

and netrank package (R version 4.2.0) and meta-insight software 
(Owen et al.,  2019; R Core Team,  2021; Rücker et al.,  2016) with 
statistical inconsistency between network arms and was evaluated 
by calculating I2.

Revman version 5.4 (Cochrane Training,  2021) was used to 
pool survival to hospital admission using OR presented with the 
corresponding 95% CI using the random-effect model. I2 and chi-
squared tests were used to evaluate the statistical heterogeneity. 
p-value < .05 was considered significant for the chi-squared test, 
and I2 > 50% indicated substantial heterogeneity, in which case sen-
sitivity analysis was conducted by excluding one study each time to 
determine the source of heterogeneity. Finally, we did not investi-
gate the publication bias by funnel plots as we included less than 10 
studies (Egger et al., 1997).

3  |  RESULTS

3.1  |  Search results and study selection

We initially identified a total of 301 records after searching the 
databases. One hundred and ninety-one duplicates were re-
moved using Covidence, which left 110 records for title and ab-
stract screening. We excluded 85 records and finally screened 25 
full-text articles to include six observational studies and an RCT 
(Figure 1).

3.2  |  Characteristics of included studies

We included seven studies with a total of 1632 participants (Beck 
et al., 2019; Cheskes et al., 2019, 2022; Emmerson et al., 2017; Kim 
et al.,  2020; Mapp et al.,  2019; Ross et al.,  2016). Seven studies 
used DSED and SD (Beck et al., 2019; Cheskes et al., 2019, 2022; 
Emmerson et al.,  2017; Kim et al.,  2020; Mapp et al., 2019; Ross 
et al., 2016), while only Cheskes et al. (2022) used VCD. Further sum-
mary characteristics of the included studies are outlined in (Table 1). 
Moreover, baseline data for the included participants are outlined 
in (Table 2).

3.3  |  Risk of bias and quality of evidence

Cheskes et al. (2022) was associated with a high risk of selection bias 
as paramedics were aware of the allocated intervention besides SD 
to make required preparations. In addition, it was associated with 
some concerns regarding deviations from intended interventions 
and outcome assessment (Figure  2a). Observational studies were 
mainly associated with a serious to critical risk of confounding due 
to a lack of adjusting for covariates. In addition, there was a moder-
ate risk of bias due to deviations from the intended interventions in 
three studies, selection bias in two studies, and due to missing data 
in one study (Figure 2b).
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3.4  |  Primary outcome: survival to 
hospital discharge

Compared to SD, neither DSED (OR: 1.14 with 95% CI [0.55; 2.38]) 
nor VCD (OR: 1.12 with 95% CI [0.27; 4.57]) improved survival to 
discharge. There was also no difference between DSED and VCD 
(OR: 1.02 with 95% CI [0.25; 4.12]) (Table 3, Figure 3a, Figures S1 
and S2). Our analysis showed a substantial heterogeneity (I2 = 55%, 
p = .04).

3.5  |  Secondary outcomes

3.5.1  |  Favorable neurological outcome (mRS or 
CPC ≤2)

Compared to SD, neither DSED (OR: 1.35 with 95% CI [0.46; 
3.99]) nor VCD (OR: 1.01 with 95% CI [0.18; 5.75]) improved neu-
rological recovery. There was also no difference between DSED 
and VCD (OR: 1.33 with 95% CI [0.24; 7.45]) (Table 3, Figure 3b, 

Figures  S3 and S4). Our analysis showed low heterogeneity 
(I2 = 22%, p = .32).

3.5.2  |  ROSC

Compared to SD, neither DSED (OR: 0.81 with 95% CI [0.43; 1.5]) 
nor VCD (OR: 0.88 with 95% CI [0.24; 3.15]) improved the ROSC 
rate. There was also no difference between DSED and VCD (OR: 
0.92 with 95% CI [0.26; 3.29]) (Table 3, Figure 3c, Figures S5 and S6). 
Our analysis showed a substantial heterogeneity (I2 = 72%, p = .03).

3.5.3  |  Survival to hospital admission

There was no difference between DSED and SD (OR: 1.12 with 
95% CI [0.58, 2.16]) (Figure  3d). Our results were heterogeneous 
(I2 = 70%, p = .009). We conducted a sensitivity analysis to investi-
gate the source of heterogeneity, and it was best resolved after ex-
cluding Kim et al. (2020) (I2 = 0%, p = .47) (Table S2). After excluding 

F I G U R E  1 PRISMA flow chart of the 
screening process.
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Kim et al. (2020), there was also no difference between DSED and 
SD (OR: 0.78 with 95% CI [0.56, 1.10]).

4  |  DISCUSSION

Based on our pooled analysis, substituting SD with DSED or VCD 
did not improve survival to hospital discharge, favorable neurologi-
cal outcomes, ROSC, and survival to hospital admission compared 
to continuing SD. RVF is an unfavorable health issue that affects 
OHCA outcomes negatively compared to other shockable rhythms. 
Recently, new data emerged suggesting the superiority of DSED and 
VCD over SD in suppressing the RVF and improving its outcome 
(Cheskes et al.,  2022). We conducted this systematic review and 
meta-analysis to synthesize the latest data available about the ef-
ficacy of DSED and VCD. Accordingly, we identified seven studies 
with a total of 1632 patients. The included studies lacked a unified 
protocol, and their sample size was relatively small. All the included 
patients received the recommended standard of care, including 
chest compression and anti-arrhythmic medications, before starting 
SD.

In the only performed RCT, Cheskes et al. (2022) reported that 
applying DSED and VCD significantly improved the survival to hos-
pital discharge, compared to SD (30.4% and 21.7% vs. 13.3%), conse-
quently. On the other hand, none of the other included observational 
studies reported improvement in survival to hospital discharge 
(Beck et al., 2019; Cheskes et al., 2019; Emmerson et al., 2017; Kim 
et al., 2020; Mapp et al., 2019; Ross et al., 2016). Our analysis was 
mainly weighted by observational studies, which were associated 
with a serious to critical overall risk of bias, which may significantly 
affect our findings, given that only Cheskes et al. (2022) showed a 
significant effect of DSED and VCD over SD. Accordingly, further 
RCTs are still required to confirm this effect. Moreover, Cheskes 
et al. (2022) also reported that applying DSED but not VCD was as-
sociated with more patients with favorable neurological outcomes, 
compared to SD (27.4% vs. 11.2% consequently). However, none of 
the included observational studies reported similar results, and nei-
ther did our pooled analysis.

Kim et al. (2020) reported an increase in survival to hospital ad-
mission with DSED, compared to SD. However, their study was con-
ducted in the emergency department (Kim et al., 2020). They also 
reported a significant difference in the witnessed arrest and bystander 
CPR between the DSED and SD (Kim et al., 2020), which might be a 
confounder for their results and accordingly the reason behind het-
erogeneity as it was resolved after excluding Kim et al. (2020).

Terminating the RVF is challenging, and the success rate de-
creases with every defibrillation attempt (Cheskes et al.,  2019; 
Ideker et al.,  1991). As mentioned earlier, DSED and VCD were 
thought to be effective in terminating the RVF for different reasons, 
as follows. A stronger electrical current can overcome and reduce a 
higher threshold of fibrillation (Jones et al., 1988). In addition, more 
victors deliver larger energy currents, overcoming the increased 
body weight in obese patients (Zhang et al., 2002), and defibrillating TA
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myocardial cells from different directions (Kerber et al., 1994; Merlin 
et al., 2016). With most of the reported successful attempts to ter-
minate the RVF using DSED or VCD being case reports, there are 
no clear guidelines on how to use them. However, it was noticed 
by Cheskes et al.  (2020) that the success of DSED in terminating 
the RVF was time-dependent. With the lack of difference between 
the SD and DSED overall in terminating the RVF, the VF termination 
rate with early attempts (4–8 attempts) and late attempts (9–17 at-
tempts) was higher with DSED. Cheskes et al. (2022) also reported 
that both DSED and VCD were superior to SD in terminating the 
RVF, with DSED being better than VCD.

Return of spontaneous circulation before hospital admission 
is a very important factor in predicting the outcome of OHCA. 
Patients who experience ROSC have a higher survival rate (Wampler 
et al., 2012). Beck et al. (2019) reported that patients who received 
DSED had lower ROSC than those who received only SD. However, 
they reported that patients who received DSED also received a 
higher number of shocks, compared to those in the SD group, which 
may be due to the delay in receiving the DSED. This is supported 
by the findings of Cheskes et al. (2020) who reported higher ROSC 
with DSED in a time-dependent manner. When the DSED was used 
early with a median of 4 prior SD attempts, it improved the ROSC. 
On the other hand, when it was used late with a median of 7 prior SD 
attempts, it had a similar effect on the ROSC as the SD. Emmerson 
et al. (2017) and Ross et al. (2016) also reported similar ROSC with 
the use of both DSED and SD. Cheskes et al. (2022) also reported in 
their most recent RCT (Cheskes et al., 2019) that the use of DSED 
and not the VCD increased the ROSC significantly, compared to the 
SD alone. However, we found no benefits of using DSED or VCD on 
ROSC.

4.1  |  Limitations

Our review has a few limitations. First, we included a small number 
of studies with only one RCT, which makes our pooled analysis vul-
nerable to various confounding variables. Second, all of the stud-
ies showed a serious to critical overall risk of bias. Third, only one 

F I G U R E  2 Quality assessment of the 
included studies: ((a) RCTs assessed by 
ROB-2, (b) observational studies assessed 
by ROBINS-I).

TA B L E  3 Ranking table for network meta-analysis outcomes.

Survival to hospital discharge

DSED 1.58 [0.33; 7.44] 1.14 [0.55; 2.38]

1.02 [0.25; 4.12] VCD 1.80 [0.37; 8.76]

1.14 [0.55; 2.38] 1.12 [0.27; 4.57] SD

Favorable neurological outcome (mRS or CPC ≤2)

DSED 1.95 [0.30; 12.83] 1.35 [0.46; 3.99]

1.33 [0.24; 7.45] VCD 1.53 [0.23; 10.42]

1.35 [0.46; 3.99] 1.01 [0.18; 5.75] SD

ROSC

DSED 1.58 [0.38; 6.59] 0.81 [0.43; 1.50]

0.92 [0.26; 3.29] VCD 1.52 [0.36; 6.41]

0.81 [0.43; 1.50] 0.88 [0.24; 3.15] SD
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study used the VCD arm, which can make our data regarding VCD 
seriously underpowered. Finally, some of our outcomes showed sub-
stantial heterogeneity due to the differences between the included 
studies, especially regarding the DSED protocol. Accordingly, the re-
sults of our pooled analysis must be interpreted with caution.

4.2  |  Implications for future research

The lack of a uniform definition of RVF and uniform protocol of 
when to use DSED or VCD in RVF led to differences in the tim-
ing and the number of SD attempts before starting DSED/VCD. As 
mentioned earlier, the time when DSED/VCD is being used might 
have a role in determining its efficacy on different outcomes. Given 
the time difference before starting DSED/VCD in the included 

studies, there is a possibility for resuscitation time bias. The 
amount of energy used in the included studies was different. The 
number of witnessed arrests and the number of patients who re-
ceived bystander CPR was higher in the SD group compared to the 
DSED/VCD groups. It is known that both witnessed arrests and by-
standers' CPR-receiving arrests have better outcomes. This makes 
it hard to get a conclusion about the efficacy of DSED. Therefore, 
future RCTs are required to better adjust the previously mentioned 
confounding variables. Furthermore, there are no reported safety 
issues from using higher energy amounts in either DSED or VCD; 
however, with the lack of long-term RCTs, the exact safety profile 
cannot be concluded. This warrants that future RCTs should meas-
ure and follow up on the adverse effects of both DSED and VCD 
over a longer follow-up duration to better understand the safety 
profile of both techniques.

F I G U R E  3 Forest plot of the efficacy 
outcomes. CI, confidence interval; 
OR, odds ratio. (a) Survival to Hospital 
Discharge, (b) Favourable Neurological 
Outcome (mRS or CPC ≤2), (c) ROSC, and 
(d) Survival to Hospital Admission.
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5  |  CONCLUSION

Double sequential external defibrillation and VCD were not associated 
with enhanced outcomes in patients with RVF out-of-hospital cardiac 
arrest, compared to SD. However, the current evidence is still not con-
clusive, depending mainly on observational studies. However, the only 
complete RCT, so far, showed that DSED could be a promising tech-
nique to replace SD for RVF. Therefore, further large-scale RCTs with 
unified outcome definitions and DSED protocol are still warranted be-
fore the endorsement of DSED in clinical practice.
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