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Abstract
Background: In adults with refractory out- of- hospital cardiac arrest, when con-
ventional cardiopulmonary resuscitation (CPR) alone does not achieve return of 
spontaneous circulation, extracorporeal CPR is attempted to restore perfusion 
and improve outcomes. Considering the contrasting findings of recent studies, 
we conducted a meta- analysis of randomized controlled trials to ascertain the ef-
fect of extracorporeal CPR on survival and neurological outcome.
Methods: Pubmed via MEDLINE, Embase, and the Cochrane Central Register 
of Controlled Trials were searched up to February 3, 2023, for randomized con-
trolled trials comparing extracorporeal CPR versus conventional CPR in adults 
with refractory out- of- hospital cardiac arrest. Survival with a favorable neurologi-
cal outcome at the longest follow- up available was the primary outcome.
Results: Among four randomized controlled trials included, extracorporeal CPR 
compared with conventional CPR increased survival with favorable neurologi-
cal outcome at the longest follow- up available for all rhythms (59/220 [27%] vs. 
39/213 [18%]; OR = 1.72; 95% CI, 1.09– 2.70; p = 0.02; I2 = 26%; number needed 
to treat of 9), for initial shockable rhythms only (55/164 [34%] vs. 38/165 [23%]; 
OR = 1.90; 95% CI, 1.16– 3.13; p = 0.01; I2 = 23%; number needed to treat of 7), and 
at hospital discharge or 30 days (55/220 [25%] vs. 34/212 [16%]; OR = 1.82; 95% 
CI, 1.13– 2.92; p = 0.01; I2 = 0.0%). Overall survival at the longest follow- up avail-
able was similar (61/220 [25%] vs. 34/212 [16%]; OR = 1.82; 95% CI, 1.13– 2.92; 
p = 0.59; I2 = 58%).
Conclusions: Extracorporeal CPR compared with conventional CPR increased 
survival with favorable neurological outcome in adults with refractory out- of- 
hospital cardiac arrest, especially when the initial rhythm was shockable.
Review Registration: PROSPERO CRD42023396482.
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1  |  INTRODUCTION

Out- of- hospital cardiac arrest (OHCA) is a leading cause 
of death and disability worldwide.1,2 Despite significant 
improvements in resuscitation, the overall prognosis after 
OHCA remains poor, and many survivors are discharged 
with permanent neurological damage.3 Refractory OHCA, 
defined as the failure to achieve return of spontaneous cir-
culation (ROSC) despite high- quality advanced life sup-
port, is associated with an even worse prognosis. Survival 
rate drops quickly after 10 min of conventional cardio-
pulmonary resuscitation (CPR).4,5 After 35 min of resus-
citation, less than 1% of OHCA patients survive without 
neurological impairments.5

In patients with refractory OHCA, the implantation 
during ongoing CPR of veno- arterial extracorporeal mem-
brane oxygenation (VA- ECMO), known as extracorporeal 
CPR, can restore and maintain organ perfusion to iden-
tify and treat the underlying etiology of the cardiac arrest 
while limiting brain injury. There is growing evidence that 
this approach might improve the chance of survival and 
neurological outcome.6– 10 After decades of evidence de-
riving from observational studies,11– 17 three single- center 
randomized controlled trials (RCT) investigated the ef-
fect of extracorporeal CPR compared to conventional 
CPR.8,9,18 The ARREST single- center RCT demonstrated 
for the first time a survival benefit of extracorporeal CPR 
in 30 patients with refractory OHCA with an initial shock-
able rhythm.8 A small RCT, the EROCA trial, failed to 
meet the feasibility goal of transporting patients to an ex-
tracorporeal CPR- capable emergency department within 
30 min from OHCA,18 confirming the challenges of pro-
viding extracorporeal CPR and of conducting RCTs in this 
field. Finally, the Prague single- center RCT, published in 
2022, demonstrated that among 264 patients with refrac-
tory OHCA with any initial rhythm, extracorporeal CPR 
improved survival with a favorable neurological outcome 
at 30 days but not at 6 months.9

In 2023, the first multi- center RCT, the INCEPTION 
trial, was published and showed no major differences in 
survival with a favorable neurologic outcome in patients 
treated with extracorporeal CPR. This result contrasted 
with previous studies and expert opinions and generated 
intense debate on the effectiveness of extracorporeal CPR. 
Therefore, to ascertain the effect of extracorporeal CPR 
compared to conventional CPR on survival with good 

neurological outcome in adults with refractory OHCA, 
we updated our previous systematic review and meta- 
analysis,10 focusing on RCTs only.

2  |  MATERIALS AND METHODS

The present systematic review and meta- analysis were 
conducted and reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines.19 This is an update of a 
previously published meta- analysis on the same topic 
where also non- RCTs were included.10 The protocol was 
pre- registered in the international prospective register 
of systematic reviews (PROSPERO) with the registration 
number CRD42023396482. The review question, devel-
oped according to the PICO (Population, Intervention, 
Comparison, Outcome) framework, was as follows: in 
adults with refractory OHCA (P), does extracorporeal 
CPR (I), compared to conventional CPR (C), increase the 
proportion of patients surviving with favorable neurologi-
cal outcome (O)?

2.1 | Search strategy and study selection

A systematic search of PubMed via MEDLINE, Embase, 
and the Cochrane Central Register of Controlled Trials 
(CENTRAL) was conducted up to February 3, 2023. The 
complete search strategy is reported in the Supplement.

RCTs enrolling adults with refractory OHCA random-
ized to receive extracorporeal CPR or conventional CPR 
alone (basic life support and advanced life support with 
manual or mechanical chest compressions) were consid-
ered eligible. Exclusion criteria were the observational de-
sign of the study, studies conducted on in- hospital cardiac 
arrests, and studies not reporting the outcome of survival 
with favorable neurological outcome.

After the removal of duplicates, eligibility was as-
sessed at title/abstract level independently by two inves-
tigators using the pre- defined inclusion and exclusion 
criteria. Two investigators performed the final selection 
of included articles independently and based on full- text 
manuscripts. Disagreements on inclusion or exclusion of 
articles were resolved under the supervision of another 
investigator.

K E Y W O R D S

ECMO, extracorporeal cardiopulmonary resuscitation, extracorporeal membrane oxygenation, 
out- of- hospital cardiac arrest
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808 |   E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

2.2 | Data collection and risk of 
bias assessment

Two authors independently extracted data from selected 
RCTs using a standardized form. Disagreements on ex-
tracted data were solved by discussion involving another 
investigator. Collected data included: first author, publi-
cation year, country, study period, number of centers, the 
proportion of patients with an initial shockable rhythm, 
location of VA- ECMO cannulation, proportion of patients 
that received ECMO in the treatment and control (indicat-
ing cross- over) groups, time from cardiac arrest to ECMO 
flow, and outcomes data.

Two authors independently assessed the risk of bias of 
the included RCTs with the recommended version 2 of the 
Cochrane risk- of- bias tool for randomized trials (RoB 2).20 
The risk of bias in each domain (randomization process, 
intervention assignment, missing outcome data, measure-
ment of outcome, selection of the reported result, other 
bias) and the overall bias were judged as low, with some 
concerns, or high. The publication bias for the primary 
outcome was investigated through visual estimation of 
the funnel plot.

The overall certainty of the evidence was assessed 
independently by two authors with the Grading of 
Recommendations Assessment, Development, and 
Evaluation (GRADE) methodology and rated as very low, 
low, moderate, or high.21

2.3 | Primary and secondary outcomes

The primary outcome was survival with favorable neuro-
logical outcome at the longest follow- up available. Among 
secondary outcomes, we evaluated survival with favorable 
neurological outcome measured at hospital discharge or 
30 days, overall survival at the longest follow- up available 
and at hospital discharge or 30 days, and rate of survival 
with poor neurological outcomes at the longest follow- up 
available. Favorable neurological outcome was defined as 
1 or 2 in the Cerebral Performance Category (CPC) score 
or 1, 2, or 3 in the modified Rankin Scale (mRS).22 A poor 
neurological outcome was defined as a CPC score of 3 or 4 
or an mRS score of 4 or 5.22

2.4 | Statistical analysis

We calculated pooled odds ratios (ORs) and 95% confi-
dence intervals (CI) using the Mantel– Haenszel method 
for dichotomous outcomes. Statistical heterogeneity hy-
pothesis was tested with Cochrane Q statistic and I2 value. 
I2 value greater than 50% was considered heterogeneous, 

and the random effect model was used instead of the fixed 
effect model for analyses. A two- tailed p- value <0.05 was 
considered statistically significant for hypothesis testing 
of effect.

We performed a fixed effect model trial sequential anal-
ysis according to an overall type I error of 5% and power of 
80%. A 15% relative risk reduction and a 10% survival with 
favorable neurological outcome in the control arm were 
hypothesized. The meta- analysis monitoring boundaries, 
the required information size, the diversity- adjusted infor-
mation size (D2), and adjusted 95% confidence intervals 
were calculated.

We conducted a separate analysis for patients with ini-
tial shockable rhythm and a subgroup analysis for study 
design (single- center or multi- center) for the primary 
outcome. The difference between subgroup estimates was 
considered significant for Pinteraction <0.10. The number 
needed to treat (NNT) with 95% CI was calculated from 
the meta- analytic results for the primary outcome for all 
rhythms and for initial shockable rhythms only.

All data analyses were performed with R version 4.1.2, 
except trial sequential analysis using TSA software version 
0.9.5.10.23

3  |  RESULTS

3.1 | Search strategy

Our search strategy yielded 2110 records. After complet-
ing the screening process, four randomized studies en-
rolling 433 patients8,9,18,24 were included in the present 
systematic review and meta- analysis (Figure 1). The list of 
major exclusions is reported in Table S1.

3.2 | Characteristics of included trials

All included studies were published between 2020 and 
2023.8,9,18,24 Two studies were conducted in the United 
States8,18 and two in Europe.9,24 Three studies were single- 
center RCTs8,9,18 and one study was a multi- center, single- 
nation RCT.24 Two studies enrolled only patients with 
an initial shockable rhythm,8,24 while in the other two 
approximately half of patients had pulseless electrical 
activity or asystole as the first rhythm.9,18 Other baseline 
characteristics of patients enrolled were comparable be-
tween included RCTs. All studies adopted a load- and- go 
approach and performed extracorporeal CPR at hospital 
arrival. The proportion of patients receiving VA- ECMO in 
the intervention arm ranged from 42% to 80%, and the me-
dian time from OHCA to ECMO ranged between 59 and 
74 min (Table 1).
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   | 809E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

All studies were assessed to have an intermediate risk 
of bias (Table  S2) due to the absence of blinding of the 
treating team in all studies and unblinded assessors of 
neurological outcome in one study.18

3.3 | Survival with favorable 
neurological outcome

In this meta- analysis of four RCTs, adult OHCA patients 
treated with extracorporeal CPR compared with conven-
tional CPR had a higher rate of survival with favorable 
neurological outcome at the longest follow- up available 
(Figure 2A; 59/220 [27%] vs. 39/213 [18%]; OR = 1.72; 95% 
CI, 1.09– 2.70; p = 0.02; I2 = 26%). The length of follow- up 
was 6 months for three studies and 3 months for one study. 
The NNT was 9 (95% CI, 5– 66). In the trial sequential 
analysis (Figure S1), the cumulative Z- curve crossed the 
traditional boundary and the trial sequential monitoring 
boundary for benefit, confirming the significant beneficial 
effect of extracorporeal CPR (trial sequential analysis- 
adjusted 95% CI, 1.03– 2.87). However, the sample size 

included in the meta- analysis did not reach the required 
information size (n = 520). Visual inspection of the funnel 
plot did not suggest publication bias (Figure S2).

When considering only patients with an initial shock-
able rhythm, extracorporeal CPR compared to conven-
tional CPR increased the proportion of patients surviving 
with favorable neurological outcome at the longest fol-
low- up available (Figure 2B; 55/164 [34%] vs. 38/165 [23%]; 
OR = 1.90; 95% CI, 1.16– 3.13; p = 0.01; I2 = 23%) with an 
NNT of 7 (95% CI, 4– 31). This benefit of extracorporeal 
CPR was also observed at hospital discharge or 30 days 
(Figure  S3; 51/164 [31%] vs. 34/164 [21%]; OR  =  1.93; 
95% CI, 1.16– 3.23; p  =  0.01; I2  = 0.0%). When analyzing 
studies by design (single- center or multi- center), a sta-
tistically significant difference in survival with favorable 
neurological outcome at the longest follow- up available 
was confirmed among single- center studies (Figure  S4; 
45/150 [30%] vs. 29/150 [19%]; OR = 1.88; 95% CI, 1.11– 
3.19; p = 0.02; I2 = 48%).

At hospital discharge or 30 days, more patients were 
alive with favorable neurological outcomes when treated 
with extracorporeal CPR compared with conventional 

F I G U R E  1  Study selection process 
flowchart. [Color figure can be viewed at 
wileyonlinelibrary.com]

 15251594, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aor.14516 by C

ochraneItalia, W
iley O

nline L
ibrary on [19/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/


810 |   E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

CPR (Figure 3; 55/220 [25%] vs. 34/212 [16%]; OR = 1.82; 
95% CI, 1.13– 2.92; p = 0.01; I2 = 0.0%) (Table 2).

No difference in patients surviving with poor neuro-
logical outcomes at the longest follow- up available was 
observed in the extracorporeal CPR group compared 
with conventional CPR (Figure S5; 0/220 [0.0%] vs. 4/213 
[1.9%]; OR = 0.24; 95% CI, 0.05– 1.26; p = 0.78; I2 = 0.0%).

The certainty of evidence for survival with favorable 
neurological outcome at the longest follow- up available 
and at hospital discharge or 30 days, as assessed with 
the GRADE approach, was judged as low due to incon-
sistencies and wide confidence intervals in effect sizes 
(Table S3).

3.4 | Overall survival

Overall survival at the longest follow- up available was 
not statistically significantly different among patients 
treated with extracorporeal CPR and conventional CPR 
(Figure 4A; 61/220 [25%] vs. 34/212 [16%]; OR = 1.82; 95% 
CI, 1.13– 2.92; p  =  0.59; I2  = 58%). The length of follow-
 up ranged from 30 days to 6 months. Similarly, there were 
no statistically significant differences in the proportion of 
patients alive at hospital discharge or 30 days (Figure 4B; 
72/220 [33%] vs. 58/214 [27%]; OR = 1.35; 95% CI, 0.55– 
3.29; p = 0.51; I2 = 55%).

The certainty of evidence for the outcomes of survival 
at the longest follow- up available and at hospital discharge 
or 30 days, as assessed with the GRADE approach, was 
judged as low due to inconsistencies and wide confidence 
intervals in effect sizes (Table S3).

4  |  DISCUSSION

4.1 | Key findings

In this meta- analysis of RCTs, survival with a favorable 
neurological outcome at the longest follow- up available 
was higher in patients randomized to receive extracor-
poreal CPR compared to conventional CPR. The highest 
benefit was observed in patients with an initial shockable 
rhythm. Nine patients with all- rhythm refractory OHCA 
or seven with an initial shockable rhythm should be 
treated with extracorporeal CPR to achieve one additional 
survivor with a favorable neurological outcome. However, 
no difference in survival at hospital discharge or 30 days 
and at 3 or 6 months was found. These findings were de-
rived from pooling four RCTs enrolling adults with re-
fractory OHCA and favorable characteristics (young age, 
witnessed cardiac arrest with early bystander CPR and 
brief no- flow time).T
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   | 811E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

4.2 | Relationship to previous studies

In the last decade, several observational studies, mainly 
retrospective, investigated the effect of extracorpor-
eal CPR. Most studies described the potential of extra-
corporeal CPR to improve survival and neurological 

outcomes.11– 15 However, others revealed a minor or no ef-
fect on survival.17,25 Such conflicting results probably arose 
from the heterogeneity in the strength of the chain of sur-
vival, patient selection criteria, adopted strategy, logistical 
organization, center experience, and post- resuscitation 
care practice (e.g., advanced circulatory and ventilatory 

F I G U R E  2  Forest plot for survival with a favorable neurological outcome at the longest follow- up available among (A) all- rhythm 
patients (shockable and nonshockable initial rhythm) OHCA patients and (B) patients with an initial shockable rhythm only. Abbreviations: 
C- CPR, conventional cardiopulmonary resuscitation; CI, confidence interval; E- CPR, extracorporeal cardiopulmonary resuscitation; OR, 
odds ratio.

(A)

(B)

F I G U R E  3  Forest plot for survival with a favorable neurological outcome at hospital discharge or 30 days. Abbreviations: C- CPR, 
conventional cardiopulmonary resuscitation; CI, confidence interval; E- CPR, extracorporeal cardiopulmonary resuscitation; OR, odds ratio.
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812 |   E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

support, temperature management, and prognostication/
withdrawal of life- support therapy), leading to highly vari-
able survival rates.26

After decades of evidence in support for extracorporeal 
CPR limited to observational studies, three single- center 
RCTs,8,9,18 of which one pilot trial,18 and one multi- center, 

T A B L E  2  Summary of major findings on the effect of extracorporeal conventional cardiopulmonary versus conventional 
cardiopulmonary resuscitation.

Outcomes
Extracorporeal 
CPR

Conventional 
CPR

Odds ratio 
(95% CI)

P for 
effect I2 (%)

Primary outcome

Survival with good neurological outcome 
(longest follow- up available), n (%)

59/220 (27%) 39/213 (18%) 1.72 (1.09– 2.70) 0.020 26

Among patients with initial shockable 
rhythm

55/164 (34%) 38/165 (23%) 1.90 (1.16– 3.13) 0.011 23

Secondary outcomes

Survival with good neurological outcome 
(hospital discharge or 30 days), n (%)

55/220 (25%) 34/212 (16%) 1.82 (1.13– 2.92) 0.013 0.0

Among patients with initial shockable 
rhythm

51/164 (31%) 34/164 (21%) 1.93 (1.16– 3.23) 0.012 0.0

Survival (longest follow- up available), n (%) 61/220 (28%) 47/214 (22%) 1.31 (0.49– 3.49) 0.592 58

Survival (hospital discharge or 30 days), n (%) 72/220 (33%) 58/214 (27%) 1.35 (0.55– 3.29) 0.514 55

Survival with unfavorable neurological 
outcome, n (%)

0/220 (0.0%) 4/213 (1.9%) 0.24 (0.05– 1.26) 0.780 0.0

Abbreviations: CI, confidence interval; CPR, cardiopulmonary resuscitation.

F I G U R E  4  Forest plot for survival (A) at the longest follow- up available and (B) at hospital discharge or 30 days. Abbreviations: C- CPR, 
conventional cardiopulmonary resuscitation; CI, confidence interval; E- CPR, extracorporeal cardiopulmonary resuscitation; OR, odds ratio.

(A) Longest follow-up available

(B) Hospital discharge or 30 days

Study

Random effects model
Heterogeneity: I2 = 58%, �2 = 0.4690, p = 0.07
Test for overall effect: z = 0.54 (p = 0.592)

Yannopoulos 2020
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single- nation RCT24 were published between 2020 and 
2023. These four long- awaited RCTs8,9,18,24 were pooled to-
gether for the first time in this meta- analysis. In previous 
systematic reviews or meta- analyses,16,27– 30 RCTs were not 
available yet, and thus not included, or were not pooled to-
gether. Observational studies are at high risk of bias, espe-
cially with extracorporeal CPR, where the decision to treat 
is based on clinicians' evaluation and comorbidities and 
prognostic factors with a strong impact on the outcome. 
Focusing on RCTs only minimizes between- group differ-
ences and confounding factors and provides the most un-
biased possible estimate of the effect of extracorporeal CPR.

Compared to our previous meta- analysis of 
propensity- score matched and randomized studies,10 
in the present meta- analysis, we excluded observa-
tional studies, focusing only on RCTs, and added two 
additional RCTs,18,24 including the recently published 
multi- center INCEPTION RCT.24 Overall, we confirmed 
the beneficial effect of extracorporeal CPR in increasing 
survival with favorable neurological outcomes, both at 
the longest follow- up available and at hospital discharge 
or 30 days. All included RCTs, except the pilot EROCA 
trial,18 reported a consistent direction of the effect of 
this outcome, with the ARREST trial and the Prague 
OHCA study reporting a statistically significant differ-
ence in favor of extracorporeal CPR up to 180 days and 
at 30 days only, respectively.8,9

The recently published multi- center INCEPTION RCT 
enrolled 134 patients with refractory OHCA with initial 
shockable rhythm treated in 10 ECMO centers in the 
Netherlands between 2017 and 2021. This study demon-
strated a similar effect of extracorporeal CPR and conven-
tional CPR,24 a contrasting result to previous single- center 
RCTs, and generated intense debate. It is common in crit-
ical care medicine that multi- center RCTs do not confirm 
the positive results of single- center RCTs.31,32 This pos-
sibly reflects the complexity of translating the beneficial 
effect observed in RCTs conducted in single- center expe-
riences8,9 to different centers where extracorporeal CPR 
was not routine clinical practice or the level of expertise 
and logistical organization was not homogeneous. Other 
reasons include higher than expected survival in patients 
with refractory OHCA treated with conventional CPR and 
higher time from cardiac arrest to ECMO flow compared 
to previous single- center RCTs (Table 1), a factor strongly 
influencing survival and neurological outcome.33,34

4.3 | Implications of study findings for 
clinical practice

The effect of extracorporeal CPR in refractory OHCA is 
highly debated, mainly due to the considerable resources 

associated with the procedure and the complex required 
logistical organization. Our findings indicate that trans-
porting with ongoing CPR selected patients with refrac-
tory OHCA to a cardiac arrest center for the treatment 
with extracorporeal CPR is supported by high- quality 
randomized evidence. However, we acknowledge that the 
beneficial effect of extracorporeal CPR observed in this 
meta- analysis is driven mainly by two single- center RCTs 
conducted in single, high- performing centers.

Extracorporeal CPR is complex and requires a well- 
organized system minimizing time to ECMO and a 
rigorous selection of patients' eligibility. Moreover, extra-
corporeal CPR should be provided as part of a bundle of 
treatments that involves different healthcare professionals 
in the pre- hospital setting (i.e., EMS dispatchers and am-
bulance team) and after hospital arrival (i.e., emergency 
department, catheterization laboratory, and intensive 
care unit clinicians). Close cooperation between EMS and 
high- volume ECMO- capable cardiac arrest centers35 is 
mandatory.

Implementing extracorporeal CPR in different settings 
and healthcare systems might fail to reproduce the bene-
ficial effect observed in this meta- analysis or single- center 
RCTs. Moreover, a strong relationship exists between 
center experience with extracorporeal CPR, estimated 
by the annual case volume, and outcomes.26 In the pro-
cess of implementing extracorporeal CPR, centers should 
critically assess their logistics and monitor the program's 
performance.

4.4 | Strengths and limitations

Differently from our previous meta- analysis10 and other 
systematic reviews published on the topic,16,27– 30 the pre-
sent meta- analysis provided for the first time a pooled 
estimate of the effect of extracorporeal CPR with data 
only from RCTs, including all the available RCTs in the 
field,8,9,18 comprising the first multi- center RCT published 
in 2023.24 Despite these important strengths, two limita-
tions should be acknowledged. First, our meta- analysis 
still has a relatively small sample size (433 patients), also 
indicated by the trial sequential analysis that set the re-
quired information size at 520 patients. Consequently, 
the included RCTs and our meta- analysis may have been 
underpowered to detect clinically meaningful differences. 
Second, different inclusion criteria (e.g., any initial rhythm 
or shockable rhythm only) and different pre- hospital and 
in- hospital interventions were adopted among studies and 
could affect patients' survival and neurological outcome. 
However, in an attempt to reduce the bias originating from 
the different included populations, we analyzed patients 
with a shockable rhythm, finding an NNT as low as seven. 
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Finally, countries' differences in EMS systems and clini-
cal practices in extracorporeal CPR and post- resuscitation 
management should be considered. An individual patient 
data meta- analysis could overcome some of these limits.

4.5 | Future directions and research

Large, international RCTs of extracorporeal CPR are still 
needed. However, in this context, such trials are difficult 
to conduct for two main reasons. First, high- volume car-
diac arrest centers routinely providing extracorporeal CPR 
would consider it unethical to preclude this intervention 
for half of the enrolled patients.36,37 Second, an extracor-
poreal CPR strategy that is high performing and effective 
in one center or system is not necessarily as effective and 
performant in another.

Future research should aim to identify the most ef-
fective strategy to provide extracorporeal CPR based on 
system- level characteristics, address logistical barriers of 
extracorporeal CPR, and improve patient selection. For 
example, many centers are already adopting pre- hospital 
initiation of extracorporeal CPR to reduce low- flow time, 
and others are starting.38,39

Finally, to improve outcomes after OHCA, the focus 
should be primarily on improving the early links of the 
chain of survival.40,41 Without a timely initiation of by-
standers' interventions (CPR and early defibrillation) to 
reduce or zero no- flow time and avoid irreversible brain 
injury, providing an advanced intervention such as extra-
corporeal CPR will achieve little or no effect.

5  |  CONCLUSIONS

In this meta- analysis of RCTs, extracorporeal CPR com-
pared to conventional CPR increased the proportion of 
patients surviving a refractory OHCA with favorable neu-
rological outcome, especially in patients with an initial 
shockable rhythm.

AUTHOR CONTRIBUTIONS
Design of the study: Tommaso Scquizzato, Alessandra 
Bonaccorso, Justyna Swol, Lorenzo Gamberini, Anna Mara 
Scandroglio, Giovanni Landoni, Alberto Zangrillo. Data 
collection: Tommaso Scquizzato, Alessandra Bonaccorso, 
Giovanni Landoni. Statistical analysis: Tommaso 
Scquizzato, Alessandra Bonaccorso, Lorenzo Gamberini, 
Giovanni Landoni. Manuscript draft and critical review: 
Tommaso Scquizzato, Alessandra Bonaccorso, Justyna 
Swol, Lorenzo Gamberini, Anna Mara Scandroglio, 
Giovanni Landoni, Alberto Zangrillo. Administrative sup-
port: Giovanni Landoni, Alberto Zangrillo.

ACKNOWLEDGMENT
Open access funding provided by BIBLIOSAN.

CONFLICT OF INTEREST STATEMENT
All authors have no conflict of interest to declare.

ORCID
Tommaso Scquizzato   https://orcid.
org/0000-0002-1394-8402 
Alessandra Bonaccorso   https://orcid.
org/0000-0003-3585-1318 
Justyna Swol   https://orcid.org/0000-0002-2903-092X 
Lorenzo Gamberini   https://orcid.
org/0000-0002-4364-9163 
Anna Mara Scandroglio   https://orcid.
org/0000-0003-0639-8227 
Giovanni Landoni   https://orcid.
org/0000-0002-8594-5980 
Alberto Zangrillo   https://orcid.
org/0000-0002-7687-7648 

REFERENCES
 1. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global inci-

dences of out- of- hospital cardiac arrest and survival rates: 
systematic review of 67 prospective studies. Resuscitation. 
2010;81(11):1479– 87.

 2. Sasson C, Rogers MAM, Dahl J, Kellermann AL. Predictors 
of survival from out- of- hospital cardiac arrest: a systematic 
review and meta- analysis. Circ Cardiovasc Qual Outcomes. 
2010;3(1):63– 81.

 3. Perkins GD, Callaway CW, Haywood K, Neumar RW, Lilja G, 
Rowland MJ, et al. Brain injury after cardiac arrest. Lancet. 
2021;398(10307):1269– 78.

 4. Chai J, Fordyce CB, Guan M, Humphries K, Hutton J, 
Christenson J, et al. The association of duration of resuscitation 
and long- term survival and functional outcomes after out- of- 
hospital cardiac arrest. Resuscitation. 2022;182:109654. https://
doi.org/10.1016/j.resus citat ion.2022.11.020

 5. Goto Y, Funada A, Goto Y. Relationship between the duration 
of cardiopulmonary resuscitation and favorable neurological 
outcomes after out- of- hospital cardiac arrest: a prospective, 
Nationwide, population- based cohort study. J Am Heart Assoc. 
2016;5(3):e002819.

 6. Stub D, Bernard S, Pellegrino V, Smith K, Walker T, Sheldrake 
J, et al. Refractory cardiac arrest treated with mechanical CPR, 
hypothermia, ECMO and early reperfusion (the CHEER trial). 
Resuscitation. 2015;86:88– 94.

 7. Dennis M, Buscher H, Gattas D, Burns B, Habig K, Bannon P, 
et al. Prospective observational study of mechanical cardiopul-
monary resuscitation, extracorporeal membrane oxygenation 
and early reperfusion for refractory cardiac arrest in Sydney: 
the 2CHEER study. Crit Care Resusc. 2020;22(1):26– 34.

 8. Yannopoulos D, Bartos J, Raveendran G, Walser E, Connett J, 
Murray TA, et al. Advanced reperfusion strategies for patients 
with out- of- hospital cardiac arrest and refractory ventricular 
fibrillation (ARREST): a phase 2, single Centre, open- label, 
randomised controlled trial. Lancet. 2020;396(10265):1807– 16.

 15251594, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aor.14516 by C

ochraneItalia, W
iley O

nline L
ibrary on [19/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-1394-8402
https://orcid.org/0000-0002-1394-8402
https://orcid.org/0000-0002-1394-8402
https://orcid.org/0000-0003-3585-1318
https://orcid.org/0000-0003-3585-1318
https://orcid.org/0000-0003-3585-1318
https://orcid.org/0000-0002-2903-092X
https://orcid.org/0000-0002-2903-092X
https://orcid.org/0000-0002-4364-9163
https://orcid.org/0000-0002-4364-9163
https://orcid.org/0000-0002-4364-9163
https://orcid.org/0000-0003-0639-8227
https://orcid.org/0000-0003-0639-8227
https://orcid.org/0000-0003-0639-8227
https://orcid.org/0000-0002-8594-5980
https://orcid.org/0000-0002-8594-5980
https://orcid.org/0000-0002-8594-5980
https://orcid.org/0000-0002-7687-7648
https://orcid.org/0000-0002-7687-7648
https://orcid.org/0000-0002-7687-7648
https://doi.org/10.1016/j.resuscitation.2022.11.020
https://doi.org/10.1016/j.resuscitation.2022.11.020


   | 815E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

 9. Belohlavek J, Smalcova J, Rob D, Franek O, Smid O, Pokorna M, 
et al. Effect of intra- arrest transport, extracorporeal cardiopul-
monary resuscitation, and immediate invasive assessment and 
treatment on functional neurologic outcome in refractory out- 
of- hospital cardiac arrest: a randomized clinical trial. JAMA. 
2022;327(8):737– 47.

 10. Scquizzato T, Bonaccorso A, Consonni M, Scandroglio AM, 
Swol J, Landoni G, et al. Extracorporeal cardiopulmonary re-
suscitation for out- of- hospital cardiac arrest: a systematic 
review and meta- analysis of randomized and propensity score- 
matched studies. Artif Organs. 2022;46(5):755– 62.

 11. Sakamoto T, Morimura N, Nagao K, Asai Y, Yokota H, Nara 
S, et al. Extracorporeal cardiopulmonary resuscitation versus 
conventional cardiopulmonary resuscitation in adults with out- 
of- hospital cardiac arrest: a prospective observational study. 
Resuscitation. 2014;85(6):762– 8.

 12. Nakashima T, Noguchi T, Tahara Y, Nishimura K, Ogata S, 
Yasuda S, et al. Patients with refractory out- of- cardiac arrest 
and sustained ventricular fibrillation as candidates for extra-
corporeal cardiopulmonary resuscitation -  prospective multi- 
center observational study. Circ J. 2019;83(5):1011– 8.

 13. Shin YS, Kim Y- J, Ryoo SM, Sohn CH, Ahn S, Seo DW, 
et al. Promising candidates for extracorporeal cardiopulmo-
nary resuscitation for out- of- hospital cardiac arrest. Sci Rep. 
2020;10(1):22180.

 14. Siao F- Y, Chiu C- C, Chiu C- W, Chen Y- C, Chen Y- L, Hsieh Y- K, 
et al. Managing cardiac arrest with refractory ventricular fibril-
lation in the emergency department: conventional cardiopul-
monary resuscitation versus extracorporeal cardiopulmonary 
resuscitation. Resuscitation. 2015;92:70– 6.

 15. Richardson ASC, Schmidt M, Bailey M, Pellegrino VA, Rycus 
PT, Pilcher DV. ECMO cardio- pulmonary resuscitation (ECPR), 
trends in survival from an international multicentre cohort 
study over 12- years. Resuscitation. 2017;112:34– 40.

 16. Ortega- Deballon I, Hornby L, Shemie SD, Bhanji F, Guadagno 
E. Extracorporeal resuscitation for refractory out- of- hospital 
cardiac arrest in adults: a systematic review of international 
practices and outcomes. Resuscitation. 2016;101:12– 20.

 17. Bougouin W, Dumas F, Lamhaut L, Marijon E, Carli P, Combes 
A, et al. Extracorporeal cardiopulmonary resuscitation in 
out- of- hospital cardiac arrest: a registry study. Eur Heart J. 
2020;41(21):1961– 71.

 18. Hsu CH, Meurer WJ, Domeier R, Fowler J, Whitmore SP, Bassin 
BS, et al. Extracorporeal cardiopulmonary resuscitation for re-
fractory out- of- hospital cardiac arrest (EROCA): results of a 
randomized feasibility trial of expedited out- of- hospital trans-
port. Ann Emerg Med. 2021;78(1):92– 101.

 19. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;372:n71.

 20. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in 
randomised trials. BMJ. 2019;366:l4898.

 21. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck- Ytter Y, Alonso- 
Coello P, et al. GRADE: an emerging consensus on rating 
quality of evidence and strength of recommendations. BMJ. 
2008;336(7650):924– 6.

 22. Haywood K, Whitehead L, Nadkarni VM, Achana F, 
Beesems S, Böttiger BW, et al. COSCA (Core outcome set 
for cardiac arrest) in adults: An advisory statement from the 

international liaison committee on resuscitation. Circulation. 
2018;137(22):e783– 801.

 23. Gordon Lan KK, Demets DL. Discrete sequential boundaries 
for clinical trials. Biometrika. 1983;70(3):659– 63.

 24. Suverein MM, Delnoij TSR, Lorusso R, Brandon Bravo 
Bruinsma GJ, Otterspoor L, Elzo Kraemer CV, et al. Early ex-
tracorporeal CPR for refractory out- of- hospital cardiac arrest. N 
Engl J Med. 2023;388(4):299– 309.

 25. Kim SJ, Jung JS, Park JH, Park JS, Hong YS, Lee SW. An optimal 
transition time to extracorporeal cardiopulmonary resuscita-
tion for predicting good neurological outcome in patients with 
out- of- hospital cardiac arrest: a propensity- matched study. Crit 
Care. 2014;18(5):535.

 26. Tonna JE, Selzman CH, Bartos JA, Presson AP, Ou Z, Jo Y, et al. 
The association of modifiable postresuscitation management 
and annual case volume with survival after extracorporeal car-
diopulmonary resuscitation. Crit Care Explor. 2022;4(7):e0733.

 27. Kim SJ, Kim HJ, Lee HY, Ahn HS, Lee SW. Comparing extra-
corporeal cardiopulmonary resuscitation with conventional 
cardiopulmonary resuscitation: a meta- analysis. Resuscitation. 
2016;103:106– 16.

 28. Twohig CJ, Singer B, Grier G, Finney SJ. A systematic literature 
review and meta- analysis of the effectiveness of extracorporeal- 
CPR versus conventional- CPR for adult patients in cardiac ar-
rest. Pediatr Crit Care Med. 2019;20(4):347– 57.

 29. Holmberg MJ, Geri G, Wiberg S, Guerguerian A- M, Donnino 
MW, Nolan JP, et al. Extracorporeal cardiopulmonary resus-
citation for cardiac arrest: a systematic review. Resuscitation. 
2018;131:91– 100.

 30. Holmberg MJ, Granfeldt A, Guerguerian A- M, Sandroni C, 
Hsu CH, Gardner RM, et al. Extracorporeal cardiopulmonary 
resuscitation for cardiac arrest: An updated systematic review. 
Resuscitation. 2022;182:109665.

 31. Landoni G, Pieri M, Young PJ, Bellomo R. Why do multicenter 
randomized controlled trials not confirm the positive findings 
of single center randomized controlled trials in acute care? 
Minerva Anestesiol. 2019;85(2):194– 200.

 32. Scquizzato T, Young PJ, Landoni G, Zaraca L, Zangrillo A. 
Randomised trials of temperature management in cardiac ar-
rest: are we observing the Zeno's paradox of the tortoise and 
Achilles? Crit Care. 2021;25(1):409.

 33. Mandigers L, Boersma E, den Uil CA, Gommers D, Bělohlávek 
J, Belliato M, et al. Systematic review and meta- analysis com-
paring low- flow duration of extracorporeal and conventional 
cardiopulmonary resuscitation. Interact Cardiovasc Thorac 
Surg. 2022;35(4):ivac219. https://doi.org/10.1093/icvts/ ivac219

 34. Wengenmayer T, Rombach S, Ramshorn F, Biever P, Bode C, 
Duerschmied D, et al. Influence of low- flow time on survival 
after extracorporeal cardiopulmonary resuscitation (eCPR). 
Crit Care. 2017;21(1):157.

 35. Sinning C, Ahrens I, Cariou A, Beygui F, Lamhaut L, Halvorsen 
S, et al. The cardiac arrest Centre for the treatment of sudden 
cardiac arrest due to presumed cardiac cause: aims, function, 
and structure: position paper of the ACVC association of the 
ESC, EAPCI, EHRA, ERC, EUSEM, and ESICM. Eur Heart J 
Acute Cardiovasc Care. 2020;9(4_suppl):S193– 202. https://doi.
org/10.1093/ehjac c/zuaa024

 36. Suverein MM, Shaw D, Lorusso R, Delnoij TSR, Essers B, 
Weerwind PW, et al. Ethics of ECPR research. Resuscitation. 
2021;169:136– 42.

 15251594, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aor.14516 by C

ochraneItalia, W
iley O

nline L
ibrary on [19/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1093/icvts/ivac219
https://doi.org/10.1093/ehjacc/zuaa024
https://doi.org/10.1093/ehjacc/zuaa024


816 |   E- CPR IN OUT- OF- HOSPITAL CARDIAC ARREST

 37. Tonna JE, Keenan HT, Weir C. A qualitative analysis of phy-
sician decision making in the use of extracorporeal cardiopul-
monary resuscitation for refractory cardiac arrest. Resusc Plus. 
2022;11(100278):100278.

 38. Scquizzato T, Hutin A, Landoni G. Extracorporeal cardiopul-
monary resuscitation: pre- hospital or in- hospital cannulation? 
J Cardiothorac Vasc Anesth. 2023;20:S1053- 0770(23)00036- 8. 
https://doi.org/10.1053/j.jvca.2023.01.015

 39. Lamhaut L, Hutin A, Puymirat E, Jouan J, Raphalen J- H, 
Jouffroy R, et al. A pre- hospital extracorporeal cardio pulmo-
nary resuscitation (ECPR) strategy for treatment of refractory 
out hospital cardiac arrest: An observational study and propen-
sity analysis. Resuscitation. 2017;117:109– 17.

 40. Semeraro F, Greif R, Böttiger BW, Burkart R, Cimpoesu D, 
Georgiou M, et al. European resuscitation council guidelines 
2021: systems saving lives. Resuscitation. 2021;161:80– 97.

 41. Scquizzato T, Belloni O, Semeraro F, Greif R, Metelmann C, 
Landoni G, et al. Dispatching citizens as first responders to 
out- of- hospital cardiac arrests: a systematic review and meta- 
analysis. Eur J Emerg Med. 2022;29(3):163– 72.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Scquizzato T, Bonaccorso 
A, Swol J, Gamberini L, Scandroglio AM, Landoni G, 
et al. Refractory out-of-hospital cardiac arrest and 
extracorporeal cardiopulmonary resuscitation: A 
meta-analysis of randomized trials. Artif Organs. 
2023;47:806– 816. https://doi.org/10.1111/aor.14516

 15251594, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aor.14516 by C

ochraneItalia, W
iley O

nline L
ibrary on [19/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1053/j.jvca.2023.01.015
https://doi.org/10.1111/aor.14516

	Refractory out-of-hospital cardiac arrest and extracorporeal cardiopulmonary resuscitation: A meta-analysis of randomized trials
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Search strategy and study selection
	2.2|Data collection and risk of bias assessment
	2.3|Primary and secondary outcomes
	2.4|Statistical analysis

	3|RESULTS
	3.1|Search strategy
	3.2|Characteristics of included trials
	3.3|Survival with favorable neurological outcome
	3.4|Overall survival

	4|DISCUSSION
	4.1|Key findings
	4.2|Relationship to previous studies
	4.3|Implications of study findings for clinical practice
	4.4|Strengths and limitations
	4.5|Future directions and research

	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


