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Summary
Background Refractory out-of-hospital cardiac arrest (OHCA) treated with standard advanced cardiac life support
(ACLS) has poor outcomes. Transport to hospital followed by in-hospital extracorporeal cardiopulmonary
resuscitation (ECPR) initiation may improve outcomes. We performed a pooled individual patient data analysis of
two randomised controlled trials evaluating ECPR based approach in OHCA.

Methods The individual patient data from two published randomised controlled trials (RCTs) were pooled: ARREST
(enrolled Aug 2019–June 2020; NCT03880565) and PRAGUE-OHCA (enrolled March 1, 2013–Oct 25, 2020;
NCT01511666). Both trials enrolled patients with refractory OHCA and compared: intra-arrest transport with in-
hospital ECPR initiation (invasive approach) versus continued standard ACLS. The primary outcome was 180-day
survival with favourable neurological outcome (defined as Cerebral Performance Category 1–2). Secondary
outcomes included: cumulative survival at 180 days, 30-day favourable neurological survival, and 30-day cardiac
recovery. Risk of bias in each trial was assessed by two independent reviewers using the Cochrane risk-of-bias
tool. Heterogeneity was assessed via Forest plots.

Findings The two RCTs included 286 patients. Of those randomised to the invasive (n = 147) and standard (n = 139)
groups, respectively: the median age was 57 (IQR 47–65) and 58 years (IQR 48–66), and the median duration of
resuscitation was 58 (IQR 43–69) and 49 (IQR 33–71) minutes (p = 0.17). In a modified intention to treat analysis, 45
(32.4%) in the invasive and 29 (19.7%) patients in the standard arm survived to 180 days with a favourable neuro-
logical outcome [absolute difference (AD), 95% CI: 12.7%, 2.6–22.7%, p = 0.015]. Forty-seven (33.8%) and 33 (22.4%)
patients survived to 180 days [HR 0.59 (0.43–0.81); log rank test p = 0.0009]. At 30 days, 44 (31.7%) and 24 (16.3%)
patients had favourable neurological outcome (AD 15.4%, 5.6–25.1%, p = 0.003), 60 (43.2%), and 46 (31.3%) patients
had cardiac recovery (AD: 11.9%, 0.7–23%, p = 0.05), in the invasive and standard arms, respectively. The effect was
larger in patients presenting with shockable rhythms (AD 18.8%, 7.6–29.4; p = 0.01; HR 2.26 [1.23–4.15]; p = 0.009)
and prolonged CPR (>45 min; HR 3.99 (1.54–10.35); p = 0.005).

Interpretation In patients with refractory OHCA, the invasive approach significantly improved 30- and 180-day
neurologically favourable survival.
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Research in context

Evidence before this study
We searched PUBMED, Google Scholar, Web of Science for
interventional randomised trials comparing standard ACLS
and ECPR based approach in refractory cardiac arrest up to
December 31 of 2022. We identified two studies meeting
these criteria. The PRAGUE-OHCA and ARREST randomised
controlled trials suggested an improvement in neurologically
favourable survival with the use of an early invasive ECPR
strategy for refractory out-of-hospital cardiac arrest in well
organised, experienced centres with preestablished
prehospital and hospital protocols of care.

Added value of this study
A number of case reports, matched cohort studies and
metanalyses have suggested that ECPR is associated with
improved survival from refractory cardiac arrest. Our pooled
analysis of the two included trials (The PRAGUE-OHCA and
ARREST) show that in the setting of experienced and high-
volume centres, ECPR significantly improves 180 days
neurologically favourable survival. The main clinical effect is

observed in patients presenting with shockable rhythms
receiving prolonged CPR.

Implications of all the available evidence
ECPR should be strongly considered as a lifesaving therapy in
patients with refractory OHCA (especially those presenting
with shockable rhythms) in health care systems that can
provide the following: high baseline level of bystander CPR,
centralised protocol involving emergency medical service with
readily available telephone assisted CPR, high-volume
receiving medical centre with experienced operators, targeted
and achieved efficient cannulation times, immediate invasive
assessment and treatment, established intensive care unit
protocols that are appropriate for critically ill patients with
prolonged resuscitation durations, and guideline
recommended neuroprognostication and overall complex care
that these patients need. The recently published INCEPTION
trial showed that, in the absence of the above critical
elements, ECPR does not offer any benefit.
Introduction
Out-of-hospital cardiac arrest (OHCA) is one of the
leading causes of mortality and disability in the world
with approximately 750,000 people dying each year in
Europe1 and US2 alone. Despite advances in resuscita-
tion science, rates of survival in patients treated with
conventional cardiopulmonary resuscitation (CPR) and
advanced cardiac life support (ACLS) remain low and a
small but significant portion of survivors have persistent
neurological damage.3,4 Chances of survival for re-
fractory cardiac arrest dramatically decrease after 30 min
of standard CPR strategies,5 to the point that after
40 min, <1% of patients achieve return of spontaneous
circulation (ROSC) and survive with a favourable
neurological outcome even in the most favourable group
of patients that present with shockable rhythms.

The recent publications of the ARREST6 and PRA-
GUE-OHCA7 trials represent the first attempts to
compare invasive, extracorporeal cardiopulmonary
resuscitation (ECPR) based strategies to ACLS in a
randomised controlled trial setting. Both of these trials
were single centre, city wide, structured EMS (emer-
gency medical service), open-label trials, with ECPR
initiated at experienced high-volume centres with
established ECPR programs.

In the ARREST trial, an ECPR-based approach was
compared to ACLS for the management of refractory
ventricular tachycardia/ventricular fibrillation OHCA.
In this trial, patients were randomised after admission
to the emergency department and 43% of the patients
treated by the ECPR based strategy achieved neurologi-
cally favourable survival to discharge versus only 7% of
patients who were randomised to ACLS. At 6 months,
survival was 43% and 0%, respectively (p = 0.0063) The
ARREST trial was terminated after 30 patients were
randomised because of the demonstrated efficacy.

The PRAGUE-OHCA study compared an ECPR-
based strategy to conventional ACLS in patients with
witnessed refractory OHCA with both shockable and
non-shockable rhythms. Patients were randomised
during ongoing ACLS at the field. The PRAGUE-OHCA
study failed to prove the difference in the primary
endpoint of neurological intact survival at 6 months but
showed a significant survival benefit at 180 days, and
significant improvement in neurological outcome at 30
days. In the same trial, 11 patients who were rando-
mised to the standard ACLS arm crossed over to inva-
sive arm, with five of them surviving with neurological
favourable outcome.

Given the limited randomised controlled data, the
diversity in the ECPR strategies that are employed and
the potentially high impact on survival, there is value in
pooling these two similar randomised controlled trials
to assess the effect of ECPR based approach on survival
and identify optimal patient characteristics for deploying
such strategies.8,9
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Therefore, we conducted an individual participant
level pooled analysis of the two RCTs. We hypothesised
that an invasive ECPR based strategy would improve
neurologically favourable survival at 180 days when
compared to standard ACLS strategies for refractory
OHCA.

Methods
Study design and ethics
For both RCTs, the corresponding authors provided
anonymised individual patient data, coding, and defi-
nition of variables. Risk of bias in each trial was
assessed by two independent reviewers (BG and RK)
using the Cochrane risk-of-bias tool (Supplementary
Table S1). This was not applied separately for each
outcome.10

Three authors had access and verified the data of the
combined patient populations (JB, DY, MH) and two
authors were responsible to submit the manuscript (JB,
DY). Data consistency, data completeness, and baseline
imbalance were verified by JB, DY, and MH.

Ethics approval was not required for this pooled
analysis. Both primary studies were approved by the
local University hospital Institutional Review Boards
and the ARREST trial was further approved and moni-
tored by the Food and Drug Administration (FDA). In-
dividual consent was obtained from all patients included
in the primary studies. Pooled analysis combined
anonymous data.

Protocols of the original trials used for pooling the
data
The study was conducted with a protocol a priori but it
was not registered. An intention to treat analysis
and an as-treated analysis were the primary analyses
prespecified at the inception of this study design. A
post-hoc per-protocol analysis was performed as a
sensitivity analysis. Out of the data from the primary
studies, there was one point missing for the ARREST
trial when a patient in the ECPR group refused further
participation in the study. Outcomes results were
censored for this one patient. For the PRAGUE-OHCA
trial, there was no missing data for the primary and
secondary outcomes.

The ARREST trial was a single-centre, city-wide,
multiple EMS randomised controlled trial that assessed
the efficacy of an early, invasive ECPR-based approach to
patients arriving to the hospital after presenting with
refractory OHCA due to a shockable rhythm.6,11 The
ARREST trial enrolled patients between August 8, 2019
to June 14, 2020. Refractory OHCA was defined as a
failure to achieve ROSC after three defibrillatory shocks.
Upon arrival, patients were randomised to: (1) gain
immediate access to the cardiac catheterisation labora-
tory for initiation of ECPR (if clinically indicated) fol-
lowed by coronary angiography and intervention, or (2)
www.thelancet.com Vol 59 May, 2023
standard ACLS until the patients were either declared
dead or ROSC was achieved. In the latter case, those
patients could also gain access to the cardiac catheter-
isation laboratory for the same interventions as the
ECPR group. The primary and safety analyses were both
analysed using the modified intention-to-treat principle.
The trial qualified for exception from informed consent
under emergency circumstances (21 Code of Federal
Regulations 50.24), with applicable requirements and
oversight by the US Food & Drug Administration
(FDA), an investigational device exemption, approval by
the Institutional Review Board of the University of
Minnesota, and monitoring by an independent NHLBI
appointed Data and Safety Monitoring Board (DSMB).
After admission to the hospital, patients who were
enrolled under exemption of informed consent had to
provide written consent upon awakening. Until this was
possible, the research team obtained consent to
continue participation within 24 h from admission from
the legally authorised representative. The representative
and the patient had the freedom to withdraw from the
study at any time.

The PRAGUE-OHCA study was a randomised
controlled trial which was conducted at a single centre
in Prague, Czech Republic from March 1, 2013 to
October 25, 2020. Adult patients, while receiving
ongoing resuscitation for witnessed OHCA of presumed
cardiac aetiology after at least 5 min of ACLS were
eligible for enrolment in the trial. A web-based secured
randomisation system was used to assign patient
number and intervention group prehospitally during
ongoing CPR in the field. The methodology and results
of the intention to treat analysis were published in detail
elsewhere.7,12 The original study as well as secondary
analyses were approved by the Institutional Review
Board of the General University Hospital and First
Faculty of Medicine, Charles University in Prague (192/
11, S-IV). All patients who regained normal neurological
function were asked to provide their written consent
regarding the use of their data. Consent requirements
were waived for patients who died at the scene and
never reached the hospital and for participants without
known legal representatives.

Both studies used individual randomisation for
group allocation. Both studies also employed 1:1 ran-
domisation as was published in the original trial pro-
tocols and primary results papers. The two trials differed
mainly by the place of randomisation: at hospital arrival
in the ARREST trial and in the prehospital setting in the
PRAGUE-OHCA study. The ARREST trial enrolled only
patients presenting with shockable rhythm, while the
PRAGUE-OHCA study enrolled all rhythms. In both
trials the “standard arm” cases were treated with local
protocols: in the PRAGUE-OHCA trial standard therapy
was primarily on-scene treatment, however, some cases
still eventually underwent intra-arrest transport; in the
3
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ARREST trial, the standard therapy was intra-arrest
transport for those in whom ROSC was not achieved
during the initial resuscitation.

Outcome measures
The primary outcome of the present analysis is the 180-
day survival with favourable neurological outcome
[defined as cerebral performance category (CPC) 1–2].
Secondary outcomes include: cumulative survival at
180 days, 30-day favourable neurological survival
(defined as CPC 1–2), and 30-day cardiac recovery,
which was defined as no need for pharmacological or
mechanical support for at least 24 h. The analysis for
these endpoints was performed using the modified
intention-to-treat approach (as randomised) in the
whole, shockable rhythms and resuscitated ≥45 min
populations.

We further repeated these methods also for an “as-
treated” and “per protocol” analyses, classifying patients
based on the treatment they received, rather than the
assigned treatment at randomisation and excluding pa-
tients who received other treatment than the assigned at
randomisation, respectively.

We also specified the following sub-group analyses
for the primary study outcome in the modified
intention-to-treat populations based on the original
publications: sex (male versus female), age (we dicho-
tomised by the median age, rounded to the nearest low
multiple of 5, <55 years or >55 years), duration of
resuscitation (<30 min, ≥30 and <45 min or ≥45 min),
initial cardiac rhythm (shockable or non-shockable),
location of OHCA (public place or home), epinephrine
used and study enrolment (ARREST or PRAGUE-
OHCA study). The subgroup analyses in this manu-
script are considered hypothesis generating. Post-hoc
subgroup analyses were performed for the whole and
shockable rhythm populations.

Statistical analysis
The cardiac arrest time intervals and other continuous
numeric variables are expressed as medians and inter-
quartile range (IQR). The 2-sided Mann–Whitney test
was used to compare cardiac arrest intervals and labo-
ratory values between the standard and invasive groups.
For categorical values and outcome assessment the
Fisher’s exact test (for 2 × 2 table) or chi-square test were
used, with absolute difference and 95% confidence in-
tervals calculated and reported.

The survival analysis was performed using Kaplan–
Meier analyses and log rank test p value calculation and
considered patients alive at day 180 regardless of their
neurological status. The results of the subgroup analyses
were reported as an absolute difference with 95% con-
fidence intervals. We also fit a series of Mantel–
Haenszel models, examining the association of treat-
ment assignment and outcomes, with each separate
model including an interaction term between the
invasive group strategy and each of the subgroup cate-
gories; p values were calculated for the interaction
terms. The multivariable analysis was performed by lo-
gistic regression (OR; 95% CI; p-value). A two-tailed
p value of <0.05 was considered significant for all
analyses.

The decision to use non-parametric tests was based
on evaluation of the distribution of all continuous vari-
ables when tested by the Shapiro–Wilk test. Further, we
examined histograms to identify deviations in skewness
and/or kurtosis. When identified as significant, we
chose to use non-parametric methods. Forest plots for
heterogeneity of the enrolled studies were developed
and presented.

We included all the enroled patients from both
studies for analysis, therefore no sample size calcula-
tions were done. We performed per-protocol and as-
treated sensitivity analyses. We compared the results
of fixed and mixed effect models. Further, we consid-
ered and conducted a multilevel model, specifically a
generalised mixed-effect model. However, the results of
the model were almost identical not only in the odds
ratio values but also in Akaike information criterion
(AIC). The mixed-effect model had an AIC of 226.2, and
the fixed-level model had an AIC of 224.16. This result
confirmed our assumptions that heterogeneity has no
important impact on the result of the multivariable
regression model. Therefore, we report the results of the
fixed-effect model.

All statistical analyses were conducted using Med-
Calc® Statistical Software version 20.211 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.
org; 2023).

Role of the funding source
No funding was received for this work.
Results
Baseline, pre-hospital, and procedural
characteristics
The two studies enrolled a total of 286 patients: 139
patients were randomised to the invasive ECPR-based
arm and 147 in the standard ACLS arm. The CON-
SORT diagram of the pooled populations is shown in
Fig. 1.

Demographics and pooled data of baseline charac-
teristics of the Invasive and Standard groups are shown
in Table 1. The characteristics were evenly distributed
between groups, except for prehospital dose of
epinephrine used. Notably, eleven patients in the stan-
dard ACLS group crossed over to receive ECPR based
approach, with 10 of them ultimately receiving extra-
corporeal life support therapy (ECLS) with similar time
to initiation as in the invasive strategy group. The risk of
bias was judged to be low in both trials (Supplementary
Figure S1). The assessors did not have any discordance
www.thelancet.com Vol 59 May, 2023
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294 Randomised

94 Excluded (Prague-OHCA) 

36 High age
29 Physician decision not to enroll
19 Referred to other institutions
4 ECLS or ICU bed capacity not available
4 Reason not known
1 Mechanical CPR device not functional
1 Polymorbid patient

358 Patients without return of 
spontaneous circulation assessed for 

inclusion in Prague OHCA

36 Patients assessed in ARREST
upon hospital arrival 

8 Excluded
7 Consent not obtained 
1 Randomized after DSMB stopped the study

147 Allocated to Standard ACLS arm and included in 
the primary outcome analysis

136 Received allocated intervention 
11 Received invasive intervention

139 Allocated to Invasive ECPR-based arm and 
included in the primary outcome analysis

130 Received allocated intervention 
9 Received standard care

6 Excluded (ARREST) 

2 Initial PEA
1 >30 minutes transport time
3 ROSC with second shock 

Fig. 1: CONSORT diagram for the pooled analysis of the ARREST and Prague-OHCA trials.

Articles
in the assessment of study quality. No issues were
identified in checking the integrity of the individual data.

Procedural characteristics and in hospital care com-
parisons are shown in Table 2. Patients who were
randomised to the invasive strategy group had a longer
CPR duration and significantly lower sustained ROSC
rates on admission but were more likely to be admitted
to the hospital. Blood gas analysis revealed significantly
lower pH and higher lactate levels on admission in the
invasive strategy group.

There were significantly more patients who received
targeted temperature management therapy in the inva-
sive strategy compared to the standard ACLS group,
reflecting the lower admission rate to ICU. Patients with
ECPR were more likely to receive angiography than the
standard group, but once that was obtained, coronary
interventions were similar between the two groups.

Among cases randomised to the invasive group: 34
achieved sustained ROSC during the transport to
hospital or at the hospital arrival with conventional
resuscitation (25%); 94 were treated with ECPR
(69%); and 11 were declared dead (7.9%) prehospitally
or on admission to hospital. Among cases randomised
to the standard group: 59 (40%) achieved sustained
ROSC during the transport to hospital or at the hos-
pital arrival with conventional resuscitation; 10 (6.8%)
were treated with ECPR (cross over); and 78 (53%)
were declared dead prehospitally or at the hospital
arrival.

The cause of arrest, identified in almost 90% of
the patients, was similar in both groups with the
www.thelancet.com Vol 59 May, 2023
predominant aetiology being acute coronary syndromes
and chronic coronary artery disease. In general, patients
randomised to the invasive strategy died of severe
neurological injury or multiple organ failure rather than
cardiac injury once they were on ECLS support in the
hospital. Bleeding complications were more frequent in
patients randomised to the invasive strategy. However,
intracranial bleeding rates were not different between
groups.

Primary outcome
The invasive, ECPR-based strategy significantly
improved 180-day survival with favourable neurological
outcome compared to standard ACLS: 45/139 (32.4%)
patients in the invasive and 29/147 (19.7%) patients in
the standard arm survived to 180 days with a good
neurological outcome (AD, 95% CI: 12.7%, 2.5%–

22.6%, p = 0.015; Table 3, Panel A).

Secondary outcomes
For cumulative survival at 180 days, the invasive ECPR
based strategy significantly improved survival over a
6-month follow up period compared to standard ACLS
in the whole study population (Fig. 2, Panel A): 47
(33.8%) patients in the invasive arm and 33 (22.4%) in
the standard ACLS group survived to 180 days [HR 0.59
(0.43–0.81); log rank test p = 0.0009].

For favourable neurological outcome at 30 days, the
invasive strategy significantly improved neurological
outcomes compared to standard ACLS: 44 (31.7%) and
24 (16.3%) patients reached favourable neurological
5
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Demographic and baseline data Invasive (N = 139) Standard (N = 147) p value

Age (years), mean (IQR) 58 (48–66) 57 (47–65) 0.58

Sex, n (%)

Women 23 (16.5%) 26 (17.7%) 0.88

Men 116 (83.5%) 121 (82.3%)

Medical history, n/N (%)

Hypertension 49/123 (39.8%) 47/98 (48%) 0.27

Coronary artery disease 19/119 (16%) 21/98 (21.4%) 0.38

Chronic heart failure 12/121 (9.9%) 5/94 (5.3%) 0.31

Diabetes 22/119 (18.5%) 20/98 (20.4%) 0.73

Chronic kidney disease 3/119 (2.5%) 4/94 (4.3%) 0.7

COPD 9/120 (7.5%) 3/94 (3.2%) 0.24

ICD implanted 3/121 (2.5%) 0/89 (0.0%) 0.26

Location of cardiac arrest, n (%) N = 138 N = 147

Home 48 (34.8%) 41 (27.9%) 0.41

Public place 52 (37.7%) 61 (41.5%)

EMS 19 (13.8%) 17 (11.6%)

Health facility 2 (1.4%) 1 (0.7%)

Car 8 (5.8%) 7 (4.8%)

Hotel 4 (2.9%) 6 (4.1%)

Workplace 5 (3.6%) 14 (9.5%)

Initial rhythm, n (%) N = 139 N = 147

VF 87 (62.6%) 99 (67.3%) 0.44

Asystole 31 (22.3%) 24 (16.3%)

PEA 21 (15.1%) 24 (16.3%)

Bystander CPR, n (%) 137 (98.6%) 143 (97.3%) 0.68

Collapse-to-EMS arrival interval (min), median (IQR) 8 (7–10.3) 9 (6–11) 0.63

Collapse-to-randomisation interval (Prague) (min), median (IQR) 24 (21–30) 26 (20–35) 0.17

Collapse-to-randomisation interval (ARREST) (min), median (IQR) 52.5 (42–60.5) 58 (44–66) 0.57

Number of epinephrine doses prehospitally, median (IQR) 4 (2–5) 5 (2.3–7) 0.003

Number of defibrillations prehospitally, median (IQR) 4 (3–6) 4 (2–7) 0.97

Intermittent ROSC, n/N (%) 41/124 (33.1%) 45/132 (34.1%) 0.7

Denominators in respective groups demonstrated as N. Bold: p value is less than the level of significance (<0.05). Legend: COPD, chronic obstructive pulmonary disease;
CPR, cardiopulmonary resuscitation; EMS, emergency medical services; ICD, implantable cardioverter-defibrillator; IQR, interquartile range; PEA, pulseless electrical asystole;
ROSC, return of spontaneous circulation; VF, ventricular fibrillation.

Table 1: Demographic and baseline data pooled from the ARREST and PRAGUE-OHCA randomised trials.
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status in the invasive and standard arms, respectively
(AD, 95% CI: 15.4%, 5.5–25, p = 0.003).

For 30-day cardiac function recovery, the invasive
strategy appeared to provide better cardiac recovery
compared to standard ACLS where 60 (43.2%) and 46
(31.3%) patients (AD, 95% CI: 11.9%, 0.7–22.7, p = 0.05)
had cardiac recovery, in the invasive and standard arms,
respectively. Table 4 shows multivariable logistic
regression analysis on the primary endpoint of the
whole study population.

Subgroups defined by initial cardiac rhythm
Although patients presenting with shockable rhythms
(ventricular tachycardia/ventricular fibrillation) repre-
sented only 65% (186/286) of the enrolled subjects, they
accounted for 93% (69/74) of neurologically favourably
surviving patients at 180 days. Only 5% (5/100) patients
presenting with asystole and pulseless electrical activity
survived with a favourable neurological outcome in 180
days in both groups.

Among initial shockable rhythms, the invasive
strategy significantly improved 180-day survival with
favourable neurological outcomes compared to stan-
dard ACLS (41 [47.1%] vs. 28 [28.3%] respectively;
AD, 95% CI: 18.8%, [5.1–32.6], p = 0.01; Table 3,
Panel B). Neurologically favourable survival at 30 days
was consistent. All but one (41/42) patient presenting
with shockable rhythms and treated with invasive
ECPR based strategy who survived 180 days had
favourable neurological outcomes (CPC 1–2), Fig. 2,
Panel B.

Among cases treated by invasive approach with
initial non-shockable rhythms, we did not detect an
improvement in 180-day survival with favourable
neurological outcomes compared to ACLS (4 [7.7%] vs. 1
[2.1%] respectively; AD, 95% CI: 5.6%, −2.7 to 13.9).
www.thelancet.com Vol 59 May, 2023
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Procedural characteristics Invasive (N = 139) Standard (N = 147) p value

Admitted to hospital 138 (99.3%) 102 (69.4%) <0.0000001

Collapse-to-hospital admission interval (min), median (IQR) 49 (44–60) 59 (49–68.3) <0.0001

Declared dead 13 (9.4%) 78 (53.1%) <0.0001

In the prehospital setting 1 (7.7%) 46 (59.0%) 0.0006

Within 1 h from admission 12 (92.3%) 32 (41.0%)

Collapse-to-Resuscitation End interval (death, ROSC, or ECLS) (min), median (IQR) 58 (43.2–68.5) 49 (33–71) 0.17

<30 min 14 (10.7%) 26 (18.3%) 0.02

≥30 and <45 min 20 (15.3%) 33 (23.2%)

≥45 min 97 (74.0%) 83 (58.5%)

Sustained ROSC on admission to hospital 34 (24.5%) 59 (40.1%) 0.005

TTM used at the ICU n/N (%) 129/138 (93.5%) 63/102 (61.8%) <0.0001

ECPR

ECLS implanted 94 (67.6%) 10 (6.8%) <0.0001

Collapse-to-ECLS (min) 61 (55–70) 62 (51–73) 0.9

Door-to-ECLS interval (min) 12 (9–15) 15 (11–17) 0.055

Invasive assessment n/N (%)

Coronary angiography 128/136 (94.1%) 68/83 (81.9%) 0.006

Emergency invasive interventions n/N (%)

PCI (both for ACS and CAD)

Successful 62/68 (91.2%) 26/32 (81.2%) 0.19

Unsuccessful 6/68 (8.8%) 6/32 (18.8%)

Laboratory values on admission n/N (%), median (IQR)

pH 6.94 (6.8–7.1) 7.03 (6.9–7.2) 0.003

pH ≤ 6.85 and CPC 1 + 2 9/138 (6.5%) 1/92 (1.1%) 0.05

pH ≤ 6.80 and CPC 1 + 2 4/138 (2.9%) 1/92 (1.1%) 0.65

Lactate (mmol/L) 12.4 (9.4–15.9) 10.2 (7.6–13.5) 0.006

Cause of cardiac arrest (including autopsy findings) N = 124 N = 132

Acute coronary syndrome 64 (51.6%) 63 (47.7%) 0.19

Coronary artery disease–chronic 14 (11.3%) 18 (13.6%)

Pulmonary embolism 12 (9.7%) 12 (9.1%)

Chronic heart failure 8 (6.5%) 6 (4.5%)

Cardiomyopathy 3 (2.4%) 6 (4.5%)

Myocarditis 6 (4.8%) 2 (1.5%)

Aortic stenosis 2 (1.6%) 6 (4.5%)

Aortic dissection type A 2 (1.6%) 2 (1.5%)

Intracranial haemorrhage 1 (0.8%) 2 (1.5%)

Bleeding–other 3 (2.4%) 0 (0.0%)

Accidental hypothermia 3 (2.4%) 1 (0.8%)

Pulmonary hypertension 2 (1.6%) 0 (0.0%)

Sepsis 0 (0.0%) 1 (0.8%)

Other 1 (0.8%) 1 (0.8%)

Unknown 3 (2.4%) 12 (9.1%)

Cause of death N = 89 N = 116

Refractory arrest 13 (14.6%) 81 (69.8%) <0.0001

Brain death 24 (27.0%) 10 (8.6%)

MODS 36 (40.4%) 17 (14.7%)

Cardiogenic shock 10 (11.2%) 4 (3.4%)

UNK 1 (1.1%) 4 (3.4%)

Bleeding 4 (4.5%) 0 (0.0%)

Other 1 (1.1%) 0 (0%)

(Table 2 continues on next page)
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Procedural characteristics Invasive (N = 139) Standard (N = 147) p value

(Continued from previous page)

Complications n/N (%)

Bleeding -any 43/123 (35.0%) 10/69 (14.5%) 0.002

Fatal 4 (9.3%) 0 (0.0%) 0.6

Intracranial haemorrhage 8 (18.6%) 2 (20.0%)

Overt 31 (72.1%) 8 (80.0%)

Denominators in respective groups demonstrated as N. Bold: p value is less than the level of significance (<0.05). Legend: ACS, acute coronary syndrome; CAD, coronary
artery disease; CPC, cerebral performance category; CPR, cardiopulmonary resuscitation; ECLS, extracorporeal life support; EMS, emergency medical services; ICD, implantable
cardioverter-defibrillator; ICU, intensive care unit; IQR, interquartile range; PCI, percutaneous coronary intervention; PEA, pulseless electrical asystole; ROSC, return of
spontaneous circulation; TTM, targeted temperature management; MODS, multiple organ dysfunction syndrome; UNK, unknown; VF, ventricular fibrillation.

Table 2: Procedural characteristics pooled from the ARREST and PRAGUE-OHCA randomised trials.
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Additional subgroup analyses
Among patients resuscitated ≥45 min, the invasive
strategy significantly improved 180-day survival with
favourable neurological outcomes compared to standard
ACLS (23 [23.7%] vs. 6 [7.2%], respectively; AD, 95% CI:
16.5%, 5.9–26.6, p = 0.004), Table 3, Panel C. The
Kaplan–Meier survival comparisons, are shown in Fig. 2,
Panel C.

Subgroup analyses from the whole study population
and for patients presenting with shockable rhythms in
the ARREST and PRAGUE-OHCA randomised trials
are shown in Figs. 3 and 4 (Panels A, B, C are based on
modified intention to treat, as treated and per protocol
analyses). The invasive strategy led to improved 180-day
survival among subgroups of: men, age > 55 years,
Panel A. Modified intention to treat analysis in the whole population of b

Outcomes Invasive

Primary outcome

Survival with minimal or no neurologic impairment at 180 days 45 (32.4

Secondary outcomes

Survival with minimal or no neurologic impairment at 30 days 44 (31.7

Cardiac recovery at 30 days 60 (43.2

Panel B. Modified intention to treat analysis in patients presenting with sh

Outcomes Invasive

Primary outcome

Survival with minimal or noneurologic impairment at 180 days 41 (47.1

Secondary outcomes

Survival with minimal or no neurologic impairment at 30 days 40 (46)

Cardiac recovery at 30 days 49 (56.3

Panel C. Modified intention to treat for patients with time of cardiopulmo

Outcomes Invasive

Primary outcome

Survival with minimal or no neurologic impairment at 180 days 23 (23.7

Secondary outcomes

Survival with minimal or no neurologic impairment at 30 days 23 (23.7

Cardiac recovery at 30 days 32 (33.0

Bold: p value is less than the level of significance (<0.05). Legend: CI, confidence inter

Table 3: Outcomes in pooled analysis of the ARREST and PRAGUE-OHCA ran
initial shockable rhythms, public location, and those
who were treated with ≥45 min of CPR. Interaction
terms were statistically significant for: age category and
initial cardiac rhythm.

Sensitivity analysis: as-treated
Figs. 2, Panel B and 3, Panel B, show subgroup analyses
of the whole and shockable populations using as treated
analysis. Supplementary Table S2 includes primary and
secondary outcomes for the whole (Panel A), shockable
rhythms (Panel B) and resuscitated ≥45 min pop-
ulations (Panel C). Supplementary Figure S2 shows
Kaplan–Meier survival comparisons for the whole (Panel
A), shockable rhythms (Panel B) and resuscitated
≥45 min (Panel C) populations.
oth trials

(N = 139) Standard (N = 147) Absolute difference (CI), % p value

%) 29 (19.7%) 12.7 (2.6–22.7) 0.015

%) 24 (16.3%) 15.4 (5.6–25.1) 0.003

%) 46 (31.3%) 11.9 (0.7–23) 0.05

ockable rhythm

(N = 87) Standard (N = 99) Absolute difference (CI), % p value

) 28 (28.3) 18.8 (5.1–32.6) 0.01

24 (24.2) 21.8 (8.3–35.2) 0.002

) 42 (42.4) 13.9 (−0.4 to 28.2) 0.08

nary resuscitation ≥45 min

(N = 97) Standard (N = 83) Absolute difference (CI), % p value

%) 6 (7.2%) 16.5 (6.3–26.6) 0.004

%) 6 (7.2%) 16.5 (6.3–26.6) 0.004

%) 12 (14.5%) 18.5 (6.5–30.6) 0.005

val.

domised trials.
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Fig. 2: Cumulative survival at 180 days in out-of-hospital cardiac arrest patients of the ARREST and PRAGUE-OHCA randomised trials. Panel A:
in the whole study population. Panel B: in patients presenting with shockable rhythms. Panel C: in patients with the time of cardiopulmonary
resuscitation ≥45 min. Legend: CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation.

Articles
Sensitivity analysis: per-protocol
Figs. 3, Panel C and 4, Panel C, show subgroup analyses
of the whole and shockable populations using per pro-
tocol analysis. Supplementary Table S3 includes pri-
mary and secondary outcomes for the whole (Panel A),
shockable rhythms (Panel B) and resuscitated ≥45 min
populations (Panel C). Supplementary Figure S3 de-
lineates Kaplan–Meier survival comparisons for the
Variable Odds ratio 95% CI p-value

Sex male 1.61 0.57–4.59 0.37

Age >55 1.83 0.89–3.77 0.1

Initial rhythm “Shockable” 0.05 0.02–0.16 <0.0001

Public place Yes 0.8 0.4–1.62 0.54

Time of CPR <30 0.07 0.02–0.21 <0.0001

Time of CPR ≥30 & <45 0.27 0.11–0.66 0.004

Epinephrine >4 mg 1.82 0.81–4.07 0.15

Invasive approach 0.25 0.11–0.54 0.0004

Study–ARREST 1.92 0.45–8.16 0.38

Bold: p value is less than the level of significance (<0.05). Legend: CI, confidence
interval; CPR, cardiopulmonary resuscitation.

Table 4: Multivariable logistic regression analysis for the primary
outcome in the whole population of pooled ARREST and PRAGUE-
OHCA randomised trials (OR > 1: unfavourable outcome, OR < 1:
favourable outcome).

www.thelancet.com Vol 59 May, 2023
whole (Panel A), shockable rhythms (Panel B) and
resuscitated ≥45 min (Panel C) populations.

Discussion
In this individual-patient pooled data analysis of the
ARREST and PRAGUE-OHCA randomised controlled
trials, we found that an invasive, ECPR-based resusci-
tation strategy that included early transport, ECLS, im-
mediate invasive assessment, mainly coronary
angiography, with cause identification, and eventual
reversal in patients with refractory OHCA, significantly
improved survival with favourable neurological out-
comes at 180 days when compared to standard ACLS.
The analysis further suggests that the clinically relevant
effect for such an invasive, resource intensive therapy,
was observed in patients presenting with initial shock-
able rhythms. For this shockable rhythm subgroup, ∼5
patients will have to be treated to save an additional life
with favourable neurological outcome at 6 months.

Clinical evidence suggests that survival after 45 min
of CPR with standard ACLS is grim.5,13 Universally,
survival drops below 10% in refractory arrest after
30 min in all presenting rhythms and survival after
40 min is based on anecdotes and represents rare
events. On the contrary, our data suggest that an inva-
sive approach offers a distinctive survival advantage
9
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Fig. 3: Subgroup analyses from the whole study population of the ARREST and PRAGUE-OHCA randomised trials. Panel A: modified intention-
to-treat analysis. Panel B: as treated analysis. Panel C: per protocol analysis. Legend: CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital
cardiac arrest.
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when applied within a mature, centralised system of
care.

Our subgroup analyses also point to the phenotypes
that demonstrate improved outcomes with an early
invasive, ECPR-based approach: male, >55 years of age,
Fig. 4: Subgroup analyses from the shockable rhythms population of th
intention to treat analysis. Panel B: as-treated analysis. Panel C: per proto
of-hospital cardiac arrest.
initial shockable rhythm, a public place, and refractory
to initial defibrillatory shocks and concomitant standard
ACLS. These patients are very likely to have significant
coronary artery disease as the underlying aetiology.
Interestingly, cases over 55 years of age appeared to
e ARREST and PRAGUE-OHCA randomised trials. Panel A: modified
col analysis. Legend: CPR, cardiopulmonary resuscitation; OHCA, out-
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benefit more from invasive techniques, which may be
related to the higher prevalence of acute coronary syn-
dromes within this subgroup. This finding is consistent
with a previous analysis that identified ECPR-treated
cases aged 60 with the highest probability of survival,
in comparison to both older and younger patients.14

In our pooled subgroup analysis, there was no
interaction of time to ECPR on the overall effect on
survival. The absolute magnitude of survival difference
with ECPR for patients presenting with a shockable
rhythm varied between 23% and 35%. Despite the fact
there was no interaction between time intervals, our
subgroup analyses suggest that the primary clinical
benefit of ECPR is found among patients treated with
≥45 min of CPR in our trials. This group is the largest
group of patients and represented almost 60% of the
patient population studied. It is in those patients that
standard CPR offers no significant chance of survival, as
it can be seen in the as-treated analysis where only 2
patients survived with standard ACLS without ECPR
cross over (Supplementary Table S2, Panel C). The
major limitation of the time to ECPR effects are system
based. Our systems were not capable of receiving pa-
tients consistently early enough to have significant
numbers for comparison. The effect of expediting ECPR
initiation to impact survival further needs to be evalu-
ated in separate system implementation trials.

Our subgroup analysis did not detect an improve-
ment in outcomes from ECPR among those with initial
non-shockable rhythms, and our interaction analysis
showed that the effect of ECPR on this phenotype is
significantly different from its effect on those with
initial shockable rhythms. The very high baseline mor-
tality (∼95%) renders this population problematic for
wide use of this strategy. Accordingly, given current
health care system limitations and our poor prognosti-
cation capabilities before we initiate ECPR, these pa-
tients should only be considered on a case-by-case basis
and not systemically. Originating from the PRAGUE-
OHCA study, 4 patients with non-shockable present-
ing rhythms survived to 180 days neurologically intact in
the invasive strategy arm and only a single patient sur-
vived in the standard ACLS arm.

It is helpful to review the current landscape of
OHCA treatment in order to contextualise the results of
this pooled analysis. The average survival rate for OHCA
presenting with shockable rhythms in the US is 28%–

30% and approximately 95% of these patients have CPR
<20 min before achieving ROSC.11 In contrast, our
combined populations received more than 3× the
duration of CPR before circulation was re-established,
whether it was by initiation of ECPR or, in a smaller
subgroup, by achieving ROSC. Our analysis proved that
∼1/3 of the patients treated with an invasive ECPR
based strategy after ∼60 min of CPR can survive 180
days with favourable neurological function in spite of
the fact that the populations enrolled in the PRAGUE-
www.thelancet.com Vol 59 May, 2023
OHCA and ARREST trials represent one of the sickest
resuscitated populations ever evaluated or treated in
modern intensive care units. All of the data presented
here are consistent with Bartos et al.5 and Mork et al.15

investigations that suggest that the largest effect of an
invasive strategy compared to standard ACLS is seen in
patients after 40 min of CPR. It is also true that survival
in the invasive approach is mostly correlated with time
to cannulation and initiation of ECPR, as it has been
shown by the two studies above and between 40 and
60 min, survival can reach 47% in refractory shockable
rhythm presenting patients. These numbers would have
sounded unimaginable 10 years ago.

Our data are also concordant with previously pub-
lished analyses and retrospective cohorts assessing the
effect size in different presenting rhythms.16 Conse-
quently, it appears that refractory OHCA presenting
with a shockable rhythm is the primary target popula-
tion for an early invasive, ECPR based resuscitation
strategy.

Furthermore, an invasive approach significantly
improved overall survival and tended to positively affect
cardiac recovery at 180 days. The positive effect was
documented despite the intention to treat analysis, in
which: (1) the standard group included 11 patients
treated with ECPR based approach and of whom 5
survived with favourable neurological outcome at 180
days and represented 14% of the survivors in the stan-
dard group and (2) the invasive group included 11 pa-
tients who were denied ECPR, despite being assigned by
the protocol. As such, an intention to treat analysis of-
fers a rather conservative interpretation of the results.
The presented as-treated analysis is further informative
of the treatment effect when ECLS is actually used and
showed that a total of ∼4 patients presenting with re-
fractory shockable rhythm have to be treated to save an
extra life. In a population that has 75% mortality with
standard ACLS, that is a very large survival benefit,
essentially doubling survival rate. The per protocol
analysis also reinforced and corroborated the significant
clinical benefit that an invasive approach offers espe-
cially in shockable rhythms.

Our data are derived from two very organised and
experienced centres with well-orchestrated prehospital
protocols and high-volume operators. This has created a
culture where refractory OHCA patients are aggressively
treated and supported in a consistent manner. Thus,
replication of these results may be cumbersome in other
settings. Reported outcomes require experienced teams,
with commitment across disciplines, system-wide
collaboration between prehospital services and hospi-
tals and avoidance of competitive fragmentation that
might limit the number of patients treated by large
centres.17–19 Simply having ECLS initiation capabilities
does not provide the systemic expertise to have a mature
ECPR program that delivers survival rates close to
30%.16 In other words, a 30% survival rate is the lowest
11
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benchmark for invasive ECPR based programs need to
target while further improvements in the systems of
care delivery can be investigated. Notably, a recent
multicentre randomised study has shown that in sys-
tems not organised as outlined above, with low case
volumes, long procedural times to initiate ECPR,
reduced ICU length of stay, extremely short ECMO
support times, and premature neuroprognostication,
overall survival may be markedly decreased.20 In con-
trary, the ARREST trial was stopped early due to benefit.
Trials that have been stopped early for benefit tend to
overestimate treatment effects. However, the neurolog-
ically favourable survival outcomes (in the invasive arm),
are nearly identical to previously published data from
the group.5,6,21,22 No other case series ever published has
demonstrated similar survival rates in any community,
for patients treated with ACLS alone due to OHCA re-
fractory cardiac arrest (as defined by the ARREST or
PRAGUE-OHCA trials).

Between-study heterogeneity of the effect size point
estimates (risk difference) exists in the full cohort,
mainly because of the inclusion of non-shockable
rhythms, cross-over and a much larger number of
included patients in the PRAGUE-OHCA trial. Despite
that, the effect in both studies shows a similar direction
and degree of benefit. The effect of including all
rhythms is clearly shown as the heterogeneity disap-
pears in the per protocol analysis in the shockable
rhythms, since, as expected, the survival risk differences
were similar between studies. The effect of cross over in
the overall population for heterogeneity is further
documented by the almost absolute homogeneity of the
two studies when tested in the as-treated analysis. This
is also evident in the homogeneity documented in the
per protocol analysis and is especially true in the
shockable rhythms populations.

We have limited our pooled analysis to ARREST and
PRAGUE-OHCA trials, as our main target was to
combine data from RCTs performed by high volume
cardiac arrest and ECPR cardiovascular centres which
use similar and well-established protocols for ECPR,
with immediate percutaneous invasive strategies. For
these reasons, the EROCA and INCEPTION trials were
not considered for data pooling.20,23

Our results suggest that OHCA with shockable
rhythms are the primary target population but studies
need to identify other potential populations for this
approach. Further, our studies required patients to be
moved to the hospital for cannulation, a protocol process
that may have compromised optimal delivery of ACLS in
the field as demonstrated by PRAGUE-OHCA results.
Intra-arrest transport has been previously associated
with decreased OHCA survival.24 This may have
adversely impacted outcomes in the ARREST trial. This
strategy may also be partially responsible for the varia-
tion in survivors in the standard CPR arm between the
ARREST and PRAGUE-OHCA trials. In both trials,
patients were receiving ACLS based on local protocols:
in the PRAGUE-OHCA trial standard therapy was pri-
marily on-scene treatment achieving rather high ROSC
rate (44%) and notably even patients in the invasive
strategy arm still achieved ROSC in 27% before ECPR
might have been implemented. Although our data do
not address the effect of time to cannulation, future
studies will need to address systematic changes that will
facilitate even earlier cannulation for patients that fail to
have ROSC within a certain time frame. Future studies
should further evaluate the effect of prehospital invasive
resuscitation and the complexity of the system changes
in order to achieve those time limits to ultimately
improve overall survival.

An early invasive, ECPR based resuscitation strategy,
significantly improved favourable neurological survival at
180 days compared to standard ACLS for patients with re-
fractory OHCA, absolute difference (CI) 12.7% (2.5–22.6),
p = 0.015. The effect was larger in patients presenting with
shockable rhythms, absolute difference (CI) 18.8%
(7.6–29.4), p = 0.01 and prolonged CPR, absolute difference
(CI) 16.5% (5.9–26.6), p = 0.004. Early invasive ECPR based
resuscitation should be strongly considered as a first-line
therapy for these patients within large, well-organised sys-
tems of care if resources are available.
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