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IMPORTANCE Out-of-hospital cardiac arrest (OHCA) has poor outcome. Whether intra-arrest
transport, extracorporeal cardiopulmonary resuscitation (ECPR), and immediate invasive
assessment and treatment (invasive strategy) is beneficial in this setting remains uncertain.

OBJECTIVE To determine whether an early invasive approach in adults with refractory OHCA
improves neurologically favorable survival.

DESIGN, SETTING, AND PARTICIPANTS Single-center, randomized clinical trial in Prague,
Czech Republic, of adults with a witnessed OHCA of presumed cardiac origin without return
of spontaneous circulation. A total of 256 participants, of a planned sample size of 285, were
enrolled between March 2013 and October 2020. Patients were observed until death or day
180 (last patient follow-up ended on March 30, 2021).

INTERVENTIONS In the invasive strategy group (n = 124), mechanical compression was
initiated, followed by intra-arrest transport to a cardiac center for ECPR and immediate
invasive assessment and treatment. Regular advanced cardiac life support was continued
on-site in the standard strategy group (n = 132).

MAIN OUTCOMES AND MEASURES The primary outcome was survival with a good neurologic
outcome (defined as Cerebral Performance Category [CPC] 1-2) at 180 days after
randomization. Secondary outcomes included neurologic recovery at 30 days (defined as
CPC 1-2 at any time within the first 30 days) and cardiac recovery at 30 days (defined as no
need for pharmacological or mechanical cardiac support for at least 24 hours).

RESULTS The trial was stopped at the recommendation of the data and safety monitoring
board when prespecified criteria for futility were met. Among 256 patients (median age, 58
years; 44 [17%] women), 256 (100%) completed the trial. In the main analysis, 39 patients
(31.5%) in the invasive strategy group and 29 (22.0%) in the standard strategy group
survived to 180 days with good neurologic outcome (odds ratio [OR], 1.63 [95% CI, 0.93 to
2.85]; difference, 9.5% [95% CI, −1.3% to 20.1%]; P = .09). At 30 days, neurologic recovery
had occurred in 38 patients (30.6%) in the invasive strategy group and in 24 (18.2%) in the
standard strategy group (OR, 1.99 [95% CI, 1.11 to 3.57]; difference, 12.4% [95% CI, 1.9% to
22.7%]; P = .02), and cardiac recovery had occurred in 54 (43.5%) and 45 (34.1%) patients,
respectively (OR, 1.49 [95% CI, 0.91 to 2.47]; difference, 9.4% [95% CI, −2.5% to 21%];
P = .12). Bleeding occurred more frequently in the invasive strategy vs standard strategy
group (31% vs 15%, respectively).

CONCLUSIONS AND RELEVANCE Among patients with refractory out-of-hospital cardiac arrest,
the bundle of early intra-arrest transport, ECPR, and invasive assessment and treatment
did not significantly improve survival with neurologically favorable outcome at 180 days
compared with standard resuscitation. However, the trial was possibly underpowered to
detect a clinically relevant difference.
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O ut-of-hospital cardiac arrest (OHCA) is a significant so-
cioeconomic burden to society.1 In a large trial, 50%
of patients who attained stable return of spontane-

ous circulation (ROSC) during initial resuscitation and were
transferred to the hospital for postresuscitation care achieved
neurologically favorable survival.2 However, refractory car-
diac arrest (ie, prolonged cardiac arrest and cardiac arrest
without ROSC in the field) is associated with poor clinical
outcomes.3 In patients without ROSC, the odds of survival are
low when transport to the hospital occurs during ongoing car-
diopulmonary resuscitation (CPR), usually less than 4%.4,5

Temporary replacement of a failing circulation by extra-
corporeal life support (ECLS), a method called extracorporeal
cardiopulmonary resuscitation (ECPR), has been recognized
as a potential approach to refractory cardiac arrest.6-8

Despite encouraging results of nonrandomized studies, a
meta-analysis,9 and 1 recently published small randomized
trial,10 the benefit of ECPR in refractory OHCA remains
uncertain.11,12 Recent European Resuscitation Guidelines13

provide a weak recommendation for ECPR, which may be con-
sidered as a rescue method when conventional CPR is failing,
with very low certainty of evidence.

The purpose of this randomized clinical trial was to com-
pare the bundle of early intra-arrest transport to the hospital
using mechanical CPR, ECPR, and immediate invasive assess-
ment and treatment vs standard treatment in refractory
OHCA for achieving survival with good neurologic outcome
at 180 days.

Methods
Study Design
This randomized clinical trial was conducted at a single cen-
ter in Prague, Czech Republic, from March 1, 2013, to October
25, 2020 (with final follow-up on March 30, 2021). The study
protocol, including statistical analysis plan (Supplement 1),
was published in detail prior to study initiation,14 and the
study was approved by the institutional review board of the
General University Hospital and First Faculty of Medicine,
Charles University in Prague (192/11S-IV).

Each participant’s legal representative was informed of
the participant’s study enrollment and was asked for written
informed consent as soon as possible. All patients who
regained normal neurologic 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. As specified in the protocol, a
data and safety monitoring board reviewed the data on
patient outcome and complications every 6 months or after
every 30 patients enrolled, whichever came first. An inde-
pendent contract research organization verified and moni-
tored the study data.

Participants
Adults aged 18 to 65 years receiving ongoing resuscitation
for witnessed OHCA of presumed cardiac etiology were eli-

gible for enrollment in the trial, given that they had received
a minimum of 5 minutes of advanced cardiac life support
without ROSC and when the ECPR team was available at the
cardiac center. Patients who had unwitnessed cardiac arrest
or presumed noncardiac cause, had suspected or confirmed
pregnancy, attained ROSC within 5 minutes during initial
resuscitation, regained consciousness, had obvious life-
limiting comorbidities, bleeding diathesis, known do-not-
resuscitate order, or known prearrest Cerebral Performance
Category (CPC)15 3 or greater were excluded (Figure 1;
eTable 1 in Supplement 2).

Enrollment and Randomization
Enrollment was conducted with the close cooperation of
the Prague Emergency Medical Service dispatch center.
The study coordinator in the cardiac center was notified by
an automatic Short Message Service alert on every occasion
when the dispatch center initiated telephone-assisted
bystander chest compressions and activated a rapid response
vehicle for a witnessed collapse suspected to be cardiac arrest
of presumed cardiac cause. A telephone connection was sub-
sequently established during the ongoing chest compressions
between the cardiac center coordinator and the physician
or paramedic on scene (randomization call). The coordinator
logged into a web-based secured randomization system
that was available 24 hours per day and maintained by the
Institute of Biostatistics and Analyses, Faculty of Medicine,
Masaryk University, Brno. An assigned patient number
and intervention group, ie, invasive group or standard group,
was recorded. The log-in link was accessible from all comput-
ers within the cardiac center and from the smartphone of
the coordinator.

For randomization, the patient’s estimated age and sex as
well as confirmation of the inclusion/exclusion criteria were
recorded (eTable 1 in Supplement 2). Randomization into the
standard strategy or invasive strategy group was based on 4
strata (men ≤45 years, men >45 years, women ≤45 years,

Key Points
Question In patients with witnessed refractory out-of-hospital
cardiac arrest, does early intra-arrest transport, extracorporeal
cardiopulmonary resuscitation, and invasive assessment and
treatment improve outcomes compared with standard
resuscitation?

Findings In this randomized clinical trial that included 256
patients, survival with neurologically favorable outcome (Cerebral
Performance Category 1-2) at 180 days occurred in 31.5% in the
invasive strategy group and 22.0% in the standard resuscitation
group, a difference that was not statistically significant.

Meaning Among patients with refractory out-of-hospital cardiac
arrest, the bundle of early intra-arrest transport, extracorporeal
cardiopulmonary resuscitation, and invasive assessment and
treatment did not significantly improve survival with
neurologically favorable outcome at 180 days compared with
standard resuscitation, although the trial was possibly
underpowered to detect a clinically relevant difference.
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women >45 years), with block size of 8. The block size was not
disclosed to research personnel.

Intervention
Patients randomized to the standard strategy group received
continued advanced cardiac life support on site. The use of
drugs, further defibrillations, or other interventions followed
recommended guidelines.16,17 If ROSC was achieved (defined
as a cardiac electrical activity with palpable pulse), transport
to the hospital was initiated and an early invasive strategy
(ie, coronary angiography) was encouraged.

A mechanical chest compression device (LUCAS, Lund Uni-
versity Cardiac Arrest System; Physio-Control Inc/Jolife AB,
Lund, Sweden) was originally reserved for the invasive strat-
egy group only; however, following the publication of a ma-
jor trial on mechanical chest compression,18 the attachment
of a mechanical chest compression device was left to the dis-
cretion of the emergency physician and was allowed for use
at any point during CPR.

In the invasive strategy group, intra-arrest intranasal
evaporative cooling via a RhinoChill device (BeneChill Inc)
was initiated if feasible (this device became unavailable
during the course of the study in 2016) and the patient
was immediately transferred directly to the cardiac center
catheterization laboratory during ongoing CPR with the

intention of proceeding with ECPR if ROSC was not achieved
en route or on admission. The use of drugs, further defibrilla-
tions en route, or other interventions during transport
followed European Resuscitation Council guidelines.16,17

The team, including study coordinator, intensivist, perfu-
sionist (a specialist responsible for an ECLS), interventional
cardiologist, study data manager, and interventional and
intensive care unit nurses simultaneously prepared all the
necessary equipment. A dry-primed extracorporeal life sup-
port machine was ready to be used in the catheterization
laboratory when needed.

On admission, the overall status, ROSC presence, and
ECLS implantation inclusion/exclusion criteria (eTable 1 in
Supplement 2) were evaluated. The ECLS cannulation was
performed on the catheterization table during ongoing
mechanical CPR using a femoro-femoral approach. After
commencement of ECLS and following the completion of the
invasive diagnostic and therapeutic procedures (ie, coronary,
and eventually pulmonary or aortic angiography and percu-
taneous coronary intervention, if appropriate), an antegrade
perfusion cannula was implanted in the cannulated limb
under ultrasound guidance. Patients receiving ECLS were
continuously anticoagulated with heparin unless contraindi-
cated, with a target activated partial thromboplastin time of
50 to 70 seconds.

Figure 1. Prehospital Flow of Participants in a Study of Intra-arrest Transport, Extracorporeal Cardiopulmonary
Resuscitation, and Immediate Invasive Assessment and Treatment in Refractory Out-of-Hospital Cardiac Arrest

4345 Patients with out-of-hospital cardiac
arrest assessed for eligibility

358 Without return of spontaneous
circulation assessed for inclusion

3987 Excluded
1601 Declared dead at scene before

randomization
1263 Return of spontaneous circulation

before randomization
677 Unwitnessed cardiac arrest
363 Noncardiac cause
49
34

Age <18 y
Data not available

94 Excluded
36 Age >65 y
29 Physician decision not to enroll
19 Referred to other institution
4 ECLS or ICU bed capacity not available
4 Reason unknown
1 Mechanical CPR device not functional
1 Polymorbidity

8 Excludedb

7 Consent not obtained
1 Randomized after study stopped by DSMB

264 Randomizeda

124 Randomized to invasive strategy and
included in the primary outcome analysis
115 Received invasive strategy

as randomized
9 Received standard strategy

132 Randomized to standard strategy and
included in the primary outcome analysis
121 Received standard strategy

as randomized
11 Received invasive strategy

DSMB indicates data and
safety monitoring board;
ECLS, extracorporeal life support;
CPR, cardiopulmonary
resuscitation; ICU, intensive care
unit; OHCA, out-of-hospital cardiac
arrest; ROSC, return of spontaneous
circulation.
a Randomization into standard

strategy and invasive strategy
groups was based on 4 strata
(men �45 years, men >45 years,
women �45 years, women
>45 years), with block size of 8.

b Seven patients were excluded
after randomization because
consent was refused and
information was not available as
to how many were randomized to
each group for analysis.

Functional Neurologic Outcomes After Early Invasive Management of Out-of-Hospital Cardiac Arrest Original Investigation Research

jama.com (Reprinted) JAMA February 22, 2022 Volume 327, Number 8 739

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Columbia University Libraries User  on 02/22/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.1025?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.1025
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.1025


Postresuscitation care was standardized in both study
groups. All patients admitted to the hospital had an immedi-
ate biochemical evaluation, an urgent bedside echocardio-
gram, and whole-body computed tomography if feasible and
clinically indicated. In-hospital target temperature manage-
ment to 33 °C was initiated as soon as possible either via
ECLS heat exchanger or other routine measures (intravascu-
lar or surface feedback device cooling). Following the publi-
cation of a target temperature management trial,19 in cases
with early awakening or complications of hypothermia, a
strict temperature management to 36 °C was allowed instead
of 33 °C. All other postarrest critical care management,
including withdrawal of life-sustaining therapy, complied
with European Resuscitation Council guidelines and other
generally accepted approaches.16-18,20

A crossover from the standard strategy group to the inva-
sive strategy group (and vice versa) was allowed in selected pa-
tients. In the standard to invasive strategy group, the deci-
sion was made based on the request of an emergency physician.
At least 2 additional unsuccessful defibrillations were re-
quired after randomization before a crossover was accepted
by the cardiac center coordinator. The crossover from inva-
sive strategy to standard strategy was accepted when continu-
ing care with invasive measures was deemed to be futile.
The termination of resuscitation efforts followed the European
Resuscitation Council guidelines,16,17 although the final deci-
sion was based on the discretion of the emergency physician
or cardiac intensivist in charge.

Outcomes
Primary Outcome
Primary outcome was 180-day survival with favorable neuro-
logic status defined as no or minimal neurologic impairment
(CPC 1 or 2). The CPC schema ranges from 1 (defined as con-
scious, alert, able to work), 2 (conscious, sufficient cerebral func-
tion for independent activities of daily life, able to work in shel-
tered environment), 3 (conscious, dependent on others for daily
support), 4 (comatous, vegetative state) to 5 (brain death).

Neurologic outcome was assessed by a neurologist in
a blinded fashion.

Secondary Outcomes
Secondary outcomes included 30-day survival with cardiac re-
covery (no need for pharmacological or mechanical cardiac sup-
port for 24 hours) and neurologic recovery (CPC 1 or 2) at any
point within the first 30 days after cardiac arrest.

Exploratory Analyses
Survival to 180 days was assessed as a post hoc outcome. Post
hoc subgroup analyses for the primary outcome were per-
formed in the following subgroups: older than 65 years vs 65
years or younger, sex, place of cardiac arrest, initial rhythm,
pH below median value vs above, lactate level below median
value vs above, and cause of cardiac arrest.

Complications
Bleeding complications were assessed based on Thromboly-
sis in Myocardial Infarction classification21 under “major” cat-

egory, defined as any intracranial hemorrhage (excluding mi-
crohemorrhages <10 mm), fatal bleeding directly resulting in
death within 7 days, or overt bleeding associated with a de-
crease in hemoglobin concentration of 5 g/dL or a 15% abso-
lute decrease in hematocrit. Organ lacerations were assessed
both by morphological examinations (mainly computed to-
mography) and during autopsies. Technical complications re-
lated to ECLS were gathered and reported by perfusionists.

Power Analysis and Sample Size Calculation
Sample size determination was computed for the statistical su-
periority of invasive strategy over standard strategy using a
2-tailed test with α = .05 and 90% power. A 10% 6-month sur-
vival with favorable neurologic outcome in the standard strat-
egy group was expected. Three scenarios were suggested: 10%
increase of primary outcome, with 571 patients expected to be
enrolled; 15% increase, with 285 patients; and 20% increase,
with 176 patients.14

Statistical Analysis
A complete case analysis, with no assumptions made for
missing data, was performed for primary and secondary out-
comes. In the main analysis, patient data were analyzed
according to randomization group, and data from patients
who crossed over were analyzed by original group assign-
ment. A post hoc analysis pooled all patients treated with
ECPR (both those allocated to the invasive strategy group
and receiving ECPR and those allocated to the standard strat-
egy group and receiving ECPR after crossover to the invasive
strategy group).

Continuous data were evaluated for a normal distribution
by Shapiro-Wilk test. Numeric variables are expressed as
medians and IQRs. The 2-sided Mann-Whitney test was used
to compare cardiac arrest times and laboratory values.
Categorical values were compared using the 2-sided Fisher
exact test (for 2 × 2 table) or χ2 test. The primary and second-
ary outcomes are reported by odds ratios and absolute differ-
ences with 95% confidence intervals.

The survival analysis was performed by the Kaplan-
Meier analysis and log-rank test and considered patients alive
at day 180 regardless of their neurologic status. A subgroup
analysis was computed using logistic regression and analysis
of interaction between given stratification and study group.
Because of the potential for type I error due to multiple com-
parisons, findings for secondary outcomes and subgroup analy-
ses should be interpreted as exploratory.

A 2-sided P < .05 was considered statistically significant.
Statistical analyses were performed with MedCalc version 19.7
(MedCalc Software Ltd) and SPSS version 26.0.0.0 (IBM Corp).

Results
The study was terminated on October 25, 2020, at the recom-
mendation of the data and safety monitoring board (Supple-
ment 3) because the standardized test statistics for results of
primary end point in the study intersected a prespecified stop-
ping rule for futility at n = 256 (eFigure 1 in Supplement 2).
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During the study enrollment period from March 1, 2013,
to October 25, 2020, 4345 attended cardiac arrests occurred
within the Prague region. After exclusion of those without
presumed cardiac cause, those that lacked a witness,
patients who achieved ROSC, or patients who died without
consideration for study enrollment, 358 patients with arrest
refractory to initial resuscitation efforts remained. Of these,
264 were eligible for the study enrollment and randomized.
Later, 8 patients were withdrawn; for 7, consent was not
obtained from the relatives, and 1 patient was erroneously
randomized after the study was already stopped.

In total, 256 patients were analyzed, 124 allocated to the
invasive strategy group and 132 to the standard strategy

group. Overall, in 20 patients (7.6%), a crossover was ac-
cepted. There were 11 crossovers from the standard strategy
group to the invasive strategy group (all except 1 involved
patients with refractory ventricular fibrillation) and 9 cross-
overs from the invasive strategy group to the standard strat-
egy group (Figure 1).

Patient and Cardiac Arrest Characteristics
Table 1 reports the main demographics of the study popula-
tion. The median age was 59 years (IQR, 48-66) for the inva-
sive strategy group and 57 years (IQR, 47-65) for the standard
strategy group, and 44 of the 256 patients (17%) were
women. Hypertension, diabetes, and coronary artery disease

Table 1. Baseline Demographics and Prehospital Resuscitation Characteristics of Included Patients in a Study
of Intra-arrest Transport, Extracorporeal Cardiopulmonary Resuscitation, and Immediate Invasive Assessment
and Treatment in Refractory Out-of-Hospital Cardiac Arrest

Characteristics

No. (%)
Invasive strategy
(n = 124)

Standard strategy
(n = 132)

Age, median (IQR), y 59 (48-66) 57 (47-65)

Sex

Men 102 (82) 110 (83)

Women 22 (18) 22 (17)

Medical history, No./total (%)a

Hypertension 47/108 (44) 42/83 (51)

Diabetes 19/104 (18) 17/83 (21)

Coronary artery disease 17/104 (16) 17/83 (21)

Chronic heart failure 11/106 (10) 5/79 (6)

COPD 8/105 (8) 2/79 (3)

Chronic kidney disease 3/104 (3) 2/79 (3)

Implanted ICD 3/121 (3) 0/89

Location of cardiac arrest

Public place 44 (36) 54 (41)

Home 42 (34) 34 (26)

EMS 19 (15) 17 (13)

Car 8 (7) 7 (5)

Workplace 5 (4) 14 (11)

Hotel 4 (3) 6 (5)

Health facility 2 (2) 0

Initial rhythmb

Ventricular fibrillation 72 (58) 84 (64)

Asystole 31 (25) 24 (18)

Pulseless electrical activity 21 (17) 24 (18)

Bystander CPRc 123 (99) 129 (98)

Telephone-assisted bystander CPR 96 (77) 107 (81)

Time from collapse to EMS arrival,
median (IQR), min

8 (7-11) 9 (7-11)

Time from collapse to ACLS,
median (IQR), min

10 (7-13) 11 (8-14)

Time to telephone-assisted CPR,
median (IQR), min

3 (2-5) 2 (1-4)

Time from collapse to randomization,
median (IQR), min

24 (21-30) 26 (19-31)

No. of prehospital epinephrine doses,
median (IQR), mg

4 (2-5) 5 (3-7)

No. of prehospital defibrillation attempts,
median (IQR)

4 (2-6) 4 (2-7)

Mechanical CPRd 114 (92) 104 (79)

Intermittent ROSCe 41 (33) 45 (34)

Hypothermia initiated in fieldf 21 (17) 12 (9)

Abbreviations: ACLS, advanced
cardiac life support; COPD, chronic
obstructive pulmonary disease;
CPR, cardiopulmonary resuscitation;
EMS, emergency medical service;
ICD, implantable cardioverter-
defibrillator; ROSC, return of
spontaneous circulation.
a The information for several

categories was obtained later during
patient care from EMS, caregivers,
relatives, and chart reviews and
might not have been available to
caregivers during initial treatment.

b As determined by EMS.
c High rate of bystander CPR

consistent with generally high rate
in Prague (>80%) as reported in
a Eureca 2 study.27

d Use of LUCAS device (Lund
University Cardiac Arrest System;
Physio-Control Inc/Jolife AB).

e Defined as an unsustained palpable
pulse with organized ECG rhythm.

f Prehospital hypothermia provided
by means of intranasal evaporative
cooling was used in the invasive
strategy group and those patients in
the standard strategy group who
crossed over to the invasive
approach. This method became
unavailable during the course of the
study in 2016; therefore, the
percentage of use is low.
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were prevailing comorbidities. The most frequent cause of
cardiac arrest was acute coronary syndrome in both the inva-
sive strategy group (64/124 [52%]) and the standard strategy
group (63/132 [48%]).

Cardiac arrest occurred most commonly in a public place
(44/124 patients [36%] in invasive strategy group, 54/132
[41%] in the standard strategy group). Ventricular fibrillation
was the most common initial rhythm (72/124 patients [58%]
in the invasive strategy group and 84/132 [64%] in the stan-
dard strategy group). Bystander CPR was performed in 123 of
124 cases (99%) in the invasive strategy group and in 129
of 132 (98%) in the standard strategy group, as well as
telephone-assisted dispatch center CPR in 96 of 124 (77%)
and 107 of 132 (81%), initiated within median of 3 (IQR, 2-5)
and 2 (IQR, 1-4) minutes after the collapse in the respective
groups. Patients were randomized within a median of 24
(IQR, 21-30) and 26 (IQR, 19-31) minutes after collapse for the
invasive strategy and standard strategy groups, respectively.

Primary Outcome
Survival with favorable neurologic outcome at 180 days oc-
curred in 39 of 124 patients (31.5%) in the invasive strategy
group and 29 of 132 patients (22%) in the standard strategy
group, a difference that was not statistically significant (odds
ratio, 1.63 [95% CI, 0.93 to 2.85]; absolute difference, 9.5% [95%
CI, −1.3% to 20.1%]; P = .09) (Table 2). There were no missing
data for the primary outcome analysis.

Secondary Outcomes
Neurologic recovery at 30 days occurred in 38 of 124
patients (30.6%) in the invasive strategy group and 24 of 132
(18.2%) in the standard strategy group (odds ratio, 1.99 [95%
CI, 1.11 to 3.57]; absolute difference, 12.4% [95% CI, 1.9% to
22.7%]; P = .02).

Cardiac recovery at 30 days occurred in 54 of 124
patients (43.5%) in the invasive strategy group and 45 of 132
(34.1%) in the standard strategy group (odds ratio, 1.49 [95%
CI, 0.91 to 2.47]; absolute difference, 9.4% [95% CI, −2.5 to
21%]; P = .12).

Resuscitation and Hospitalization Procedures
and Outcomes
In the invasive strategy group, a median of 4 (IQR, 2-5) epi-
nephrine doses were used, compared with 5 (IQR, 3-7) in the
standard strategy group (P = .002), while the number of pre-
hospital defibrillations was median of 4 (IQR, 2-6) in the in-
vasive strategy group vs 4 (IQR, 2-7) in the standard strategy
group. Intermittent ROSC was identified in 41 of 124 patients
(33%) in the invasive strategy group and 45 of 132 (34%) in the
standard strategy group.

As Table 3 describes in detail, more patients in the inva-
sive strategy group were admitted to the hospital after a
shorter time of transport from the scene. The overall CPR
time was longer in the invasive strategy group (median, 58
[IQR, 43-70] vs 46 [IQR, 33-68] minutes, P = .04), as every
effort was made to bring the patient to the hospital catheter-
ization laboratory for ECPR.

Among patients admitted to the hospital, target tem-
perature management was used in 117 of 123 patients (95%)
in the invasive strategy group and 61 of 87 (70%) in the
standard strategy group (P < .001). Those who did not re-
ceive temperature control (6 in the invasive strategy group
and 26 in the standard strategy group) either had contraindi-
cations (mainly advanced hemodynamic instability) or died
early, before reaching the intensive care unit (eTable 2 in
Supplement 2).

An invasive assessment with diagnostic angiography
was performed in 120 of 123 admitted patients (98%) in the
invasive strategy group and 67 of 87 (77%) in the standard
strategy group (P < .001), corresponding mainly to coronary
angiography. Immediate PCI was performed successfully in
56 of 62 patients (90%) in the invasive strategy group and 24
of 30 (80%) in the standard strategy group (P = .20). Of note,
in 3 patients, emergency balloon aortic valvuloplasty was
performed. On admission, patients in invasive strategy vs
standard strategy group had lower pH (median, 6.93 [IQR,
6.8-7.1] vs 7.03 [IQR, 6.9-7.2]; P = .001) and higher serum lac-
tate levels (median, 12.5 [IQR, 9.2-16] mmol/L vs 10.4 [IQR,
7.5-13.5] mmol/L; P = .01).

Table 2. Primary and Secondary Outcomes in a Study of Intra-arrest Transport, Extracorporeal Cardiopulmonary Resuscitation, and Immediate
Invasive Assessment and Treatment in Refractory Out-of-Hospital Cardiac Arrest

No. (%)
Absolute difference, %
(95% CI) P value

Invasive strategy
(n = 124)

Standard strategy
(n = 132)

Primary outcome

Survival with minimal or no
neurologic impairment at 180 da

39 (31.5) 29 (22.0) 9.5 (−1.3 to 20.1) .09

Secondary outcomes

Survival with minimal or no
neurologic impairment at 30 da

38 (30.6) 24 (18.2) 12.4 (1.9 to 22.7) .02

Cardiac recovery at 30 db 54 (43.5) 45 (34.1) 9.4 (−2.5 to 21) .12
a Defined as Cerebral Performance Category 1 or 2. The Cerebral Performance

Category schema ranges from 1 (defined as conscious, alert, able to work),
2 (conscious, sufficient cerebral function for independent activities
of daily life, able to work in sheltered environment), 3 (conscious, dependent
on others for daily support), 4 (comatous, vegetative state) to 5 (defined as
brain death). All patients observed to death or 180 days.

b Defined as absence of both pharmacological and mechanical cardiac support
for at least 24 hours.
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Cause of death was different between the groups, with
multiple organ failure syndrome being the most frequent
cause in the invasive strategy group (35/84 [42%]) and refrac-
tory arrest in the standard strategy group (67/101 [66%]).

Table 3. Additional Outcomes Related to Transport, Hospitalization,
and Intervention in a Study of Intra-arrest Transport, Extracorporeal
Cardiopulmonary Resuscitation, and Immediate Invasive Assessment
and Treatment in Refractory Out-of-Hospital Cardiac Arrest

Prehospital and early hospital events

No. (%)
Invasive
strategy
(n = 124)

Standard
strategy
(n = 132)

Arrived to hospital 123 (99) 87 (66)

Time from collapse to hospital arrival,
median (IQR), min

49 (44-60) 60 (50-69)

Transport time - time from
randomization to admission,
median (IQR), min

26 (19-33) 33 (25-42)

Prehospital declaration of death 1 (1) 45 (34)

Declaration of death within 1 h
of hospital admission

10 (8) 19 (14)

Time of CPR (time to death/ROSC
or ECLS), median (IQR), min

58 (43-70) 46 (33-68)

Duration of CPR, min

<30 14 (11) 26 (20)

≥30 and <45 19 (15) 33 (25)

≥45 91 (73) 73 (55)

Sustained ROSC on admissiona 34 (27) 58 (44)

Hospitalization events

Target temperature
management used,
No./total (%)b

117/123 (95) 61/87 (70)

Extracorporeal life support

ECLS implanted 82 (66) 10 (8)

Time to ECLS,
median (IQR), min

61 (55-70)
[n = 81]

62 (51-73)
[n = 10]

Time of implantation
(door to ECLS),
median (IQR), min

12 (9-15)
[n = 80]

16 (11-17)
[n = 10]

Invasive assessment, No./total (%)

Diagnostic angiography 120/123 (98) 67/87 (77)

Coronary angiography 115/120 (96) 66/67 (99)

Aortography 28/120 (24) 13/67 (19)

Left ventricle angiography 26/120 (22) 21/67 (31)

Pulmonary angiography 22/120 (18) 5/67 (8)

Emergency invasive interventions,
No./total (%)

PCI (both for ACS and CAD)c

Successful 56/62 (90) 24/30 (80)

Unsuccessful 6/62 (10) 6/30 (20)

Balloon valvuloplasty 0/120 3 (4)

Laboratory values on admission

pH [reference, 7.36-7.44],
median (IQR)

6.93 (6.8-7.1) 7.03 (6.9-7.2)

Lactate [reference, 0.5-2.0],
median (IQR), mmol/L

12.5 (9.2-16) 10.4 (7.5-13.5)

Cause of cardiac arrest
(including autopsy findings)

Acute coronary syndrome 64 (52) 63 (48)

Coronary artery disease-chronic 14 (11) 18 (14)

Pulmonary embolism 12 (10) 12 (9)

Chronic heart failure 8 (7) 6 (5)

Myocarditis 6 (5) 2 (2)

Accidental hypothermia 3 (2) 1 (1)

Bleeding-other 3 (2) 0

(continued)

Table 3. Additional Outcomes Related to Transport, Hospitalization,
and Intervention in a Study of Intra-arrest Transport, Extracorporeal
Cardiopulmonary Resuscitation, and Immediate Invasive Assessment
and Treatment in Refractory Out-of-Hospital Cardiac Arrest (continued)

Prehospital and early hospital events

No. (%)
Invasive
strategy
(n = 124)

Standard
strategy
(n = 132)

Cardiomyopathy 3 (2) 6 (5)

Unknown 3 (2) 12 (9)

Aortic stenosis 2 (2) 6 (5)

Aortic dissection type A 2 (2) 2 (2)

Pulmonary hypertension 2 (2) 0

Intracranial hemorrhage 1 (1) 2 (2)

Other 1 (1) 1 (1)

Sepsis 0 1 (1)

Cause of death

No. 84 101

Multiple organ failure 35 (42) 17 (17)

Brain death 21 (25) 9 (9)

Refractory arrest 13 (16) 67 (66)

Cardiogenic shock 10 (12) 4 (4)

Bleeding 4 (5) 0

Unknown 1 (1) 4 (4)

Withdrawal of life-sustaining
therapy

21 (17) 14 (11)

Evaluated for organ donationd 21 (17) 3 (2)

Accepted for organ donation 13 (11) 2 (2)

Complications/other events,
No./total (%)

Bleeding—anye 36/116 (31) 10/69 (15)

Overt 24/36 (67) 8/10 (80)

Intracranial hemorrhage 8/36 (22) 2/10 (20)

Fatal 4/36 (11) 0/10

Organ lacerations 4/114 (4) 3/103 (3)

Technicalf 3/124 (2) 0/132

Abbreviations: ACS, acute coronary syndrome; CAD, coronary artery
disease; CPC, cerebral performance category; CPR, cardiopulmonary
resuscitation; ECLS, extracorporeal life support; MOF, multiple organ failure
syndrome; PCI, percutaneous coronary intervention; ROSC, return of
spontaneous circulation.
a Defined as a palpable pulse with organized ECG rhythm for at least 20 minutes.
b Target temperature management indicates all cooling categories,

including intravascular and surface feedback device cooling and ECLS
heat exchanger cooling.

c PCI was deemed successful if resulting in residual stenosis of less than 50%
with Thrombolysis in Myocardial Infarction grade 2 or 3 flow.

d Evaluation by the transplant center as a potential donor.
e Bleeding complications were assessed based on Thrombolysis in Myocardial

Infarction classification21 under “major” category, defined as any intracranial
hemorrhage (excluding microhemorrhages <10 mm), fatal bleeding directly
resulting in death within 7 days, or overt bleeding associated with
a decrease in hemoglobin concentration of 5 g/dL or or a 15% absolute
decrease in hematocrit.

f Any device failures during periresuscitation care, mainly focused on
extracorporeal life support components.
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Withdrawal of life-sustaining therapies occurred in 21 of 124
patients (17%) in the invasive strategy group and 14 of 132
(11%) in the standard strategy group. Organ donation, both
considered and accepted, was more frequent in the invasive
strategy group (Table 3).

In the invasive strategy group, 11 of 124 patients (9%) were
declared dead on scene or during transport or died within 1 hour
after admission, compared with 64 of 132 (49%) in the standard
strategy group (P < .001). Thirty-four of 124 patients (27%) in the
invasive strategy group and 58 of 132 (44%) in the standard strat-
egy group achieved sustained ROSC (P = .01). For details of re-
suscitation outcomes, see Table 3 and eFigure 2 in Supplement 2.

Complications
In the invasive strategy group, more major bleeding events were
observed (31% vs 15%), including fatal, intracranial, and overt
bleeds (Table 3). By contrast, organ lacerations caused by CPR
occurred in 4 patients (3.5%) in the invasive strategy group and
3 (2.9%) in the standard strategy group, and technical com-
plications occurred in 3 patients (2.4%) in the invasive strat-
egy group and 0 patients in the standard strategy group
(eTables 3 and 4 in Supplement 2). Protocol deviations are de-
scribed in eTable 5 in Supplement 2.

Additional Analyses
ECPR Outcomes and Crossover Groups
ECPR for ongoing refractory cardiac arrest at admission to the
hospital was implemented in 10 patients in the standard strat-
egy group, exclusively in those crossed over to the invasive
strategy (10 of 11 crossovers; 1 reached sustained ROSC en
route), and in 82 of 124 patients (66%) randomized to the in-
vasive strategy group. Three patients in the invasive strategy
group implanted with ECLS died within 1 hour after admis-
sion. Among those who ultimately received ECPR, survival with
a favorable neurologic outcome at 180 days occurred in 4 of
10 (40%) of those crossed over from the standard strategy group
to the invasive strategy group and in 16 of 82 (20%) who were
randomized to the invasive group and received ECPR, corre-
sponding to overall neurologically favorable outcome at 180
days of 22% (20/92 patients) when patients who received ECPR
from both groups are pooled. All other patients in the stan-
dard strategy group who did not obtain stable ROSC and were
not crossed over died.

While 5 of 11 patients (45%) who were randomized to the
standard strategy and crossed over to the invasive approach
had favorable neurologic outcome at 180 days, no patient who
was randomized to the invasive strategy group and crossed over
to standard resuscitation survived (n = 9).

Survival to 180 Days
Of the 256 participants, 68 (27%) survived to 180 days with fa-
vorable neurologic outcome. Comparison of 180-day Kaplan-
Meier survival analysis in the entire invasive strategy and stan-
dard strategy groups is shown in eFigure 3 in Supplement 2.

Subgroup Analysis
Post hoc subgroup analysis is provided in Figure 2. Details of
number of patients in different times of CPR subgroups with

favorable neurologic outcome are reported in eFigure 4 in
Supplement 2.

Discussion
In this single-center randomized clinical trial, an invasive strat-
egy encompassing the bundle of early intra-arrest transport,
extracorporeal cardiopulmonary resuscitation, and invasive as-
sessment in refractory out-of-hospital cardiac arrest of pre-
sumed cardiac origin did not significantly improve 180-day sur-
vival with favorable neurologic outcome compared with
standard care. The study was terminated after enrolling 256
patients by the decision of the data and safety monitoring
board, while reaching a stopping rule within prespecified sce-
narios. However, considering wide confidence intervals in the
between-group difference for the primary outcome, the study
may have been underpowered to detect a clinically impor-
tant difference in favor of the invasive strategy group.

In the predefined secondary outcome analysis, a signifi-
cantly improved 30-day neurologic recovery defined as CPC 1
or 2 was shown in favor of invasive strategy, in contrast to
cardiac recovery, which was not statistically different
between the groups. Invasive approach was associated with
an increased risk of bleeding complications, an inherent com-
plication of ECPR.23

Prague Emergency Medical Service is a single emergency
service that covers the area of Prague, serving 1.25 million
individuals, and operates with 1 dispatch center using a rapid
response vehicle system with an emergency physician.
Approximately 500 to 600 resuscitated cardiac arrests occur
in Prague each year,24 and patients with presumed cardiac
etiology who achieve ROSC are distributed to several cardiac
centers. During the study period, randomized patients con-
stituted 6% of all persons who experienced cardiac arrest and
received CPR (Figure 1). This is comparable to the propor-
tions in Vienna and other studies that have suggested 4% to
6% of OHCAs to be suitable for an intra-arrest transport
approach.25,26 However, in these studies, potential candi-
dates were evaluated retrospectively, whereas in this study,
patients were evaluated during ongoing on-scene CPR. More
than 90% of bystander CPR in this study affirms previously
reported generally high percentage of bystander CPR in
Prague,27 in line with more than 77% of patients receiving
concurrently telephone-assisted CPR. Patients were random-
ized after a median of 24 (IQR, 21-30) and 26 (IQR, 19-31) min-
utes of ongoing cardiac arrest, thus including approximately
15 minutes of advanced cardiac life support. This is a reason-
able time to consider rescue interventions such as ECPR fol-
lowed by immediate coronary reperfusion.22,28 Patients
experienced true refractory OHCAs, with many being resusci-
tated for more than 45 minutes in both groups while a still
substantial proportion of patients ultimately achieved sus-
tained ROSC.

Until now, to our knowledge, only 1 small, randomized
study (ARREST) in refractory OHCA has been published.10

The study was prematurely stopped after 30 randomized
patients based on a recommendation of the data and safety
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monitoring board because of superiority of early extracorpo-
real membrane oxygenation (ECMO)–facilitated resuscitation
vs standard advanced cardiac life support treatment. The
ARREST trial showed that ECMO-facilitated resuscitation for
patients with OHCA and refractory ventricular fibrillation sig-
nificantly improved survival to hospital discharge and func-
tional status compared with patients receiving standard
advanced cardiac life support (6/14 patients [43%] vs 1/15
[7%]; risk difference, 36.2% [95% CI, 3.7% to 59.2%]; poste-
rior probability of ECMO superiority, 0.9861). Cumulative
6-month survival was also significantly better in the early
ECMO group.10 The ARREST study differed from the present
study mainly in 2 aspects: only patients presenting with
shockable rhythms were considered, and patients were ran-
domized after being transferred to the hospital, ie, after
approximately 50 minutes of CPR. In contrast, the present
study randomized patients during on-scene ongoing CPR,
thus comparing different treatment scenarios to consider at
the point of impending refractoriness, rather than ultimate
rescue option after 50 minutes of unsuccessful CPR, when
a standard approach has negligible chance for success.3,28,29

An ongoing question related to intra-arrest transport and
early invasive treatment for refractory OHCA is the timing of

when such an approach should be considered. In this study,
the timeline that was adhered to matched the timeline as
planned in the protocol and probably represents a realistic time-
line in semicrowded urban areas using in-hospital ECPR for
OHCA. Patients were admitted within a median of 49 (IQR, 44-
60) minutes of collapse in the invasive strategy group, repre-
senting approximately 26 minutes of retrieval and transport
from the scene to the hospital. The initial decision process to
randomize patients after adequate time allowing to achieve
ROSC prehospitally thus well correlates with the proposed 16
minutes of professional on-scene CPR22 and may be consid-
ered a satisfactory approach to select truly refractory cases,
given that 64% of patients in this study experienced cardiac
arrest longer than 45 minutes.

Still, converting on-scene CPR into intra-arrest transport
eventually followed by ECPR may not improve outcome.3,26

Questions remain as to whether it is possible to identify pa-
tients early during CPR who may ultimately benefit from such
an approach. Several studies have assessed the relationship be-
tween the length of cardiac arrest and ECPR treatment.28-30

To our knowledge, there have been no other studies in
a cardiac arrest population that randomized patients on-
line via a web-based randomization process during ongoing

Figure 2. Post Hoc Analysis, Primary Outcome According to Subgroups in a Study of Intra-arrest Transport, Extracorporeal Cardiopulmonary Resuscitation,
and Immediate Invasive Assessment and Treatment in Refractory Out-of-Hospital Cardiac Arrest

P value for
interaction

Favors
standard strategy

Favors
invasive strategy

1010.1
OR (95% CI)

Survival with minimal or no neurologic
impairment at 180 d, No./total No. (%)

Invasive strategy Standard strategy
Age, y

OR (95% CI)Difference, % (95% CI)

29/89 (32.6) 24/97 (24.7)<65 1.47 (0.78-2.79)7.8 (–5.1 to 20.8)
10/35 (28.6) 5/35 (14.3)≥65 2.40 (0.72-7.95)14.3 (–4.6 to 33.2)

Sex
34/102 (33.3) 24/110 (21.8)Men 1.79 (0.97-3.30)11.5 (–0.5 to 23.5)
5/22 (22.7%) 5/22 (22.7)Women 1.00 (0.24-4.10)0.0 (–24.8 to 24.8)

Place of cardiac arrest

3/19 (15.8) 3/17 (17.6)EMS 0.88 (0.15-5.05)–1.9 (–26.3 to 22.6)
11/42 (26.2) 7/34 (20.6)Home 1.37 (0.47-4.03)5.6 (–13.4 to 24.6)

8/19 (42.1) 6/27 (22.2)Other 2.55 (0.70-9.21)19.9 (–7.3 to 47.1)

17/44 (38.6) 13/54 (24.1)Public 1.99 (0.83-4.74)14.6 (–3.8 to 32.9)

Initial rhythm
35/72 (48.6) 28/84 (33.3)Shockable 1.89 (0.99-3.62)15.3 (0.0 to 30.6)

pHa

29/54 (53.7) 25/49 (51.0)≥6.95 1.11 (0.51-2.42)2.7 (–16.6 to 22.0)
10/69 (14.5) 3/30 (10.0)<6.95 1.53 (0.39-5.99)4.5 (–9.1 to 18.1)

Lactatea

12/70 (17.1) 4/29 (13.8)≥11.6 mmol/L 1.29 (0.38-4.40)3.3 (–12.0 to 18.7)
27/52 (51.9) 23/49 (46.9)<11.6 mmol/L 1.22 (0.56-2.67)5.0 (–14.5 to 24.5)

Cardiac arrest cause
18/64 (28.1) 14/63 (22.2)ACS 1.37 (0.61-3.07)5.9 (–9.2 to 21.0)
9/14 (64.3) 5/18 (27.8)CAD 4.68 (1.04-21.04)36.5 (4.0 to 69.0)
5/8 (62.5) 2/6 (33.3)CHF 3.33 (0.36-30.70)29.2 (–21.3 to 79.6)
7/38 (18.4) 8/45 (17.8)Other 1.04 (0.34-3.20)0.6 (–16.0 to 17.3)

.48

.46

.41

.54

.70

.94

.12

4/52 (7.7) 1/48 (2.1)Nonshockable 3.92 (0.42-36.35)5.6 (–2.7 to 13.9)

ACS indicates acute coronary syndrome; CAD, coronary artery disease; CHF, chronic heart failure; CPR, cardiopulmonary resuscitation; EMS, emergency medical
service; OR, odds ratio; ROSC, return of spontaneous circulation.
a For pH and lactate level, the first values after admission are used.
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on-scene CPR. The overall pooled neurologically favorable sur-
vival at 180 days of 27% (31.5% in the invasive strategy group,
22% in the standard strategy group, 22% in the pooled ECPR
group) is comparable to that in other nonrandomized studies
evaluating ECPR (29%31 and 33%32).

If an early invasive approach is to be considered, it should
be provided in a well-functioning prehospital system linked
to a cooperating ECPR cardiac arrest center.33

Studies of refractory OHCA treated by ECPR inherently ad-
dress potential organ donation34,35; potential donors were fre-
quently considered, and organ donations occurred.

Limitations
This study has several limitations. First, the study had a
single-center design and limited enrollment. Second, a priori
scenarios of expected benefit provided by invasive approach
were not reached, presumably because of higher-than-
expected survival in the standard strategy group. Third, the
study may have thus been underpowered to detect a statisti-
cally significant difference for the primary outcome. Fourth,

the study design allowed crossover. The trial was designed to
represent routine clinical care, and EMS crews thus decided
to transport some patients receiving ongoing CPR for ECPR
despite being originally randomized to the standard strategy
group. For crossover from invasive to standard intervention,
patients were apparently deemed not to be candidates for
advanced therapies, but such determinations may contain a
degree of subjectivity that could influence outcomes. None-
theless, the rate of crossover was low (7.5%) compared with
other studies.36,37

Conclusions
Among patients with refractory out-of-hospital cardiac arrest,
the bundle of early intra-arrest transport, ECPR, and invasive
assessment and treatment did not significantly improve sur-
vival with neurologically favorable outcome at 180 days com-
pared with standard resuscitation. However, the trial was pos-
sibly underpowered to detect a clinically relevant difference.
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