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Background Return of spontaneous circulation occurs in less than 10% of patients with cardiac arrest undergoing
cardiopulmonary resuscitation (CPR) for more than 15 minutes. Studies suggest that extracorporeal life support during
cardiopulmonary resuscitation (ECPR) improves survival rate in these patients. These studies, however, are hampered by their
non-randomized, observational design and are mostly single-center. A multicenter, randomized controlled trial is urgently
warranted to evaluate the effectiveness of ECPR.

Hypothesis We hypothesize that early initiation of ECPR in refractory out-of-hospital cardiac arrest (OHCA) improves
the survival rate with favorable neurological status.

Study design The INCEPTION trial is an investigator-initiated, prospective, multicenter trial that will randomly allocate
110 patients to either continued CPR or ECPR in a 1:1 ratio. Patients eligible for inclusion are adults (≤ 70 years) with
witnessed OHCA presenting with an initial rhythm of ventricular fibrillation (VF) or ventricular tachycardia (VT), who received
bystander basic life support and who fail to achieve sustained return of spontaneous circulation within 15 minutes of
cardiopulmonary resuscitation by emergency medical services. The primary endpoint of the study is 30-day survival rate with
favorable neurological status, defined as 1 or 2 on the Cerebral Performance Category score. The secondary endpoints
include 3, 6 and 12-month survival rate with favorable neurological status and the cost-effectiveness of ECPR compared to
CCPR.

Summary The INCEPTION trial aims to determine the clinical benefit for the use of ECPR in patients with refractory OHCA
presentingwith VF/VT. Additionally, the feasibility and cost-effectiveness of ECPRwill be evaluated. (AmHeart J 2019;210:58-68.)
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Background
Out-of-hospital cardiac arrest (OHCA) occurs approxi-

mately 275,000 times per year in Europe1 and 350,000
times per year in the USA.2 Two-thirds of these arrests
have a primary cardiac origin.3,4 In recent years, the
survival of OHCA has significantly improved through
public education in basic life support (BLS) and the
widespread application of publicly accessible, automated
electronic defibrillators (AED's).5,6 These new measures
especially benefit patients with an arrest of primary
cardiac origin – typically presenting with ventricular
fibrillation (VF) or ventricular tachycardia (VT) – since
that the underlying cause is often reversible and that
organ damage is limited due to the sudden onset of the
arrest. Unfortunately, despite adequate cardiopulmonary
resuscitation (CPR) and attempted defibrillation, only
42% of patients with VF/VT and OHCA survive to
discharge.6,7 After 15 minutes of CPR, the arrest can be
considered to be refractory and the survival rate
decreases dramatically to an estimated 8%.8-15

When the emergency medical services (EMS) fail to
achieve return of spontaneous circulation (ROSC) on site,
transportation to a hospital during CPR is an option. This
strategy is increasingly utilized with the advent of
mechanical chest compression devices, which ensure
high-quality compressions during transport.16,17 But care
at the emergency department (ED) is in most instances a
mere continuation of the CPR started by the EMS. Although
a multidisciplinary medical team is present, no proven
interventions are at hand that increase the chance of ROSC.
To date, only high-quality chest compressions and defibril-
lation are of definite proven benefit in CPR.18

In an arrest of primary cardiac origin it is paramount to
treat the underlying cause – in most cases coronary artery
occlusion – but in the absence of ROSC, the possibilities
to perform these life-saving interventions are limited.
Extracorporeal cardiopulmonary resuscitation (ECPR)
restores the circulation and provides a bridge to possible
diagnosis and treatment. It has the potential to minimize
(or even reverse) organ damage and to prevent re-arrest
due to ischemia-triggered myocardial dysfunction. Sever-
al studies demonstrate that ECPR is a feasible option and
may well increase survival up to 30%.8-15 While this
evidence is encouraging, it is hampered by the single
center and non-randomized nature, as well as limited
sample size. ECPR is a high-risk treatment and institutions
need to invest not only financially but also logistically,
both in-hospital and regionally, to ensure that potential
candidates reach the center timely. Before large-scale
introduction of ECPR, high-quality evidence is urgently
warranted, as was also stipulated by the recent European
Resuscitation Council (ERC) guidelines.16

The INCEPTION trial (early INitiation of extraCorporeal
lifE suPporT In refractory Out of hospital cardiac arrest)
compares continued cardiopulmonary resuscitation
(CCPR) to ECPR in the population that is expected to
benefit the most from the intervention: patients in
refractory cardiac arrest presenting with VF/VT. Addi-
tionally, this trial will provide data on the cost-
effectiveness of this intervention, which to date is
unavailable. Although the costs may prove to be high,
the gain in quality-adjusted life years (QALY's) may be
substantial given the fact that the patients are under 70
and the current alternative carries a poor prognosis. This
trial aims to determine whether ECPR should be
considered as a standard of care in patients with
refractory OHCA.

Methods
This work is funded by “The Netherlands Organization

for Health Research and Development” (ZonMw-doelma-
tigheid, nr 80–84,300–98-71,040). The Getinge Group
(Göteborg, Sweden) supplies HLS advanced circuits for
all patients undergoing ECPR in the ECPR arm of the trial
and 4 loaner Cardiohelp systems to the three sites of the
initial consortium for the duration of the trial. The
industrial sponsor has no influence on study design, data
analyses, interpretation and disclosure of data. The
authors are solely responsible for the design and conduct
of this study, the study analyses, the drafting and editing
of the manuscript, and its final contents.

Trial design
This is an investigator-initiated, multicenter, random-

ized controlled trial designed to evaluate the benefit of
ECPR in patients with a refractory OHCA. The trial is
registered at clinicaltrials.gov (NCT03101787).

Hypothesis
We hypothesize that early initiation of ECPR in

refractory OHCA will improve 30-day survival rate with
favorable neurological status.

Patient population
Adult patients under 70 years of age, with a witnessed

OHCA, initially presenting with VF/VT or who have been
administered an AED-shock, who have received bystander
BLS and who fail to achieve sustained ROSC within
15 minutes, are eligible for inclusion. These criteria are
designed to identify patientswho aremost likely to have an
arrest with a primary cardiac origin. The exclusion criteria
are: ROSC with sustained hemodynamic recovery within
15 minutes, terminal heart failure (NYHA III or IV), severe
pulmonary disease (COPD Gold III or IV), oncological
disease, pregnancy, bilateral femoral bypass surgery, pre-
arrest Cerebral Performance Category (CPC) score of 3 or
4, multiple trauma (Injury Severity ScoreN 15) and an
advance health care directive (Table I). Patients are also
excluded when it is estimated that cannulation will start

http://clinicaltrials.gov


Table I. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria (if known before randomization)

1. ≥18 - ≤70 years
2. Witnessed OHCA
3. Initial rhythm of VF/VT or AED-shock administered
4. Bystander BLS
5. No ROSC within 15 minutes

1. ROSC with sustained hemodynamic recovery within 15 minutes
2. Terminal heart failure (NYHA III or IV)
3. Severe pulmonary disease (COPD GIII of GIV)
4. Oncological disease
5. Pregnancy
6. Bilateral femoral vessel bypass surgery
7. Pre-arrest CPC score of 3 or 4
8. Multiple trauma (Injury Severity ScoreN 15)
9. Advance health care directive
10. Expected initiation of cannulation N60 min after arrest

Figure 1

Study outline.ACLS Advanced Cardiac Life Support; BLS, Basic Life Support; CCPR, Continued CardioPulmonary Resuscitation; CPR,
CardioPulmonary Resuscitation; ECPR, Extracorporeal CardioPulmonary Resuscitation; EMS, Emergency Medical Services; OHCA, Out-of-
Hospital Cardiac Arrest; ROSC, Return Of Spontaneous Circulation; VF/VT, Ventricular Fibrillation/Tachycardia.
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60 minutes after the initial arrest. Exclusion criteria are taken
into account if they are known at the time of randomization
and at the last check before start of treatment. (See Fig. 1.)
AED, Automated External Defibrillator; BLS, Basic Life

Support; COPD, Chronic Obstructive Pulmonary Disease;
CPC, Cerebral Performance Category; OHCA, Out-of-
Hospital Cardiac Arrest; NYHA, New York Heart Associ-
ation; ROSC, Return Of Spontaneous Circulation; VF/VT,
Ventricular Fibrillation/Tachycardia.

Trial consortium
The original trial consortium consisted of one univer-

sity hospital (Maastricht University Medical Center) and
two cardiothoracic centers in the Netherlands (Catharina
Hospital Eindhoven and Isala Clinics Zwolle). After public
presentation of the trial protocol, the consortium has
been expanded to include three additional university
hospitals (Amsterdam University Medical Center location
AMC, Leiden University Medical Center and University
Medical Center Utrecht) and one cardiothoracic center
(St. Antonius Nieuwegein). Cardiothoracic surgery and
management of veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) are restricted to 16 tertiary
centers within the Netherlands. The 7 centers that
participate in the trial are dispersed over six different
regions and provide resuscitation care for a cumulative
population of 5.586.565 inhabitants (see Table II).19

Based on the EMS databases, we expect 10–20 eligible
patients per center per year.

Study protocol
Standard EMS care for OHCA. Resuscitation care by

EMS is protocolized for all patients with OHCA irrespective
of study eligibility or participation. In the case of
(suspected) OHCA, two ambulances are dispatched to
the patient. Each ambulance is staffed with an ALS-trained
paramedic and a BLS-trained chauffeur. The norm for the
highest level of EMS alert (A1) is a maximal time-to-scene of



Table II. Population per region and average number of OHCA

Center Population per region Average number of OHCA per region per year

Maastricht UMC+ 600.037 360
Isala Clinics Zwolle 520.478 250
UMC Utrecht and St. Antonius Hospital Nieuwegein 1.284.504 400
Amsterdam UMC location AMC 1.906.677 985
Leids UMC 786.818 350
Catharina Hospital Eindhoven 761.763 350
Total 5.586.565 2695

UMC, University Medical Center; AMC, Academic Medical Center.
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15 minutes. In 2017 this was achieved in 92.4% of cases
and on average the time-to-scene was 9:41 minutes.20

Besides the EMS, first responders (policemen, firemen) and
BLS/AED trained volunteers are notified when they are in
the vicinity of the arrest.5

The EMS performs CPR according to the ERC guidelines
with high-quality chest compressions, quick airway
management and fast intravenous or intraosseous access.
All ambulances are equipped with a mechanical chest
compression device to facilitate transport. If no ROSC is
present after a minimum of three resuscitation cycles, the
patient is eligible for the study and transferred to hospital.
One resuscitation cycle is defined as two minutes of CPR.
With these three cycles added to the average time-to-
scene, approximately 15 minutes since start of arrest will
have passed. Upon departure from the scene, the EMS
inform the hospital about the age and sex of the patient,
presenting rhythm, administered AED-shocks, presence
of ROSC, witnessed arrest, and known comorbidities to
initiate randomization. En route, CPR is continued
including mechanical chest compression, medication
administration and defibrillation attempts.
Randomization. Based upon the information provid-

ed by the EMS, the resuscitation team leader assesses
eligibility for study participation. When the patient meets
the inclusion criteria and no exclusion criteria are known,
randomization is performed.
Using concealed allocation, patients are randomly

assigned to either CCPR or ECPR in a 1:1 ratio, stratified
per center. A web-based system randomizes the patient
using variable block randomization.
When the patient arrives in the hospital, a last check is

performed to see if the patient fulfills the in- and
exclusion criteria.
a) Control group: CCPR. In case of randomization to

CCPR, no special preparations for the trial are needed
before the patient's arrival.
Upon arrival, the standard of care, CCPR, is continued

according to ERC guidelines.
b) Intervention group: ECPR. In case of randomiza-

tion to ECPR, a physician skilled and qualified in
peripheral femoral cannulation, a perfusionist and a
scrub nurse are called to the emergency department or
the cath lab in addition to the routine response team.
Upon the patient's arrival, CPR is continued and the

inguinal region is exposed and disinfected bilaterally. The
choice between percutaneous or surgical cannulation is
made according to the physician's preference. Cannulas are
introduced into the femoral artery (15 F - 21 F) and vein
(19 F - 25 F), and advanced into the iliac artery and inferior
caval vein, respectively. Cannula size depends upon the
estimated body size and flow requirements. Subsequently,
these cannulas are connected to a portable heart-lung
support system, according to local availability, and perfusion
is initiated. During this phase, it is essential to continue chest
compressions with minimal interruptions. Inserting a distal
cannula for leg perfusion is encouraged, but not mandatory.
Post-resuscitation care. In both arms, post-resuscitation

care and extracorporeal circulation management are
executed according to current guidelines and local
protocols. This entails targeted temperature management
at 33–36 degrees Celsius for 24 hours, preventing hyper-
thermia for at least 72 hours, maintaining normoxia and
normocapnia with protective ventilation, normoglycemia
and optimizing hemodynamic parameters (i.e. rapid reduc-
tion of lactate levels, venous oxygen saturationN 65%, mean
arterial pressureN 65–70 mmHg).21 In most cases, a coro-
nary angiography or CT-scan is performed to identify and
possibly treat the cause of arrest. The decision to terminate
treatment is left to the treating physician and is documented
in the medical files and in the case report form (CRF).

Follow-up
Follow-up assessments will be obtained by a structured

interview at 30 days and 3, 6 and 12 months, at which time
the CPC score and quality-of-life (EQ-5D-5 L, EuroQoL,
Rotterdam, theNetherlands)22will be assessed. Additionally,
the iMCQ23 (medical consumption outside of the hospital)
and the iPCQ24 (productivity loss) are added to the interview
at 3, 6 and 12-months.18,19 At 12-months a predefined set of
patient-reported outcome measures (PROMs) created by a
patient panelwill also be added to the interview (see below).
Prevalence, incidence, and cause of repeated hospitalization
will be recorded for both arms.



Table III. INCEPTION primary and secondary endpoints

Primary endpoint Secondary endpoints

30-day survival rate with favorable neurological status (CPC 1 or 2) QALY's at 1 year
Costs of ECPR
Costs of CCPR
Costs per gained QALY
Duration of CPR
Duration to return of circulation
Duration of ICU stay
Duration of hospitalization
Time to targeted temperature management
Duration of mechanical ventilation
Survival at 3, 6 and 12 months
PROM's at 12 months after OHCA
If applicable: reason for discontinuation of treatment
If applicable: organ donation

CCPR, Continued CardioPulmonary Resuscitation; CPR, CardioPulmonary Resuscitation; CPC, Cerebral Performance Category; ECPR, Extracorporeal CardioPulmonary Resuscitation;
ICU, Intensive Care Unit; OHCA, Out-of-Hospital Cardiac Arrest; PROM, Patient-Reported Outcome Measure; QALY, Quality-Adjusted Life Year.
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Study outcomes
The primary endpoint is the 30-day survival rate with

favorable neurological status defined as a CPC score of 1
or 2. Secondary endpoints include survival with favorable
neurological status and quality-of-life at 3, 6 and
12 months, cost-effectiveness expressed as the incremen-
tal costs per QALY gained at 12 months, duration to
return of circulation, duration of mechanical ventilation,
intensive care unit (ICU) and hospital stay, time to
targeted temperature management, and reasons for
discontinuation of treatment (Table III).

Quality and safety assurance
A professional contract research organization (Clinical

Trial Center Maastricht) monitors the study data, trial
enrolment and conduct. Data is stored in a web-based
case report system (MACRO, Elsevier, London, UK). An
independent Data Safety Monitoring Board assesses the
safety and efficacy of the intervention, to safeguard the
interests of trial participants and the validity of the trial
results.

Patient panel
A panel of patients and a family member with personal

experience in CCPR or ECPR is composed for this trial.
This panel created patient-reported outcome measures
(PROMs) to reflect the outcomes they themselves believe
to be important for this patient population. The panel has
also judged information for patients and relatives on
clarity.

Statistical considerations
Sample size
The study is powered for the primary endpoint of 30-

day survival with favorable neurological outcome. Sample
size is based on an uncorrected two-sided Chi-square test,
accepting a power of 80% and a level of significance of
5%. Based on recent studies8-15 and our own center's
experience, we estimate the chances of survival with
good neurological outcome to increase from 8% to 30%.
Including a dropout of 10%, this results in 55 study
subjects per arm. Additionally, the study has an adaptive
design to allow for a change in sample size if the survival
benefit is substantial but different from the 22% increase
mentioned above.

Interim analysis
An interim analysis will be performed after the CPC

score has been established for the 40th patient at 30 days
after the OHCA. In this interim analysis, the percentage of
survival with good neurological outcome will be calcu-
lated for both treatment groups. Analysis of the primary
outcome will be blinded. All analyses will be performed
by an independent blinded statistician. These percent-
ages will be used to estimate the chance of a type II error.
In case of an imminent type II error, a new sample size
calculation will be performed which may result in an
advice to increase the sample size. Any increase in sample
size shall be submitted to the Ethics Committee for
approval.

Data analysis
Data will be analyzed primarily on an intention-to-treat

basis (Figure 2), but two additional analyses will also be
performed (Figures 3 and 4).
In the as-treated analysis, the ECPR-arm will consist of

all patients who received ECPR or ECPR was initiated,
regardless of allocation. The CCPR-arm will consist of all
patients who were treated conventionally, e.g. patients
who achieved ROSC in hospital before start of ECPR and
patients who did not receive ECPR due to logistical failure
to start treatment. Patients meeting the in- or exclusion
criteria before the start of the intervention or who



Figure 2

Intention-to-treat analysis. CCPR, Continued CardioPulmonary Resuscitation; ECLS, ExtraCorporeal Life Support; ECPR, Extracorporeal
CardioPulmonary Resuscitation; ED, Emergeny Department; ROSC, Return Of Spontaneous Circulation.
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achieve ROSC before arrival in the hospital will be
excluded. The exception is the exclusion criterion
‘expected initiation of cannulation N 60 min after arrest’
since this could lead to bias (e.g. exclusion of late
randomization in the ECPR-arm).
The per-protocol analysis will consist of patients in whom

the allocated protocol was strictly adhered to. Thus the
patients who did not meet the in- or exclusion criteria after
the start of the intervention will be excluded, this will
eliminate all procedures started 60 minutes after the arrest.
In the ECPR-arm, ROSC after arrival in the hospital and
before start of ECPR will be seen as part of the protocol. All
crossovers will be excluded to avoid a time-effect bias. ECPR
despite allocation to CCPR and CCPR despite allocation to
ECPR due to logistical failure to start treatment are seen as
crossovers. Initiation of ECLS post-resuscitation (e.g. for
cardiac failure after sustained ROSC) is not regarded as
crossover, but as part of regular post-resuscitation care.
Numerical values will be reported as mean ± standard
deviation or median (Interquartile range (IQR), i.e. 25th
to 75th percentile). Categorical variables will be reported
as frequency with percentage.
Primary endpoint. At 30-days after the OHCA, an

independent neurologist, blinded to the intervention will
perform an evaluation of the CPC score. These scores will
be reported as frequency with percentage. For the analysis
between treatment groups a logistic mixed regression
analysis will be used, which is described in more detail
below, correcting for the stratification variable (center). No
missing outcome data will be imputed since a likelihood
approach will be used. For the primary outcome, we focus
only on the treatment effect measured at 30 days after
OHCA. A complete case analysis (CCA) will be used to
perform a sensitivity analysis.
Secondary endpoints. For numerical and categorical

variables linear and logistic mixed effects model will be



Figure 3

As-treated analysis. CCPR, Continued CardioPulmonary Resuscitation; ECPR, Extracorporeal CardioPulmonary Resuscitation; ECLS,
Extracorporeal Life Support; ED, Emergency Department; ROSC, Return Of Spontaneous Circulation.
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used, where the fixed factors include group (ECPR vs.
CCPR), time (30 days, 3, 6 and 12 months), group∙time,
and center. As for the random part, a random intercept
model, a random intercept and slope (variance compo-
nents) model, or a random intercept and slope (unstruc-
tured) model will be assessed, where the one with the
smallest Akaike's information criterion (AIC) will be
reported. To check whether center is an effect-modifier,
the interaction terms group∙center, time∙center and
group∙time∙center will be added to the model. No missing
outcome data will be imputed since a likelihood
approach will be used, where patient characteristics
related to missing values will be included in the model.
Parameters will be estimated based on restricted maxi-
mum likelihood (REML). A CCA will be used to perform a
sensitivity analysis. For time to return of circulation Cox
regression analysis will be used, where the fixed factors
include group and center.
Cost-effectiveness
We will perform a cost-utility analysis from a societal

perspective to address cost-effectiveness of ECPR com-
pared to CCPR. Health care costs are collected by
registering the use of hospital resources and the medical
consumption outside the hospital using the iMCQ.23

Productivity loss will be registered using iPCQ.24 Health-
related quality-of-life will be assessed with the EQ-5D-5 L.
As most volumes of resources follow a skewed distribu-
tion, differences in costs between the two groups will be
analyzed with non-parametric bootstrap analysis. In
addition, bootstrap analysis will be used to quantify the
uncertainty surrounding the incremental cost-
effectiveness ratio.25 Results of this analysis will be
presented in cost-effectiveness planes and acceptability
curves. Missing data will be imputed by a multiple
imputation approach. Uncertainty related to the impact
of different parameters on the incremental cost-



Figure 4

Per-protocol analysis. CCPR, Continued CardioPulmonary Resuscitation; ECPR, Extracorporeal CardioPulmonary Resuscitation; ED, Emergency
Department; ELS, Extracorporeal Life Support; ROSC, Return Of Spontaneous Circulation.
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effectiveness ratio will be assessed with uni- and
multivariate sensitivity analysis.

Ethical considerations
The study is conducted according to the Declaration of

Helsinki, in accordance with the Medical Research
Involving Human Subjects Act and the statements of the
Dutch Central Committee on Research Involving Human
Subject addressing deferred consent in unresponsive
patients.26 The study is approved by the Medical Ethics
Committee at the Maastricht University Medical Center,
Maastricht, the Netherlands and by the Ethics Commit-
tees of all participating centers.

Prior informed consent
The study intervention fulfills the ethical requirement

of clinical equipoise. Patients can benefit from the
intervention, but up to now, a state of honest,
professional uncertainty exists in the community of
expert practitioners as to the outcome perspective of
ECPR. Since the study intervention concerns an emer-
gency intervention, it has to be applied without delay.
Patients eligible for inclusion are unconscious, unable to
consent and have an extremely high risk of dying. Legal
representatives are either absent or distressed by
circumstances and not in a state of mind to make a
well-considered decision. This renders obtaining in-
formed consent prior to inclusion impossible. In research
in a time-sensitive setting when the patient or proxy is
unable to provide consent, the use of a deferred consent
is an accepted method.

Deferred (proxy) consent
If and when the patient regains consciousness, the

investigator will inform the patient about the study and
ask informed consent (deferred consent). When the
patient remains unable to communicate, the legal
representative will be asked for deferred proxy consent
between day one and seven. In the case of deferred proxy
consent, the patient will also be asked for consent if and
when his consciousness recovers.
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Waiver of consent
Due to the nature of the study population, we expect

that a substantial number of patients will be declared
dead before informed consent can be obtained. Deferred
proxy consent can no longer be pursued, since,
according to Dutch legislation, legal representation
ends after death.26,27 It is essential for the validity of the
study to use the data of these patients, to avoid a large risk
of inclusion- or “consent”-bias.
This introduces the difficult ethical and juridical

situation in which we need to use data without any
informed consent. Dutch legislation allows the use of data
for statistics or scientific research in the field of public
health without consent when the following three
conditions are met: 1) the research is in the public
interest, 2) the research cannot be conducted without the
information in question, and 3) the patient in question
has not explicitly objected to the possibility that
information will be provided for this purpose (BW
7:458:2). The ethical board deemed this trial, after careful
deliberation, to be in line with these conditions.
If a participant deceases before consent is obtained, the

leader of the resuscitation team will inform the legal
representatives that the patient participated in the study.

Discussion
An essential factor for the success of ECPR is the chain

of survival – without excellent pre-hospital care, ECPR
has no possible benefit. The Dutch pre-hospital resusci-
tation care is very well-organized – with a high coverage
of AED's and BLS trained volunteers5,6 and ALS-trained
EMS with a short time-to-arrival (± 9:41 minutes20), who
aim at rapid transfer to the hospital using mechanical
compressions. To optimally incorporate the ECPR-link
into the chain, a well-prepared ECPR-team is mobilized
while the patient is still en route to the hospital. This
minimizes the delay between cardiac arrest and initiation
of ECPR and maximizes the chance of a positive outcome.
At present, there are four other ECPR trials recruiting

patients in Prague, Paris, Vienna and Michigan
(NCT01511666, NCT02527031, NCT01605409,
NCT03065647). These studies differ from the
INCEPTION trial, in the respect that they are typically
performed in large, multimillion cities by high-volume
single centers that have teams exclusively dedicated to
ECPR. This situation is not representative for less densely
populated areas where the full-time assignment of an
ECPR-team is not feasible. The number of eligible patients
per center is simply too small to make this cost-effective.
Thus ECPR needs to be implemented within the existing
resuscitation infrastructure. This trial will provide a
picture of the broader feasibility outside these high-
volume, expertise centers.
In line with this, the trial is designed pragmatically. We

have not changed the local ACLS protocol, nor the local
ECPR and ECLS protocol. Each site has a different
procedure, based on their infrastructure and own
experience. The resuscitation leader will be the fellow
intensive care, anesthesiologist, emergency physician or
cardiology resident. ECPR is performed in either the
emergency department or the cath lab, by either the
cardiothoracic surgeon, intervention cardiologist and/or
ECLS-intensivist. With the current level of evidence, it is
not yet known what is the most effective way to perform
ECPR, so experience and expediency are more likely
contribute to a successful procedure than one uniform
protocol. While there will be a difference within the
ECPR arm, the difference when comparing to the control
arm will be much larger. To minimize this confounder we
stratify per site in the randomization.
Since little information is available during an out-of-

hospital cardiac arrest; we have chosen inclusion criteria
that are easy to interpret. We decided not to use etCO2 to
select patients because 1) etCO2 is a dynamic value and
the EMS might report multiple values; 2) there could be
technical problems preventing the etCO2 from being
measured; 3) leakage with a supraglottic airway device
might lead to unreliable measurements. In these cases, it
is unclear which value should be used for randomization
or if the patient should be randomized without the
measurement. While we would prefer to use more
parameters to base the decision on (e.g. lactate and
pH), we have chosen to use those most easily interpreted
and readily available.
Recently, there has been a growing awareness that

centralization of OHCA care to hospitals with percutane-
ous coronary intervention facilities, cardiothoracic sur-
gery, and specialized neuromonitoring facilities can
improve outcome.28,29 A proven benefit of ECPR over
CCPR would be a further argument to centralize
resuscitation care. However, in an era where budget
control in health care is increasingly important, it is
essential to evaluate the costs accompanying a clinical
benefit. This trial is therefore not only designed to
determine the clinical benefit of ECPR but also to provide
data on the cost-effectiveness of this intervention.
Because of the difficult ethical considerations, we feel it

crucial to involve the patients in this trial. Therefore, we
have instated a patient panel during the design of the
study, consisting of people with personal experience
with CCPR and ECPR. The panel has shared their opinion
on trial design, patient information letters, and consent
procedures. We feel that the active involvement of
patients in this phase of trial conception will strongly
contribute to warrant public support for the study
background and execution. Furthermore, they have
defined PROM's to reflect the outcomes they themselves
have experienced and deem to be important. Because of
this, the questionnaire is not validated, but we hope to
gain more knowledge on the experience of our patients.
These PROM's provide unique qualitative data on
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outcomes that can bridge the gap between clinical reality
and the patient perspective.

Summary
The INCEPTION trial is the first multicenter, random-

ized controlled trial to explore ECPR in patients in
refractory OHCA presenting with VF/VT. It aims to
determine the effect of ECPR on survival rate and
neurological outcome, and to evaluate its feasibility and
cost-effectiveness. The trial will provide valuable data for
solid evidence-based recommendations on the applica-
tion of ECPR in future resuscitation guidelines.

Current status of trial
As of mid-October 2018, 33 patients have been

recruited by the initiating center (Maastricht University
Medical Center) and the Isala Clinics Zwolle, the other
participating centers will start enrolling later this year.
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