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ABSTRACT

Objective: Extracorporeal membrane oxygenation within CPR

(ECPR) may improve survival for refractory out-of-hospital

cardiac arrest (OHCA). We developed a prehospital, emer-

gency department (ED), and hospital-based clinical and

educational protocol to improve the key variable of time-to-

ECPR (TTE).

Methods: In a single urban health region we involved key

prehospital, clinical, and administrative stakeholders over a

2-year period, to develop a regional ECPR program with

destination to a single urban tertiary care hospital. We

developed clear and reproducible inclusion criteria and

processes, including measures of program efficiency. We

conducted seminars and teaching modules to paramedics

and hospital-based clinicians including monthly simulator

sessions, and performed detailed reviews of each treated

case in the form of report cards. In this before-and-after study

we compared patients with ECPR attempted prior to, and

after, protocol implementation. The primary outcome was

TTE, defined as the time of initial professional CPR to

establishment of extracorporeal circulation. We compared

the median TTE for patients in the two groups using the

Wilcoxon signed rank test.

Results: Four patients were identified prior to the protocol

and managed in an ad hoc basis; for nine patients the

protocol was utilized. Overall favourable neurological out-

comes among ECPR-treated patients were 27%. The median

TTE was 136 minutes (IQR 98 - 196) in the pre-protocol group,

and 60 minutes (IQR 49 - 81) minutes in the protocol group

(p = 0.0165).

Conclusion: An organized clinical and educational protocol

to initiate ECPR for patients with OHCA is feasible and

significantly reduces the key benchmark of time-to-

ECPR flows.

RÉSUMÉ

Objectif: L’oxygénation par circulation extracorporelle (OCEC)

en cours de réanimation cardiorespiratoire (RCR) peut

améliorer la survie dans les cas d’arrêt cardiaque extrahos-

pitalier (ACEH) réfractaire. Aussi avons-nous élaboré un

protocole clinique et éducatif reposant sur le milieu pré-

hospitalier, le service des urgences et le milieu hospitalier

afin d’améliorer la principale variable temporelle liée à la

RCR+OCEC.

Méthode: Des représentants importants des milieux préhos-

pitalier, clinique et administratif ont travaillé, sur une période

de deux ans, à l’élaboration d’un programme de RCR+OCEC

dans une région sanitaire urbaine en vue du transport de

malades vers un seul centre hospitalier de soins tertiaires,

situé en ville. Ont été établis des critères d’inclusion et des

processus précis et reproductibles, y compris des mesures

d’efficacité du programme. Nous avons tenu des séminaires,

préparé des modules d’enseignement à l’intention des

ambulanciers paramédicaux et des cliniciens hospitaliers,

organisé des séances mensuelles de formation par

simulation, et procédé, sous forme de fiche, à l’examen

détaillé de chacun des cas traités. Dans cette étude de type

avant-après, il y a eu comparaison des patients soumis à des

tentatives de RCR+OCEC avant et après la mise en œuvre du

protocole. Le principal critère d’évaluation consistait en la

mesure du temps écoulé avant la RCR+OCEC, défini comme

le temps passé depuis le début des manœuvres de RCR par

des professionnels jusqu’à l’établissement de la circulation

extracorporelle. Nous avons comparé le temps médian

écoulé avant la RCR+OCEC dans les deux groupes de

patients à l’aide du test de Wilcoxon pour observations

appariées.

Résultats: Quatre patients ont été retenus avant la mise en

œuvre du protocole et pris en considération de façon
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ponctuelle, tandis que neuf autres patients ont été soumis au

protocole. La proportion de résultats neurologiques favor-

ables chez les patients traités par la RCR+OCEC a atteint,

dans l’ensemble, 27%. Le temps médian écoulé avant la

RCR+OCEC était de 136 minutes (écart interquartile [EIQ] : 98-

196) dans le groupe antérieur à la mise enœuvre du protocole

et de 60 minutes (EIQ : 49 - 81) dans le groupe soumis au

protocole (p = 0,0165).

Conclusion: Les résultats de l’étude montrent qu’il est possible

d’élaborer un protocole clinique et éducatif sur la pratique de

la RCR+OCEC chez les patients victimes d’un ACEH, et que

celui-ci permet de réduire considérablement la principale

valeur de référence liée au temps écoulé avant la RCR+OCEC.

Keywords: extracorporeal membrane oxygenation, heart

arrest, cardiopulmonary resuscitation

INTRODUCTION

North American emergency medical services (EMS)
attend to 134 cases of out-of-hospital cardiac arrest
(OHCA) per 100,000 adult citizens annually,1,2 with
survival ranging from 3%-16%.1,2 Emerging data have
suggested that extracorporeal cardiopulmonary resus-
citation (ECPR), a form of veno-arterial extracorporeal
membrane oxygenation (ECMO) implanted during
cardiac arrest, may improve survival in certain patients
with refractory OHCA.3-6

Several centres have described ECPR experiences;
although inclusion criteria—chiefly, younger patients
with both rapid arrest recognition and initiation of
cardiopulmonary resuscitation (CPR)—have been
similar, outcomes have varied.4-12 Positive outcomes
appear to be strongly correlated with the time from
arrest-to-ECPR initiation: survival is rare if this num-
ber exceeds 75 minutes.4,5,7-12 In ECPR studies com-
paring in-hospital arrests with OHCAs, patients in the
latter group—despite often demonstrating better
prognostic characteristics such as a younger age and
higher proportion of shockable rhythms—demonstrate
significantly worse outcomes than their hospitalized
counterparts,7,8 likely in part because of the substantial
increase in the time to ECPR initiation.

While the community is the most likely place for a
sudden unexpected cardiac arrest in a previously healthy
patient, the ideal ECPR candidate, there are logistical
challenges in optimizing arrest-to-ECPR intervals for
out-of-hospital patients with refractory arrest. At our
institution, we recognized that in the small number of
OHCAs that were treated with ECPR, the times
required to initiate ECMO were prolonged. Further, as
our prehospital system prioritizes on-scene resuscita-
tion, with patients in refractory arrest uncommonly
transported to the hospital, few could be considered for
this therapy. For this reason, we developed a formal
regional clinical ECPR protocol for OHCAs, the first

of its kind in Canada, to improve the access
and efficiency of ECPR initiation. The protocol inclu-
ded prehospital and hospital integration for early
identification and transport of ECPR candidates, with
rapid ECPR initiation upon hospital arrival for those
who remained in refractory arrest. To achieve this, we
instituted an intensive educational and quality
improvement program, involving all members of the
ECPR initiation team from each phase of care, to
optimize time metrics. The primary goal of the ECPR
service was to achieve expedited initiation of ECPR for
appropriate patients; the aim of this study was to
measure the change in times to ECPR initiation after
protocol implementation.

METHODS

Study design and setting

This study was an observational before-and-after design
examining the performance of a clinical protocol, which
took place in a single health region including the cities
of Vancouver and North Vancouver and the district
municipalities of North Vancouver and West Vancou-
ver, in the province of British Columbia (BC). The total
land area is approximately 380 km2 and contains a
population of approximately 800,000 (73% between the
ages of 15 and 65)13 and four emergency departments
(ED). The study hospital is St Paul’s Hospital, a
regional cardiac referral centre, which includes 24-hour
access to cardiothoracic surgical services and cardiac
catheterization, as well as cardiac transplant and ven-
tricular assist device programs. The cardiovascular
surgery program has provided ECPR services at St.
Paul’s Hospital since 2000 on a case-by-case basis, but
with no formal protocol prior to the protocol described
in this manuscript.14 The ED treats approximately
85,000 patients annually.
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This study protocol was submitted to and reviewed
by the University of British Columbia (UBC)/Provi-
dence Healthcare Research Ethics Board but was
deemed exempt from the requirements for researcher
ethics approval both in accordance with UBC Policy
and the provisions of the Tri-Council Policy because it
was a classified as a quality improvement project.

Prehospital care

In BC, coordinated EMS is provided by municipal fire
departments (FD) and the provincial Ambulance Ser-
vice (BCAS). FD first responders are trained in basic
life support (BLS)15 including automated external
defibrillators (AED). There are approximately 20 BLS15

paramedic teams and four advanced life support
(ALS)17 paramedic teams on-duty at any given time; the
latter attend to approximately 98% of OHCAs.18 BCAS
policy requires that all patients treated by EMS must
undergo resuscitative efforts for at least 30 minutes
prior to termination unless contrary to family wishes or
a “do not resuscitate” order is identified.19 Transport
of patients who do not regain a pulse (ROSC) in the
prehospital setting is rare.18

Development of hospital-based care protocols

In January 2014, discussions commenced regarding the
establishment of a regional ECPR service for OHCA
based at St. Paul’s Hospital. It was acknowledged that
ECPR services were already being utilized for OHCA,
but quite infrequently and on an ad hoc basis, that there
was no established eligibility criterion and that ECMO
initiation times were prolonged. A committee was created
involving administrative and clinical representatives from
the health authority’s senior leadership team, emergency
medicine, cardiac surgery, perfusion services, cardiac
anesthesiology, interventional cardiology, and critical
care. The feasibility, potential benefits, resource utiliza-
tion, and costs of such a formal program for OHCA
ECPR application were discussed, and analyses were
developed and published.20,21 The committee endorsed
the proposal, which was approved by the hospital
administration in June 2015. Over the next six months, a
formal OHCA ECPR hospital-based protocol was
developed that commenced in January 2016. The stated
overall vision was to improve the proportion of neuro-
logically intact survivors among young previously healthy
victims of sudden unexpected OHCA, through rapid

identification of appropriate candidates and initiation of
ECPR in the ED for a short duration of intensive ther-
apy. The key goal metric of the protocol was time-to-
ECMO (TTE) flows within 75 minutes, but preferably
within 60 minutes, of initial professional resuscitative
efforts. The inclusion and exclusion criterion are descri-
bed in Figure 1. All required equipment and materials for
ECPR initiation, including an ECMO unit, were
acquired and housed in the ED resuscitation bay.

Development of novel prehospital ECPR protocol

In June 2015, discussions began with the senior leader-
ship at BCAS. As arrests typically run for 30 minutes
without transport to the hospital for those who did not
achieve ROSC,19,21 this new protocol required a major
change. The prehospital phase of the protocol was
developed, along with a training program for paramedics
in the region, and was based on a six-step Kern
approach.22 One Lucas mechanical chest compression
device (Physio-Control, Inc., Lund, Sweden) was
acquired for each ALS team. The training package was
sent to all paramedics: 1) a manual outlining the ECPR
protocol; 2) a manual describing the operation of the
Lucas device; 3) video instructions for the Lucas device;
and 4) hypothetical case examples of potential ECPR
patients. In addition, all ALS paramedics underwent:
1) standardized in-person training of the protocol and
operation of the Lucas chest compression device; and
2) a test to confirm competency. A Lucas-compatible
mannequin was placed in each ALS station for interval
training. Pocket cards detailing the inclusion and
exclusion criteria, as well as the prehospital portion of
the protocol, were given to each paramedic.

Activate Code-ECPR for those in refractory cardiac arrest if following criteria are met:

Inclusion Criteria (meets all of the following): 
Age ≤ 65 yr
Witnessed Arrest (by bystander or EMS)
Early CPR (bystander initiated OR time from 911 call to EMS CPR < 10 min)
Cause of arrest is one of the following:

No obvious non-cardiac cause
Overdose of cardiac toxin (including beta-blockers, calcium channel

blockers, tricyclic antidepressants, or digoxin), or 
Hypothermia (with T < 32°C)*

Exclusion Criteria (meets any of the following):

Any other cause of cardiac arrest
Inappropriate for ICU admission
Pre-Existing major organ system failure (incl. CHF, COPD, dialysis-dependent, liver
failure, major neurological deficits)
Active malignancy
EMS arrival > 40 minutes from initial professional resuscitation

*Hypothermia-related arrests may be eligible for ECPR even if other inclusion criteria
are not met, provided the patient is appropriate for ICU admission.

Figure 1. ECPR Criteria.

Grunau et al

426 2017;19(6) CJEM � JCMU

https://www.cambridge.org/core/terms. https://doi.org/10.1017/cem.2017.376
Downloaded from https://www.cambridge.org/core. The University of British Columbia Library, on 27 Apr 2018 at 18:03:01, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/cem.2017.376
https://www.cambridge.org/core


The protocol is shown in Figure 2. For all patients
meeting the criteria, the ALS paramedic called the
on-duty St. Paul’s emergency physician (EP). The cri-
teria were reviewed, and if candidacy was confirmed,
the EP activated “code-ECPR.” Paramedics intubated
the patient (if not already performed), applied the Lucas
compression device, extricated, and then transported
the patient to St. Paul’s Hospital with ongoing ACLS
resuscitation.

ED and hospital-based protocol

Upon receiving a call from an ALS paramedic, the EP
completed a standardized form to ensure the patient
was appropriately included; if so, the EP initiated
“code-ECPR.” The ED unit clerk notified the on-call
cardiovascular surgeon and perfusionist (in-hospital
from 6:00 a.m. to 6:00 p.m., and within 30 minutes of
the hospital at other times), as well as cardiac

anesthesiology, intensive care, the cardiac surgery
intensive care unit (ICU) nurse leader, and the hospital
clinical coordinator. The ED team, consisting of two
EPs, four nurses, and one respiratory therapist, assem-
bled in the resuscitation bay prior to patient arrival, and
various duties were assigned (Online Appendix 1).
Upon patient arrival, the patient was again assessed
using the eligibility criteria. One EP began placing
single-bore 16-gauge catheters in the artery and vein
using US guidance. In addition, a bedside US was
performed to assess for reversible OHCA causes. Upon
arrival, the cardiovascular surgeon assumed leadership
of cannulation, inserting the ECMO cannulas with the
EPs assisting and using a bedside US to assist with wire
placement. ECMO flows were then commenced.
Unless an obvious noncardiac cause was identified, an
emergent coronary angiogram was performed. Online
Appendix 2 details the strategy for ongoing ECMO
management. All patients for whom withdrawal of

Decision to activate code-ECPR (goal < 15 min)

• ALS Paramedic calls the ED regarding an ECPR-eligible patient; code-ECPR is activated provided EP is in agreement
• Intubate patient
• Apply Lucas Chest compression device
• Extricate and transport

ED Resuscitation team prepares for patient

Patient arrives in ED (goal < 30 min) and Resuscitation Continues
ECPR eligibility is confirmed

US-guided Femoral vascular access

Emergent angiogram performed if no obvious non-cardiac etiology identified

ECMO and post-arrest care in critical care ward

Fire Department and/or Paramedics commence Professional Resuscitation

Cardiac Surgeon and Perfusionist Arrive (goal < 45 min)
ECMO Cannulas placed and flows established (goal < 60-75min)

Cardiac Surgeon and
perfusionist are alerted

Patient remains pulseless after ≥ 3 cycles of resuscitation and meets all criteria

ALS Paramedic arrives on scene: commences ACLS resuscitation and assesses patient with ECPR criteria

Figure 2. ECPR Protocol Scheme.
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life-sustaining therapies was planned were considered
for donation.

Medical and nursing education

Beginning in June 2015, we organized monthly stake-
holder meetings to create a curriculum that was open
to feedback and continuous iterative improvements.
We sent monthly electronic messages to all ED staff
regarding the protocol and invited contributions. At
monthly departmental and educational rounds, various
committee members gave ten-minute sessions relating
to various protocol aspects.

We organized ECPR simulations involving prehospital
and ED providers monthly since October 2015 and
included ALS prehospital notification, code-ECPR acti-
vation, ED preparation and delegation of roles, para-
medic arrival (with a mannequin on an EMS stretcher
and ongoing mechanical chest compressions) and transfer
of care, ED ACLS resuscitation, and US visualization of
femoral vessels with US-guided catheterization. New
medical supplies were used in each simulation to enhance
verisimilitude. We used an adapted mannequin with a
custom-made ballistic gel over a tubing insert to cannu-
late and place ECMO cannulas. At the conclusion of each
session, a debriefing session was held, and the simulation
director and program leaders provided feedback. Simu-
lations were recorded for further analysis.

Quality improvement model

The Model for Improvement Framework of Deming’s
System of Profound Knowledge was utilized to achieve
and sustain the primary outcome.23 Real-time data were
measured using run charts, with additional analysis to
examine any particular cause variation noted.23 We
attempted to interview all participants after the ECPR
activations, including all involved physicians and sur-
geons, nurses, perfusionists, and respiratory therapists.

Report cards

A designated quality and safety team was constructed
to perform a standardized, detailed review of all “code-
ECPR” activations that included interviews of partici-
pants, a synopsis of the event, calculation of time
intervals, areas of success, and areas for improvement.
We assembled template report cards (see Online

Appendix 3) and sent them to all stakeholders and all
ED staff members.

Selection of participants and analysis groups

This study included consecutive patients with
nontraumatic refractory OHCA who had ECPR initia-
tion attempted in the ED. Patients were excluded if
sustained ROSC was achieved prior to ECPR initiation
attempt.24 We dichotomized patients based on whether
they were treated prior to or after protocol
implementation. We included patients who were treated
up to two years prior to and within the first seven
months of the commencement of the ECPR protocol.

Outcome measures and variable definitions

The primary outcome was the TTE, defined as the time
of first professional resuscitative efforts to the com-
mencement of ECMO flows. All cases were included in
the analysis, regardless of whether adequate ECMO
flows were achieved. In addition, we described the
outcomes of the ECPR-treated patients at hospital
discharge: 1) favourable neurologic outcomes defined
as a cerebral performance category 1–2; and 2) survival.25

Data collection

All prehospital data including commencement of first
EMS CPR, patient characteristics, Utstein variables,25

and treatments were recorded on standardized BCAS
template charting (in use since prior to the pre-protocol
period). Perfusion services have used a standard template
form for all ECMO initiations since before the pre-
protocol time period; this template includes data entry
for the time ECMO flows were first initiated. We col-
lected data from these sources onto a standardized Excel
spreadsheet, which was used to populate the ECPR
report cards (Online Appendix 3). The overall number
of OHCAs in the region was determined using the BC
Resuscitation Outcomes Consortium OHCA Registry.26

Data analysis

We used Microsoft Excel 2008 (Microsoft Corp,
Redmond, WA, USA) and R version 3.2.4 with the
“exactRankTests” package (Foundation for Statistical
Computing, Vienna, Austria) for data entry and
analysis. QI Macros for Excel 2013 (KnowWare
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International, USA) and statistical process control
charts were used for quality improvement monitoring.
We compared the median TTE for patients in the two
groups using the Wilcoxon signed-rank test.

RESULTS

Characteristics of study subjects

The overall number of adult nontraumatic EMS-treated
OHCAs in the region prior to and after the protocol
implementation was 953 and 353, respectively. There
were four and nine ECPR cases attempted prior to and
after protocol commencement, respectively. The median
age was 44 (IQR 35-58); two (15%) were female, and
62% had initial shockable cardiac rhythms (Table 1).

Main results

Patient characteristics are shown in Table 1. Of the
pre-protocol patients, all had adequate ECMO flows
established, and one (25%) survived (Table 2). One
patient in the pre-protocol phase was transported to a
different ED within the region and then transferred with
ongoing CPR to St. Paul’s hospital for ECPR initiation.
After protocol implementation, ECPR was attempted in
nine patients (all transported directly to St. Paul’s), seven
of whom had adequate ECMO flows established and two
of whom survived. Of the two patients who could not
have adequate ECMO flows established (thus precluding
ECPR treatment), both were found to have aortic dis-
section on autopsy. All survivors had favourable neuro-
logical outcomes at hospital discharge. Two patients,
both in the protocol group, were determined to be organ
donation candidates; for one, an appropriate recipient
was identified, and organs were donated (two kidneys,
pancreas, and liver).

The median TTE flows prior to protocol imple-
mentation was 136 minutes (IQR 98-196 minutes), in
comparison to 60 minutes during the protocol period
(IQR 49-81 minutes, p = 0.017) (Table 2). The differ-
ence remained significant after removal of the one
patient who was not transported directly to the ECPR-
performing institution (p = 0.027). A run chart can be
seen in Figure 3. The median door-to-ECPR time
pre-protocol was 104 minutes (IQR 53-138), and after
the protocol implementation, it was 28 minutes (IQR
20-45, p = 0.011).

The median duration of ECMO treatment among
survivors and non-survivors (excluding those for whom
adequate ECMO flows were not established) was
1.10 days (IQR 1.02-2.77) and 0.86 days (IQR 0.37-
3.07 days), respectively. The median duration of the total

Table 1. Patient characteristics and treatment data of ECPR

attempts

Pre-Protocol Protocol

n or median
(% or IQR)

n or median
(% or IQR)

Number 4 9
Age 38 (32-44) 46 (35-61)
Past Medical History

None 1 (25) 3 (33)
Coronary artery disease 0 2 (22)
Mental health 1 (25) 2 (22)
Inflammatory bowel
disease

1 (25) 1 (11)

COPD 1 (25) 1 (11)
Bystander CPR 3 (75) 6 (67)
Witnessed

Bystander 2 (50) 6 (67)*
EMS 1 (25) 2 (22)*

Initial rhythm
VF 3 (75) 5 (55)
PEA 1 (25) 2 (22)
Asystole 0 2 (22)

Etiology of arrest
Hypothermia 2 (50) 2 (22)
ACS 1 (25) 3 (33)
Unknown 1 (25) 1 (11)
Aortic dissection - 2 (22)
Electrolyte - 1 (11)

Time of Resuscitation
0601-1800 4 (100) 3 (33)
1801-0600 0 7 (77)

Time from first EMS CPR to
ED Arrival
Prehospital Resuscitation
(minutes)

43 (26-66) 32 (25-44)

Hospital Duration
ECMO, days† 0.86 (0.16-4.84) 1.10 (0.57-2.77)
ED/Critical Care, days 3.42 (0.20–8.57) 1.65 (0.17-13.99)
Total Hospital stay, days 3.42 (0.20-8.57) 1.65 (0.18-27.84)

Interventions
Angiogram 1 (25) 4 (44)
Fasciotomy 1 (25) 1 (11)
CABG 1 (25) 0
Laparotomy 0 1 (11)

Complications
Compartment syndrome
requiring a fasciotomy

1 (25) 1 (11)

Vascular injury 0 1 (11)
Intracranial hemorrhage 0 1 (11)
Liver laceration 0 1 (11)

ACS= acute coronary syndrome; CABG= coronary artery bypass graft;
CPR= cardiopulmonary resuscitation; ECMO=extracorporeal membrane oxygenation;
EMS=emergency medical systems; PEA=pulseless electrical activity; VF= ventricular
fibrillation.
*One protocol period patient who had an unwitnessed arrest was treated with ECPR; he
fell out of a boat with companions and then arrested soon afterwards; he was considered
a hypothermia-related arrest and thus was not required to meet all criteria; and he was a
nonsurvivor.
†Patients for whom adequate ECMO flows were unable to be established were excluded
from this statistic.
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hospital stay for survivors and non-survivors was 9.38 days
(IQR 4.25-120.9) and 0.91 days (IQR 0.03-5.78),
respectively.

DISCUSSION

We sought to improve outcomes from refractory OHCA
in our region, specifically focusing on young victims of
sudden unexpected cardiac arrest. We developed and
implemented a structured formal multidisciplinary
ECPR protocol involving prehospital resuscitation,

prehospital-hospital coordination, pre-rehearsed ED
management including the establishment of extra-
corporeal membrane oxygenation, standardized post-
arrest management, and ongoing education; the goal of
this protocol was to achieve ECMO initiation in under
75 minutes from first paramedic contact. We found that
there was a large decrease in the elapsed resuscitation
duration to the establishment of ECMO flows after our
protocol implementation. Importantly, during the pre-
protocol period, when patients received unstructured
care, the median 136-minute TTE exceeded a reason-
able time frame that patients might be expected to sur-
vive; conversely, the median 60-minute TTE under the
organized protocol is more likely to lead to positive
outcomes. Our protocol, including the educational
aspects and the description of the development process,
might assist other hospitals in determining the feasibility
of achieving required time metrics to provide ECPR
therapy to patients with OHCA.
During the pre-protocol time, few OHCAs were

treated with ECPR, likely because of the following:
1) the lack of a formal protocol; 2) the prehospital
resuscitation paradigm focused on on-scene resuscita-
tion; and 3) the infrequent intra-arrest patients trans-
ported to the hospital were sent to the closest hospital as
opposed to one where a protocol would be developed.
During this time, ECPR was only considered after failed
ED resuscitative efforts that made acceptable TTE
metrics virtually impossible, especially during times in
which non-ED personnel were not in the hospital.
While comparing time metric differences in the pre-
hospital and hospital phases of care, it appears the
greatest decrease was in the hospital phase. However, an
essential component of this hospital-based improvement
was prehospital activation of the protocol that allowed
critical preparation to occur and mobilization of non-ED
personnel to attend the ED—an especially key compo-
nent as the majority of cases occurred outside of daytime
hours in which non-ED personnel were offsite.
We previously reported an estimate of the number of

potential ECPR candidates in our region and found that
of those with initial shockable rhythms, the outcomes
were already excellent, with 87% surviving to admission
to a hospital ward.20 Acknowledging these data, we were
cognizant of the risk of worsening this high survival rate
while building the protocol. Our examination of
time-to-ROSC survival curves determined the optimal
transport time to mitigate harm to patients who might
have good outcomes with conventional resuscitation.21

Table 2. Patient outcomes

Pre-Protocol Protocol

n or median
(% or IQR)

n or median
(% or IQR)

Time to ECMO flows (minutes) 136 (98-196) 60 (49-81)
Door to ECMO flows (minutes) 104 (53-138) 28 (20-45)
ECPR-treated outcomes at
hospital DC
Survival (n, %) 1/4 (25) 2/7 (29)
Favourable neurological
outcome

1/4 (25) 2/7 (29)

Eligible organ donors 0/4 (0) 2/9 (22)

DC = discharge; ECMO = extracorporeal membrane oxygenation;
ECPR = extracorporeal membrane oxygenation cardiopulmonary resuscitation.
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To achieve the benefit of ACLS therapies both on-scene
and during transport, we required that ALS paramedics
attend to patients prior to transport for ECPR. This
might have delayed hospital transport; however, we
believed this would mitigate the risk of worsening
baseline outcomes by maintaining all elements of our
current conventional treatment algorithm at the scene
and during transport. Our reliance on ALS-concentrated
decision-making placed the experience with fewer but
more experienced personnel, reducing training time and
resources. In addition, we made mechanical CPR a
prerequisite for transport and thus outfitted each ALS
team with a mechanical chest compression device. While
there is no evidence that mechanical chest compression
devices are superior to manually performed CPR if
applied to all OHCAs,27 these devices have been shown
to perform superior CPR quality during ambulance
transport.28,29

The low volume of ECPR candidates is a threat to
developing and maintaining competency in an ECPR
protocol for OHCA within prehospital and ED settings.
Our educational and simulation program sought to
develop and maintain team-based familiarity with the
procedure. Volumes may be higher in other settings with
less strict inclusion criteria, those with existing outcomes
including fewer patients who achieve ROSC, or those
with differing population demographics or density.

Although not the primary objective of our efforts, our
data indicates that the application of ECPR for OHCA in
Canada may result in additional opportunities for organ
procurement; this has the potential to benefit additional
patients, and the cost-benefit of transplantation might
offset the resource-intensive nature of ECPR therapy. In
addition, the opportunity to donate, which would not
otherwise be possible, may be an important source of
consolation to bereaved families. Consistent with any
patient with severe brain injury, our program incorpo-
rates the consideration of organ donation only after the
decision of patient disposition as part of comprehensive
end-of-life care. In contrast to OHCA ECMO programs
in which ECMO is initiated with the primary purpose of
supporting organ function for uncontrolled donation
after cardiac death,30,31 we believe that our donation
practice does not represent conflict of interest.

Overall, our proportion of positive outcomes among
those treated with ECPR was 27%. These data are
consistent with previous reports.32 Acknowledging
the low sample sizes of ECPR-treated cases series, the
undifferentiated mix of cardiac arrest patients with

varied etiologies and baseline characteristics, and
clinician selection bias, confidence in estimates of true
effectiveness in terms of survival and comparisons with
other sites or between different time periods are diffi-
cult to ascertain. The inclusion of non-shockable
rhythms in our protocol also likely influenced our
outcomes. Whereas those with refractory arrest after
initial shockable rhythms might be better candidates,
we elected to include patients with initial non-shockable
rhythms as we hoped this therapy would be a way to
improve the poor prognosis of this group. Overall, we
found that non-survivors had modest impacts on
resource utilization in terms of ECMO treatment
durations and overall hospital stays.

LIMITATIONS

This is a single-region protocol, conducted from a
single hospital with extensive experience in cardiovas-
cular emergencies and prior ad hoc ECMO experience,
but no previous formal in-hospital ECMO protocol.
As such, our protocol, patients, and results might be
difficult to replicate. In addition, our prehospital
system, with long-standing experience in new proto-
cols,33-35 might differ from other settings. However, we
offer a description of our experience and a template
upon which other interested sites might build to
accommodate the various demands of their individual
EMS, region, EDs, and hospitals. It is possible that
eligible patients were not correctly identified and not
treated with the protocol. Although the outcomes of
this study might be compared with outcomes of similar
patients treated with equal durations of attempted
conventional resuscitation,21 this study is unable to
make conclusions about ECPR efficacy.
From an analytic standpoint, our small sample size

might limit enthusiasm. However, the post-protocol
improvement in TTE is so profound that it is difficult
to conceive what is because of chance alone. Patients
with a 136-minute TTE are unlikely to have mean-
ingful recovery after ECPR treatment7,9; the 60-75
minute zone is likely an appropriate benchmark.

CONCLUSIONS

An organized clinical and educational protocol to
initiate ECPR for patients with OHCA is feasible and
significantly reduces the key benchmark of time-to-
flow.
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ABSTRACT
Out-of-hospital cardiac arrest (OHCA) affects 134 per 100,000 citizens
annually. Extracorporeal cardiopulmonary resuscitation (ECPR),
providing mechanical circulatory support, may improve the likelihood
of survival among those with refractory OHCA. Compared with in-
hospital ECPR candidates, those in the out-of-hospital setting tend to
be sudden unexpected arrests in younger and healthier patients. The
aims of this review were to summarize, and identify the limitations of,
the evidence evaluating ECPR for OHCA, and to provide an approach
for ECPR program application. Although there are many descriptions of
ECPR-treated cohorts, we identified a paucity of robust data showing
ECPR effectiveness compared with conventional resuscitation. How-
ever, it is highly likely that ECPR, provided after a prolonged attempt
with conventional resuscitation, does benefit select patient populations
compared with conventional resuscitation alone. Although reliable
data showing the optimal patient selection criteria for ECPR are
lacking, most implementations sought young previously healthy
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R�ESUM�E
L’arrêt cardiaque hors de l’hôpital (ACHH) touche 134 citoyens sur 100 00
par ann�ee. La r�eanimation cardiorespiratoire extracorporelle (RCR-E),
qui offre une assistance circulatoire m�ecanique, pourrait permettre
d’am�eliorer la survie chez ceux qui ont un ACHH r�efractaire. Com-
parativement à la RCR-E à l’hôpital, la RCR-E hors de l’hôpital entraîne
g�en�eralement des morts subites inopin�ees chez des patients plus
jeunes et en meilleure sant�e. Les objectifs de la pr�esente revue �etaient
de r�esumer et de d�eterminer les limites des donn�ees probantes qui
�evaluent la RCR-E lors d’ACHH, et de proposer une approche pour
l’application du programme de RCR-E. Bien qu’il existe de nombreuses
descriptions de cohortes trait�ees par RCR-E, nous trouvons peu de
donn�ees fiables qui montrent l’efficacit�e de la RCR-E par rapport à
celle de la r�eanimation classique. Toutefois, il est fort probable que la
RCR-E offerte après une tentative prolong�ee de r�eanimation classique
constitue un avantage pour certaines populations de patients par
rapport à la r�eanimation classique seule. Bien qu’il manque de
Emergency medical services (EMS) attend 134 out-of-hospital
cardiac arrests (OHCAs) per 100,000 adult citizens yearly,1 a
proportion of whom are young previously healthy persons.2

Unfortunately overall survival is low, with typically
5%-15% surviving to hospital discharge.1 Significant gains in
survival have been reported in the past decade,3 attributable in
part to focus on early arrest recognition, bystander resuscita-
tive efforts (including dispatcher-assisted), early defibrillation,
improved professional rescuer efforts including high-quality
cardiopulmonary resuscitation (CPR), as well as advances
and protocolization of postarrest care.

The goal of cardiac arrest resuscitation is twofold: (1) to
maintain cerebral and systemic perfusion with early and
effective chest compressions; and (2) to achieve return of
spontaneous circulation (ROSC). Unfortunately, although
ll rights reserved.
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patients with rapid high-quality cardiopulmonary resuscitation. Care-
fully planned development of ECPR programs, in high-performing
emergency medical systems at experienced extracorporeal mem-
brane oxygenation centres, may be reasonable as part of systematic
efforts to determine ECPR effectiveness and globally improve care.
Protocol evaluation requires regional-level assessment, examining the
incremental benefit of survival compared with standard care, while
accounting for resource utilization.

donn�ees fiables montrant les critères optimaux de s�election des pa-
tients admis à la RCR-E, la plupart de ces r�eanimations �etaient
pratiqu�ees sur de jeunes patients auparavant en bonne sant�e qui
avaient subi une r�eanimation cardiorespiratoire imm�ediate de haute
qualit�e. L’�elaboration de programmes de RCR-E minutieusement
planifi�ee, dans des systèmes de soins d’urgence de haute performance
de centres exp�eriment�es dans l’oxyg�enation par membrane extrac-
orporelle (ECMO, de l’anglais extracorporeal membrane oxygenation),
serait raisonnable dans le cadre des efforts syst�ematiques pour
d�eterminer l’efficacit�e de la RCR-E et am�eliorer les soins à l’�echelle
mondiale. L’�evaluation du protocole exige une �evaluation à l’�echelle
r�egionale, qui examine les avantages suppl�ementaires de la survie par
rapport aux soins courants en tenant compte de l’utilisation des
ressources.
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both are necessary conditions for neurologically favourable
survival, neither are sufficient. For many ROSC is unachiev-
able with conventional efforts, despite having cerebral circu-
lation maintained with external cardiac massage; resuscitation
efforts are thereby terminated, despite potential cerebral
viability.

Extracorporeal membrane oxygenation (ECMO) has been
used as a rescue therapy in resuscitation (extracorporeal car-
diopulmonary resuscitation [ECPR]), with reports of appli-
cation for OHCA since the 1980s.4 Theoretically, ECPR has
the potential to overcome the requirement for ROSC,
allowing the possibility of favourable neurological outcomes
for those who have cerebral perfusion maintained. Initial
reportsdalthough showing wide heterogeneity in outcomesd
have shown promise.5-7 However, because existing data are
observational, estimates of effectiveness are limited by signif-
icant differences in systems of care and biases.

Compared with in-hospital cardiac arrests (IHCAs) who
presented to hospital because of preceding symptoms and/or
other significant comorbidities, OHCA patients typically
experience sudden unexpected cardiac arrests and tend to be
younger, healthier, with better prognostic features.8,9 The
out-of-hospital setting includes a higher absolute number of
cardiac arrests, where the ideal ECPR candidates might be best
found.2 However, achieving timely access of advanced invasive
therapies to candidates in the out-of-hospital setting requires a
complex logistical framework.

The aims of this review were to document the state of the
evidence of ECPR for OHCA, reflect on the limitations, and
to provide an approach for ECPR protocol development.
Building on previous work ECPR for IHCA,10 this review is
focused on the aspects unique to OHCA.
Review of the Literature

Search strategy, data extraction, and quality assessment

To provide an overview of the evidence of ECPR efficacy
for OHCA, we (E.G.) designed a search strategy
(Supplemental Appendix S1) to identify systematic reviews
(SRs) and meta-analyses. From 2005 to May 29, 2017, we
searched: MedLine (Ovid), Embase (Ovid), Cochrane
(Wiley), PubMed (National Library of Medicine), and Web
of Science (Thomson Reuters), with no language restrictions.
We used text words in the title, abstract, or key word fields,
and relevant subject indexing to retrieve SRs or meta-analyses
documenting the use of ECPR/ECMO for human cardiac
arrest. Two reviewers (L.H., I.O.-D.) independently screened
citations according to title and abstract. Disagreements were
resolved by consensus. Our population of interest was adult
OHCA of presumed cardiac origin that proved refractory to
conventional therapies. The intervention of interest was
ECPR, defined as ECMO initiation during CPR. The out-
comes of interest were survival and favourable neurological
outcome at hospital discharge. Included studies were limited
to SRs or meta-analyses. We excluded studies that: included
IHCA only or mixed IHCA and OHCA without subgroup
analysis; included patients with cardiogenic shock only or
mixed cardiac arrest and cardiogenic shock; or did not fulfil
the criteria for high quality SRs.11 Data from each review were
then extracted according to predefined selection criteria. The
2 reviewers independently assessed the quality of included
reviews using the 11-item validated A Measurement Tool to
Assess Systematic Reviews (AMSTAR) tool.11
Results
Our systematic search produced 327 citations

(Supplemental Appendix S1 and Fig. 1). After screening, we
identified 12 SRs, 7 of which were excluded after full text
retrieval,4,12-17 leaving 5 included studies.5,18-21

Four of the SRs limited study eligibility to those that
compared ECPR with conventional resuscitation,18-21 all
including different combinations of 5 studies (Tables 1 and 2;
Supplemental Appendixes S2 and S3). The review by Kim
et al.19 included the propensity score-matched comparisons of
Kim et al.24 and Maekawa et al.22 Neurological outcomes at
hospital discharge (relative risk [RR], 8.00; 95% confidence
interval [CI], 1.04-61.71) and 3- to 6-month neurologic
outcomes (RR, 4.64; 95% CI, 1.41-15.25) were superior in
the ECPR group. Squiers et al.21 included the same studies
but did not attempt a meta-analysis.24 Wang et al.18 also
included these studies, with an additional third study (with 20
ECPR and 683 conventional CPR patients),26 however,
included unmatched data from all studies. They reported a
significant difference in survival to discharge, favouring ECPR
over the conventional group (RR, 2.69; 95% CI, 1.48-4.91).
Ahn et al.20 included propensity matched data from Maekawa
et al.,22 a prospective parallel group study,23 and a large
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Figure 1. Study flow diagram. IHCA, in-hospital cardiac arrest; OHCA, out of hospital cardiac arrest; SR, systematic review.
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unmatched prospective observational cohort,25 and reported
that ECPR was not associated with improved outcomes.

Ortega-Deballon et al. included all studies that reported
outcomes of ECPR-treated adult OHCAs, without restricting
to comparative studies,5 and included 833 patients. Inclusion
criteria generally included ages 10-75 years, a no-flow dura-
tion of < 5-15 minutes, a presumed cardiac etiology, and no
ROSC after 10-30 minutes. Overall, survival and favourable
neurological outcomes were seen in 22% and 13%,
respectively.
Limitations in current research
Risk of bias resulted in a low or very low quality of evi-

dence for ECPR in refractory OHCA.27 Selection bias by
clinicians for ECPR therapy is a major limitation, in addition
to significant heterogeneity in the intervention provided and
study populations.

Most SRs included studies that compared those treated with
ECPR, to those treated exclusively with conventional resusci-
tation, on the basis of clinical decision. The results of these
comparisons are highly dependent on the group chosen to be
the control group. ECPR-eligible patients overall are known to
have remarkably high survival rates when treated with
convention resuscitation, on the basis of criteria that mandate
highly favourable prognostic features.2,28 In contrast, those
actually treated with ECPR comprise a systematically different
population, restricted to those in refractory arrest despite full
conventional efforts that have typically been ongoing for 60
minutes. Even if one creates a propensity-score matched group
with the same mean duration of resuscitation efforts, the
ECPR-treated group is still limited to those in whom
prolonged conventional efforts have failed, compared with
those for whom a proportion were successfully resuscitated.

In reality, 2 strategies should be compared: conventional
resuscitation with the option to perform ECPR, or conven-
tional resuscitation alone. Comparisons should include pa-
tients who meet the same criteria at a prespecified duration of
resuscitation, and thus the “ECPR protocol group” should
include a proportion of those resuscitated via conventional
means. A quasiexperimental study by Sakamoto and col-
leagues,23 in which 46 tertiary hospitals in Japan self-allocated
to either an ECPR arm or a conventional care arm, enrolled
419 patients with OHCA with initial shockable rhythms in
refractory arrest at hospital arrival (mean enrollment time, 30
minutes). They reported 12.3% and 2.6% neurologically
intact survivors at 1 month in the ECPR-treating hospitals
and conventional treating hospitals, respectively, supporting
the incremental benefit of ECPR therapies in this system.

We identified several ongoing clinical trials that might
provide higher-quality evidence for the effectiveness of ECPR
for OHCA.29-34
ECPR Effectiveness for Refractory OHCA:
Completely Obvious or Entirely Unknown?

Previous studies define the limits of survivable CPR
duration for patients who meet ECPR criteria, but who are
treated exclusively with conventional resuscitation.28,35 One
North American study included 150 EMS agencies over a
3-year period and identified all patients who met an ECPR
criteria but were treated with conventional resuscitation.28

The probability of survival showed a continual decline with
increasing durations of elapsed resuscitative efforts. The



Table 1. Characteristics of included systematic reviews

Characteristics Kim et al.19 Wang et al.18 Ahn et al.20 Squiers et al.21 Ortega-Deballon et al.5

Time period August 1965 to February 2015 January 2000 to December 19,
2015

NR to December 22, 2015 Start of MedLine to December 1,
2015

January 1, 2005 to May 25, 2015

Inclusion criteria 1. Adult (16 years or older)
2. IHCA or OHCA
3. Compared ECPR vs CCPR
4. Reported survival and

neurologic outcomes

1. Studies with n � 15
2. IHCA or OHCA

1. Studies of adults with CA of
cardiac origin

2. IHCA or OHCA

1. Study design with highest LOE
for ECMO

2. Cohort studies with n � 15;
case series n � 100

1. Studies of adults with CA of
cardiac origin

2. Endorsed recommendations

Exclusion criteria 1. Studies with only ECPR
or CCPR

2. Cases with cardiogenic shock
or postcardiac surgery

3. Pediatric patients (age younger
than 16 years)

4. Events caused by trauma,
avalanche, hanging, and/or
drowning

5. Do not attempt resuscitation

1) Studies that did not
include survival to discharge
or CPC status

2) Language other than English

1) Language other than English 1) Language other than English
2) Animal studies

1) Studies that included patients
with cardiac arrest of
noncardiac origin (eg, trauma,
massive bleeding, hypothermia,
poisoning, near drowning, etc)

2) Animal studies

Included studies
(total n ¼ ECPR:CCPR)

2 Studies with propensity matching
(76:76; matched cohorts used)

3 Studies; 2 with propensity
matching (128:1236;
unmatched cohorts used)

3 Studies; 2 with propensity
matching (604:538; matched
cohorts used when possible)

2 Studies with propensity matching
(76:76; matched cohorts used)

20 Primary studies of ECPR with
no comparator groups
(ECPR-treated n ¼ 833)

Primary/secondary outcomes Survival to hospital discharge and
good neurologic outcome at
discharge

Survival rate to discharge/
long-term neurological
outcome (CPC) score

Survival and neurological outcome
(GOS or CPC) at hospital
discharge or later

Survival to hospital discharge Description of ECPR practices
Survival and neurological outcome
(GOS or CPC) at hospital
discharge or later

Organ donation potential
Main findings for
OHCA patients

1. No beneficial effect of ECPR
on survival to discharge but
superior at 3-6 months

2. Superior neurological outcomes
at discharge and 3-6 months for
ECPR

Superior survival to discharge
for ECPR

No beneficial effect of ECPR for
survival or neurologic outcomes

No meta-analysis performed Overall survival for ECPR was
22%, including 13% with CPC
1 or 2

AMSTAR score 10 10 10 7 8

Quality of the evidence is with respect to study design. Prospective or retrospective observational studies are considered low quality evidence.6

AMSTAR, A Measurement Tool to Assess Systematic Reviews; CA, cardiac arrest; CCPR, conventional cardiopulmonary resuscitation; CPC, cerebral performance category; ECPR, extracorporeal cardiopulmonary
resuscitation; GOS, Glasgow Outcome Scale; IHCA, in-hospital cardiac arrest; LOE, level of evidence; NR, not reported; OHCA, out of hospital cardiac arrest.
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Table 3. Uncertainties regarding ECPR for OHCA

� ECPR effectiveness for refractory OHCA: completely obvious or entirely
unknown?

There are no RCTs to inform of efficacy. However, among those who
have undergone prolonged attempts at conventional
resuscitation, at which point survival with further conventional treat-
ment is extremely unlikely, there are survivors among those treated with
ECPR, suggesting that there is a benefit.

� EMS differences and the need for a true denominator
Differences in EMSs make external validity of ECPR reports difficult to
ascertain. The key question is: what is the incremental benefit of adding
ECPR services into a regional system of care for OHCA resuscitation?

� Who are ideal candidates for ECPR?
ECPR programs typically select relatively young healthy patients with
rapid CPR initiation, on the basis of previous data showing successful
outcomes with conventional resuscitation. Our knowledge of the best
ECPR candidates beyond these highly selected groups is limited.

� Potential absolute benefits
The overall incremental benefit of ECPR to the survivorship in a health
region is likely to be relatively low, with a low proportion OHCAs
typically considered eligible. Among ECPR-eligible candidates it is
unlikely that positive outcomes will surpass 30%.

� Resource implications and readiness
ECPR programs are resource-intensive, however the additional resources
required in settings with existing ECMO capabilities may be appropriate
when targeting young previously healthy patients with many potential
years of life to be gained.

� Donation-related considerations
Families of nonsurvivors should be offered the opportunity for organ
donation. Organ donation should be reported as a secondary outcome
of any evaluation of ECPR.

CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane
oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; EMS,
emergency medical services; OHCA, out of hospital cardiac arrest; RCT,
randomized controlled trial.

Table 2. Characteristics of individual studies included in meta-analyses

Study

Included in: Period and
country Study type Population (n) Main findingWang et al.18 Ahn et al.20 Kim et al.19

Maekawa et al.22 Yes (unmatched
cohort)

Yes Yes 2000-2004
Japan

Prospective single-centre
observational matched

ECPR (53/24*)
CCPR (109/24*)

ECPR might improve neurologic
outcome

Sakamoto et al.23 No Yes No 2008-2012
Japan

Prospective multicentre
observational

ECPR (260)
CCPR (194)

Bundle of TH, IABP, and ECPR
associated with improved
neurologic outcome

Kim et al.24 Yes (unmatched
cohort)

No Yes 2006-2013
Korea

Prospective single-centre
observational matched

ECPR (55/52*)
CCPR (444/52*)

Bundle of TH and ECPR might
improve neurologic outcome

Lee et al.25 Yes No No 2009-2014
Korea

Retrospective single-centre
observational

ECPR (20)
CCPR (683)

Comparable survival for
ECPR vs CCPR

Choi et al.26 No Yesy No 2009-2013
Korea

Retrospective multicentre
matched

ECPR (320*)
CCPR(36 227/320*)

No difference in survival shown
for ECPR vs CCPR

CCPR, conventional cardiopulmonary resuscitation; CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopulmonary resuscitation; ED, emergency
department; EMS, emergency medical services; IABP, intra-aortic balloon pump; TH, therapeutic hypothermia.

*Number in matched cohort.
yThe meta-analysis from Ahn et al.20 used 1:1 propensity score matched cohort from Choi et al.26 adjusted for covariables: year, age, sex, initial arrest rhythm,

community urbanization, arrest location, witnessed status, bystander CPR, EMS defibrillation, ED level, response time, on-scene time, transport time, therapeutic
hypothermia, and reperfusion therapy.
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longest duration until ROSC in a survivor with a favourable
neurological outcome (modified Rankin Scale [mRS � 3])
was 47 minutes, suggesting beyond this there is no further
benefit of conventional resuscitation. Conversely, existing data
show positive outcomes among those treated with ECPR after
47 minutes of CPR,17,36 strongly suggesting that ECPR after
failed conventional resuscitation is superior to conventional
resuscitation alone. ECPR thus allows a “second chance” to
achieve circulation among those in whom conventional ther-
apy has failed, thereby creating a bimodal distribution of
resuscitation durations among survivors. Kim et al. compared
outcomes stratified according to duration of resuscitation in
444 conventionally treated patients with 55 ECPR-treated
OHCA patients.24 Three-month neurologically intact sur-
vival in those treated with and without ECPR, respectively,
with 41-60 minutes of CPR was 21% and 0%, and with 61-
80 minutes was 18% and 0%. It is likely there are unreported
or unmeasured differences between those chosen for ECPR
and those not, however, a lack of survivors in the group who
received conventional therapy makes it difficult to argue that
this is an effective strategy after 40 minutes of CPR. The
benefit of initiating ECPR earlier in the resuscitation, how-
ever, compared with conventional therapy, is less clear
(Table 3).

Some might argue, on the basis of these data, that the need
for an ECPR randomized trial for those with prolonged re-
fractory arrest would be comparable with the need for a trial
randomizing those with renal failure to dialysis or placebo, or
randomizing those skydiving to parachute or sham device.37

Robust evidence showing efficacy for dialysis and parachutes
is similarly lacking, however, it is clear that without these
interventions the outcome is surely death. There are 2 caveats
to this argument, however. First, the initiation of ECPR re-
quires transport to hospital, which has been shown to impair
resuscitation quality.38 Alterations to current protocols in
favour of intra-arrest transport might thereby worsen overall
outcomes, even if ECPR does confer benefit.39 Currently,
studies that compared ECPR with conventional therapies are
limited to systems with “load and go” protocols,19,22-24,26

limiting external validity to other models. Second,
prognostication bias, in which clinicians cease resuscitations
because of a predicted poor outcome, limit robust estimates of
outcomes with CPR performed beyond 47 minutes, because
for most patients efforts have already been terminated.28

However, on the basis of analyses of large data sets, survival
with conventional resuscitation beyond this juncture appears
to be very unlikely.40,41
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EMS Differences and the Need for a True
Denominator

With the exception of reports of ECPR initiated in the
prehospital setting,42 the current literature is limited to out-
comes of patients who have been transported to the hospital
with ongoing CPR. Inclusion in studies has ranged from only
those treated with ECPR during active CPR,7 those treated
with ECPR after OHCA (some with ROSC),43 to those
selected for ECPR (some without initiation because of ROSC
or unsuccessful vascular access).6 The most appropriate de-
nominator, however, is the number of ECPR-eligible patients
throughout the region (whether or not chosen for transport
and/or ECPR initiation). The foundational questions are:
what is the incremental benefit of adding ECPR services into a
regional resuscitation system of care? Is there a role for ECPR
to improve the overall OHCA survival, or at least in a specific
subgroup of these patients? Is the infrastructure investment
required for these outcomes justified?

The initial quality of care provided by the EMS in ECPR
reports is typically unreported, which likely plays a large role
in outcomes. Significant differences in systems might include
level of provider, hospital transport policies, readiness to
implement ECPR at the hospital, and conventional resusci-
tation/CPR quality (before and in-hospital). One of the largest
studies on ECPR-treated patients within a system reported a
median EMS on-scene time of 7 minutes and overall func-
tional survival of 1.6%.26 With these stark differences to
North American systems (considerably longer scene time and
overall survival typically several-fold higher44,45) external val-
idity of ECPR outcomes is unclear. Furthermore, it is possible
that systems with high rates of successful conventional
resuscitation and overall survival might garner minimal in-
cremental benefit from ECPR, because in most candidates
ROSC was successfully achieved.
Who Are Ideal Candidates for ECPR?
ECPR deployment is typically highly selective,5,17 with

clinicians treating only patients believed to have the possibility
of good outcomes, usually focusing on relatively young
healthy patients with short no-flow durations, to minimize the
risk of treating those with preceding irreversible cerebral
injury. Therefore, our ability to ascertain the best ECPR
candidates beyond these highly selected groups is limited. The
alternative strategy, a wide application of ECPR resulting in
data to determine the optimal eligibility criteria, has not been
conducted, likely because of resource constraints.

Many ECPR protocols exclude patients with nonshockable
initial rhythms,5 a group for whom the probability of ROSC
with conventional efforts is low.40 However, therein lies the
paradox: ECPR-eligible patients with initial shockable
rhythms already achieve excellent outcomes with conventional
therapy (87% in one region survived to ward admission2) and
could be disadvantaged by altering treatment strategies.
Conversely, those with nonshockable rhythms may have more
incremental benefit from ECPR on the basis of poor survival
with current best practices (and potentially the greatest
number of net survivors because of the higher incidence),
albeit likely with lower proportional survival compared with
shockable comparators. Among those with nonshockable
rhythms, reliable strategies are required to identify those with
arrest etiologies amenable to ECPR treatment.

A meta-analysis of prognostic factors for success with
ECPR reported favourable outcomes in 15%.17 Survivors
were more likely to have shorter low-flow durations, initial
shockable rhythms, and higher pH and lower lactate values on
hospital arrival. The authors classified the evidence as low- or
very low-quality. Unfortunately, significant variability among
survivors and nonsurvivors with respect to laboratory values
such as pH and lactate preclude robust “cutoff values” to
inform candidacy. Furthermore, tools for ECPR eligibility
assessment are ideally available to prehospital providers, such
that unnecessary transports are not undertaken in those
deemed to be poor candidates upon hospital arrival.
Potential Absolute Benefits
The overall incremental benefit of ECPR to the survivor-

ship in a health region might be modest. One study in
Vancouver (population approximately 1 million) reported that
10% of patients with OHCA met the local ECPR criteria, of
whom one-third were refractory to conventional resuscitation
and thus might have benefited from ECPR (approximately 12
per year).2 This estimate would be lower if restricted to
shockable rhythms. A study from Vienna reported that 6% of
OHCAs fulfilled their criteria for ECPR.46 Estimates of
ECPR candidates may vary in different regions depending on
the proportion of OHCA patients successfully resuscitated,
patient demographic characteristics, and population density.

A recent large North American EMS-based study reported
that overall 4.0% were ECPR-eligible and refractory to
resuscitation.28 Interestingly, this study showed the likeli-
hood of survival with favourable neurological status with
increasing duration until ROSC remained approximately
steady at 30% between 15 and 40 minutes of CPR.
Assuming that establishment of mechanical perfusion could
achieve a success rate that is at best, equal to that of those
with conventional ROSC after similar duration, this gives an
estimate of the maximum potential benefit of ECPR.
Further, it shows the neurological resilience of ECPR can-
didates with prolonged CPR.
Resource Implications and Readiness
OHCA patients treated with ECPR require resource-

intensive management, which might not be feasible in all
locales. In contrast, OHCA patients who do not have ROSC
are pronounced dead in the prehospital setting or in the
emergency department, with a relatively low cost. In the
prehospital setting, ECPR implementation requires modifi-
cation of protocols and training, which should seek to achieve
the greatest chance of ROSC before transport, while at the
same time minimizing delays for ECMO initiation.17,35

The hospital setting requires a team of appropriately skilled
practitioners to be emergently alerted and attend to a patient
in cardiac arrest, followed by the requisite infrastructure and
resources for postarrest ECMO care.10 In settings where these
services already exist, the additional resources to treat ECPR
candidates appear to be reasonable. One study reported a
median ECMO duration of 2 days (interquartile range, 1-5
days), and a median hospital stay of 13 days (interquartile
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range, 1.3-22 days)6; other reports are similar.47,48 Although
this short hospital stay is resource-intensive, young previously
healthy patients with many potential years of life to be gained
might warrant this investment. Cost-benefit analyses might
explore what number of ECPR-treated survivors is a reason-
able use of resources.

Donation-Related Considerations
When using advanced resuscitation treatments, the first

and foremost priority is saving the patient’s life with the goal
of neurologically favourable survival. However, although
treatment advances have led to improvements in survival, the
most common outcome remains death,1 with many patients
suffering irreversible anoxic brain injury. Although organ
donation has not traditionally been reported in OHCA
studies, the 2015 International Liaison Committee on
Resuscitation (ILCOR) recommendations now state: “We
recommend that all patients who have restoration of circula-
tion after CPR and who subsequently progress to death be
evaluated for organ donation. We suggest that patients who
fail to have restoration of circulation after CPR and who
would otherwise have termination of CPR efforts be consid-
ered candidates for kidney or liver donation in settings where
programs exist.”45 Anoxic brain injury after resuscitated car-
diac arrest has evolved to be the most common etiology of
devastating brain injury leading to organ donation in
Canada.49 Because abdominal and thoracic vital organs can
recover despite irreversible brain injury after resuscitated car-
diac arrest,50 patients who suffer cardiac arrest, including
those treated with ECPR, might be eligible for organ dona-
tion. Organ donation should be considered and reported
routinely as an outcome of any ECPR study, and included in
cost evaluations.
Table 4. A framework for ECPR application

1. The decision to implement an ECPR protocol for OHCA should be made
at the regional level, with input from all stakeholders including the general
public.

2. All components and phases of an ECPR protocol should be carefully
planned before any cases.

3. It is reasonable to focus efforts on relatively healthy victims of sudden
unexpected cardiac arrest, for whom cerebral perfusion has been maintained
with early and high-quality CPR.

4. Careful steps are required to mitigate the potential harm to conventional
resuscitation while focusing on the prospect of ECPR treatment.

5. The incorporation of ECPR into OHCA systems of care should be
reserved for already high-performing systems with quality monitoring
programs. The overall public health priority should remain improvements
in the basics of OHCA resuscitation including enhancing bystander
response and high-quality professional efforts.

6. Prehospital and hospital-based cooperative planning is essential to carefully
select candidates, and develop the most appropriate protocols for how and
when to transport.

7. Hospital-based providers should have the requisite training and sufficient
volume of experience to maintain competency and deliver ECPR therapy
with the same safe and effective manner of other invasive procedures.

8. Quality monitoring of all phases of care within an ECPR program is
essential with detailed evaluations of each case to identify areas that require
improvement.

9. Program evaluation should track patient outcomes, compared with
historical or concurrent controls, at the regional level to quantify the
incremental gain in survivors and resource utilization.

CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopul-
monary resuscitation; OHCA, out of hospital cardiac arrest.
A Framework for ECPR Application
Canadian experience with ECPR for OHCA is limited.

Although there have been reports on the use of ECPR for
IHCA,51,52 only 1 study has described the experience with a
formal OHCA ECPR protocol.47

Although there are significant limitations in the literature
regarding estimates of efficacy, it is highly likely that ECPR
after prolonged conventional resuscitation for select patients is
superior to conventional resuscitation alone. Nonetheless,
acknowledging the state of the evidence, widespread applica-
tion may not yet be warranted. We suggest that imple-
mentation may be suitable in carefully developed programs
with the goal of further learning, whether in the form of
observational registries or a clinical trial. We suggest the
following framework for ECPR program development and
implementation (Table 4):

1. The decision to implement ECPR within an OHCA sys-
tem of care should be made at the regional level. Whereas
to a clinician who receives a patient at hospital after pre-
ceding prolonged efforts it is clear that the only avenue for
possible survival is now ECPR initiation, this is likely not
the ideal vantage point or time to assess the overall merit of
systematically offering this treatment option. Rather, a
regional population-based evaluation of incremental
benefit, potential harm of hospital transport, and resource
utilization is a more ideal structure to evaluate effect.

2. An ECPR program within an OHCA system of care re-
quires careful planning that will typically span a year or
more. Multiple disciplines within and exterior to the hos-
pital require consultation and collaboration, ideally
including patient and public involvement. Whereas clini-
cians who use ECMO on an ad hoc basis attempt to create
an ECMO initiation scheme while CPR is ongoing, ideally
all aspects of a protocol are meticulously planned well in
advance of any case.

3. Acknowledging that robust data delineating those most
likely to benefit from ECPR are lacking, it is most
reasonable to focus efforts on relatively healthy victims of
sudden unexpected cardiac arrest, for whom cerebral
perfusion has been maintained with early and high-quality
CPR.

4. Because of the potential risks to the success of conventional
resuscitation while focusing on the prospect of ECPR
treatment, it is imperative that careful steps are taken to
acknowledge and mitigate this potential harm. High-
quality initial conventional on-scene resuscitative efforts,
which will resuscitate most ECPR-eligible patients,2 should
not be compromised. Previous data can inform the ideal
time to transport these patients, which might differ on the
basis of patient circumstances and initial cardiac
rhythm.35,36 Further, strategies to maintain all aspects of
high-quality resuscitation during transport should be pur-
sued; mechanical chest compression devices might assist
with this goal.

5. The incorporation of ECPR into an OHCA system of care
should be reserved for already high-performing systems.
The EMS should be equipped with quality monitoring
programs that show success in delivering high-quality
conventional resuscitation. ECPR might be a way to
glean additional OHCA survivors, however, highly
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selective application in a small proportion of cases is un-
likely to lead to significant changes in total outcome sta-
tistics. The public health priority should remain
widespread improvements in the basics of prehospital
resuscitation and optimization of all aspects of the chain of
survival45 before implementing selective resource-intensive
programs.

6. Prehospital and hospital-based cooperative planning is
essential to carefully select candidates, and develop the
most appropriate protocols for how and when to transport.
Ideally there will be few patients for whom conventional
resuscitation is altered but are later classified as non-
candidates. Patient selection might be best facilitated by a
smaller group of paramedics in tiered paramedic systems, in
consultation with hospital-based clinicians.47 Because
existing data suggest a low likelihood of survival when
ECPR is initiated beyond 75 minutes of CPR,5,7,24 a
reliable system of prehospital protocol activation might be
critical to achieve the rapid deployment of ECMO required
for positive outcomes.47

7. Hospital-based providers should have the requisite training
and sufficient volume of experience to maintain compe-
tency. Within published reports, differing practitioners
have been successful at performing cannulation, and in
differing locations.5-7,33,53 Whereas these aspects need to
be individualized to the institution, the essential piece is
the requisite skills and volume of cases to develop and
maintain competence. Similarly, team-based competence is
essential for ECPR initiations. Because of the rarity of these
cases, and the relative large human resource pool, regular
ECPR simulation training is likely essential for institu-
tional competency and excellence.47 The term, “crash onto
ECMO” is an example of a poor conceptual model, which
condones an ill-prepared chaotic procedure. Rather, centres
that use this modality should strive to have the same
regimented, safe, efficient, and effective implementation of
other invasive procedures.

8. Quality monitoring of all phases of care within an ECPR
program is essential with detailed evaluations of each case
to identify areas that require improvement.47 Prehospital
records should be reviewed to ensure high-quality resusci-
tation was continued during extrication and transport.
Because resuscitation duration before ECPR initiation is
correlated with outcomes,17 metrics detailing time intervals
from EMS dispatch to ECMO flows, and door-to-ECMO
flows, should be reviewed.

9. Program evaluation should track outcomes, compared with
historical or concurrent controls, at the regional level to
quantify the incremental gain in survivors and resource
utilization. For example, after ECPR services have been
incorporated into a regional OHCA strategy, a system
might report: “Compared with the previous year [or a
neighbouring region], among ECPR-eligible patients the
proportion of those who achieved ROSC with conven-
tional resuscitation and survived to hospital discharge was
similar. In addition, there were XX ECPR-treated patients
who survived to discharge, increasing the overall survival
among ECPR-eligible patients to XX%.” Whenever
possible, the families of nonsurvivors should be offered the
opportunity for organ donation; organ donation should be
reported as an outcome of an ECPR program.
Conclusion
The incremental benefit and cost-effectiveness of incor-

porating ECPR into regional OHCA resuscitation systems of
care remains unclear. However, it is highly likely that ECPR
treatment, in select patients with OHCA refractory to pro-
longed attempts of conventional resuscitation, is superior to
conventional efforts alone. Carefully planned development of
ECPR programs in high-performing EMS systems at experi-
enced ECMO centres with the requisite skills, training, and
resources might be reasonable as part of ongoing efforts to
improve systems of care and to gather more data regarding the
incremental effectiveness of this intervention.
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RELATIONSHIP BETWEEN TIME-TO-ROSC AND SURVIVAL IN OUT-OF-HOSPITAL

CARDIAC ARREST ECPR CANDIDATES: WHEN IS THE BEST TIME TO CONSIDER

TRANSPORT TO HOSPITAL?
Brian Grunau, Joshua Reynolds, Frank Scheuermeyer, Robert Stenstom, Dion Stub,

Sarah Pennington, Sheldon Cheskes, Krishnan Ramanathan, Jim Christenson

ABSTRACT

Objective: Extracorporeal cardiopulmonary resuscitation
(ECPR) may improve outcomes for refractory out-of-hospital
cardiac arrest (OHCA). Transport of intra-arrest patients
to hospital however, may decrease CPR quality, poten-
tially reducing survival for those who would have achieved
return-of-spontaneous-circulation (ROSC) with further on-
scene resuscitation. We examined time-to-ROSC and pa-
tient outcomes for the optimal time to consider transport.
Methods: From a prospective registry of consecutive adult
non-traumatic OHCA’s, we identified a hypothetical ECPR-
eligible cohort of EMS-treated patients with age ≤ 65, wit-
nessed arrest, and bystander CPR or EMS arrival < 10 min-
utes. We assessed the relationship between time-to-ROSC
and survival, and constructed a ROC curve to illustrate
the ability of a pulseless state to predict non-survival with
conventional resuscitation. Results: Of 6,571 EMS-treated
cases, 1,206 were included with 27% surviving. Increasing
time–to–ROSC (per minute) was negatively associated with
survival (adjusted OR 0.91; 95%CI 0.89–0.93%). The yield of
survivors per minute of resuscitation increased from com-
mencement and started to decline in the 8th minute. Fifty
percent and 90% of survivors had achieved ROSC by 8.0 and
24 min, respectively, at which times the probability of sur-
vival for those with initial shockable rhythms was 31% and
10%, and for non-shockable rhythms was 5.2% and 1.6%.
The ROC curve illustrated that the 16th minute of resusci-
tation maximized sensitivity and specificity (AUC = 0.87,
95% CI 0.85–0.89). Conclusion: Transport for ECPR should

Received October 3, 2015 from St. Paul’s Hospital, Vancouver,
B.C.; Department of Emergency Medicine, University of British
Columbia, Canada; Providence Healthcare Research Institute, Van-
couver, B.C.; School of Population and Public Health, University
of British Columbia, Canada; Department of Emergency Medicine,
Michigan State University College of Human Medicine, Grand
Rapids, MI; The Alfred Hospital, Melbourne, Australia; Sunnybrook
Center for Pre-hospital Medicine, University of Toronto, Canada; Di-
vision of Cardiology, University of British Columbia, Canada. Revi-
sion received January 22, 2016; accepted for publication January 25,
2016.

The authors report no conflicts of interest. The authors alone are re-
sponsible for the content and writing of the paper.

Address correspondence to Brian Grunau, Department of Emer-
gency Medicine, St. Paul’s Hospital, 1081 Burrard St., Vancouver,
British Columbia, V6Z 1Y6, Canada.

doi: 10.3109/10903127.2016.1149652

be considered between 8 to 24 minutes of professional on-
scene resuscitation, with 16 minutes balancing the risks and
benefits of early and later transport. Earlier transport within
this window may be preferred if high quality CPR can be
maintained during transport and for those with initial non-
shockable rhythms. Key words: cardiac arrest; cardiopul-
monary resuscitation; extracorporeal membrane oxygena-
tion; emergency medical services

PREHOSPITAL EMERGENCY CARE 2016;Early Online:1–8

INTRODUCTION

Emergency Medical Services (EMS) in North Amer-
ica attend 134 cases of out-of-hospital cardiac arrest
(OHCA) per 100,000 adult citizens annually, with sur-
vival rates ranging from 3%–16%.1,2 Since most con-
ventional resuscitative therapies are available in the
prehospital environment, transporting patients with
OHCA refractory to standard resuscitation to hospi-
tal, without implementing additional treatment strate-
gies, is of questionable benefit and potentially endan-
gers paramedic safety.3,4

Circulatory support with extracorporeal cardiopul-
monary resuscitation (ECPR) may improve the chances
of survival of select patients with cardiac arrest re-
fractory to conventional resuscitation. ECPR is the
incorporation of veno-arterial extracorporeal mem-
branous oxygenation (ECMO) into cardiac arrest
resuscitation, and has been used since 1966.5 Mount-
ing observational data suggest that ECPR is a benefi-
cial therapy for select patients with OHCA, with most
protocols focusing on younger patients with rapid ar-
rest recognition and CPR initiation.6–9

An emergency medical system considering utiliza-
tion of ECPR for refractory OHCA must balance two
potentially competing factors: CPR quality and early
access to ECPR. First, extrication and transport of pa-
tients with refractory arrest are associated with pauses
in chest compressions,10 which has been associated
with decreased survival.11 Thus, earlier transport for
those who would have achieved return of spontaneous
circulation (ROSC) with continued on-scene conven-
tional resuscitation may worsen outcomes. EMS sys-
tems that employ longer durations of attempted pre-
hospital resuscitation, with low rates of transport to
hospital for refractory cardiac arrest, have demon-
strated superior outcomes than comparators.1,4,12 On
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the other hand, lower arrest-to-ECPR intervals are as-
sociated with improved neurological outcomes and the
majority of neurologically intact survivors have ECPR
established within 60–75 min.7,8,13–18 Acknowledging
that a minimum of 15–30 min is typically required
to cannulate and commence ECPR,8,9 patients would
likely have to arrive at hospital no more than 45 min af-
ter cardiac arrest to achieve this time goal. Thus, earlier
transport for those who will not achieve ROSC with
continued on-scene conventional resuscitation, for the
purpose of hospital-based ECPR therapy, would likely
result in improved outcomes.

Unfortunately, at the beginning of resuscitation one
does not know who will achieve ROSC with con-
ventional resuscitation. For this reason, we sought to
demonstrate the survival curves for ECPR-eligible pa-
tients to determine if there was a natural inflection
point during conventional resuscitation when further
prehospital efforts yielded little additional benefit, but
still fell within the time frame of transport to an ECPR-
capable center. We reviewed a cohort of OHCA pa-
tients in a provincial EMS system fulfilling a set of hy-
pothetical ECPR criteria to describe the relationship
of time-to-ROSC and outcomes, in order to inform
decision-making when considering transport to hospi-
tal for ECPR.

METHODS

Study Setting

This study took place in the four major metropoli-
tan regions in the province of British Columbia: Victo-
ria, Vancouver, the Fraser Valley, and Kelowna. These
communities contain a collective population of ap-
proximately 3.3 million (72% of the total provincial
population)19 and each contain at least one hospital
with ECMO capacity. There were no ECPR programs
or use of mechanical CPR devices during the study pe-
riod.

The provincial British Columbia Emergency Health
Services (BCEHS) and individual municipal fire de-
partment first responders provide coordinated pre-
hospital emergency medical care through a 9-1-1
emergency service. All fire department personnel are
trained in basic cardiopulmonary life-support20 in-
cluding the use of automated external defibrilla-
tors (AED). BCEHS is organized in teams of two
paramedics per vehicle, with either basic (BLS) or ad-
vanced (ALS) life-support certification. BCAS policy
dictates which patients must be provided resuscitative
treatments (see Appendix 1).21 There was no termina-
tion of resuscitation guideline used by the BCEHS dur-
ing the study period.

The institutional ethics review boards of Providence
Health Care and the University of British Columbia ap-
proved this study.

Study Design and Selection of Participants

All consecutive non-traumatic OHCA occurring in
the study regions were prospectively identified and
data collected as part of the Resuscitation Outcomes
Consortium22 cardiac arrest registry between 2007 and
2011 inclusive. Based on previous ECPR protocols9,23,24

and other data,25,26 we constructed a hypothetical post-
hoc ECPR-eligible cohort, including patients if the
following set of criteria were met: (1) age 18–65 years
(inclusive); (2) witnessed arrest; and (3) bystander CPR
(performed by laypersons or EMS if the arrest was
EMS-witnessed) or EMS arrival in less than 10 min.
Patients were excluded from analysis if there was no
attempt at resuscitation.

Data Collection

All prehospital data, including time-stamped diag-
nostics, treatments administered, patient characteris-
tics, and prehospital outcomes, were prospectively col-
lected from standardized EMS template charting and
survival at hospital discharge was recorded.22

Outcome Measures and Variable
Definitions

The primary endpoint was survival to hospital
discharge.27 The primary independent variable of in-
terest was time-to-ROSC, defined as the interval be-
tween the initiation of chest compressions by a profes-
sional rescuer and first ROSC. ROSC was defined as a
palpable pulse in any vessel for any length of time. Pa-
tients were categorized by initial rhythm: (1) “shock-
able,” including ventricular fibrillation, pulseless ven-
tricular tachycardia, and unknown rhythms that were
shocked with the AED; and, (2) “non-shockable” in-
cluding pulseless electrical activity, asystole, and un-
known rhythms that were not shocked by the AED.

Data Analysis

We used Microsoft Excel 2008 (Microsoft Corp, Red-
mond, WA, USA) and StatisticaTM (Dell Corp, Round
Rock, Texas, USA) for analysis. Categorical variables
are reported as percentages and 95% confidence in-
tervals. Continuous variables are presented as means
with standard deviations (if normally distributed) or
medians with interquartile ranges (IQR). We used un-
matched logistic regression to evaluate the associa-
tion between survival and time-to-ROSC. Unadjusted
odds ratios and 95% confidence intervals are based on
univariable models. We then adjusted for covariates
known to be associated with outcomes in OHCA: age,
gender, arrest in a public location, bystander CPR, ini-
tial rhythm, time to EMS arrival, and EMS-witnessed
arrest.28,29
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FIGURE 1. Study flow.

To visualize and describe our dataset, we con-
structed several curves. First, among survivors we
demonstrated the proportion of patients with ROSC
prior to successive one-minute increments of profes-
sional resuscitation. Based on previous work,28 we
highlighted the durations of professional resuscitation
at which time 50%, 75%, 90%, and 99% of survivors
had achieved ROSC. Second, among those who re-
mained pulseless at increasing time junctures from the
commencement of resuscitation, we illustrated the pro-
portion who survived to hospital discharge.

We constructed a receiver operating characteristic
(ROC) curve to illustrate the ability of a pulseless state
(a “positive test”) to predict non-survival with conven-
tional resuscitation, at incremental time junctures of re-
suscitation. The true positive rate was the proportion
of those in a pulseless state who did not survive to hos-
pital discharge. The false positive rate was the propor-

tion of those in a pulseless state who survived to hos-
pital discharge. We determined the time juncture in the
resuscitation that yielded the best test performance.

RESULTS

Characteristics of Study Subjects

Of 10,583 consecutive EMS-assessed cases of OHCA
in the study period, 6,571 were treated by EMS (over-
all 12% of EMS-treated cases survived to hospital dis-
charge). A total of 1206 patients met our set of hypo-
thetical ECPR criteria and were included in this study
(Figure 1).

Main Results

Patient characteristics of the full ECPR-eligible co-
hort and subgroups characterized by initial rhythm
are shown in Table 1. The median age was 55 years
(IQR 47–60), and 75% were male. Of 753 (62%) pa-
tients with ROSC, 750 (99.6%) achieved ROSC in the
prehospital setting. A total of 195 patients (16%) had
transport to hospital initiated prior to achieving ROSC.
The median duration of resuscitation prior to termina-
tion in those who did not achieve ROSC was 37 min
(IQR 30–47 min). The median time-to-ROSC among
survivors and non-survivors at hospital discharge was
8.1 min (IQR 4.7–14.0) and 17.1 min (IQR 11.0–24.0), re-
spectively. Overall, 328 (27%) survived to hospital dis-
charge (Table 2).

In adjusted models, increasing time-to-ROSC (per
minute) was negatively associated with survival to
hospital discharge (adjusted OR = 0.91; 95% CI
= 0.89–0.93; Table 3). Figure 2A demonstrates the
proportion of survivors who achieved ROSC prior
to incremental time junctures. The yield of sur-
vivors per minute of resuscitation increased from

TABLE 1. Characteristics of study population

Full Cohort Initial Shockable Rhythms Initial Non-Shockable Rhythms

n or median
(% or IQR) Missing

n or median
(% or IQR) Missing

n or median
(% or IQR) Missing

Number 1206 569∗ 616∗
Age (years) 55 (47–60) 0 55 (49–60) 0 54 (45–60) 0
Male sex 908 (75) 0 473 (83) 0 417 (68) 0
Public Location 395 (33) 1 568 (44) 1 140 (23) 0
Bystander Witnessed 960 (80) 0 497 (87) 0 444 (72) 0
Bystander CPR 622 (65†) 0 337 (68†) 0 268 (60†) 0
Witnessed by EMS 246 (20) 0 72 (13) 0 172 (28) 0
9-1-1 Call to EMS arrival, min 6.7 (5.3–8.6) 0 6.3 (5.2–8.2) 0 7.2 (5.4–8.8) 0
ALS Involvement 1098 (90) 0 519 (91) 0 551 (89) 0
Advanced Airway 1200 (81) 6 567 (81) 2 612 (80) 4
Initial Shockable Rhythm 569 (48) 21 569 (100) 0 0 (0) 0
Epinephrine Administered 858 (72) 17 368 (66) 10 471 (77) 7
Epinephrine Dose, mg 5 (2–7) 4 (2–7) 5 (3–7)
Transported to Hospital 891 (74) 0 474 (83) 0 401 (65) 0

∗Patients with missing data on initial rhythm were excluded from the subgroups based on initial rhythm.
†EMS-witnessed arrests excluded from the denominator of this proportion.
IQR = interquartile range; CPR = cardiopulmonary resuscitation; EMS = emergency medical services; min = minutes; ALS = advanced life support paramedic.
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TABLE 2. Patient outcomes

Full Cohort Initial Shockable Rhythms∗ Initial Non-Shockable Rhythms∗

n or median (% or IQR) n or median (% or IQR) n or median (% or IQR)

ROSC 753(62) 428(75) 310(50)
Time To ROSC (minutes) 13.0(7.2–20.8) 12.0(6.8–19.2) 15.3(7.8–23.0)
Survival to Hospital Discharge 328(27) 255(45) 67(11)

∗Patients with missing data on initial rhythm were excluded from the subgroups based on initial rhythm.
ROSC = return of spontaneous circulation.

commencement, peaked in the seventh minute, and
started declining in the eighth minute. Figure 3 demon-
strates the probability of survival to hospital dis-
charge among patients in a persistent pulseless state, at
increasing junctures since the commencement of resus-
citation (both for the full cohort and stratified by ini-
tial rhythm). The time junctures at which 50%, 75%,
90%, and 99% of survivors had achieved ROSC were
8.0, 14.0, 23.7, and 38.8 min, at which point the prob-
ability of survival among pulseless patients was 17%
(95% CI 15–19%), 10% (95% CI 8.2–12%), 5.4% (95% CI
3.6,7.2%), and 0.84% (95% CI 0.02–1.7%), respectively.

The ROC curve, describing the ability of the pulse-
less state to predict non-survival, illustrates that the
16th minute of resuscitation maximizes sensitivity and
specificity (area under the curve = 0.87, 95% CI
0.85–0.89; Figure 4). At this juncture 9.0% (95% CI
6.9–11%) of those who remained pulseless survived to
hospital discharge.

Of the 569 patients with initial shockable rhythms,
75% achieved ROSC and 45% survived to hospital dis-
charge (Table 2). The time junctures at which 50%,
75%, 90%, and 99% of survivors had achieved ROSC
were 8.5, 14.7, 23.0, and 39.0 min, respectively. Of
the 616 patients with initial non-shockable rhythms,
50% achieved ROSC and 11% survived to hospital dis-
charge. The time junctures at which 50%, 75%, 90%,
and 99% of survivors had achieved ROSC were 6.1,
12.8, 23.9, and 36.0 min, respectively.

DISCUSSION

ECPR is a complex therapy requiring time-sensitive
initiation; however, it holds promise for a subset of

patients with rapid high quality CPR (to maintain
cerebral perfusion), for whom ROSC is not achiev-
able with conventional resuscitation. The challenge is
to determine how and when to identify patients who
will prove refractory to conventional resuscitation, and
who may have an increased chance of survival if trans-
ported to hospital for ECPR.

We explored the relationship between time-
to-ROSC and survival among potential ECPR
candidates—younger patients with early CPR ini-
tiation after OHCA—and estimated the incremental
benefits of increasing durations of conventional re-
suscitation. Our data indicate that there is no clear
juncture in the resuscitation at which the likelihood
of survival drops precipitously, but rather starting
in the 8th min there is a slow transition to progres-
sively lower yield of further conventional efforts.
Although no single time juncture was identified,
the timeframe of 8–24 min after commencement of
professional resuscitation appears to be a reasonable
window to consider transport to hospital for ECPR
for several reasons. In the 8th min of resuscitation,
the incremental benefit of conventional therapies had
started to decline, and at the end of this minute 50% of
survivors had already achieved ROSC. By 24 min, 90%
of survivors had already achieved ROSC and further
on-scene efforts approach the logistical limits that
would still allow a patient to be transported to hospi-
tal within a collapse-to-ECPR interval compatible with
survival.7

Our ROC curve indicates that a lack of a pulse at
16 min (which falls in the middle of the 8–24 min
window) has the best performance for predicting non-
survival, which balances the risk of earlier transport to

TABLE 3. Logistic regression models for survival to hospital discharge

Crude Adjusted
Variable (referent) OR (95% CI) OR (95% CI)

Gender (female) 1.6(1.14 − 2.26) 1.43(0.95 − 2.17)
Age in years (per year increase) 1.00(0.98 − 1.02) 0.99(0.97 − 1.01)
Public location 1.88(1.39 − 2.55) 1.08(0.75 − 1.57)
Bystander CPR∗ 1.42(1.02 − 1.98) 1.25(0.83 − 1.89)
Witnessed by EMS 1.29(0.89 − 1.85) 1.52(0.91 − 2.51)
Time from 9-1-1 call to EMS arrival (per minute increase) 0.94(0.89 − 0.99) 0.94(0.88 − 0.99)
Initial Shockable rhythm 5.35(3.83 − 7.46) 5.75(3.89 − 8.49)
Time to ROSC (per minute increase) 0.91(0.89 − 0.93) 0.91(0.89 − 0.93)

∗By Layperson or EMS if EMS-witnessed.
CPR = cardiopulmonary resuscitation; EMS = emergency medical services; ROSC = return of spontaneous circulation.
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FIGURE 2. Proportion of survivors achieving ROSC prior to incremen-
tal durations of resuscitation (with 95% CI), among (A) the full co-
hort and (B) dichotomized by initial cardiac rhythm.

FIGURE 3. Probability of survival among pulseless patients, at in-
creasing durations of time since commencement of resuscitation
(with 95% CI).

FIGURE 4. ROC curve for No Pulse as a positive test to predict non-
survival at increasing time junctures from commencement of resus-
citation.

a patient who would have achieved ROSC with further
on-scene conventional therapies, and the risk of later
transport to an ECPR-eligible patient who will never
achieve ROSC. However, this assumes that the risks
of earlier and later transport are equally important,
which may not be the case for most patients. When
considering when to transport within the 8–24 min
time window two critical patient level factors deserve
consideration: (1) the quality of CPR that can be per-
formed during extrication and transport and (2) the
initial cardiac rhythm. CPR quality is a crucial vari-
able in resuscitation and can vary substantially, es-
pecially during extrication and transport.11,30,31 If one
can be confident in consistent high-quality transport
CPR, then transport of an ECPR candidate to hospi-
tal should take place after 8 min of failed high-quality
conventional efforts. If high-quality CPR during trans-
port cannot be assured, depending on the quality im-
pact, consideration should be made for later transport
within the 8–24 min window, or continued on-scene
resuscitation until termination. Mechanical chest com-
pression devices may play a key role in maintaining
CPR quality for ECPR-eligible patients that are trans-
ported to hospital.32 However, as studies comparing
the outcomes of patients treated with these high-cost
devices to manual CPR have demonstrated worse33,34

or neutral results,35–37 EMS systems may lack enthu-
siasm to incorporate mechanical compression systems
into routine management.

One novel aspect of our study is the stratification of
survival curves by shockable and non-shockable ini-
tial cardiac rhythms. Although the proportion of sur-
vivors achieving ROSC prior to increasing durations of
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6 PREHOSPITAL EMERGENCY CARE 2016 EARLY ONLINE

resuscitation was similar (Figure 2B), there were large
differences in the probability of survival of those who
remained pulseless (Figure 3). After 8 min of resusci-
tation, the probability of survival among those with
initial shockable rhythms dropped only to 31%; how-
ever, among those with non-shockable rhythms fell to
5.2%. As the probability of survival for shockable pa-
tients at 8 min remains relatively high, longer on-scene
conventional resuscitation may be preferable unless
transport CPR quality can be ensured. Conversely, the
probability of survival for patients with non-shockable
rhythms fell to 5.2%, demonstrating the small benefit
of additional on-scene efforts. Importantly, survival of
non-shockable patients treated with ECPR have been
reported as high as 29%–35%,8,9,13 and thus priori-
tizing early transport of patients with non-shockable
rhythms may be appropriate.

In addition, two system related factors may warrant
consideration: (1) the outcomes of conventional resus-
citation within the EMS system; and (2) the outcomes
of the local ECPR system; both of which have been
shown to vary considerably in different regions.1,9,15

If the EMS baseline outcomes with conventional re-
suscitation are poor and the local ECPR system has
high rates of positive outcomes, this would favor ear-
lier transport for ECPR therapies. However, if this were
the case, system quality improvement in fundamental
conventional resuscitation may yield a greater benefit
than a resource-intensive ECPR program. Conversely,
if a local ECPR program yields few survivors, then
one should prioritize conventional resuscitation and
ensure continual high-quality CPR, with possible later
transport to an ECPR site if persistent refractory arrest.

When considering the possible benefits of incor-
porating ECPR into a local algorithm for refractory
OHCA, the analysis must take place at the overall EMS
system level. Whereas previous studies have reported
the outcomes of patients who were transported to hos-
pital and treated with ECPR, this negates the impact
on the rest of the system including the possible detri-
mental effect of intra-arrest transport on CPR quality.
Furthermore, there are additional resource-intensive
logistical factors that require planning, albeit for a rel-
atively small number of patients who would be eligi-
ble. Experience gleaned from the development STEMI
protocols in the recent years may have high yield for
ECPR protocols, including the prehospital identifica-
tion of eligible patients, prehospital ECPR team acti-
vation, and bypass of other hospitals to designated
ECPR centers38–40 In-hospital ECPR teams that could
be rapidly mobilized would be required. These pro-
tocols would need to prioritize rapid arrest-to-ECMO
times, however with the recognition that there would
be a proportion of false positive prehospital activations
for those who would achieve ROSC in the intervening
time prior to actual cannulation.

Previous studies have estimated the time juncture
in resuscitation at which one might consider ECPR,

however no studies have specifically examined the
patient subset that would be considered eligible for
this therapy. Potential ECPR candidates may be sys-
tematically different from the general population of
OHCA patients in regard to time-to-ROSC and out-
comes. Reynolds et al. analyzed data from 1,042 OHCA
patients, of whom 11% survived to hospital discharge.
They reported that within 16.1 min of CPR, 90%
of patients with a favorable functional outcome had
achieved ROSC; the probability of a good functional
outcome among those still receiving chest compres-
sions at this juncture was 1%.28 Arima et al. exam-
ined a cohort of 172 patients with initial shockable
rhythms and demonstrated decreasing rates of sur-
vival with increasing durations to ROSC. Of those with
resuscitation for > 30 minutes, only 1.4% had favor-
able outcomes.34 From a cohort of patients who were
transported to hospital, of whom 10% were chosen for
ECPR, Kim et al. constructed a ROC curve from those
not treated with ECPR and concluded the ideal time to
consider ECPR was 21 min.18

No published prospective randomized trials have
compared ECPR to conventional care. Outcomes of
highly selected patients treated with ECPR—whom
clinicians deemed unlikely to survive with conven-
tional therapies—have been published, but the lack of
comparator groups makes the true benefit of ECPR dif-
ficult to ascertain. The best outcomes are seen with
early ECPR initiation;13 however, a proportion of these
could have achieved ROSC with conventional means.
It is also unclear whether achieving earlier perfusion
through ECPR, in patients who would achieve later
ROSC with conventional resuscitation, confers ben-
efit. Our data demonstrate the outcomes of poten-
tially ECPR-eligible patients treated with conventional
methods, and could be used as an estimate of the
probability of survival with conventional resuscitation,
to compare to patients treated with ECPR in other
studies. In our study, although a single survivor re-
gained ROSC at 47 min, the vast majority of survivors
achieved ROSC much earlier. As previous data indi-
cate that ECPR performed on patients with OHCA
tend to be initiated at or after the 45-min juncture,7,9 it
appears likely that ECPR does confer benefit over con-
ventional resuscitation when initiated at this time.

The aim of this study was not to determine the ef-
fectiveness of ECPR therapy or on-scene conventional
resuscitation, but rather sought to guide management
decisions in EMS systems considering the possible
risks of early transport to hospital, in view of the po-
tential benefits of transport to hospital for ECPR. For
this reason we considered survival to be a more appro-
priate and conservative primary outcome than neuro-
logical outcomes— whereas non-surviving study sub-
jects favored earlier transport in our analysis as they
had “nothing to lose” (and had potential gain from
ECPR), this is not true for those who survived with
unfavorable neurological outcomes for whom

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 o

f 
B

ri
tis

h 
C

ol
um

bi
a]

 a
t 2

0:
24

 2
8 

M
ar

ch
 2

01
6 



B. Grunau et al. TIMING OF TRANSPORT FOR ECPR 7

management decisions have the potential to fur-
ther worsen the outcomes.

Limitations

This study was performed in the metropolitan re-
gions within one province in Canada which demon-
strate a high rate of survival from OHCA1; population
characteristics, medical management, and outcomes of
OHCA may vary in different settings. Namely, a stan-
dardized protocol for early termination of resuscita-
tion was not utilized35 and the majority of patients
in whom ROSC was not achieved were treated ex-
clusively the prehospital setting without transport to
hospital. Whereas prehospital resuscitation and pro-
tocolized hospital care followed AHA guidelines, we
cannot account for individual patient treatment. Un-
structured withdrawal of care (in the prehospital and
hospital setting including those pre-ROSC and post-
arrest) is a limitation, as providers’ perception of
poor predicted outcome leading to cessation of efforts
thereby confers a poor outcome. Our survival curve
illustrating the proportion of survivors among those
who remained pulseless at increasing time junctures
included patients who were no longer receiving re-
suscitation; although it is likely that these patients
would not have survived with longer attempts this
may have resulted in an underestimation of survival.
Our ECPR criteria, although based on existing data,
may not be the optimal criteria to identify patients
who would most likely benefit with ECPR. In partic-
ular, it is likely appropriate to expand the eligibility of
those who have OHCA secondary to hypothermia.41

Furthermore, there may have been patients included
in our cohort with certain characteristics that made
them inappropriate for ECPR therapies. We used the
start of professional CPR as the time at which to
compare the time of ROSC; while duration from the
arrest to ROSC may be of interest, reliable data on
actual arrest times are unavailable. When develop-
ing a prehospital protocol, however, the duration of
on-scene resuscitative efforts is likely the most prag-
matic time period to use, rather than requiring per-
sonnel to estimate and calculate the duration of ar-
rest. Finally, there were 21 (1.7%) patients within our
ECPR group for whom data on the initial rhythm
were unavailable, precluding inclusion in the rhythm
subgroup analysis.

CONCLUSION

Our data suggest that transport to hospital for ECPR
should be considered between 8 to 24 min of elapsed
conventional on-scene resuscitation, with 16 min bal-
ancing the risks and benefits of early and later trans-
port equally. Earlier transport in this window may be
preferred if high quality CPR can be maintained dur-

ing transport and for those with initial non-shockable
rhythms.
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APPENDIX 1

BCAS policy indicates that all patients must be pro-
vided resuscitative treatments for cardiac arrest except
in the following circumstances:

“(1)“Obvious Death” defined as rigor mortis, decapi-
tation, post-mortem levity, tissue decomposition,
thoracic or abdominal transection, incineration of
the torso or head, or complete destruction or re-
moval of vital organ;

(2)The patient has been unresponsive and without res-
pirations and no CPR performed for > 15 minutes
(excluding those with hypothermia);

(3)There is a “No CPR” order in effect; or,
(4)Underwater submersion for > 60 minutes.”1
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