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ABSTRACT

Objective: Extracorporeal cardiopulmonary resuscitation
(ECPR), while resource-intensive, may improve outcomes in
selected patients with refractory out-of-hospital cardiac arrest
(OHCA). We sought to identify patients who fulfilled a set of
ECPR criteria in order to estimate: (1) the proportion of patients
with refractory cardiac arrest who may have benefited from
ECPR; and (2) the outcomes achieved with conventional
resuscitation.

Methods: We performed a secondary analysis from a
52-month prospective registry of consecutive adult non-
traumatic OHCA cases from a single urban Canadian health
region serving one million patients. We developed a
hypothetical ECPR-eligible cohort including adult patients
<60 years of age with a witnessed OHCA, and either
bystander CPR or EMS arrival within five minutes. The
primary outcome was the proportion of ECPR-eligible
patients who had refractory cardiac arrest, defined as
termination of resuscitation pre-hospital or in the ED. The
secondary outcome was the proportion of EPCR-eligible
patients who survived to hospital discharge.

Results: Of 1,644 EMS-treated OHCA, 168 (10.2%) fulfilled our
ECPR criteria. Overall, 54/1644 (3.3%; 95% Cl| 2.4%-4.1%)
who were ECPR-eligible had refractory cardiac arrest. Of
ECPR-eligible patients, 114/168 (68%, 95% Cl 61%-75%)
survived to hospital admission, and 70/168 (42%; 95% CI
34-49%) survived to hospital discharge.

Conclusion: In our region, approximately 10% of EMS-treated
cases of OHCA fulfilled our ECPR criteria, and approximately
one-third of these (an average of 12 patients per year) were
refractory to conventional resuscitation. The integration of an
ECPR program into an existing high-performing system of
care may have a small but clinically important effect on
patient outcomes.

Ruth MacRedmond, MD***: Jamil Bashir, MD*33:

RESUME

Objectif: La réanimation cardiorespiratoire extracorporelle
(RCREC), bien qu’elle soit exigeante sur le plan des ressources,
peut améliorer les résultats cliniques chez certains patients
ayant subi un arrét cardiaque extrahospitalier (ACEH) réfrac-
taire. Les auteurs de [|'étude cherchaient a déterminer
les patients qui répondaient aux un ensemble de critéres de la
RCREC afin d’estimer, d'une part, la proportion de patients
ayant subi un arrét cardiaque réfractaire qui auraient pu profiter
de la méthode de réanimation et, d'autre part, les résultats
clinigues obtenus par la méthode habituelle de réanimation.
Méthode: Les auteurs ont procédé a une analyse secondaire
d'un registre prospectif, constitué de cas consécutifs d’ACEH
non traumatique, survenus chez des adultes, sur une période
de 52 mois, dans une seule région sanitaire urbaine d'un
million de personnes, au Canada. Les auteurs ont formé une
cohorte fictive d’adultes, agés de moins de 60 ans, susceptibles
d’étre traités par la RCREC aprés avoir subi un ACEH devant
des témoins et avoir fait I'objet de manceuvres de réanimation
cardiorespiratoire par des passants ou avoir regu des soins
donnés par des services médicaux d'urgence (SMU), et ce,
en l'espace de cinqg minutes. Le principal critére d’évaluation
consistait en la proportion de patients susceptibles d'étre
traités par la RCREC aprés avoir subi un arrét cardiaque
réfractaire, défini comme la fin des manceuvres de réanimation
avant I'arrivée a I'hdpital ou au service des urgences. Le critére
d’évaluation secondaire était la proportion de patients suscep-
tibles d’étre traités par la RCREC qui ont survécu jusqu’au
moment du congé de I'hdpital.

Résultats: Sur 1644 patients traités par les SMU pour un ACEH,
168 (10,2%) répondaient aux critéres de la RCREC et, dans 54 cas
susceptibles d’étre traités par la RCREC par rapport aux 1644
(3,3%; IC a 95% : 2,4%-4,1%), soit I'ensemble, il s’agissait d'un
arrét cardiaque réfractaire. Parmi les patients susceptibles d'étre
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traités par la RCREC, 114/168 (68%; IC a 95% : 61%-75%) ont
survécu jusqu’au moment de I’'hospitalisation, et 70/168 (42%;
IC a 95% : 34-49), jusqu’au moment du congé de I'hopital.

Conclusions: Environ 10% de cas d’ACEH traités par les SMU
dans la région répondaient aux critéres de la RCREC et, dans
environ un tiers d’entre eux (soit 12 patients par année, en
moyenne), I'arrét cardiaque était réfractaire aux manceuvres
habituelles de réanimation cardiorespiratoire. L'intégration

d’'un programme de RCREC dans un systéme existant de
soins a rendement élevé peut avoir un effet certes modeste
mais important sur le plan clinique chez les patients.

Keywords: ECPR, ECMO, cardiopulmonary resuscitation,
cardiac arrest

INTRODUCTION

In North America, emergency medical services (EMS)
attend 134 cases of out-of-hospital cardiac arrest
(OHCA) per 100,000 adult citizens annually, with
survival ranging from 3% to 16%."* Circulatory sup-
port with extracorporeal cardiopulmonary resuscitation
(ECPR) may improve the survival of select patients with
cardiac arrest refractory to conventional resuscitation.
ECPR is the incorporation of veno-arterial extra-
corporeal membranous oxygenation (ECMO) into car-
diac arrest resuscitation. This technique has been in use
since 1966 Recent observational data suggests that
ECPR may be a beneficial therapy for select patients
with refractory OHCA, with most protocols focusing
on younger patients with rapid arrest recognition and
CPR initiation.*” Survival rates have been reported up
to approximately 50%.7

Although ECPR may increase the proportion of
survivors in selected OHCA patients, it is a resource-
intensive therapy, requiring the attendance of a specially
trained team that may include physicians, surgeons,
cardiac perfusionists, and skilled nursing staff, as well as
specialized protocols, equipment, and hospital resources.
The aims of this descriptive study were: (1) to identify
patients within our region who fulfilled a hypothetical set
of ECPR criteria and estimate the number who would
have been candidates for ECPR therapy; and (2) to
determine the baseline outcomes of ECPR-eligible
patients treated with conventional resuscitation to
estimate the potential gains of an ECPR program.

METHODS

Study setting

This study took place in a single health region
including the cities of Vancouver, Richmond, and

North Vancouver, and the district municipalities of
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North Vancouver and West Vancouver. The total land
area is approximately 500 km?, and contains a population
of approximately one million, with 73% between the
ages of 15 and 65."°

EMS are organized via a province-wide coordinated
911 service provided by the provincial British Columbia
Ambulance Service (BCAS) as well as individual
municipal fire departments. BCAS crews consist of
two-person basic (BLS) or advanced (ALS) life support
teams. ALS paramedics provide advanced cardio-
pulmonary life support (ACLS),'"" including drug
management and endotracheal intubation at the scene,
while BLS paramedics provide basic life support
resuscitation, including the use of automated external
defibrillators (AEDs) and supraglottic airways.'? Fire
department personnel are trained in cardiopulmonary
resuscitation,'? including the use of AEDs. BCAS policy
dictates which patients must be provided resuscitative
treatments (see Appendix 1).

Four hospitals within the region receive patients
with OHCA, all affiliated with the University of
British Columbia. St. Paul’s Hospital and Vancouver
General Hospital have medical, cardiac surgery, and
coronary critical care units, interventional cardiology
capacity, electrophysiology services, and perform
cardiac surgeries with perfusionist support. In addition,
St. Paul’s Hospital performs cardiac transplant and left
ventricular assist device implantation procedures. Lion’s
Gate Hospital and Richmond General Hospital are
community hospitals with intensive care and basic
cardiology services but no catheterization laboratories.
Although St. Paul’s Hospital and Vancouver General
Hospital provided ECMO services during the study
period, there was no formal ECPR program either
regionally or at any single institution.

The institutional review boards and affiliated ethics
committees of Providence Health Care, the University
of British Columbia, and Vancouver Coastal Health
approved this study.
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Selection of participants

All consecutive non-traumatic OHCA patients within
the region were prospectively identified as part
of the Resuscitation Outcomes Consortium'® registry
from September 2007 to December 2011. Based
on previously published ECPR protocols,”'*"* we
constructed a post-hoc hypothetical cohort of “ECPR-
eligible” patients from all EMS-treated cases of
OHCA in the region with the following set of criteria:
(1) age between 17 and 60 years; (2) witnessed arrest;
and, (3) bystander CPR (performed by laypersons
or EMS if the arrest was EMS-witnessed) or EMS
arrival in less than five minutes. Patients who were
known to have active malignancy were excluded from
this cohort. Study patients who had termination
of resuscitation in the pre-hospital or emergency
department (ED) setting after full conventional efforts
were considered to have refractory cardiac arrest and
thereby were classified as potential candidates for
ECPR therapy.

Data collection

We designed an electronic data collection tool with
variables chosen a priori in consideration of Utstein
variables,'® variables with known associations with
outcomes in cardiac arrest,!” and variables to describe
the patient population. All pre-hospital data, including
time-stamped diagnostics, treatments administered,
patient characteristics, and pre-hospital outcomes,
were prospectively collected from standardized EMS
template charting."?

Hospital-level data were abstracted through a
systematic chart review, adhering to accepted
criteria.'®? We recorded the occurrence of invasive
coronary angiography, coronary artery bypass surgery,
targeted temperature management, and assessed
outcomes at hospital discharge: (1) survival; and
(2) neurologic outcome. Cases of missing or conflicting
data were noted by each abstractor and prompted
a full chart review; if stll in question, the primary
investigator reviewed the case. We selected 50 random
charts via an electronic random number generator
for a second independent chart review of outcome
at hospital discharge. Cohen’s kappa statistic was
used to assess the inter-rater agreement for these
50 patients for the CPC score using a linear weighting
scheme.
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Outcome measures and variable definitions

The primary outcome was the proportion of patients in
the region who were ECPR-eligible and had refractory
cardiac arrest, defined as having resuscitative efforts
terminated in the pre-hospital setting or the ED, prior
to admission to a hospital critical care service. These
patients represent the group of those with OHCA for
whom ECPR may improve survival. The secondary
outcomes were the proportion of ECPR-eligible
patients who survived to hospital admission, hospital
discharge, and the proportion of those with favourable
neurological outcomes (defined as Cerebral Performance
Category [CPC] 1-2%°). All outcomes were also stratified
by initial cardiac rhythm: (1) “shockable,” including
ventricular fibrillation, pulseless ventricular tachycardia,
and unknown rhythms that were shocked with the AED;
and (2) “non-shockable,” including pulseless electrical
activity, asystole, and unknown rhythms that were not
shocked by the AED.

Data analysis

We used Microsoft Excel 2008 (Microsoft Corp.,
Redmond, WA, USA) for data entry and analysis.
Descriptive statistics were used. Dichotomous variables
are reported as percentages and 95% confidence
intervals. Continuous variables are presented as means
with standard deviations (if normally distributed) or
medians with interquartile ranges (IQRs).

RESULTS
Characteristics of study subjects

In our health region between September 2007 and
December 2011 (inclusive), there were 2,419 cases of
OHCA, of whom 1,644 (68%) were treated by EMS.
Of EMS-treated cases, 168 (10.2%) fulfilled our ECPR
criteria (Figure 1). Inter-rater agreement for CPC score
at hospital discharge was excellent with kappa values of
0.99 (95% CI =0.97-1.0).

Main results

Patient characteristics of the hypothetical ECPR-
eligible cohort, and groups divided by initial rhythm,
are shown in Table 1. There were 54 ECPR-eligible

patients with refractory cardiac arrest in the region
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n=2419

OHCA in the region

Not treated by EMS
n=775

n =1644

EMS-treated OHCA in the region

> e Unwitnessed arrest (n = 300)

ECPR-ineligible*
e Age<18or=60 (n=2819)

e No Bystander CPR and time to EMS
arrival > 5 minutes (n = 53)
e Malignancy (n=7)

Unable to determine
Outcome
n=1

Hypothetical ECPR-eligible Patients
n=168

— I

Initial Shockable
Rhythm
n=90

Rhythm
n=75

Initial Non-Shockable

ROSC Prior to First
Rhythm Analysis
n=3

Figure 1. Study Flow
*Subjects excluded sequentially as per order listed.

(3.3% of all EMS-treated cases, 95% CI 2.4%-4.1%;
32% of all ECPR-eligible patients). Termination of
resuscitation occurred in the pre-hospital setting in
30 cases (56%) and in the ED in the other 24 (44%), with
a median duration of professional efforts of 38.4 minutes
(IQR 33.6-46.3 minutes). Among the ECPR-eligible
patients, 114 (68%, 95% CI 61%-75%) survived to
hospital admission, 70 (42%; 95% CI 34%-49%) survived
to hospital discharge, and 59 (35%; 95% CI 28%-42%)
had favourable neurological outcomes (Table 2).

Of the 165 patients for whom the initial cardiac rhythm
was known, 90 patients (55%) had initial shockable
rhythms, of whom 78 (87%) survived to hospital
admission, 56 (62%) survived to hospital discharge, and
49 (54%) had favourable neurological outcomes
(Table 2). For the 75 patients (45%) with a non-
shockable initial rhythm, 33 (44%) survived to hospital
admission, 11 (15%) survived to hospital discharge, and
seven (9.3%) had favourable neurological outcomes.

456 2016;18(6)

DISCUSSION

We reported the characteristics and outcomes of patients
within our region who fulfilled a hypothetical ECPR
criteria, including young patients (<60 yrs of age) with
rapid CPR initiation. We then quantified the number of
potential ECPR candidates who suffered from cardiac
arrest refractory to conventional resuscitation. Within our
regional population of approximately one million citizens,
3.3% of EMS-treated OHCA cases fulfilled our ECPR
criteria and had refractory cardiac arrest, corresponding
to an average of approximately one patient per month.
Although patients in our ECPR-eligible cohort overall
had a high proportion of positive outcomes,’ survival in
this group may be enhanced with an ECPR program.
These data can be used to estimate the resource burden
and benefit an ECPR program may have in a region.
Several ECPR programs for OHCA have reported

outcomes, with survival rates up to approximately 50%
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Table 1. Characteristics of “ECPR-Eligible” Study Sample, and Stratified by Initial Rhythm

"ECPR-Eligible” Cohort

Initial Shockable Rhythms

Initial Non-Shockable Rhythms

n (IQR or %) Missing  n (IQR or %) Missing n (IQR or %) Missing
Demographics  Number 168 90" 75"
Age 50 (41-55) 0 52 (44-56) 0 49 (40-54) 0
Male 131 (78) 0 74 (82) 0 57 (76) 0
PMHx Myocardial infarction 13 (7.9) 4 8 (8.9) 0 5 (6.9) 3
Coronary artery disease 17 (10) 4 10 (11) 0 7 (9.7) 3
Hypertension 38 (23) 4 25 (28) 0 13 (18) 3
Congestive heart failure 4(2.4) 4 4 (4.4) 0 0 3
Diabetes mellitus 20 (12) 4 8 (8.9) 0 12 (17) 3
Seizure 3(1.8) 4 1(1.1) 0 2 (2.8) 3
Syncope 2(1.2) 4 2(2.2) 0 0 3
Atrial fibrillation 4(2.4) 4 2(2.2) 0 2(2.8) 3
Cardiac medications 24 (15) 4 17 (19) 0 7 (9.7) 3
Recreational drugs 25 (15) 3 5 (5.6) 0 20 (27) 2
Alcoholism 24 (15) 3 8 (8.9) 0 16 (22) 2
Pacemaker 1(0.6) 4 1(1.1) 0 0 3
Heart surgery 5 (3.0) 4 1(1.1) 0 4 (5.6) 3
Cardiac Arrest  Public location 77 (46) 0 49 (54) 0 26 (35) 0
Witnessed arrest
by Layperson 133 (79) 0 77 (86) 53 (71)
by EMS 35 (21) 0 13 (14) 22 (29)
Bystander CPR
By Layperson 114 (68) 0 67 (74) 0 44 (59) 0
By EMS 35 (21) 0 13 (14) 0 22 (29) 0
Dispatch to EMS arrival (min) 6.3 (4.9-8.0) 0 6.2 (4.9-8.0) 0 6.3 (4.5-8.2) 0
ALS involvement 165 (98) 0 88 (98) 0 74 (99) 0
Initial arrest rhythm shockable 90 (54) 3 90 (100) 0 0 (0) 0
Any shocks delivered 114 (68) 0 90 (100) 0 24 (32) 0
Number of shocks 2 (1-4) 0 2 (1-5) 0 2 (1-3) 0
Epinephrine administered 109 (65) 0 47 (52) 0 62 (83) 0
Epinephrine dose (mg) 5 (2-7) 0 4 (2-6) 0 5 (3-7) 0
Transported to hospital 138 (82) 0 88 (98) 0 47 (63) 0
Hospital Care Coronary angiography 59 (527) 1 56 (727) 1 3(9.1% 0
CABG 8 (7.07 1 8 (10") 1 0 0
MTH 60 (53" 1 52 (677) 1 7 (219 0

"Three patients who had ROSC prior to first rhythm analysis were excluded from the groups dichotomized by initial rhythm.

"Denominator is those who survived to hospital admission

PMHXx, past medical history; ALS, advanced life-support paramedic; EMS, emergency medical services; VF, ventricular fibrillation or pulseless medical services; VF, ventricular fibrillation or
pulseless ventricular tachycardia; CABG, coronary artery bypass graft procedure; MTH, mild therapeutic hypothermia.

in select patients with persistent refractory cardiac
arrest.””” While no prospective randomized studies have
been completed examining the outcomes of ECPR-
treated patients in comparison to conventional resus-
citation, ECPR for OHCA is typically initiated between
45 and 75 minutes after the initial cardiac arrest,®’ an
elapsed duration of resuscitation at which survival with
conventional resuscitation appears to be rare.'” The
Alfred Hospital and Victorian EMS system in Mel-
bourne, Australia, which provides similar hospital and
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pre-hospital services to those in our region, recently
described the results of an ECPR protocol, demon-
strating 56% neurologically intact survival in a carefully
selected group of patients with refractory OHCA
treated with ECPR.” Based on these data and other
similar studies, assuming a survival rate of 30%-55% of
those in refractory cardiac arrest treated with ECPR,%®
among the 54 potential ECPR candidates in our cohort
who remained pulseless after conventional resuscita-
tion, it is possible that an additional 16-30 patients (four
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Table 2. Patient outcomes of “ECPR-eligible” cohort

All Patients

n (% or IQR)
Number 168
ROSC 129 (77)
Time to ROSC (minutes) 11.9 (6.3-20.8)
Survival to Hospital Admission 114 (68, 95% Cl 61-75)
Survival to Hospital Discharge 70 (42; 95% Cl 34-49)
CPC 1-2 59 (35; 95% Cl 28-42)

Initial Shockable Rhythms Initial Non-Shockable Rhythms

n (% or IQR) n (% or IQR)
90* 75*
84 (93) 42 (56)

10.8 (6.1-20.5) 15.0 (7.2-22.3)
78 (87) 33 (44)
56 (62) 11 (15)
49 (54) 7 (9.3)

Note: three patients who had ROSC prior to EMS rhythm analysis were not included in the initial rhythm categories.

to seven per year) might have survived neurologically
intact with an ECPR protocol, increasing the overall
survival rate of ECPR-eligible patients to 51%-60%.

Several studies have reported the number of patients
treated with individual ECPR protocols, with patients
included at the discretion of treating clinicians; 62!~
however, the denominator and outcomes of potentially
eligible patients within these regions is unknown.
Poppe and colleagues examined a cohort of OHCA
cases, and applied the following criteria for which
paramedics should “load [the patient] and go” to hos-
pital for ECPR management: adult patients <75 years
old with a witnessed arrest, bystander CPR performed,
an initial shockable rhythm, and no sustained return of
spontaneous circulation (ROSC) within 15 minutes
of EMS resuscitation.”” Of 864 OHCA, 55 (6.4%) met
this standard. Despite methodological differences,
this is comparable with our results in demonstrating
a low proportion of patients with refractory arrest
within our region who would be candidates for ECPR
therapy.

"The primary limiting factor of the quantity of eligible
patients for ECPR is distance to hospital, with survivors
rare if ECPR is initiated after 75 minutes.’*"** For this
reason and based on established practice,” we limited
our hypothetical ECPR treatment catchment to our
health region, for which the transport times for an
ambulance to an ECPR-capable centre would be
approximately 20 minutes or less. Although population
density and demographics will vary, the time-dependent
nature of ECPR therapy will likely limit the volume of
ECPR programs in other regions to similar quantities.

Although some ECPR protocols have focused solely
on patients with initial shockable rhythms,”*® other
protocols have shown promising results in non-
shockable patients, reporting survival to discharge in
29%-35%%721. Tt is unclear whether the benefit of

458 2016;18(6)

ECPR therapy for those with initial non-shockable
rhythms differs from those with initial shockable
rhythms. It is well established that patients with initial
shockable rhythms treated with conventional resuscita-
tion have a higher chance of achieving ROSC, thereby
allowing the possibility of survival.'***° However, in
resuscitations unable to achieve ROSC, regardless of
initial cardiac rhythm, the benefit of achieving artificial
circulation through ECPR may be similar. Nearly 90%
of the patients in our cohort with initial shockable
rhythms survived to hospital admission, twice the
proportion of those with initial non-shockable rhythms.
Whereas patients with shockable rhythms fulfilling our
ECPR criteria already demonstrate excellent outcomes,
patients with initial non-shockable rhythms may in fact
be the group for which an ECPR program may have a
much larger impact on survival. One must also consider
that there may systematic differences in patient
characteristics between those with initial shockable and
non-shockable rhythms, such as the etiologies of the
arrest, which may affect outcomes. Further research is
required to identify the best candidates for ECPR
initiation and the outcomes of patients with non-
shockable rhythms treated with ECPR.

The complexities of developing regional invasive
OHCA resuscitation programs in systems with high
existing rates of survival,' with the hope of further
improving outcomes, are extensive. Regional coordina-
tion, highly skilled paramedics, a strategy to maintain
CPR quality during transport, physicians or surgeons to
place cannulas and perfusionists to initiate ECMO
immediately upon patient arrival, and sufficient patient
volumes to maintain institutional competency are all
important components. The creation and maintenance
of such as system would require significant resources,
and thus prospective studies (with comparator groups)
examining the effectiveness and cost-effectiveness of
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coordinated regional ECPR programs are required;
this is especially relevant for single-payer healthcare
systems. Finally, over half of those with refractory
cardiac arrest had termination of resuscitation in
the pre-hospital setting. With the addition of ECPR
management into the resuscitation algorithm, practices
for intra-arrest transport may have to be adapted,
including recognition of safety hazards for EMS
providers during transport.”!

The study site was one urban Canadian region;
population characteristics and medical management
may vary in different settings. Whereas pre-hospital
resuscitation and protocolized hospital care followed
AHA guidelines,'""'*** we cannot account for indivi-
dual patient treatment. It is possible that characteristics
not represented in our set of ECPR criteria may be of
benefit in further defining the ideal ECPR candidate.
There were three patients within our ECPR group who
regained a pulse prior to the first rhythm analysis,
precluding inclusion in the rhythm subgroup analysis,
and thus resulting in a lower proportion of favorable
outcomes in one or both groups.
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