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ARTICLE INFO ABSTRACT
Article history: Background: Out of hospital cardiac arrest (OHCA) mortality rates remain very high with poor neurological
Received 24 February 2017 outcome in survivors. Extracorporeal cardiopulmonary resuscitation (ECPR) is one of the treatments
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! of refractory OHCA. This study used data from the mobile intensive care unit (MOICU) as part of the
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emergency medical system of Paris, and included all consecutive patients treated with ECPR (including
pre-hospital ECPR) from 2011 to 2015 for the treatment of refractory OHCA, comparing two historical
ECPR management strategies.

. Methods: We consecutively included refractory OHCA patients. In Period 1, ECPR was indicated in selected
Extracorporeal CardioPulmonary . R . A . . .
Resuscitation (ECPR) patients after 30 min of advanced life support; in- or pre-hospital implementation depended on estimated
Global strategy transportation time and ECPR team availability. In Period 2, patient care relied on early ECPR initiation
after 20 min of resuscitation, stringent patient selection, epinephrine dose limitation and deployment of
ECPR team with initial response team. Primary outcome was survival with good neurological function
Cerebral Performance Category score (CPC score) 1 and 2 at ICU discharge or day 28.
Findings: A total of 156 patients were included. (114 in Period 1 and 42 in Period 2). Base-
line characteristics were similar. Mean low-flow duration was shorter by 20min (p<0.001) in
Period 2. Survival was significantly higher in Period 2: 29% vs 8% (P<0.001), as confirmed by the
multivariate analysis and propensity score. When combining stringent patient selection with an
aggressive strategy, the survival rate increased to 38%. Pre-hospital ECPR implementation in itself
was not an independent predictor of improved survival, but it was part of the strategy in Period 2.
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Interpretation: Our data suggest that ECPR in specific settings in the management of refractory OHCA is
feasible and can lead to a significant increase in neurological intact survivors. These data, however, need
to be confirmed by a large RCT.

© 2017 Elsevier B.V. All rights reserved.

1 Introduction

Out-of-hospital cardiac arrest (OHCA) is a leading cause of mor-
tality worldwide [1].

The use of Extracorporeal Cardio-Pulmonary Resuscitation
(ECPR) has been described for the treatment of refractory in-
hospital cardiac arrest with survival rates ranging from 20% to
30% [2-6]. However, this technique remains controversial [7-14].
Limitations include access to ECPR with reasonable timing, cost-
effectiveness and optimal patient selection.

A relationship between short delay to the implementation of
ECPR and positive outcomes of refractory in-hospital cardiac arrests
has been suggested [15-20].

To our knowledge, there is no published randomized control
study assessing the use of pre-hospital ECPR. The Service d’Aide
Médicale Urgente (SAMU) of Paris, is based upon a broad use of
mobile intensive care units (MolICU) dispatched on site. Since 2011
the SAMU of Paris, has developed a strategy to implement ECPR
in the pre-hospital setting, to reduce time to implementation. This
strategy was initiated after some negative results with a load and
go strategy |7]. The first step of this strategy was to do a feasibility
and safety study, after a specific training [21,22]. Since this date,
the SAMU de Paris has applied two different strategies for the use
of ECPR in the management of refractory OHCA patients. During
period 1, the allocation between pre- or in hospital insertion of
ECPR was liberal. During period 2, the pre-hospital ECPR was the
standard care associated with new inclusion criteria, a limitation of
epinephrine and systematic etiologic research. We compared these
two strategies, both of which included possible pre-hospital ECPR.

2 Methods

The study was performed in Paris area, a city of 105 square kilo-
meters with 2,2 million residents and an influence area of more
than 12 million residents.

In 2011, the SAMU of Paris initiated a feasibility study on the
use of pre-hospital ECPR for refractory OHCA [21]. The manage-
ment of OHCA involves basic life support (BLS) and mobile intensive
care units (MoICU), simultaneously dispatched to provide BLS and
advanced life support (ALS) according to international guidelines.

The current observational study includes all consecutive OHCA
patients having received ECPR since 2011. A first protocol, including
the use of pre-hospital ECPR was applied from November 2011 to
December 2014 (Period 1). In January 2015, a new protocol was
initiated (period 2).

During Period 1, inclusion criteria for ECPR were based on the
French national guidelines, and are summarized in Appendix 1
(Supplementary material). ECPR was either initiated pre-hospital
or in-hospital (ICU) based upon the estimated time needed to reach
the hospital (less than 20 min), after 30 min of ALS. This decision
was made by the MolICU physician on site.

During period 2, a dedicated pre-hospital ECPR team with one
trained emergency physician or intensivist, a nurse anesthetist
and a paramedic was on call at all times. The aim of the strategy
was to reduce delays to ECPR implementation with an objective of
pump flow initiation within 60 min of the onset of cardiac arrest
in selected patients. If a patient of less than 70 years of age pre-

sented with a witnessed OHCA, the ECPR team was immediately
sent on site. The patients were selected after 20 min of resuscita-
tion with inclusion and exclusion criteria summarized in Appendix
B (Supplementary material).

Pre-hospital ECPR was the default strategy. Patients were
transported for in-hospital ECPR only if OHCA occurred during
transportation and if arrival to hospital was estimated to be less
than 10 min.

The physicians who performed ECPR (pre-hospital and in-
hospital) implementation were the same during both periods.
They used a cutdown technique in the lower Scarpa area, to
locate and visualize the vessels. The insertion was done secondar-
ily by Seldinger technique. Arterial cannulae were 15-19 Fr and
venous cannulae were 21 or 23 Fr. (Maquet®©, Rastatt) The ECPR
used was the Cardiohelp © (Maquet©, Rastatt) for all patients.
Limb perfusion was systematically performed. In pre-hospital, the
Cardiohelp© was primed by an anesthesiologic nurse, and in-
hospital by the ICU team (doctor or nurse). The priming was done
with saline serum without heparin which was started secondarily.
In case of massive bleeding or to avoid disseminated intravascular
coagulopathy, transfusion was administered. Resuscitation dur-
ing ECPR implementation included mechanical CPR using LUCAS©
(Physiocontrol©, Redmond) or Autopulse © (Zoll©,Chelmsford),
systematic sedation and mild therapeutic hypothermia.

In Period 1, there was no upper limit to epinephrine adminis-
tration. The cumulative epinephrine administration was limited to
5mg in period 2.

Indications for coronary angiography in the two periods fol-
lowed the European Guidelines [23].

The post ECPR-resuscitation was identical in both periods (Sup-
plemental file 1).

Data were gathered according to the Utstein criteria [24]
(Table 1).

Neurological evaluation was performed using the Cerebral Per-
formance Category score (CPC) at ICU discharge or at 28 days. CPC 1
and 2 were considered favorable outcomes whereas CPC 3-5 were
considered unfavorable. In patients presenting with brain death,
organ donation was considered.

The study was reviewed and approved by the IRB. All patients or
families were informed of the participation in the study in accor-
dance to the French regulatory.

2.1 Statistical analysis

Qualitative variables were compared using the x2 and Fisher
exact tests, whereas quantitative variables were compared by Stu-
dent T tests, Mann-Whitney or Wilcoxon tests.

The following parameters were analysed in the multivariate
analysis: age, sex, cause of arrest, shockable rhythms, no and low-
flow duration, epinephrine dose, pre-hospital vs in-hospital ECPR,
period, cardiovascular risk factors, signs of life, temperature at
admission, angiography, PCIL

In order to assess the impact of Period 2, a propensity score
for belonging to period 2 was calculated using non-parsimonious
binary logistic regression analysis (Table 2).

In addition to the main analysis, and in order to assess the intrin-
sic role of pre-hospital ECPR, we performed several analyses:
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Table 1
Baseline and procedural characteristics of the whole population, the period 1 and 2 population.
Variables N Whole Population Population P-Value
Available Population Period 1 Period 2
156 114 42
Pre-hospital ECPR 154 73 46 27 0.01
n (%) (47.4) (41.4) (64.3)
Sex (Male) 128 91 37 0.23
n (%) (82.0) (79.8) (88.1)
Age 51.5 50.6 53.8 0.15
mean (SD) (12.2) (12.9) (10.1)
Age >60 YO 37 27 10 0.99
n (%) (23.7) (23.7) (23.8)
BMI 98 27.5 27.5 274 0.94
mean (SD) (4.3) (4.1) (4.6)
Past medical history
CV Past medical history 138 29 17 12 0.12
n (%) (21.0) (17.5) (29.3)
CV Risk Factors 138 80 53 27 0.22
n (%) (58) (54.6) (65.9)
Initial presentation
Cardiac death 151 112 80 32 0.33
n (%) (74.2) (72.1) (80.0)
Shockable rhythms 139 81 56 25 0.52
n (%) (58.3) (56.6) (62.5)
Signs of life before ECPR 141 72 43 29 0.0001
n (%) (51.1) (41.4) (78.4)
Epinephrine total dose (in mg) 132 8.6 10 5.1 <0.0001
(moy.+SD) (4.9) (4.8) (3.3)
Epinephrine total dose >5 mg 132 90 78 12 <0.0001
n (%) (68.2) (82.1) (32.4)
No flow (min) 151 34 3.7 25 0.11
(mean =+ SD) (4) (4.1) (3.7)
No flow > 5 min 151 45 36 9 0.20
n (%) (29.8) (32.7) (22)
Low flow (min) 142 87.1 93 70.9 <0.0001
(mean + SD) (26.9) (26.7) (20.2)
Low flow n (%)
e <60 min 142 23(16.2) 10(9.6) 13(34.2) 0.0008
e 60-100 min 80 (56.3) 60 (57.7) 20(52.6)
e >100 min 39(27.5) 34 (32.7) 5(13.2)
ECPR implementation times (min) 129 21.8 22.6 19.30 0.03
(mean=+SD) (10.3) (11.4) (5.4)
Variables Population Population Population P-Value
globale Période 1 Période 2
Therapeutics
Admission temperature (°C) 118 331 33.2 331 0.87
(mean+SD) (2.8) (2.9) (2.8)
coronary angiography 144 72 43 29 0.0008
n(%) (50) (41.6) (72.5)
coronary angioplasty 139 42 24 18 0.007
n(%) (30.2) (23.8) (47.4)
Hospital evolution
CPC1-2 9 12 0.0008
n (%) (7.9) (28.6)
CPC 3-4-5 105 30
n (%) (92.1) (71.4)
ROSC under ECPR 135 105 69 36 0.01
n(%) (77.8) (71.9) (92.3)
DIC 128 60 47 13 0.41
n (%) (46.9) (49) (40.6)
Transfusion 124 46 33 13 0.32
n (%) (37.1) (34.7) (44.8)
Sepsis 122 16 4 12 <0.0001*
n (%) (13.1) (4.4) (40)
Mean times on ECPR (Days) 131 2 2 3 0.006
(mean + SD) (2;3) (1;3) (2;6)
Length of stay in ICU (Days) 152 2 2 3 0.001
(moy. +SD) (1;4) (1:3) (2;12)

ECPR: Extracorporeal Cardio-Pulmonary Resuscitation.

BMI: Body Mass Index.
CV: Cardio-Vascular.

CPC: Cerebral Performance Category.
ROSC: Return Of Spontaneous Circulation.
DIC: Disseminated Intravascular coagulopathy.
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Table 2

Comparison between Period 1 and 2 using a propensity analysis.
Variables Period 1 Period 2 P-value

N=26 N=26

Pre-hospital ECPR 18 18 1.00
n (%) (69.2) (69.2)
Sex (Male) 24 24 1.00*
n (%) (92.3) (92.3)
Age >60 YO 4 4 1.00*
n (%) (15.4) (15.4)
BMI 28.0 272 0.47
mean (SD) (34) (3.2)
Past medical history
CV Past medical history 4 6 0.73*
n (%) (17.4) (24.0)
CV Risk Factors 10 17 0.09
n (%) (43.5) (68.0)
Initial presentation
Cardiac death 21 21 1.00
n (%) (80.8) (80.8)
Shockable rhythms 17 17 1.00
n (%) (65.4) (65.4)
Signs of life before 9 17 0.02
ECPR (39.1) (73.9)
n (%)
Epinephrine total dose 17 7 0.002
(inmg) (77.3) (30.4)
(moy. +SD)
No flow (min) 29 2.8 0.91
(mean =+ SD) 3.1) (4.1)
No flow > 5 min 6 6 1.00
n (%) (23.1) (23.1)
Low flow (min) 84.2 69.8 0.04
(mean =+ SD) (26.5) (22.5)
Low flow n(%)
e <60 min 5(20) 11 (44) 1.00
e 60-100 min 15 (60) 11 (44)
e >100min 5(20) 3(12)
ECPR implementation 20.00 19.67 0.88
times (min) (8.9) (5.8)
(mean =+ SD)
In hospital therapeutics and evolution
Admission 341 334 0.36
temperature (°C) (2.1) (2.5)
(mean =+ SD)
coronary angiography 20 20 1
n(%) (76.9) (76.9)
coronary angioplasty 10 14 0.21
n(%) (38.5) (56.0)
Evolution and complications
Mortality 24 18 0.03
n(%) (92.3) (69.2)
ROSC under ECPR 21 24 0.35*
n(%) (84) (96)
DIC 11 9 0.84
n(%) (45.8) (42.7)
Transfusion 6 10 0.09
n(%) (25) (50)
Sepsis 2 9 0.007
n(%) (8.3) (42.9)

A propensity score to compare period 1 and 2 was calculated using the following variables representing initial patient presentation: age, sex, cause of arrest, past history of

cardiovascular disease, shock delivered on site, epinephrine dose, use of prehospital ECPR, duration of no flow and low flow, angiography.

e First of all, a propensity score for using pre-versus in-hospital
ECPR was calculated, excluding duration of low-flow as a shorter
duration of low-flow was part of the rationale for using pre-
hospital ECPR. (Table 3)

¢ A second propensity score for pre-vs in-hospital ECPR, using the
duration of the low-flow and no-flow, was also calculated.

A 1/1 matching based on the propensity score or the adjustment
variables was used to build cohorts with similar profiles.

The IBM SPSS v23.0 and NCSS 10 statistical packages were used
for all statistical analyses, and P values <0.05 (two-sided) were
considered significant.

3 Results
3.1 Baseline characteristics and management

During the period of the study 15 680 OHCA occurred in Paris.
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Table 3

Comparison between in or pre-hospital ECPR insertion by a propensity analyze excluding duration of low flows.
Variables In-hospital Pre-hospital P-value

ECPR Insertion ECPR Insertion
N=27 N=27

Sex (Male) 25 25 1.00*
n (%) (92.6) (92.6)
Age >60 YO 5 5 1.00
n (%) (18.5) (18.5)
BMI 27.15 26.89 0.85
mean (SD) (44) ®3)
Past medical history
CV Past medical history 10 2 0.01
n (%) (40.0) (8.3)
CV Risk Factors 17 12 0.20
n (%) (68) (50)
Initial presentation
Cardiac death 22 22 1.00
n (%) (81.5) (81.5)
Shockable rhythms 18 18 1.00
n (%) (66.7) (66.7)
Signs of life before 14 14 1.00
ECPR (51.9) (51.9)
n (%)
Epinephrine total dose 20 20 1.00
>5mg (74) (74)
n (%)
No flow (min) 3.44 3.26 0.85
(mean=+SD) (3.5) (34)
No flow > 5 min 8 8 1.00
n (%) (29.6) (29.6)
Low flow (min) 104.00 76.04 0.0003
(mean +SD) (28.9) (20.9)
Low flow n(%)
e <60min 1(3.9) 7(29.1) <0.0001*
e 60-100 min 11 (42.3) 16 (66.7)
e >100min 14 (53.9) 1(4.2)
ECPR implementation 22.20 20.71 0.62
times (min) 9.7) (10.6)
(mean+SD)
In hospital therapeutics and evolution
Admission 32.88 33.69 0.35
temperature (°C) (2.6) (2.8)
(mean+SD)
Coronary angiography 11 17 0.07
n(%) (42.3) (68.0)
Coronary angioplasty 8 11 0.33
n(%) (30.8) (44.0)
Evolution and complications
Survivor 3 4 1.00*
n(%) (11.1) (14.8)
ROSC under ECPR 15 21 0.04
n(%) (57.7) (84.0)
DIC 14 11 0.57
n (%) (58.3) (50.0)
Transfusion 8 6 0.81
n(%) (33.3) (30.0)
Sepsis 3 3 1.00*
n(%) (12.5) (13.6)

ECPR: Extracorporeal Cardio-Pulmonary Resuscitation

BMI: Body Mass Index
CV: Cardio-Vascular
CPC: Cerebral Performance Category

ROSC: Return Of Spontaneous Circulation
DIC: Disseminated Intravascular coagulopathy

Propensity score for using pre-versus in-hospital ECPR was calculated using the following data: age, seX, shock delivered on site, epinephrine dose, cardiac cause of arrest,

presence of vital signs before ECPR, and no-flow, but excluding duration of low flows

All 156 patients who received ECPR were included, 114 patients
were included during Period 1 and 42 patients were included in

Period 2.

Baseline and procedural characteristics are shown in Table 1.

Patients treated during the 2 periods had no significant differ-
ences in terms of demographic variables. Mean low-flow duration
was shorter by more than 20min in Period 2 (p<0.0001). As
expected from the selection criteria of Period 2, presence of signs
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Period 1

Period 2

Period 1 In hospital ECPR
Period 1 Pre hospital ECPR
Period 2 In hospital ECPR

Period 2 Pre hospital ECPR

 No Flow

 BLS/ALS

B ECPR insertion

* :Period 1 vs Period 2 p<0,001
** :Period 1 in vs pre-hospital p<0,001
***:Period 2 in vs pre-hospital p<0,001

Fig. 1. Time report from different period. BLS: Basic Life support

ALS: Advance Life Support

ECPR: Extracorporeal Cardio-Pulmonary Resuscitation

N (%) period1 N (%) period2 OR 95% Cl P interaction

Male P S 6/91 (7%)  11/37 (30%) 5.7 2.0-16.4 0.95
Female | 4/23 (17%)  3/5 (60%) 6.1 0.9-41.4
<60 years e T 6/87 (7%) 13/32 (41%) 8.7 3.0-25.0 0.04
60+ years 4/27 (15%)  1/10 (10%) 0.8 0.1-6.1
CV Cause —_— 9/80 (11%)  11/32 (34%) 40 1.5-10.8 0.41
Other cause i 1/34 (3%) 3/10 (30%) 10.4 1.6-25.2
Low flow <85 min (median) , 2/43 (5%) 9/28 (32%) 8.1 1.8-36.0 0.81
Low flow 85+ min + 8/61 (13%) 5/10 (50%) 6.3 1.6-25.2
Pre-hospital ECMO ' 2/46 (4%) 8/27 (30%) 7.8 1.7-35.0 0.62
In-hospital ECMO B 8/66 (12%)  6/15 (40%) 4.7 1.4-16.1
No vital signs t 1/71 (1%) 1/13 (8%) 5.6 0.5-58.7 0.62
Vital signs R 9/43 (21%)  13/29 (45%) 3.0 1182
Whole population _— 10/114 (9%) 14/42 (33%) 5.1 21-124
10

01 1
QOdds Ratio

Fig. 2. Odds ratios of improved survival for period 2 compared with period 1.

of life (breathing efforts, gasp, movements, pupils different from
mydriasis) during resuscitation before ECPR implementation was
observed more often in period 2 (p=0.0001) and epinephrine
dose used in the field was lower (10 mg vs 5mg p <0.0001). Like-
wise, pre-hospital ECPR was more frequently used during Period
2. (p=0.01) ECPR implementation times were shorter in Period
2 (p=0.03), and tended to be shorter for pre-hospital ECPR dur-
ing Period 2 (p=0.08). (Fig. 1) Coronary angiograms and PCI were
more frequently performed during Period 2. During both periods,
no patients achieved ROSC during initiation of ECPR.

3.2 In-hospital outcomes according to strategy (period 2
compared with period 1)

Survival was significantly higher with Period 2: 29% vs 8%,
P <0.001; consequently mean duration of ICU stay was longer dur-
ing period 2 (Table 1), and sepsis appeared more frequently during
Period 2. Occurrence of intravascular disseminated coagulation and
use of transfusion were similar in both periods.

Survival was strongly correlated with the presence of signs of life
(breathing efforts, gasp, movements, pupils different from mydri-
asis) prior to ECPR (P<0.001). Indeed, during Period 2, none of the
patients with no sign of life survived.

Survival was higher in Period 2 in all subgroups tested (Fig. 2),
except in patients over 60 years of age, in whom survival did not
improve during Period 2 (p for interaction =0.04).

Using multivariate analysis, Period 2 was significantly associ-
ated with survival (OR 7.92, 95% CI 1.07-58.92). Presence of signs
of life before ECPR was the most potent correlate of survival (OR
59.6, 95% CI 4.9-723.6). Predictors of mortality were pre-hospital
ECPR (OR 27.85, 95% CI 3.03-255.81), male sex (OR 12.55, 95% CI
1.56-100.67), past history of cardiovascular disease (OR 52.52, 95%
CI 4.43-623.02), administration of more than 5 mg of epinephrine
(OR23.96,95% C13.26-176.03) and the absence of angiography (OR
71.39, 95% C1 5.95-856.15).

When using a propensity score in order to compare patients
with similar characteristics in both periods, 26 pairs were found;
survival was also higher during Period 2 (P=0.03). Signs of life pre
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- 38%

Selection + Sélection +
Protocol - Protocole +

Selection -
Protocol -

Fig. 3. Effect of an aggressive strategy for refractory cardiac arrest by the different
part of this strategy. The selection is the patient selection of period 2 (Cf Annex 2).
The protocol is: the prehospital ECPR, and epinephrine equal or less than 5 mg and
systematic etiologic research.

ECPR and sepsis during the ICU stay were significantly higher dur-
ing Period 2 respectively (p=0.02 and p=0.007). During the first
period, the rate of patients receiving more than 5 mg of epinephrine
was significantly higher (p=0.002). (Table 2).

The survival rate in the total population (Period 1+2) increased
to 38% for patients with aggressive selection criteria and care Pre-
hospital ECPR, Epinephrine <5 mg and immediate etiologic research
corresponding to Period 2 (Fig. 3).

3.3 Potential role of pre-hospital ECPR per se

Survival was similar in patients with pre-hospital versus
in-hospital ECPR, both periods combined. Survival between pre-
hospital and in-hospital ECPR was similar when implantation could
be done within 60min, as well as when time to implantation
exceeded 60 min. In both patients with pre-hospital and in-hospital
ECPR, survival improved from Period 1 to period 2, (respectively
p=0.002 and p=0.01)

Comparing the 27 pairs matched by propensity score for receiv-
ing pre-hospital ECPR, (matched on: age, sex, shock delivered on
site, epinephrine dose, cardiac cause of arrest, presence of vital
signs before ECPR, and no-flow, but excluding duration of low
flows) (Table 3), survival was not different with pre-hospital versus
in-hospital ECPR (P =1). However, the rate of ROSC was significantly
higher in the pre-hospital group (p=0.04). Low-flow duration
was significantly lower in the pre-hospital group in continuous
(p=0.0003) or categorical analyses (p <0.0001).

In the 42 pairs comparing pre-hospital ECPR implementation
matched on age, sex, no-flow and low-flow durations, survival was
14%in patients with pre-hospital ECPR, compared with 21% of those
with in-hospital ECPR (P =0.39).

4 Discussion

Our results in this large series of ECPR suggest improved sur-
vival rates in refractory OHCA using an aggressive ECPR strategy.
Compared with the initial period when a less stringent protocol
was used, survival increased from 8% to 29% (Table 1).

As shown by the different analyses, a more stringent patient
selection and the overall management strategy appeared to be the
main drivers of improved survival, which did not appear related to
any single specific procedure. Patients without the aggressive strat-

egy had a survival rate of 3% compared to 38% for patients with the
aggressive strategy (Fig. 3). However, the group of medical cardiac
arrest without ECPR had only little hope of survival with such long
low-flow times [26]. For selected patients, the use of ECPR may lead
to survival rates similar to those of patients with ROSC after suc-
cessful defibrillation. ECPR should be considered as a second line of
treatment and not only as a rescue therapy.

As per protocol, low-flow duration was significantly reduced
by Period 2 (93 min vs 71 min p=<0.0001) compared to the pre-
vious period. Chen et al. demonstrated an inverse relationship
between low-flow duration and survival [3]. The optimal threshold
for survival seems to be 60 min, leading to the concept of a “car-
diac arrest golden hour” [26]. In the current population, however,
low-flow duration greater than 60 min was not significantly associ-
ated with lower survival rates (odds ratio, 95% CI: 0.93, 0.12-7.43),
In our study, pre-hospital ECPR implementation was associated
with reduced low-flow duration, compared to in-hospital ECPR
implantation (P<0.001), but not with lower mortality, as shown
by multivariate and propensity score analyses. These results are in
conflict with the reduction of low-flow in this group. In the differ-
ent propensity score analyses, the implantation site of ECPR (pre-
versus in-hospital) did not appear to influence survival. The mis-
match between reduced low-flow with use of pre-hospital ECPR
and survival can potentially be explained by a selection bias in
favor of in-hospital ECPR. Patients with an in-hospital ECPR had
to keep the indication criteria during transportation time. The
patients deteriorating too much during transportation no longer
fulfilled the criteria for ECPR implantation. This deterioration dur-
ing transport may be multifactorial (quality of care, severity of
the patient or time constraints); conversely, persistence of crite-
ria for ECPR at admission might be explained in some patients by
less severe arrhythmias (recurrent ventricular fibrillation, where
low flow has less importance than for persistent ventricular fib-
rillation). In addition, comparison of pre- versus in-hospital ECPR
is prone to “survival time bias”. Our analysis shows the limits of
observational data, particularly in the field of emergency medicine,
and supports the need for a randomized study where death would
have been counted in each group from the time of randomiza-
tion, and not from the time of implantation of the device. To
eliminate a bias of the delay in implementing time, we compared
by propensity score pre-hospital ECPR patients with patients for
whom it would have taken 50 min more to implement ECPR (due
to transportation delay), if the implantation had been performed in
hospital, we found more ROSC but no difference in survival (Data
not shown).

The main limitations of in-hospital ECPR are patient extraction
delays which are often underestimated in clinical practice. Median
durations for in-hospital ECPR implementation (100 and 89 min
during periods 1 and 2, respectively) are comparable with those
reported in a comparable urban system using a “load and go” strat-
egy [27]; however, this delay is longer than the time needed for
pre-hospital ECPR implementation during Period 2 in our series
(59 min). The presence of a physician on site does not seem to be
a major determinant of ECPR implementation times, Wand et al.
reported that 52 min were needed for ECPR implementation for
half of their patients, in a system using paramedics only [27]. In
large cities, the extraction time to the ambulance from the cardiac
arrest scene is a determinant of low-flow duration for in-hospital
ECPR compared to the actual distance to the hospital. In our study,
despite the new procedure implemented in Period 2, the average
durations for in-hospital ECPR insertion were higher than the initial
goal of a maximal 60-min low-flow.

There were two major changes in the management of refrac-
tory OHCA between Periods 1 and 2: a new algorithm for patient
selection and reduced timing to ECPR initiation.
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During Period 1 we followed the French ECPR indication guide-
lines (Appendix A in Supplementary material). This guideline was
based on the no-flow duration, as no-flow is known to be an inde-
pendent prognostic factor for OHCA. However, in everyday practice,
accurately determining the duration of no-flow is extremely diffi-
cult. Furthermore, maintaining a 24/7 pre-hospital ECPR program
is time and resource-consuming, even though the team was on call
and available for other tasks during the day. We therefore chose
to carefully select patients with more favorable prognostic factors
in order to continue the assessment of our strategy. This included
signs of life which suggest adequate brain perfusion during resus-
citation (Appendix B in Supplementary material). One of the major
findings in our study is the major role of signs of life to predict sur-
vival: in Period 2, none of the patients without signs of life before
ECPR survived.

In Period 1, refractory OHCA was defined by the absence of
ROSC after 30 min of resuscitation according to international guide-
lines in use at the time. Furthermore, the MoICU physician was
in charge of activating the ECPR team. In Period 2, the ECPR team
was dispatched immediately after notification of an OHCA. ECPR
was initiated after 20 min of resuscitation. In a large retrospective
cohort, Reynolds and colleagues showed that beyond 16 min of CPR
without ROSC, chances of survival with good functional recovery
dropped below 1% [25]. Kim et al. found that the ideal timeframe
for ECPR was at 21 min of CA [28]. Our rationale is now supported
by the recent European Resuscitation Council (ERC) guidelines.
This guidelines specified the ECPR need to be implemented early
(1h after the CA) for selected patient and can be done by emer-
gency physician or intensivist [29]. In addition, during Period 2,
total epinephrine administration before ECPR insertion was lim-
ited to 5 mg. Dumas et al. showed a direct independent relationship
between total epinephrine administration and neurological prog-
nosis [30]. This is likely to have led to an improvement in prognosis
as well.

Pre-hospital management by MoIlCU and ECPR teams allows
optimal treatment of OHCA similar to hospital treatment. Investiga-
tions to establish the cause of arrest were performed immediately
before ICU admission. This etiologic research strategy allows iden-
tification of the cause of OHCA in 59% of cases [31]. Several registries
or animal studies have shown that immediate or emergent coro-
nary angiography may improve survival of OHCA [32,33]. The
overall invasive strategy implemented may therefore have con-
tributed to the higher survival rate, although improved survival
with Period 2 was still observed after several types of adjustments
for the use of myocardial revascularization procedures were made.

As for the first steps of the management of OHCA, it seems that
an aggressive “bundle” improves survival of refractory OHCA rather
than one aspect of the strategy [34].

4.1 Limitations and bias

Our study is observational non-randomized, and led within a
single SAMU department. Management of OHCA and pre-hospital
ECPR was performed by highly trained teams in an urban setting
with short transportation delays.

During the second period, we assume that the ECPR team had
more experience, despite the arrival of new physicians in the team.
This experience probably explains the reduction of insertion times
between the two periods.

Patients were selected on prognostic factors for survival in
Period 2, which obviously introduced a bias in the comparison
between both periods and precludes any final conclusion on the
benefit of pre-hospital ECPR. However, we thought that this tech-
nique should be initially carefully assessed in selected patients
by dedicated teams. To confirm the benefit of pre-hospital ECPR,
a multi-centric randomized trial comparing pre- and in-hospital

implementation of ECPR for refractory OHCA was recently started
(NCT02527031).

As stated above, comparison of in-hospital with pre-hospital
ECPR is fraught by a survival bias favoring the in-hospital group:
as our series includes only patients with ECPR. Patients who pre-
sented exclusion criteria for ECPR during transportation to hospital
in view of ECPR implantation were not included, thereby artificially
increasing the survival rates of patients with inhospital ECPR.

Our study is one of the largest series of ECPR-treated patients,
however the total number of patients included is low [24]. Because
of the limited size of our population, the risk of type 2 error in our
analyses is obvious, and differences not statistically significant in
our analyses do not preclude authentic differences.

5 Conclusion

In conclusion, in one of the largest series of patients treated with
ECPR for OHCA, an aggressive ECPR strategy based on an aggressive
management of OHCA by a dedicated emergency team with pre-
hospital implementation of ECPR in selected patients is feasible,
with a favorable survival rate. Larger registries and randomized
trials are warranted to confirm these results.
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