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Abstract
Purpose: Extracorporeal membrane oxygenation during cardiac arrest resuscitation is a life saving
technology widely described for in hospital cardiac arrest in children with a cardiac underlying disease.
However, only scarce data is available for out-of-hospital cardiac arrest in children.

Methods: We performed a multicenter retrospective analysis of all medical charts for out of ECMO
center refractory cardiac arrests in children from January 2022 to June 2024. We analyzed medical chart
from all refractory cardiac arrest in children between 0 days and 15 years old.

Results: Among 250 calls for cardiac arrest, 184 reached the definition of refractory arrest. Thirty-three
were included in the regional program while the others did not reach the inclusion criteria. Seventeen
arrived on time in the PICU and 13 were implanted on VA ECMO (4 ECMO implantation failure). Median
age was 24.3 months (9.9 – 93.8). Length of low flow at first call was 25 minutes (18 – 40), length of
cannulation was 30 minutes (20 – 42) and delay between the cardiac arrest and the ECMO running was
82 minutes (50 – 113). The survival rate was 6% (1/17). Four patients died from brain death without
organ donation.

Conclusion: We described a large cohort of E-CPR for pediatric out of ECMO center refractory cardiac
arrests. The results highlight a poor prognosis of out of ECMO center cardiac arrest despite solid
regional organization. Considering these results, we decided to limit E-CPR indications to cardiac
arrhythmia or accidental hypothermia.

Research in context
ECMO implantation is an expanding resuscitation strategy in refractory cardiac arrest, with only scare
data in children.

Extra hospital refractory cardiac arrest in children is a severe medical event in children with very poor
prognosis.

We review the efficacy of a regional organization for E-CPR in EOCA. 

What this study means 

Despite a solid regional organization for extra hospital refractory cardiac arrest in children, E-CPR do
not significantly improved prognosis.

A carefully patient selection before deploying E-CPR for EHCA is essential.

Patient presenting cardiac refractory cardiac arrest in a context of arrhythmia or accidental
hypothermia have the best outcomes.

Introduction
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Cardiac arrest in children is a severe medical condition associated with a low survival rate and a poor
neurological prognosis. In the pediatric literature, beyond 10 minutes of cardiopulmonary resuscitation
(CPR), the probability of survival decreases with almost 70% of death. Beyond 60 minutes, whatever the
studies, the mortality rate is close to 100% (1). However, according to studies, around 80% of the
survivors have a neurological outcome considered favorable on global assessment scales such as the
Pediatric Cerebral Performance Category Scale (PCPC) and Pediatric Overall Performance Category
(POPC) (2) or on Health related quality of life (3). Beside survival, it is accepted that the duration of CPR
is a major risk factor for neurological sequelae and that beyond 20 minutes the risk of irreversible
neurological sequelae is very high (4). To quickly restore adequate organ perfusion, some teams perform
extracorporeal membrane oxygenation (ECMO) implantation during cardiac arrest resuscitation (E-CPR).
Several pediatric data on E-CPR exist for intra-hospital refractory cardiac arrest (IHCA) (4–7), especially
for cardiac arrest around cardiac surgery. However, only few data are available for the out-of-hospital
refractory cardiac arrest (OHCA) (8). E-CPR seems to be associated with higher survival rate that
conventional cardiopulmonary resuscitation (CCPR) (9) but data are scarce and there is a discrepancy
between the few published data.

Given the paucity of pediatric data on the prognosis and outcome of refractory cardiac arrest occurring
outside an ECMO center, we decided to report the results of our Ile-de-France pediatric E-CPR program,
which has started in 2021.

Material and Methods
Study design: We conducted a multicenter retrospective analysis of the two-referral center for ECMO in
Paris, France: Armand-Trousseau hospital and Necker hospital. Inclusion criteria were refractory cardiac
arrest in children between 0 days and 15 years old with zero no flow and the possibility of arriving at the
nearest ECMO center within 60 minutes. Refractory cardiac arrest was defined by a non-return to
spontaneous circulation after 10 minutes of resuscitation by a trained medical team.

Exclusion criteria were futility on medical condition, non-witnessed cardiac arrest, and call too late to
arrive in time at ECMO center.

Data collection : the collected data were age (months), weight (kg), underlying disease, location of
cardiac arrest (home/street, hospital without ECMO program), distance between cardiac arrest location
and ECMO center (km), ECMO implantation out of an ECMO center by a mobile unit, time from collapse
to PICU arrival (minutes), time from collapse to ECMO initiation (minutes), length of cannulation
(minutes), site of cannulas insertion, proportion of successful cannulation, cardiac arrest etiology, POPC
and PCPC scores (10), proportion of ECMO, weaning survival rate and rate of organ donation.

E-CPR program:

The E-CPR program was developed jointly by the two-referral pediatric ECMO centers and the pediatric
emergency transport unit. It consisted of a standardized operating procedure, and a checklist of the
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required equipment. A role chart was created specifying the position and the role of each person role
when the patient arrived.

Before and during protocol implementation, training sessions were conducted, and a training plan based
on in-situ clinical simulation was initiated. A complete cannulation team, comprising an intensivist with
cannulation competency, a pediatric surgeon and a nurse with competency in ECMO initiation and
management was available 24/7 on site or on call (at night).

The referring unit first contacted the call center of the pediatric emergency transport unit, who had a
dedicated call sheet (supplemental data) with 3 questions to quickly screen obvious contra-indication to
ECPR. Then, the eligible patient had to fulfill 3 criteria to be candidate for the E-CPR program: 1) to fulfill
all the criteria for ECMO implantation, 2) to arrive in an ECMO PICU within 60 minutes of the cardiac
arrest and 3) to achieve a full flow assistance within 90 minutes of the cardiac arrest.

If all criteria were met, the patients were addressed to the closest E-CPR center. All patients received
manual or mechanical chest compressions using LUCAS® (Stryker Corporation, Michigan, USA) during
the transport to the ECMO center.

ECMO implantation

The arterial cannula insertion was performed at bedside by a pediatric surgeon using the open Seldinger
strategy. The venous cannulation could be carried out by the surgeon either with the open Seldinger
strategy or by the pediatrician with the percutaneous strategy.

The ECMO devices used for this program were Cardiohelp™ system (Getinge ™ Stockholm, Sweden) with
the oxygenator 5.0 or 7.0 (weight above 25 kg) and the Deltastream DP3™ system (Xenios AG, Heilbronn,
Germany) with the oxygenators Medos Hilite 800LT or 2400 LT. We used the Euroset™ or Getinge™
cannulas.

Once the ECMO was initiated and a stable ECMO full flow was achieved, chest compressions were
stopped. Post-resuscitation care included targeted temperature management between 35 and 36°C and
multimodal assessment of neurological prognosis.

The methodology was consistent with ethical standards, and this report follows the guidelines of the
Strengthening the Reporting of Observational studies in Epidemiology statement. Data management was
performed in accordance with the French MR004 methodology, which waived parent consent. This study
received ethical approval from the French Society of pediatrics (CERSFP_2025_206-2).

Statistics

Summary statistics were computed, namely median and interquartile range (IQR) for quantitative
variables or percentages for qualitative variables. Baseline comparison of groups used the
nonparametric Wilcoxon or Kruskal Wallis tests or the exact Fisher test, respectively.
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All p-values below 0.05 were considered as significant.

Data analysis were performed using R + + Software™ (Bordeaux, France).

Results
Two hundred and fifty calls for pediatric cardiac arrest were received during the study period. Among
them, 184 reached the definition of refractory arrest, and 33 were included in the regional program
(Fig. 1). Reason for program exclusion were sustainable ROSC in 15 patients (10%), 39 calls too late to
arrive on time at ECMO center (26%), 39 patients with no flow (26%), 58 patients with severe
comorbidities futility (38%). Seventeen patients (included one neonate) (51%) arrived on time in the PICU,
among them 13 (77%) were implanted on VA ECMO while ECMO implementation failed in the 4 others
(23%). All ECMO implantation failures were due to arterial cannula insertion issue. Demographic data are
reported in Table 1.

Table 1
Demographic characteristics

Demographic data Total cohort (n = 17)

Median age (months) 24.3 (9.9–93.8)

Pediatric patient (N, %) 16 (94%)

Location of cardiac arrest

• At home (N, %)

• In hospital without ECMO (N, %)

(9, 53%)

(8, 47%)

Circulatory failure before cardiac arrest (N, %) (12, 70%)

Associated medical condition (4, 24%)

Regarding etiology of the cardiac arrest, viral myocarditis was identified in 6 patients (34%), cardiac
arrhythmias as initial pathology in 2 patients (12%), septic shock in 3 patients (18%), severe hypoxemia
in 3 patients (18%), drowning in 1 patient (6%), anaphylactic shock in 1 patient (6%) and meconium
aspiration syndrome in 1 patient (6%).

Median age was 24.3 months (9.9–93.8). Length of low flow at first call was 25 minutes (18–40) and
time between the cardiac arrest and the ECMO running was 82 minutes (50–113). Most of the patients
benefited from neck cannulation (87%) with a median time for cannula insertion of 30 minutes (20–35).
Median time for canula insertion was shorter for femoro-femoral cannulation than jugular-carotid
cannulation (15 min vs 31 min) A mobile ECMO unit was deployed for three patients (intra hospital
cardiac arrest without ECMO supply) and the others benefit from a scoop and run to ECMO center
strategy. Data on cannulation are reported in Table 2.
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Table 2
resuscitation and ECMO datas

ECMO implantation data Total cohort (n = 17)

Cardiac arrest onset at night (N, %) 10 (59%)

Distance from cardiac arrest onset an ECMO center (km) 17 (7–40)

Low flow duration at call (min) 25 (19–38)

Length of low flow at ECMO center arrival (min) 72 (50–88)

Cannulation duration (min) 30 (20–35)

Interval between cardiac arrest and ECMO start (min) 82 (60–98)

ECMO implantation success (N, %) 13 (76)

Site of cannulation

• Femoro-femoral cannulation (N, %)

• Jugular-carotid cannulation (N, %)

2 (13)

11 (87)

Only one patient was weaned from ECMO and successfully discharged from hospital with a POCP score
of 2 (mild motor sequelae). This patient had presented a cardiac arrest after drowning with a profound
hypothermia (27°C). She presented signs of life all along resuscitation process and ECMO was
implanted 180 min after cardiac arrest onset. Brain death was identified in 4 patients but organ donation
was refused by the French national agency for organ donation, due to unknown reason for cardiac arrest
at call. All other children suffered from multiple organ failure and ECMO retrieval was discontinued for
ethical consideration (Table 3).

Table 3
Outcomes

Outcomes Total cohort (n = 13)

Surviving patient (n = 1)

• ECMO weaning (N, %)

• ICU survival (N, %)

 

1 (7)

1 (7)

Deceased patients

• Brain death (N, %)

• Multiple organs failure (N, %)

• Organ donation (N, %)

 

4 (33)

8 (67)

0 (100)

Discussion
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ECMO during cardiopulmonary resuscitation (ECPR) is a developing life support in case of refractory
cardiac arrest (11). Most of the published studies in children report IHCA management, with a high rate
of post cardiotomy cardiac arrest (6, 12, 13). The survival for these patients seems to slightly increase
over time but remains around 30% (1, 4, 14). Data on OHCA remain scarce, especially for non-cardiac
pediatric patients.

We report here the first French series on the management of refractory cardiac arrest in children outside
an ECMO center. One of the strengths of this series is the regional organization of the care, enabling
rapid referral of the child to the nearest ECMO center. Nearly all the patients were cannulated using a
scoop and run strategy rather implantation by a mobile unit. This decision was taken in view of the lack
of human resources, which made impossible to deploy a mobile unit at all times of the day and night.
However, this did not lengthen the ECMO start-up time as much. Indeed, our median delay between
collapse and ECMO start was 82 minutes, similar than Olson et al. study (8) but a little longer than in
IHCA studies (5, 15, 16). However, our delay for cannulas insertion is lower or in accordance with all
recent studies (5, 16, 17). These results highlight the need to shorten the delay between collapse and
arrival to the ECMO team.

Despite this organization and early start of ECMO, the survival rate of our cohort remains very low.
Nonetheless, these results are in line with the literature of E-CPR. Our study is one of the few to report
the outcome of out-of-ECMO center refractory cardiac arrest in children. Recently, Olson et al. (8),
published an analysis of the ELSO database for OHCA with survival higher than our series. Two mains
explanations can be found to understand this difference.

Firstly, our patients were younger than Olson report’s (respectively 2 vs 8 years old), which imply a higher
rate of neck cannulation. However, cervical cannulations are obviously longer and involve more
interruption of CPR in order to insert properly the arterial and venous cannula. It is well known that CPR
interruptions are associated with worst outcomes (18, 19) as well as the duration of CPR (8, 16).

Secondly, we have not included patients with cardiac arrhythmia during the study period due to an
unexplained low rate of call for these patients. But these patients are known to have a better prognosis
when an ECPR is done (8, 12, 13). Refractory cardiac arrest occurring in a context of hemodynamic or
respiratory failure is often indicative of prolonged visceral and brain hypoperfusion with hypoxemia and
multiorgan failure. Cardiac arrest is the end stage of these clinical situations and is often associated
with worst prognosis.

Thirdly, despite widespread and repeated communication about the need to refer a child to an ECMO
center within 10 minutes of the onset of cardiac arrest, we faced a high rate of late calls (25 minutes of
low flow at first call) and 39 patients were not included due to a too long low flow at first call.

Management of out-of-ECMO center refractory cardiac arrest in children remains a challenge for ECMO
centers and will probably require adjustments in order to achieve higher survival rates. In adults, there is
still a lack of evidence supporting E-CPR against C-CPR, except in specific clinical condition (20–22).
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Indeed, rapid cannula insertion once the surgical team has reached the patient does not in itself
guarantee a positive prognosis as neurological injury and multiorgan failure mainly depends on the
length and the quality of pre-ECMO CPR (23). Whereas it is well known that an efficient CPR do not
guarantee survival, conversely an inefficient CPR guarantee a poor prognosis.

To improve outcome of extra-ECMO center refractory cardiac arrest, we have identified several areas for
improvement.

First, patients’ selection needs to be improved. Some criteria are ready well known to be associated with
a worst prognosis such as length of no flow, length of CPR, asystolia as initial rhythm, no signs of life
during CPR. ELSO guidelines proposed clinical inclusion criteria for E-CPR (24) and a recent study from
Redfors et al. (25) proposed a Pre-ECPR score with a AUC (area under the curve) of 87% for adult cardiac
arrest. To our knowledge, no such score exists for the pediatric population. However, cardiac arrhythmia
as initial rhythm, accidental hypothermia, and short low flow before ECMO start and zero no flow seem
to be robust criteria for favorable outcomes in the pediatric population. On the other hand, septic shock
and terminal hypoxemia seem to be associated with very poor prognosis in case of E-CPR cannulation.

Secondly, a major factor associated with good prognosis is the efficacy of pre-ECMO CPR. Moreover, it
has been proven that treatment by a bystander trained in resuscitation is more effective than a non-
trained bystander (26). Indeed, cardiac arrest is then recognized early and chests compressions are
more efficient. It is also essential to deploy simulation program for emergency medicine providers to
better resuscitate the patient during ECMO implantation (27–29). Elsewhere, we can assume that CPR
during a scoop and run strategy is potentially not as effective as in a resuscitation room, given the
movements of the truck and the risk of accident. Nevertheless, a recent study from Yates et al. (30)
failed to identify a significant association between the early hemodynamic parameters obtained with
high quality CPR and outcomes. Moreover, Raymond et al. recently demonstrate that adherence to
American Heart Association guideline-complaint CPR was not significantly associated with outcomes
(31).

Thirdly, the delay between collapse and ECMO implantation might be limited using mobile ECMO team. It
is already used for adults in some countries and allows shortening this crucial delay between cardiac
arrest and ECMO support. The PRECARE feasibility study (32) evaluated the feasibility of a dedicated E-
CPR mobile unit for OHCA in adults and succeeded in decreasing median delay between CA and ECMO
stars to 38 minutes with a survival rate of 33%. However, only 12 of the 123 cardiac arrests identified
during the study period benefited from an E-CPR resuscitation. These results confirmed the previous
study from Lamhaut et al. (33) who developed a dedicated mobile ECMO team for OHCA. This team was
called out to all OHCA, enabling ECMO to be started within 20 min after the collapse. This strategy
allowed to drastically reduce delay between CA and ECMO start to 20 minutes, notwithstanding requiring
many resources, and generating high costs for a survival rate around 25%.

The last interesting finding of this study is the absence of organ donation from pediatric brain-dead
patients. No organ donations were accepted by the French transplant agency. Half of the patients were
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excluded because their multiple organ failure was too severe, or because the infectious agent had not
yet been identified. In these times of organ shortage, it may be useful to re-consider the
contraindications for organ removal, particularly in infectious contexts.

Conclusion
The results highlight a poor prognosis of out of ECMO center cardiac arrest in children despite regional
organization. Considering these results, we decided to modify our pediatric E-CPR program for out-of-
hospital cardiac arrests in our region and to limit indication to cardiac arrest due to cardiac arrhythmia or
accidental hypothermia.

Abbreviations
CCPR
conventional cardiopulmonary resuscitation
CPR
cardiopulmonary resuscitation
ECMO
extracorporeal membrane oxygenation
IHCA
intra-hospital refractory cardiac arrest
OHCA
out-of-hospital refractory cardiac arrest
PCPC
Pediatric Cerebral Performance Category Scale
POPC
Pediatric Overall Performance Category
ROSC
recovery of spontaneous circulation
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Figure 1

Flow chart
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