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Abstract 

Patients in the UK who suffer an out-of-hospital cardiac arrest are treated with cardiopulmonary resuscitation 
in the pre-hospital environment. Current survival outcomes are low in out-of-hospital cardiac arrest. Extracorpor-
eal cardiopulmonary resuscitation is a technique which is offered to patients in specialised centres which provides 
better blood flow and oxygen delivery than conventional chest compressions. Shortening the interval between car-
diac arrest and restoration of circulation is associated with improved outcomes in extracorporeal cardiopulmonary 
resuscitation. Delivering extracorporeal cardiopulmonary resuscitation in the pre-hospital environment can shorten 
this interval, improving outcomes in out-of-hospital cardiac arrest. This article will review recently published studies 
and summarise studies currently being undertaken in pre-hospital extracorporeal cardiopulmonary resuscitation. It 
will also discuss the potential application of a pre-hospital extracorporeal cardiopulmonary resuscitation programme 
in the North East of England.
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Background
Patients in the United Kingdom (UK) suffering an out-of-
hospital cardiac arrest (OHCA) are currently treated with 
cardiopulmonary resuscitation (CPR) in the pre-hospital 
environment. Survival outcomes remain low in OHCA, 
with UK figures reporting 9.5% survival with attempted 
resuscitation [1]. Even with high-quality chest compres-
sions, cardiac output achieves only a minimal proportion 
of physiological cardiac output. Duration of time in this 
low-flow state is critical to outcomes, with longer times 
associated with greater risk of ischaemic injury to end 
organs, and a lower likelihood of achieving ROSC due to 

secondary effect of decreased coronary perfusion pres-
sure [2].

Extracorporeal cardiopulmonary resuscitation (ECPR) 
is a technique which can be used to shorten the duration 
of low-flow states in a patient in cardiac arrest. ECPR is 
a treatment used for refractory cardiac arrest, defined 
as cardiac arrest that requires more than 10 min of CPR 
or more than three defibrillation attempts [3]. It is per-
formed by passing the patient’s blood through a mem-
brane oxygenator and returning it under pressure into the 
arterial system. ECPR improves cardiac output and oxy-
genation, leading to decreased chances of ischaemia and 
hypoxia with irreversible end organ damage before ROSC 
is established [4, 5]. In addition, decreasing the duration 
of the low-flow state by reducing the time to ECPR and 
coronary reperfusion has been shown to improve neuro-
logical outcomes in OHCA [6].

ECPR is only useful in altering outcomes if it can be 
administered before irreversible ischaemia has occurred. 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

International Journal of
Emergency Medicine

*Correspondence:
Dominic Jones
jones.dom17@gmail.com
1 Emergency Department, Northumbria Specialist Emergency Care 
Hospital, Northumbria Way, Cramlington NE23 6NZ, UK

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12245-023-00581-2&domain=pdf


Page 2 of 9Jones et al. International Journal of Emergency Medicine            (2024) 17:7 

This means that the time between onset of cardiac arrest 
and provision of ECPR should be as short as possible and 
preferably less than 60  min [7], with prompt and high-
quality chest compressions given during this time [4].

Three recently published randomised controlled tri-
als comparing in-hospital ECPR treatment with conven-
tional CPR treatment for OHCA have shown varying 
results. The ARREST trial showed a significantly greater 
survival to hospital discharge in patients treated with 
ECPR. The trial was abandoned early due to the posterior 
probability of ECPR superiority exceeding the prespeci-
fied boundary [8]. The INCEPTION and Prague OHCA 
trials showed no statistically significant difference in hos-
pital survival. However, they had median times to ECPR 
of 74 min and 61 min respectively [9, 10].

Currently, in the UK, there are only six centres with 
the capability to provide ECPR [11]. Even in areas that 
provide ECPR, OHCA patients usually have an extended 
period in a low-flow state before ECPR could be estab-
lished, leading to poorer outcomes. Pre-hospital ECPR 
aims to shorten this time by getting trained medical prac-
titioners and equipment to the patient in the least pos-
sible time. This paper will review the current literature on 
pre-hospital ECPR and how this may apply to the devel-
opment of a pre-hospital ECPR service in the North East 
of England.

Extracorporeal membrane oxygenation in the UK
Extracorporeal membrane oxygenation (ECMO) was first 
established in the UK at the Glenfield Hospital Leices-
ter in 1989 with support from the Heart Link Children’s 
Charity [12]. ECMO in the UK is a national service that 
is commissioned and funded centrally by the National 
Health Service (NHS). There are five adult centres in 
England and one satellite centre in Scotland that pro-
vide ECMO support to their respective regions: Univer-
sity Hospital of South Manchester, Glenfield Hospital 
(Leicester), Royal Papworth Hospital (Cambridge), Royal 
Brompton & Harefield Hospital (London), Guys and St 
Thomas’s Hospital (London) and Aberdeen Royal Infir-
mary (Scotland) [12]. Referral of patients from Northern 
Ireland and Wales is managed on an ad hoc basis by Eng-
lish centres with the Glenfield Hospital working with its 
satellite partner in Aberdeen covering Scotland [11, 13, 
14].

Prior to the COVID-19 pandemic, referrals were made 
directly to regional centres. However, in preparation for 
the anticipated increase in patients requiring ECMO, a 
centralised referral service was created, and this remains 
in place today [13]. Exclusion criteria set out by NHS Eng-
land include patients who have been in prolonged cardiac 
arrest, defined as greater than 15 min, making successful 
referral of OHCA patients more difficult [13]. Prior to the 

2019 COVID pandemic, there were 15 ECMO beds avail-
able nationally; however, this was increased to 100 during 
the pandemic [15]. A recent review of the service indi-
cates that there is capacity to deal with surges such as the 
COVID-19 pandemic, suggesting that there may also be 
capacity for patients requiring ECPR [16].

Global trends in pre‑hospital extracorporeal 
cardiopulmonary resuscitation
Since 1990, the number of ECMO capable centres glob-
ally has been increasing, with 557 ECMO centres reg-
istered in 2022 [17]. In 2022, these centres registered 
a total of 14,509 adult ECPR cases, a vast increase from 
2009 where there were fewer than 100 cases [17, 18]. 
Most of these cases involved in-hospital ECPR with 
pre-hospital cases being the minority. Of all adult ECPR 
cases, there was a reported 30% (4463) survival to trans-
fer or discharge [19]. As of 2020, the areas with highest 
reported ECPR use were South Korea and Japan followed 
by Taiwan, North America and Europe [20]. At the time 
of writing, there are a small number of established pre-
hospital ECPR programmes, described below.

Paris, France
ECPR was first established in France at the Service d’aide 
médicale urgente de Paris in 2011, and since then, it has 
expanded to several other cities. The service is based 
around the mobile intensive care unit (MICU), an estab-
lished part of French pre-hospital care. These units can 
provide all equipment required as though they were in-
hospital to either ‘see and treat’ on scene or ‘scoop and 
run’ to take the patient to hospital. The mobile ECPR 
team consists of an anaesthetist-intensivist or emer-
gency physician, an anaesthetic nurse and a paramedic. 
This team is available 24 h a day, 7 days a week [21]. The 
ECPR team is dispatched to all witnessed cardiac arrests 
alongside the MICU and a basic life support unit. The 
ECPR team is then stood down if there is ROSC or no 
indication for ECPR. The objective of the ECPR team is 
to establish patients on an ECMO circuit within 60 min 
of the witnessed arrest and convey them to hospital for 
further care [21].

Albuquerque, USA
The pre-hospital ECPR service in Albuquerque was setup 
in 2019 by the University of New Mexico Hospital in col-
laboration with the Albuquerque fire and rescue service. 
The pre-hospital ECPR team consists of a critical care 
cannulating physician and two fire and rescue paramed-
ics trained in assisting cannulation that work from a spe-
cialised ambulance equipped to allow on-scene ECMO to 
take place. Dispatch relies on patients having a witnessed 
cardiac arrest, being identified by attending paramedics 
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as a suitable candidate for ECMO and being greater than 
35  min away from hospital. The time limit was decided 
as those less than 35 min away could be established on a 
circuit in-hospital within 60 min of collapse [22].

Netherlands
At present, the On-Scene trial in the Netherlands is 
equipping all the helicopter emergency medical services 
(HEMS) with ECPR capabilities. When a witnessed car-
diac arrest occurs, two ambulance crews, police and fire 
crews are called to initiate superior quality CPR. HEMS 
crew is also dispatched; if the patient meets the crite-
ria for ECPR, the scene is protected by the police and 
fire crew, whilst the HEMS team establish the patient 
on ECMO. Once established on the circuit, the patient 
is transported by land ambulance to the nearest ECMO 
capable hospital [23].

Regensburg, Germany
In Regensburg, the ECPR team and the ambulance ser-
vice are alerted simultaneously to patients suffering 
OHCA. Conventional CPR is initiated then; following a 
briefing, a decision to initiate ECPR is made by the ECPR 
team. Indications for ECPR include a witnessed cardiac 
arrest, bystander CPR and less than 60 min of CPR prior 
to initiation of ECPR. Patients with known terminal 
malignancy, traumatic cardiac arrest and unwitnessed 
cardiac arrest are excluded [24].

Patient selection and inclusion criteria
Current pre-hospital ECPR programmes use strict 
acceptance criteria. The Sub30 trial is an ongoing UK-
based trial in pre-hospital ECPR. Their inclusion and 
exclusion criteria are detailed in Table 1 [25]. These are 
the only pre-hospital ECPR criteria currently suggested 
for the UK population. In 2021, the Extracorporeal Life 
Support Organization (ELSO) published a consensus 
statement with suggested inclusion criteria for ECPR 
shown in Table 2 [18].

The criteria suggested in the Sub30 trial and those by 
the ELSO are comparable. The main differences are the 
lower upper age limit and the shorter time to bystander 
CPR in the Sub30 trial. The authors do not provide any 
evidence for this, but it can be assumed these changes 
would aim to improve survival. The Sub30 trial does 
not include initial cardiac rhythm as an inclusion crite-
ria. However, the inclusion criteria of presumed cardiac 
aetiology is linked to the initial cardiac rhythm, as cardiac 
aetiology is more likely to present with ventricular fibril-
lation or ventricular tachycardia. The ELSO suggested 
criteria of no known aortic valve incompetence would be 
difficult to ascertain in the majority of cases in the pre-
hospital environment.

Having strict inclusion criteria limits those who can 
receive ECPR to those who are assumed more likely to 
survive. This aims to balance resource-associated cost 
to survival likelihood and to improve survival statistics 
overall. Broadening these inclusion criteria may give 
more patients a chance of survival but may worsen the 
neurologically intact survival rate. As techniques advance 
and complication rates decrease, reassessing ECMO suit-
ability criteria may be appropriate.

Koen et  al. [26] reviewed current ECPR protocols 
between 2009 and 2019, with the aim to improve stand-
ardisation and to identify the best protocol for patient 

Table 1 Inclusion and exclusion criteria for Sub30 study [25]

Inclusion criteria Exclusion criteria

Presumed cardiac aetiology of arrest Visibly < 18 or > 65 years old

Witnessed OHCA Known or visible advanced pregnancy (when resuscitative hysterectomy 
should be performed)

Received bystander chest compressions within 3 min No signs of life (physical movement or breathing) AND
Evidence of ineffective chest compressions suggested by the following:
• The absence of electrical activity at 20 min time-out
• End-tidal carbon dioxide level of < 1.3 kPa (10 mmHg)

Remain in cardiac arrest at 20 min following the call to emergency services 
OR fail to sustain ROSC in the pre-hospital setting

ECMO unlikely to benefit patient (e.g. advanced malignancy, severe frailty)

Table 2 Inclusion and exclusion criteria from ELSO consensus 
statement [18]

Inclusion criteria

Age < 70 years

Received bystander CPR within 5 min

Initial cardiac rhythm of ventricular fibrillation/ventricular tachycardia/
pulseless electrical activity

Arrest to ECMO flow < 60 min

End-tidal carbon dioxide > 1.3 kPa (10 mmHg)

Intermittent ROSC or recurrent VF

Absence of life limiting comorbidities

No known aortic valve incompetence
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survival. There is controversy regarding the impact of 
age on outcomes of ECPR. Survival has not directly been 
shown to be linked with advancing age [27]. Factors 
such as baseline functional status and comorbidities are 
important considerations that indicate prognosis when 
initiating ECPR, and age is often associated with these. In 
the pre-hospital setting, this information is often limited, 
and advanced age is used as a proxy to rule out patients 
assumed to have a poor functional baseline. However, 
their data suggests using age as an exclusion criterion 
may not be appropriate [27].

Access techniques
ECMO can be provided by a central or peripheral route. 
Central access is an invasive surgical procedure requir-
ing opening of the chest via sternotomy and insertion of 
catheters into the right atrium and aorta. Due to a high 
complication rate and extensive resource use, central 
access is not currently deemed viable in the pre-hospital 
environment [28]. Peripheral cannulation can be per-
formed using percutaneous Seldinger technique, open 
cut down Seldinger (‘semi-Seldinger’) or open cut down 
with end to side graft to the artery [29]. Typically, the 
femoral artery and either the femoral vein or internal jug-
ular vein are used as access sites [30]. Although evidence 
for comparison of differing cannulation methods in the 
pre-hospital environment is limited, current trials exam-
ining the potential provision of pre-hospital EPCR favour 
the Seldinger or semi-Seldinger approach in their proto-
cols, either with or without ultrasound guidance [22, 25, 
31].

Review of recently published evidence
A MEDLINE literature search was conducted to include 
English language papers published since 2018 that report 
the implementation of pre-hospital ECPR. Further stud-
ies were identified using a structured Internet search uti-
lising the same terms.

The search terms used were ‘prehospital and extra-
corporeal membrane oxygenation’, ‘prehospital and 

extracorporeal cardiopulmonary resuscitation’, ‘pre-
hospital and extracorporeal membrane oxygenation’ and 
‘pre-hospital and extracorporeal cardiopulmonary resus-
citation’. This search produced a total of 224 abstracts, 
of which 6 publications were suitable. Table 3 displays a 
summary of the results of these publications.

The above publications included 270 cases of pre-hos-
pital ECPR. A total of 54 (20%) patients survived to dis-
charge. The most important outcome measure reported 
in the studies is survival with a favourable neurological 
outcome. A cerebral performance category (CPC) of 1 
or 2 at discharge from hospital is used to indicate this 
[35]. Table 4 displays the different CPCs. Unfortunately, 
the study by Bougoin et al. (2019) [32] did not report the 
neurological status of survivors. However, of the 35 sur-
vivors in the other included studies, 30 (85.7%) survived 
with a favourable neurological outcome.

The largest included study by Bougouin et  al. (2019) 
[32] aimed to compare the outcomes of OHCA patients 
treated with ECPR and conventional CPR in Paris. A 
total of 13,191 patients were included in the study. A total 
of 525 patients were treated with ECPR, and of these, 
136 patients were treated with pre-hospital ECPR. The 
authors found that pre-hospital ECPR was independently 
associated with hospital survival to discharge (odds ratio 
2.9; 95% CI 1.5–5.9, p = 0.002) and survival with a good 
neurological outcome (odds ratio 2.9; 95% CI 1.3–64, 
p = 0.008). The authors suggest that this is due to the 
decreased low-flow time. This conclusion is in keeping 
with previously published data on ECPR. In addition, the 

Table 3 Results of MEDLINE literature search reporting the implementation of pre-hospital ECPR since 2018

Reference Study type No. of pre‑hospital 
ECPR patients

Mean low‑flow time No. of patients 
who survived to 
discharge

Bougouin, et al. (2019) [32] Prospective registry study 135 Not reported 19

Marinaro et al. (2020) [22] Case report 1 40 min 0

Fujita et al. (2020) [31] Case report 2 40 min 2

Petermichl et al. (2021) [24] Retrospective case–control study 69 48 min 21

Hutin et al. (2021) [33] Retrospective case–control study 33 110 min 5

Pozzi et al. (2022) [34] Prospective case–control study 30 71 min 7

Table 4 Glasgow-Pittsburgh cerebral performance categories 
[35]

CPC 1 Full recovery or mild disability

CPC 2 Moderate disability but independent of ADLs

CPC 3 Severe disability and dependent on others for ADLs

CPC 4 Coma or vegetative state

CPC 5 Brain death



Page 5 of 9Jones et al. International Journal of Emergency Medicine            (2024) 17:7  

authors found that initial shockable rhythm and transient 
ROSC during initial resuscitation were independently 
associated with hospital survival to discharge in patients 
treated with ECPR. They suggest that these two factors 
could form part of future inclusion criteria for ECPR. 
Overall, the results of this study suggest that pre-hospi-
tal ECPR is associated with better outcomes. However, 
the small sample size means the conclusions need to be 
viewed with caution. In addition, the fact that the imple-
mentation of pre-hospital ECPR is well established in 
Paris means these conclusions may not be applicable to 
areas with less established pre-hospital ECPR protocols 
[32].

Petermichl et al. (2021) [24] undertook a retrospective 
analysis of 69 cases of pre-hospital ECPR in Regensburg, 
Germany, assessing the reliability of prognostic biomark-
ers. Twenty-one (30.4%) patients survived to hospital 
discharge, with 17 (24.6%) surviving with a favourable 
neurological outcome. The authors found that the time to 
ECPR was significantly shorter for the CPC 1–2 groups 
compared to nonsurvivors (40 min vs 47 min, p = 0.010). 
There was no statistically significant difference in the 
time to ECPR between survivors with a favourable neu-
rological outcome and those without. This study shows 
improved survival with shorter low-flow times in pre-
hospital ECPR. The small sample size and single-centre 
setting of the study mean that their conclusions need to 
be viewed with caution [24].

Hutin et al. (2022) [33] conducted a retrospective anal-
ysis of a helicopter-borne ECPR team in the Ile-de-France 
region around Paris. The team was created to reach 
patients presenting with OHCA in areas with a greater 
than a 60-min transfer time to the nearest ECPR centre. 
Thirty-three patients were included; of these, 5 patients 
(15.1%) survived to discharge with a good neurological 
outcome. Unfortunately, despite the use of a helicopter, 
the authors were only able to achieve a mean low-flow 
time of 110 min. However, the survival rate of 15.1% was 
still higher than the 4% survival rate given by Le Guen 
et  al. (2011) [36] for in-hospital ECPR in patients pre-
senting with a mean low-flow time of 120  min. Again, 
the small sample size means further work is required to 
obtain reliable conclusions. Nonetheless, the use of a hel-
icopter-borne team improved equity of access to ECPR 
for patients who had a cardiac arrest in more remote 
locations [31].

Pozzi et al. (2022) [34] published preliminary data from 
30 pre-hospital ECPR cases, conducted between June 
2017 and December 2021 in Lyon. A total of 7 (23.3%) 
survived to hospital discharge with a good neurological 
outcome. The authors then followed up survivors past 
discharge and found that at a mean follow-up time of 
27.5 months (range 3.1–57.1 months), all survivors were 

still alive and maintained a good functional and neuro-
logical status. As with the previously discussed studies, 
the small sample size is the main limitation [34].

Reported complications
The main complication reported in the included pub-
lications was cannulation failure. A total of 19 (9.5%) 
instances of failed cannulation were reported [22, 31–
34]. This is comparable to previously reported in-hospi-
tal failed cannulation rates of 5–10% [37–39]. It can be 
expected that in the pre-hospital environment, the fail-
ure rate would be higher than in-hospital. The reasons 
for this could range from environmental factors such as 
weather and lighting, lack of ultrasound equipment and 
the lack of a larger team of alternative trained cannulators 
that may be available in hospital. The only study to look 
at additional complications was Pozzi et  al. (2022) [31]. 
They reported 3 (11.5%) cases of lower limb ischaemia. 
Again, this is comparable to previously published data on 
in-hospital ECMO of 12–15% [34, 37, 38]. In addition, 
they reported 2 (7.6%) cases of cannulation site infection 
requiring surgical debridement, which is comparable to 
previously reported rates of 10% in the in-hospital popu-
lation [34, 37, 38]. However, it can be expected that the 
rate of cannula infections in pre-hospital ECPR would 
be higher than those in-hospital due to the less sterile 
environment. The most common complication reported 
during in-hospital ECMO is haemorrhage, with major 
bleeding events requiring surgical intervention being 
reported in 27% of cases [34]. In the pre-hospital setting, 
the morbidity and mortality associated with these major 
bleeding events could be significantly higher, due to the 
lack of access to large volumes of pre-hospital blood and 
immediate radiology and surgical intervention. However, 
there is no published data to quantify these risks.

Organ donation
Another significant role of ECPR is the potential to 
increase organ donation rate in patients where it is unsuc-
cessful. Studies have shown that ECPR produces a larger 
number of suitable organ donors [30, 40, 41]. This is due 
to the higher prevalence of patients suffering brain death 
when treated with ECPR, compared to those treated with 
conventional CPR [33, 42]. Hutin et al. (2022) [33] found 
that 18% of patients treated with ECPR developed brain 
death and were successful organ donors [33]. Marinaro 
et al. (2020) [22] reported one case of brain death; how-
ever, the patient was deemed an unsuitable candidate for 
organ donation [22]. In addition, the reduction of ischae-
mic time is important for successful organ donation [30]. 
Although no studies have evaluated the link between pre-
hospital ECPR and successful organ donation, it can be 
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theorised that the reduction in low-flow time offered by 
pre-hospital ECPR would reduce ischaemic time.

Ongoing clinical trials
The use of pre-hospital ECPR requires further research to 
assess its effectiveness and suitability, as currently there 
is limited data to reach reliable conclusions [43]. Ongoing 
clinical trials into the use of pre-hospital ECPR have been 
reviewed below.

Sub30
Sub30 is a trial in Greater London, UK, undertaken by 
Barts and the London NHS Trust. Sub30 commenced in 
September 2019, with an estimated completion date of 
December 2022. No study results are currently published 
[25]. The aim of the study is to assess whether ECPR can 
be initiated within 30 min in the Greater London region. 
The primary outcome is to measure the proportion of 
patients receiving pre-hospital ECPR within 30  min of 
witnessed collapse. Secondary outcome measures include 
factors which limit time to ECPR, complications of ECPR 
and survival to discharge with a favourable neurological 
outcome.

Estimated patient enrolment in Sub30 is six patients. 
Criteria for inclusion in the study are shown earlier in 
Table 1. The Sub30 study protocol explains that for cases 
where ECPR is unable to be initiated, for example in 
locations where the study did not cover geographically, 
patient outcomes without ECPR will be compared.

If the Sub30 trial shows pre-hospital ECPR can be 
safely set up within 30 min of witnessed patient collapse, 
the authors hope to conduct a larger efficacy study. Using 
a small patient number does reduce reliability of results; 
however, given this is a feasibility study, the numbers are 
appropriate. When considering if the findings could be 
applicable to the rest of the UK, it is worth noting that 
this study was conducted in Greater London; rural areas 
will have a further distance between patients and ECMO 
centres, which may make meeting this 30-min time cut 
off more difficult.

On‑scene
The Erasmus Medical Centre in the Netherlands is spon-
soring the On-Scene trial, aiming to identify if there is a 
difference in survival with pre-hospital HEMS provid-
ing standard CPR versus HEMS with ECPR in OHCA 
[44].This study has an estimated enrolment of 390 par-
ticipants. It commenced in October 2021 and aims to be 
completed in January 2026.

Primary outcome measures include patient survival to 
hospital discharge, percentage of patients with favour-
able neurological outcome at 6 to 12  months follow-
ing cardiac arrest and cost-effectiveness. Pre-hospital 

ECPR, hospital-initiated ECPR and no ECPR survival 
rates are also to be compared. If enough data is collected, 
this should provide reliable conclusions on whether the 
addition of ECPR affects survival in those who meet the 
selection criteria. As this study is being conducted in the 
Netherlands, it is worth considering if the data may be 
extrapolated to the UK.

APACAR2
APACAR2 is a Parisian study that has sought to compare 
survival outcomes in pre-hospital and in-hospital ECPR 
[45]. It was completed in 2020 with 65 patients enrolled 
in total. The study is yet to be published as of May 2023. 
The study aimed to prove a significant improvement in 
survival with a favourable neurological outcome by ini-
tiating pre-hospital ECPR. The authors have hypoth-
esised that pre-hospital ECPR will result in 20% survival 
compared to less than 5% in those receiving in-hospital 
ECPR. Secondary outcomes will compare the rates of 
successful cannulation, complications and organ dona-
tion rates between the two groups. Again, the limited 
patient numbers may produce less reliable conclusions. 
The 65 patients enrolled are less than the expected enrol-
ment of 210 patients based on the authors power cal-
culations. The same points previously discussed about 
geographical differences between Paris and parts of the 
UK may limit the applicability of results to the UK.

Developing a pre‑hospital ECPR programme for the North 
East of England
Healthcare in the UK is largely nationalised and provided 
free at the point of contact for all. In the North East, 
there are seven acute NHS Foundation Trusts and one 
Ambulance NHS Trust, the North East Ambulance Ser-
vice (NEAS) [46]. The region’s pre-hospital care services 
are supported by the air ambulance charity, the Great 
North Air Ambulance Service (GNAAS).

The North East of England covers an area of 8272  km2 
[47]. Whilst most of the population in the North East 
live only 8.25  km from their admitting emergency hos-
pital [48], the designated adult ECMO centre for the 
North East is the Glenfield Hospital (Leicester) which is 
anywhere from 264 to 395 miles by road depending on 
your location in the region [49, 50]. Even if patients were 
immediately taken by GNAAS helicopter and flew at 
their maximum speed, initiating ECPR within 60 min of 
OHCA would be extremely difficult [51]. Having a team 
locally that could initiate pre-hospital ECPR prior to 
transfer could improve patient outcomes.

In the year 2019, there were 1951 OHCAs that had 
resuscitation [52] attempts performed by NEAS; of these, 
only 7.7% survived to discharge from hospital against a 
national average of 9.5% [53]. It must be stressed that not 
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all of these patients would have been suitable candidates 
for pre-hospital ECPR; however, there is a clear need 
for improvement in survival given it is well below the 
national average. The North East region is home to 9 of 
the 20 most vulnerable left behind areas (LBA) in the UK, 
which are severely economically and socially deprived 
[54]. LBA have consistently worse rates of cardiovascu-
lar disease when compared to the national average [54]. 
This increased disease burden and economic deprivation 
are both likely to contribute to worse cardiac arrest out-
comes for the North East [55, 56].

Planning for ECPR
The basis of success for previous pre-hospital ECPR 
programmes around the world has been an integrated 
multidisciplinary and multiagency approach. Creating a 
successful programme in the North East of England will 
require the same approach. A description of proposed 
agencies and bodies are required, and their roles are 
described below.

Great North Air ambulance service
GNAAS covers the north of England and supports NEAS 
with air ambulance rotorcraft and road vehicles that are 
staffed by a consultant pre-hospital doctor and special-
ist pre-hospital paramedic. This provides both an appro-
priate level of expertise to carry out ECPR as well as 
speed of transport to allow a patient to be established on 
ECMO within 60 min.

An agreement from GNAAS to allow for its clinicians 
to be trained to carry out ECMO cannulation and estab-
lish patients on ECPR will be required. Collaboration 
between teams in the UK and countries such as Paris and 
the Netherlands with established pre-hospital ECPR pro-
grammes may be needed for training. Coordinating port-
able ECMO circuits on current GNAAS rotorcraft and 
land vehicles would also be needed. GNAAS is a chari-
table organisation, relying on them to fund both ECMO 
equipment for ECPR, and training for their staff is likely 
to be unsustainable for the long term. Therefore, discus-
sions with NHS England will be required to establish 
where funding is to come from.

North East Ambulance Service NHS Trust
NEAS is the dedicated ambulance service for the North 
East region. They deliver both the NHS 111 and 999 
emergency service and provide an unscheduled care ser-
vice that responds to emergency calls; this includes dis-
patch of both ambulances and rapid response vehicles 
[57]. We would propose that NEAS take a similar role 
to the Dutch ambulance service in the On-Scene trial; 
on notification of a cardiac arrest, the emergency opera-
tions centre would dispatch an ambulance crew or rapid 

response vehicle to the scene, alert the police and fire 
service to aid and alert a GNAAS ECPR team. The NEAS 
Ambulance crew would be able to initiate superior qual-
ity CPR reducing no flow time, whilst they await arrival 
of the GNAAS ECPR team. They could also begin iden-
tifying whether the patient is a candidate for ECPR, and 
if the patient is not appropriate, communicate with the 
GNAAS team to stand them down. One potential issue is 
over-triage of potential candidates for ECPR, leading to 
GNAAS being dispatched inappropriately. As there are 
only two rotorcraft covering the entire North East region, 
they need to be dispatched appropriately as this could 
be a significant resource burden on GNAAS. There will 
need to be strict criteria for NEAS dispatchers to activate 
the pre-hospital ECPR team.

The already established NEAS operations centre and 
its working relationship with the fire, police services, 
GNAAS and local first responders make them the ideal 
party to co-ordinate the mobilisation of ECPR services.

Acute NHS trusts
Once eligible patients are established on ECPR, they 
must be taken to a centre providing primary PCI or an 
ICU with ECMO capabilities. An agreement must be 
made with NHS trusts in the region providing primary 
PCI to accept ECPR patients. Critical care units in these 
trusts alongside the cardiothoracic and cardiology teams 
must be familiar with managing patients on ECPR. There 
are no such links, and conversations about such a collab-
oration have not been formally discussed.

With the Glenfield Hospital as the main accepting cen-
tre for North East ECMO patients, there will need to be 
an agreement for them to accept ECPR patients follow-
ing their treatment with primary PCI locally or for direct 
transfers from the pre-hospital ECPR team if primary 
PCI is not indicated.

Conclusions
The rationale that pre-hospital ECPR can reduce low-flow 
time in refractory cardiac arrest and therefore improve 
survival with good neurological outcome in OHCA has 
been the main driving force behind its implementation. 
This rationale appears to be supported by published data; 
however, it is clear more research is needed to draw reli-
able conclusions. Data from forthcoming trials that are 
looking directly at the effect of ECPR on survival will pro-
vide useful evidence to aid the development of ECPR ser-
vices in the UK. The results from European studies may 
be extrapolated to the UK, taking into consideration vari-
ations in health care systems and geographical impact.

The development of pre-hospital ECPR programmes 
has progressed rapidly in recent years. Currently, the 
NHS ECMO network has the potential capacity, expertise 
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and geographical distribution to support patients who 
have been placed on ECPR in the pre-hospital environ-
ment. Additional work is clearly needed to assess the 
cost-effectiveness of pre-hospital ECPR in the UK. In 
addition, the North East of England has all the pre-requi-
site organisations to support an ECPR service. However, 
it will require close co-operation between all the above 
parties and significant additional funding to make this 
service a reality.

Abbreviations
CPC  Cerebral performance category
CPR  Cardiopulmonary resuscitation
ECMO  Extracorporeal membrane oxygenation
ECPR  Extracorporeal cardiopulmonary resuscitation
ELSO  Extracorporeal Life Support Organization
GNAAS  Great North Air Ambulance Service
HEMS  Helicopter emergency medical services
LBA  Left behind area
MICU  Mobile intensive care unit
NEAS  North East Ambulance Service
NHS  National Health Service
OHCA  Out-of-hospital cardiac arrest
PCI  Percutaneous coronary intervention
ROSC  Return of spontaneous circulation
UK  United Kingdom

Acknowledgements
Not applicable

Authors’ contributions
DJ completed the review of published data. DJ, FD, BT and FW contributed to 
and approved the final manuscript.

Funding
Funding was obtained from Northumbria Healthcare NHS Foundation Trust.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 October 2023   Accepted: 25 December 2023

References
 1. Out-of-hospital cardiac arrest overview: English ambulance services 2021. 

University of Wawrick. Publications. Accessed online 09/05/2023. Avail-
able at: https:// warwi ck. ac. uk/ fac/ sci/ med/ resea rch/ ctu/ trials/ ohcao/ 
publi catio ns/ epide miolo gyrep orts/ ohcao_ epide miolo gical_ report_ 
2021_-_ engla nd_ overv iew_ updat ed_ 10. 01. 2023. pdf.

 2. Delguercio LR, Feins NR, Cohn JD, Coomaraswamy RP, Wollman SB, State 
D. Comparison of blood flow during external and internal cardiac mas-
sage in man. Circulation. 1965;31(SUPPL 1):171–80.

 3. Shanmugasundaram M, Lotun K. Refractory out of hospital cardiac arrest. 
Curr Cardiol Rev. 2018;14(2):109–14. https:// doi. org/ 10. 2174/ 15734 03X14 
66618 05071 55622. (PMID:29737259;PMCID:PMC6088448).

 4. Singer B, Reynolds JC, Lockey DJ, O’Brien B. Pre-hospital extra-corporeal 
cardiopulmonary resuscitation. Scand J Trauma Resusc Emerg Med. 
2018;26.

 5. Ahn C, Kim W, Cho Y, Choi KS, Jang BH, Lim TH. Efficacy of extracorporeal 
cardiopulmonary resuscitation compared to conventional cardiopulmo-
nary resuscitation for adult cardiac arrest patients: a systematic review 
and meta analysis. Sci Rep. 2016;6.

 6. Kuroki N, Abe D, Iwama T, Suzuki K, Sugiyama K, Akashi A, et al. Associa-
tion between delay to coronary reperfusion and outcome in patients 
with acute coronary syndrome undergoing extracorporeal cardiopulmo-
nary resuscitation. Resuscitation. 2017;114:1–6.

 7. Fagnoul D, Combes A, De Backer D. Extracorporeal cardiopulmonary 
resuscitation. Curr Opin Crit Care. 2014;20(3):259–65.

 8. Yannopoulos D, Bartos J, Raveendran G, Walser E, Connett J, Murray 
TA, et al. Advanced reperfusion strategies for patients with out-of-
hospital cardiac arrest and refractory ventricular fibrillation (ARREST): a 
phase 2, single centre, open-label, randomised controlled trial. Lancet. 
2020;396(10265):1807–16.

 9. Suverein MM, Delnoij TSR, Lorusso R, Bravo Bruinsma GJB, Otterspoor L, 
Kraemer CVE, et al. Early extracorporeal CPR for refractory out-of-hospital 
cardiac arrest. N Engl J Med. 2023;388(4):299–309.

 10. Belohlavek J, Smalcova J, Rob D, Franek O, Smid O, Pokorna M, et al. Effect 
of intra-arrest transport, extracorporeal cardiopulmonary resuscitation, 
and immediate invasive assessment and treatment on functional neuro-
logic outcome in refractory out-of-hospital cardiac arrest: a randomized 
clinical trial. JAMA. 2022;327(8):737–47.

 11. Czapran A, Steel M, Barrett NA. Extra-corporeal membrane oxy-
genation for severe respiratory failure in the UK. J Intensive Care Soc. 
2020;21(3):247–55.

 12. ECMO. Heart services. Departments and services. Leicestershire hospitals. 
Accessed online 27/01/23. Available at: https:// www. leice sters hospi tals. 
nhs. uk/ about us/ depar tments- servi ces/ heart- servi ces/ ecmo/.

 13. ECMO National Referral Pathway. Signpost Healthcare. Last updated 
20/11/2020. Accessed online 09/05/2023. Available at: https:// www. signp 
ost. healt hcare/ ecmo- refer ral- pathw ay.

 14. Adult ECMO service specification. NHS England. 2019. Accessed online 
(14/05/2023). Available at: https:// www. engla nd. nhs. uk/ wp- conte nt/ 
uploa ds/ 2019/ 02/ Adult- ECMO- Servi ce- Speci ficat ion. pdf.

 15. Warren A, Camporota L, Vuylsteke A. Surge capacity and updated 
admission criteria: response of the NHS-commissioned national respira-
tory extracorporeal membrane oxygenation network to the COVID-19 
pandemic. Br J Anaesth. 2020;125(3):e282–3.

 16. Warren A, Chiu YD, Villar SS, Fowles JA, Symes N, Barker J, et al. Outcomes 
of the NHS England National Extracorporeal Membrane Oxygenation 
Service for adults with respiratory failure: a multicentre observational 
cohort study. Br J Anaesth. 2020;125(3):259–66.

 17. ELSO Internation Summary of Statistics. Report data through 2022. Extra-
corporeal Life Support Organisation (ELSO). Accessed online 09/05/2023. 
Available at: https:// www. elso. org/ regis try/ inter natio nalsu mmary andre 
ports/ inter natio nalsu mmary. aspx.

 18. Abrams D, MacLaren G, Lorusso R, Price S, Yannopoulos D, Vercaemst L, 
et al. Extracorporeal cardiopulmonary resuscitation in adults: evidence 
and implications. Intensive Care Med. 2022;48(1):1–15.

 19. Organisation Els. ECLS Registry Report, International summary Extracor-
poreal Life Support Organisation, 3001 miller road, Ann arbor, MI 48103 
USA: Extracorporeal life support organisation; 2022 October 2022.

 20. Inoue A, Hifumi T, Sakamoto T, Kuroda Y. Extracorporeal cardiopulmonary 
resuscitation for out-of-hospital cardiac arrest in adult patients. J Am 
Heart Assoc. 2020;9(7).

 21. Lamhaut L, Hutin A, Puymirat E, Jouan J, Raphalen JH, Jouffroy R, et al. 
A pre-hospital extracorporeal cardio pulmonary resuscitation (ECPR) 
strategy for treatment of refractory out hospital cardiac arrest: an obser-
vational study and propensity analysis. Resuscitation. 2017;117:109–17.

 22. Marinaro J, Guliani S, Dettmer T, Pruett K, Dixon D, Braude D. Out-of-hos-
pital extracorporeal membrane oxygenation cannulation for refractory 

https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/publications/epidemiologyreports/ohcao_epidemiological_report_2021_-_england_overview_updated_10.01.2023.pdf
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/publications/epidemiologyreports/ohcao_epidemiological_report_2021_-_england_overview_updated_10.01.2023.pdf
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/publications/epidemiologyreports/ohcao_epidemiological_report_2021_-_england_overview_updated_10.01.2023.pdf
https://doi.org/10.2174/1573403X14666180507155622
https://doi.org/10.2174/1573403X14666180507155622
https://www.leicestershospitals.nhs.uk/aboutus/departments-services/heart-services/ecmo/
https://www.leicestershospitals.nhs.uk/aboutus/departments-services/heart-services/ecmo/
https://www.signpost.healthcare/ecmo-referral-pathway
https://www.signpost.healthcare/ecmo-referral-pathway
https://www.england.nhs.uk/wp-content/uploads/2019/02/Adult-ECMO-Service-Specification.pdf
https://www.england.nhs.uk/wp-content/uploads/2019/02/Adult-ECMO-Service-Specification.pdf
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx


Page 9 of 9Jones et al. International Journal of Emergency Medicine            (2024) 17:7  

ventricular fibrillation: a case report. J American Coll Emerg Physicians 
Open. 2020;1(3):153–7.

 23. Trial O-S. Instruction videos for professionals Online: On-Scene trial 2023. 
Accessed online 02/02/2023. Available at: https:// onsce netri al. com/ instr 
uction- videos- for- profe ssion als/ .

 24. Walter P, Alois P, Karl-Anton H, Maik F, Bernhard F, Bernhard G, et al. Reli-
ability of prognostic biomarkers after prehospital extracorporeal cardio-
pulmonary resuscitation with target temperature management. Scand J 
Trauma Resusc Emerg Med. 2021;29(1):1–12.

 25. Singer B, Reynolds JC, Davies GE, Wrigley F, Whitbread M, Faulkner M, 
et al. Sub30: protocol for the Sub30 feasibility study of a pre-hospital 
extracorporeal membrane oxygenation (ECMO) capable advanced 
resuscitation team at achieving blood flow within 30 min in patients with 
refractory out-of-hospital cardiac arrest. Resuscitation Plus. 2020;4.

 26. Koen TJ, Nathanael T, Philippe D. A systematic review of current ECPR 
protocols. A step towards standardisation. Resuscitation Plus. 2020;3.

 27. Kashiura M, Sugiyama K, Tanabe T, Akashi A, Hamabe Y. Effect of ultra-
sonography and fluoroscopic guidance on the incidence of complica-
tions of cannulation in extracorporeal cardiopulmonary resuscitation in 
out-of-hospital cardiac arrest: a retrospective observational study. Bmc 
Anesthesiology. 2017;17.

 28. Saeed D, Stosik H, Islamovic M, Albert A, Kamiya H, Maxhera B, et al. 
Femoro-femoral versus atrio-aortic extracorporeal membrane 
oxygenation: selecting the ideal cannulation technique. Artif Organs. 
2014;38(7):549–55.

 29. Pavlushkov E, Berman M, Valchanov K. Cannulation techniques for extra-
corporeal life support. Ann Transl Med. 2017;5(4).

 30. Casadio MC, Coppo A, Vargiolu A, Villa J, Rota M, Avalli L, et al. Organ 
donation in cardiac arrest patients treated with extracorporeal CPR: a 
single centre observational study. Resuscitation. 2017;118:133–9.

 31. Fujita K, Konn A, Ogura T, Kon Y, Kondo E, Konno S, et al. Prehospital 
extracorporeal cardiopulmonary resuscitation for cardiac arrest patients 
in rural areas: a case report of two patients. Acute Med Surg. 2020;7(1).

 32. Bougouin W, Dumas F, Lamhaut L, Marijon E, Carli P, Combes A, et al. 
Extracorporeal cardiopulmonary resuscitation in out-of-hospital cardiac 
arrest: a registry study. Eur Heart J. 2019;41(21):1961–71.

 33. Hutin A, Ricard-Hibon A, Briole N, Dupin A, Dagron C, Raphalen JH, et al. 
First description of a helicopter-borne ECPR team for remote refractory 
out-of-hospital cardiac arrest. Prehosp Emerg Care. 2022;26(1):89–92.

 34. Pozzi M, Cesareo E, Pinero D, Dubien PY, Richard JC. Pre-hospital extra-
corporeal cardiopulmonary resuscitation for refractory out-of-hospital 
cardiac arrest: preliminary results of a multidisciplinary approach. Resusci-
tation. 2022;176:19–20.

 35. Jennett B, Bond M. Assessment of outcome after severe brain damage. 
Lancet. 1975;1(7905):480–4.

 36. Le Guen M, Nicolas-Robin A, Carreira S, Raux M, Leprince P, Riou B, et al. 
Extracorporeal life support following out-of-hospital refractory cardiac 
arrest. Critical Care. 2011;15(1):R29.

 37. Lee DS, Chung CR, Jeon K, Park CM, Suh GY, Song YB, et al. Survival after 
extracorporeal cardiopulmonary resuscitation on weekends in compari-
son with weekdays. Ann Thorac Surg. 2016;101(1):133–40.

 38. Avalli L, Maggioni E, Formica F, Redaelli G, Migliari M, Scanziani M, et al. 
Favourable survival of in-hospital compared to out-of-hospital refrac-
tory cardiac arrest patients treated with extracorporeal membrane 
oxygenation: an Italian tertiary care centre experience. Resuscitation. 
2012;83(5):579–83.

 39. Sy E, Sklar MC, Lequier L, Fan E, Kanji HD. Anticoagulation practices and 
the prevalence of major bleeding, thromboembolic events, and mortality 
in venoarterial extracorporeal membrane oxygenation: a systematic 
review and meta-analysis. J Crit Care. 2017;39:87–96.

 40. Smalcova J, Rusinova K, Ortega-Deballon I, Pokorna E, Franek O, Knor 
J, et al. Impact of routine ECPR service on availability of donor organs. 
Circulation. 2021;144.

 41. Klosiewicz T, Puslecki M, Zielinski M, Mandecki M, Ligowski M, Stefaniak 
S, et al. The role of extracorporeal membrane oxygenation in patients 
after irreversible cardiac arrest as potential organ donors. Kardiochirurgia I 
Torakochirurgia Pol. 2017;14(4):253–7.

 42. Sandroni C, D’Arrigo S, Callaway CW, Cariou A, Dragancea I, Taccone FS, 
et al. The rate of brain death and organ donation in patients resuscitated 
from cardiac arrest: a systematic review and meta-analysis. Intensive Care 
Med. 2016;42(11):1661–71.

 43. Downing J, Al Falasi R, Cardona S, Fairchild M, Lowie B, Chan C, et al. How 
effective is extracorporeal cardiopulmonary resuscitation (ECPR) for out-
of-hospital cardiac arrest? A systematic review and meta-analysis. Am J 
Emerg Med. 2022;51:127–38.

 44. ON-SCENE initiation of extracorporeal cardiopulmonary resuscitation 
during refractory out-of-hospital cardiac arrest (ON-SCENE). Clinical trials.
gov. ClinicalTrials.gov Identifier: NCT04620070. Accessed online 02/03/23. 
Available at: https:// clini caltr ials. gov/ ct2/ show/ NCT04 620070? term= pre- 
hospi tal+ ECMO& draw= 2& rank=6.

 45. A comparative study between a pre-hospital and an in-hospital circula-
tory support strategy (ECMO) in refractory cardiac arrest (APACAR2). Clini-
cal Trials.gov. ClinicalTrials.gov Identifier: NCT02527031. Accessed online 
02/03/23. Available at: https:// clini caltr ials. gov/ ct2/ show/ NCT02 527031.

 46. Trusts in the North East and Yorkshire: NHS England; 2023. Accessed 
online 02/02/2023. Available from: https:// www. engla nd. nhs. uk/ north- 
east- yorks hire/ about/ the- nhs- in- ney/ trusts/.

 47. GNASS. What we do. Great North Air Ambulance; 2023. Accessed online 
02/02/2023. Available at: https:// www. great north airam bulan ce. co. uk/ 
our- work/ what- we- do/.

 48. Blunt, I. QualityWatch: focus on distance from home. The Health Founda-
tion. 2014. Accessed online 09/05/2023. Available at: https:// www. health. 
org. uk/ publi catio ns/ quali tywat ch- focus- on- dista nce- from- home- to- 
emerg ency- care.

 49. Routeplanner. The AA. TD15 to LE3. Accessed online 09/05/2023. 
Available at: https:// www. theaa. com/ route- plann er/ route? from= Berwi 
ck- upon- Tweed ,% 20UK& to= Glenfi eld% 20Hos pital ,% 20Gro by% 20Roa d,% 
20Lei ceste r,% 20UK.

 50. Routeplanner. The AA. TS4 to LE3. Accessed online 09/05/2023. Available 
at: https:// www. theaa. com/ route- plann er/ route? from= The% 20Jam es% 
20Cook% 20Uni versi ty% 20Hos pital ,% 20Mar ton% 20Roa d,% 20Mid dlesb 
rough ,% 20UK& to= Glenfi eld% 20Hos pital ,% 20Gro by% 20Roa d,% 20Lei 
ceste r,% 20UK.

 51. Great North Air Ambulance. The Helicopters. Accessed online 
10/05/2023. Available at: https:// www. great north airam bulan ce. co. uk/ 
our- work/ what- we- do/ the- helic opters/.

 52. Yan SJ, Gan Y, Jiang N, Wang RX, Chen YQ, Luo ZQ, et al. The global 
survival rate among adult out-of-hospital cardiac arrest patients who 
received cardiopulmonary resuscitation: a systematic review and meta-
analysis. Crit Care. 2020;24(1).

 53. Heart and Circulatory Disease Statistics 2022. British Heart Foundation; 
Februrary, 2022. Available at: www. bhf. org. uk/ stati stics

 54. Left-behind areas: health data dive. OSCI. Accessed online 10/05/2023. 
Available at: https:// www. appg- leftb ehind neigh bourh oods. org. uk/ wp- 
conte nt/ uploa ds/ 2020/ 11/ OCSI- Health- Data- Dive. pdf.

 55. Majewski D, Ball S, Finn J. Systematic review of the relationship between 
comorbidity and out-of-hospital cardiac arrest outcomes. BMJ Open. 
2019;9(11):1–15.

 56. Hirlekar G, Jonsson M, Karlsson T, Hollenberg J, Albertsson P, Herlitz J. 
Comorbidity and survival in out-of-hospital cardiac arrest. Resuscitation. 
2018;133:118–23.

 57. Trust NEAS. Accident & emergency online: NEAS; 2011. Accessed online 
02/02/2023. Available from: https:// www. neas. nhs. uk/ our- servi ces/ accid 
ent- emerg ency. aspx.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://onscenetrial.com/instruction-videos-for-professionals/
https://onscenetrial.com/instruction-videos-for-professionals/
https://clinicaltrials.gov/ct2/show/NCT04620070?term=pre-hospital+ECMO&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT04620070?term=pre-hospital+ECMO&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT02527031
https://www.england.nhs.uk/north-east-yorkshire/about/the-nhs-in-ney/trusts/
https://www.england.nhs.uk/north-east-yorkshire/about/the-nhs-in-ney/trusts/
https://www.greatnorthairambulance.co.uk/our-work/what-we-do/
https://www.greatnorthairambulance.co.uk/our-work/what-we-do/
https://www.health.org.uk/publications/qualitywatch-focus-on-distance-from-home-to-emergency-care
https://www.health.org.uk/publications/qualitywatch-focus-on-distance-from-home-to-emergency-care
https://www.health.org.uk/publications/qualitywatch-focus-on-distance-from-home-to-emergency-care
https://www.theaa.com/route-planner/route?from=Berwick-upon-Tweed,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.theaa.com/route-planner/route?from=Berwick-upon-Tweed,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.theaa.com/route-planner/route?from=Berwick-upon-Tweed,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.theaa.com/route-planner/route?from=The%20James%20Cook%20University%20Hospital,%20Marton%20Road,%20Middlesbrough,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.theaa.com/route-planner/route?from=The%20James%20Cook%20University%20Hospital,%20Marton%20Road,%20Middlesbrough,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.theaa.com/route-planner/route?from=The%20James%20Cook%20University%20Hospital,%20Marton%20Road,%20Middlesbrough,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.theaa.com/route-planner/route?from=The%20James%20Cook%20University%20Hospital,%20Marton%20Road,%20Middlesbrough,%20UK&to=Glenfield%20Hospital,%20Groby%20Road,%20Leicester,%20UK
https://www.greatnorthairambulance.co.uk/our-work/what-we-do/the-helicopters/
https://www.greatnorthairambulance.co.uk/our-work/what-we-do/the-helicopters/
http://www.bhf.org.uk/statistics
https://www.appg-leftbehindneighbourhoods.org.uk/wp-content/uploads/2020/11/OCSI-Health-Data-Dive.pdf
https://www.appg-leftbehindneighbourhoods.org.uk/wp-content/uploads/2020/11/OCSI-Health-Data-Dive.pdf
https://www.neas.nhs.uk/our-services/accident-emergency.aspx
https://www.neas.nhs.uk/our-services/accident-emergency.aspx

	A review of pre-hospital extracorporeal cardiopulmonary resuscitation and its potential application in the North East of England
	Abstract 
	Background
	Extracorporeal membrane oxygenation in the UK
	Global trends in pre-hospital extracorporeal cardiopulmonary resuscitation
	Paris, France
	Albuquerque, USA
	Netherlands
	Regensburg, Germany

	Patient selection and inclusion criteria
	Access techniques
	Review of recently published evidence
	Reported complications
	Organ donation

	Ongoing clinical trials
	Sub30
	On-scene
	APACAR2

	Developing a pre-hospital ECPR programme for the North East of England
	Planning for ECPR
	Great North Air ambulance service
	North East Ambulance Service NHS Trust
	Acute NHS trusts

	Conclusions
	Acknowledgements
	References


