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Abstract
Aim: In this study, we aimed to investigate the efficacy of a helicopter emergency medical service (HEMS) facilitated pathway for in-hospital extra-

corporeal cardiopulmonary resuscitation (ECPR) for patients with an out of hospital cardiac arrest (OHCA) in a semi-rural setting.

Methods: We retrospectively reviewed all patients with an OHCA attended by a UK HEMS service between 1 January 2018 and 20 September

2021, when a dedicated ECPR pathway was in effect to facilitate transport of eligible patients to the nearest ECLS centre. The primary endpoint

was the number of patients meeting ECPR eligibility criteria at three pre-defined time points: at HEMS dispatch, during on-scene evaluation and

upon arrival in hospital.

Results: During the study period, 162 patients attended met ECPR pathway dispatch criteria. After on-scene evaluation, 74 patients (45%) had a

return of spontaneously circulation before arrival of HEMS, 60 (37%) did not meet eligibility criteria regarding initial rhythm or etiology of the OHCA,

and 15 (9%) had deteriorated (mainly into asystole) and were no longer suitable candidates upon arrival of HEMS. Eleven patients were eligible for

ECPR and transported to hospital in arrest, and a further two patients were transported for post-ROSC ECLS. Nine patients deteriorated during

transport and were no longer suitable ECPR candidates upon arrival. ECLS was successfully initiated in two patients (one intra-arrest, and one

post-ROSC).

Conclusion: In-hospital ECPR is of limited value for patients with refractory OHCA in a semi-rural setting, even when a dedicated pathway is in

place. Potentially eligible patients often cannot be transported within an appropriate timeframe and/or deteriorate before arrival in hospital.

Keywords: Extracorporeal cardiopulmonary resuscitation (ECPR), Helicopter emergency medical service (HEMS)
Introduction

Extracorporeal cardiopulmonary resuscitation (ECPR) can be used

as a treatment for patients with an out of hospital cardiac arrest

(OHCA) when standard resuscitation fails.1,2 In these patients,

ECPR is used as a technique to provide oxygenated circulation
especially to the brain, thereby extending the time window to diag-

nose and treat the primary underlying cause of the arrest, such as

a primary cardiac cause, intoxication, a pulmonary embolism, or

hypothermia. Over the past decade, a 10-fold increase in ECPR util-

isation has been observed.3 So far however, the effect on outcome is

unclear. Several studies have demonstrated positive results of

ECPR on neurologically intact survival,4–6 but more recent registry
ns.
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studies could not demonstrate a beneficial effect on outcome.7,8

Moreover, ECPR has a significant risk of complications (leg ischae-

mia, bleeding from the insertion site, infection and intracranial haem-

orrhage), and comes with significant cost and logistical challenges.

Therefore, ECPR is only offered as a treatment to patients most

likely to benefit and have a positive outcome. Common inclusion cri-

teria are refractory cardiac arrest, younger age and a witnessed

arrest with minimal no-flow and low-flow times.9,10

As pre-hospital ECPR is only offered by a few services worldwide

(either as a routine treatment6,11–12 or in a trial setting,13,14 currently

many OHCA patients eligible for ECPR are conveyed from the loca-

tion of their arrest to hospitals with Extracorporeal life support

(ECLS) facilities, with ongoing resuscitation. As previous studies

have demonstrated that ECPR outcome is dependent on no-flow-

and low-flow times,15,16 there is a considerable time pressure to start

ECPR promptly. ECPR should ideally be initiated within 60–90 min of

arrest.17,18 However, this can be challenging with pre-hospital scene

times often extending beyond 20 min,19 and prolonged transport

times to hospital, especially in semi-rural areas. Helicopter emer-

gency medical services (HEMS) have the potential to facilitate expe-

dited transport of potentially eligible patients to hospitals with ECLS

facilities. Therefore, in the present study, we aim to investigate the

efficacy of the implementation of a HEMS-facilitated pathway for

in-hospital ECPR for patients suffering from an OHCA in a semi-

rural setting.

Methods

Study setting and design

We performed a retrospective analysis of all patients with an OHCA

attended by Air Ambulance Charity Kent Surrey and Sussex (KSS)

between 1 January 2018 (3 months after the introduction of a dedi-

cated ECPR pathway) and 20 September 2021 (date of pausing

the pathway due to the COVID-19 pandemic). We investigated

how many potentially ECPR-eligible patients KSS was dispatched

to, in how many of these patients ECPR eligibility criteria were met

on-scene and upon arrival in hospital, and in how many patients

ECPR was eventually initiated.

KSS is a HEMS service covering three counties in the southeast

of England, with a resident population of 4.5 million. Two doctor/-

paramedic teams respond in either a helicopter or response car from

one base. The HEMS team is dispatched to both medical and trau-

matic emergencies by a previously published dispatch protocol.20

In addition to this protocol, when the helicopter is off-line and crews

respond in a rapid response vehicle, they can be auto-dispatched to

high acuity emergency calls (including cardiac arrest calls) when

they are the nearest available resource. The South East Coast

Ambulance Service operates a Specialist Paramedic response

model, deploying Critical Care Paramedics (CCPs) to work alongside

ambulance crews at high acuity medical or traumatic incidents,

therefore CCPs have greater exposure to OHCA patients. Dedicated

joint ECPR pathway training for both Critical Care Paramedic and

HEMS teams was undertaken prior to the inception of the pathway.

ECPR pathway and study population

From 29 September 2017, a dedicated pathway was established by

KSS and King’s College Hospital NHS Trust in London (KCH) to facil-

itate expedited transport of patients potentially eligible for ECPR in
counties covered by KSS. According to this pathway, a HEMS team

was dispatched to patients 18–60 years of age with a witnessed

OHCA with minimal no-flow time (immediate bystander CPR). The

dispatch pathway was not in effect during night-time hours (19.00–

07.00), due to operational constraints of night HEMS operations.

Upon arrival on scene, Critical Care Paramedics and/or HEMS

teams evaluated patients with an OHCA for potential ECPR eligibil-

ity. Patients were considered eligible for ECPR when they fulfiled

all dispatch criteria and in addition:

� Had a shockable presenting rhythm (or in exceptional circum-

stances a pulseless electrical activity (PEA).

� Had a presumed cardiopulmonary or toxicological aetiology of

their arrest.

� Did not have significant co-morbidity.

� Were eligible for mechanical CPR.

� Could be transported to the ECLS centre within 70 min of their

arrest, in order to allow initiation of ECPR within 90 min of the

arrest.

In addition, patients were considered for post-ROSC ECLS when

they presented with a refractory cardiogenic shock following ROSC

and in cases of deep accidental hypothermia. In these instances,

no time limit was set for presentation to the ECPR centre.

Clinical endpoints

Primary endpoints were defined as the number of patients meeting

ECPR eligibility criteria at three pre-defined time points: at dispatch,

after pre-hospital evaluation by the HEMS team and after in-hospital

evaluation by the receiving ECPR team. Secondary endpoints were

dispatch efficacy (defined as the percentage of patients meeting eli-

gibility criteria after on-scene evaluation compared to at the moment

of dispatch), and the number of patients meeting the pre-defined

timeline for ECPR.

Data acquisition

Data were retrieved from two sources: The KSS electronic patient

record (Hemsbase 2.0 Medic One Systems, LTD. UK), and the

KCH ICU records. The following data were obtained: total number

of OHCA patients attended by HEMS, total number of patients meet-

ing ECPR eligibility criteria at dispatch, after on-scene evaluation and

after in-hospital evaluation, patient descriptors (age, gender, co-

morbidity), mission descriptors (location of OHCA, timings [emer-

gency call time, HEMS arrival on scene time, HEMS leaving scene

time, HEMS arrival in hospital time]; clinical findings (initial rhythm,

presumed etiology, ROSC on arrival HEMS [y/n]), patient con-

veyance to hospital [y/n], destination hospital, and outcome (ECPR

initiated [y/n]; survival until hospital discharge [y/n]).

For patients attended by HEMS who were potentially eligible for

ECPR, but who were not transported to the ECPR center, theoretical

“most favorable transport times” were calculated to evaluate if they

could have been presented within the establish time window, based

on the distance to hospital in nautical miles (NM), the maximum

cruising speed of the Augusta Westland 169 HEMS Helicopter

(270 km/hr), and a minimum time of 15 min needed for loading a fully

packaged patient and take off (as obtained from the cohort of poten-

tially eligible patients who were transported to KCH), landing, han-

dover, and 5 min from landing on the helipad to arrival in ED or

the catheterization lab.
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Ethical considerations

This project met National Institute for Healthcare Research (NIHR,

UK) criteria for service evaluation and formal ethical approval was

therefore not required. The project was approved by the KSS

Research & Development Committee.

Statistical analysis

Data are represented as numbers (percentages). Average trans-

port times from the location of the incident to the ECPR center

were calculated by subtracting the “leaving scene time” from

the “in hospital time”. Missing data are reported in the results

section according to the STROBE guideline.21 All statistical anal-

yses were conducted using SPSS 26.0 for Apple statistical

package.

Results

Dispatch

During the study period 1050 patients with a cardiac arrest were

attended by KSS HEMS, the majority of which (n = 706, 67 %)

had a medical cause of their arrest. Not all these patients were

attended with the aim of facilitating ECPR: 323 patients had an

unwitnessed cardiac arrest and/or did not receive immediate

bystander CPR and were seen by the HEMS team as it was the

nearest medical resource. A total of 162 patients (15.4 %) met

HEMS ECPR dispatch criteria (dispatch efficacy 234/706 = 33 %,

Fig. 1).
Fig. 1 – ECPR eligib
On-scene evaluation

Upon arrival on scene, the HEMS team learned that a total of 102

patients had a shockable first rhythm. Of these, a cardiac- or pul-

monary etiology, intoxication or hypothermia was present in 80

patients, whereas in 16 patients the cause of the arrest was noted

as “unknown”. For six patients no cause was registered. None of

the patients had significant co-morbidity known to the HEMS team

precluding potential ECPR.

Most patients had a ROSC upon arrival of the HEMS team

(74/102, 72.5 %). Of these, 60 (81.1 %) did not receive any vasoac-

tive medication after ROSC was obtained, whilst 14 patients (18.9 %)

needed vasopressors post ROSC to support their blood pressures.

Two patients who had regained ROSC were identified as potential

post-ROSC ECLS candidates: One with a refractory cardiogenic

shock despite vasopressor therapy, and one with therapy resistant

VT due to an intoxication (Fig. 2).

A total of 28 patients were still in cardiac arrest upon arrival of the

HEMS team. After on-scene evaluation, 11 of them met ECPR eligi-

bility criteria. The majority of the non-eligible patients already had a

(prolonged) asystole when the HEMS team arrived, or deteriorated

in the presence of the HEMS team, and was not conveyed to hospi-

tal. Two patients were conveyed in arrest despite being considered

ineligible for ECPR (due to exceeding the time-window for ECPR)

with the aim of salvage PCI.

In total, 13 patients, were regarded as potential ECLS candidates

after on-scene evaluation by the HEMS team (Fig. 2). Two were can-

didates for post-ROSC ECLS c and 11 were ECPR candidates.

Details of these patients are represented in Table 1.
ility at dispatch.



Fig. 2 – ECPR eligibility after on scene evaluation.

Table 1 – Patient characteristics of OHCA patients meeting ECPR eligibility criteria on-scene (n = 13).

Gender

(M/F)

Age

(y)

999 call- HEMS on

scene (min)

Etiology ROSC on arrival

HEMS (Y/N)

Location arrest

(NM to KCH)

Patient disposition

(hospital type)

Rhythm on

arrival hospital

ECPR

(Y/N)

Survival

(Y/N)

M 58 37 thromboembolicY 19 Other Asystole N N

M 27 32 thromboembolicN 45 Other Asystole N N

M 52 56 thromboembolicN 21 Other Asystole N N

M 38 31 thromboembolicN 32 ECPR center Asystole N N

M 47 43 thromboembolicN 16 Other PEA N Y

M 48 14 thromboembolicN 29 ECPR center Asystole N N

M 44 31 thromboembolicN 21 ECPR center unknown N N

M 50 29 thromboembolicN 22 ECPR center Asystole N N

M 50 32 thromboembolicN 38 ECPR center Asystole N N

M 49 23 thromboembolicN 39 Other PEA N N

M 17 27 intoxication Y 16 ECPR center Sinus Y* Y

M 47 59 hypothermia N 26 ECPR center VF Y Y

M 50 43 thromboembolicN 16 Other PEA N N

NM; nautical miles (1 nautical mile equals 1 knot = 1.85 km); KCH, Kings College Hospital (ECPR center).* ECPR initiated post-ROSC.
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In-hospital evaluation

Seven patients were conveyed to the ECLS centre, and ECLS was

established in two patients: One with a refractive VF due to cold

water immersion (body temperature 23 �C), and one with a cardio-

vascular unstable ROSC after a cardiac arrest due to an intoxication

with organic substances. In both patients VA-ECMO was established

successfully, and both made a full neurological recovery. Five

patients were no longer regarded as suitable candidates for ECPR

upon arrival: Four had deteriorated during transport and arrived with
an asystole and low ETCO2 values outside the pre-specified time-

window for ECPR. One remained in VF but was declined for ECPR

due to a prolonged resuscitation with a very low pH (6.8) at presen-

tation. In-arrest PCI was performed in this patient with stenting of the

LAD and circumflex artery, but no ROSC was obtained. Six patients

were conveyed to a nearby hospital without ECLS capability, for

logistical- (no helicopter transport available) or geographical (crew

decided patient was too far away from the nearest ECLS center or

attended too long after 999-call to meet timelines) reasons. All six
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arrived in cardiac arrest. ROSC was obtained in only one of them,

after in-arrest PCI (Table 1).

During the study period two patients who did not fulfill pathway-

eligibility criteria were also transported by the HEMS team to the

ECLS center for consideration of ECPR: One patient with electrical

burns (without cardiac arrest), and one patient with a PEA who

was attended during the night-time hours. ECLS was not initiated

in either patient.

Timelines

The average time from 999-call to HEMS arrival for the 11 patients

who were in arrest and met ECPR eligibility criteria on scene was

34 min (range: 14–56 min), whereas the average time from 999 call

to -hospital arrival was 86 min (range: 46–122 min). Of the 5/11

patients who were transported to the ECLS centre, only one arrived

there within 70 min of the arrest. For the patients not transported to

an ECLS center (6/11), theoretical most favorable transport times

were calculated as described. Based on these timings, only one

patient could potentially have been presented in the ECLS center

within 70 min of the arrest.

Discussion

The present study demonstrates that in a semi-rural setting, in-

hospital ECPR has a low potential to contribute to the outcome

of patients suffering an OHCA, even when expedited helicopter

transport is available. Timelines can seldom be met, and almost

all potentially eligible patients deteriorate into asystole before they

arrive in hospital. The rare exception to this is patients with a car-

diac arrest due to special circumstances such as hypothermia, or

patients who have a cardiogenic shock after ROSC is obtained

and who might benefit from post-ROSC ECLS. It seems prudent

to dispatch CCP and HEMS teams to these patients with a low

threshold.

During an almost 4-year study period, 1050 patients with a car-

diac arrest were attended. Only around 1.2 % of these fulfilled the

ECPR-pathway criteria after on scene evaluation. The majority of

patients either presented with a non-shockable rhythm, or had

regained ROSC by the time of HEMS arrival by the use of an AED

and/or treatment provided by the ground ambulance crews. Although

HEMS teams can provide critical interventions (such as prehospital

emergency anesthesia) to patients who have regained ROSC,22

expedited transfer for the purpose of ECPR is often not indicated.

The exception to this are patients with a vasopressor-resistant car-

diogenic shock or cardiovascular instability due to recurrent dys-

rhythmias.23 As these patients have a high potential to re-arrest,

HEMS may facilitate a safe and expedited transport using mechani-

cal CPR to a nearby ECLS centre as required.

ECPR is best implemented within a system that optimizes all

aspects of cardiac arrest care.1 Currently in the UK, bystander

CPR is only attempted in 7 out of 10 patients with OHCA, and AED’s

are used in only 1 in 10 cardiac arrests.24 When no bystander CPR is

provided during the first minutes of the arrest, patients with initially

shockable rhythms will eventually deteriorate into asystole, often

before arrival of HEMS, as we have noted in our study population.

This may explain the low number of potential eligible candidates

(1.2%), compared to other studies.7

Those patients who had a shockable first rhythm upon arrival of

the first ambulance crews often deteriorated over time into a non-
shockable rhythm. This happened either before arrival of HEMS, in

the presence of HEMS, or on route to hospital (if conveyed). Previ-

ous studies have demonstrated that this is a poor prognosticator

when ECPR is initiated,25 and therefore asystole on presentation is

often regarded as a contraindication. The relatively high number of

patients with a rhythm conversion is most likely the result of the pro-

longed travel times. In our cohort, it took HEMS on average 34 min to

get to eligible patients, and only one patient could be presented in the

ECLS center within 70 min of the arrest.17,18

Although robust data is currently still lacking, patients in rural

settings far from ECPR centers could probably benefit from pre-

hospital ECPR26. Prehospital initiation of ECPR has the potential

to shorten low-flow time by 20 min,6 thereby offering the opportu-

nity to initiate ECPR immediately after the indication has been

established. This could have made a difference to those patients

in whom their initially shockable rhythm has deteriorated into asys-

tole in the presence of the HEMS team either on scene or on

route to the ECLS center. However, the applicability of these

results to (semi)rural populations remains to be answered, as

low-flow times are likely longer. The currently recruiting prospec-

tive On-Scene trial in the Netherlands13 has the potential to

answer this question.

Based on our findings, the added value of routinely dispatching

HEMS to patients aged <60 years with a witnessed OHCA who

received bystander CPR in a semi-rural setting seems limited.

The value of a dedicated HEMS pathway to facilitate transport

from the pre-hospital setting to an ECLS center mainly seems to

be for patients who are not in cardiac arrest, such as patients with

a cardiogenic shock or recurrent dysrhythmias due to intoxication

with vasoactive substances, or for patients suffering from an

OHCA due to hypothermia.27 In these patients, timelines are less

strict, and they are therefore more likely to be eligible (post

ROSC) ECLS candidates upon arrival in the hospital. Early

involvement of HEMS in the treatment of these patients seems

prudent, and specific prompts in the dispatch process are there-

fore warranted.

Our study has several potential limitations. First, as this is a ret-

rospective study, we were reliant on the available patient data.

Although the number of missing data was low, as a result of manda-

tory dedicated entry fields for cardiac arrest in the electronic patient

record, we cannot exclude that we have missed patients in our anal-

ysis who were attended by AAKSS for an OHCA during the study

period, but not registered as such. Second, due to the semi-rural

geography, HEMS was dispatched with a relatively low threshold,

often before arrival of ambulance crews on scene. This resulted in

many patients having regained ROSC upon arrival of the HEMS

team. Although the vast majority of patients with a post-OHCA

ROSC are no longer suitable ECLS candidates, the impact HEMS

had on the treatment in these patients was not investigated in the

current study, and therefore no conclusions can be drawn about

the merit of HEMS for the attendance of patients with an OHCA in

general. Third, as mentioned, the number of potentially eligible can-

didates after on-scene evaluation by HEMS was low for various rea-

sons. Therefore, our results cannot be simply extrapolated to

populations with a different EMS system or geography, or higher

rates of bystander CPR/ higher AED availability. Such populations

may have a higher ROSC rate on the one hand, but also less

patients deteriorating into (unfavorable) non-shockable rhythms on

the other hand.28 The effect on the total number of eligible patients

remains unclear.
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Conclusion

In-hospital ECPR is of limited value for patients with refractory OHCA

in a semi-rural setting, even when a dedicated pathway is in place.

Potentially eligible patients often cannot be transported within an

appropriate timeframe and/or deteriorate before arrival in hospital,

However, having a dedicated pathway in place can have a positive

impact on patients requiring ECLS who are not in cardiac arrest.
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