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Objective: This study aims to evaluate the characteristics and outcomes of patients who fulfilled
extracorporeal membrane oxygenation cardiopulmonary resuscitation (E-CPR) selection criteria during
in-hospital cardiac arrest (IHCA).
Design: This is a nested cohort study.
Setting: Code blue data were collected across seven hospitals in Australia between July 2017 and August
2018.
Participants: Participants who fulfilled E-CPR selection criteria during IHCA were included.
Main outcome measures: Return of spontaneous circulation and survival and functional outcome at
hospital discharge. Functional outcome was measured using the modified Rankin scale, with scores
dichotomised into good and poor functional outcome.
Results: Twenty-three (23/144; 16%) patients fulfilled E-CPR selection criteria during IHCA, and 11/23
(47.8%) had a poor outcome. Patients with a poor outcome were more likely to have a non-shockable
rhythm (81.8% vs. 16.7%; p ¼ 0.002), and a longer duration of CPR (median 12.5 [5.5, 39.5] vs. 1.5 [0.3, 2.5]
minutes; p < 0.001) compared to those with a good outcome. The majority of patients (18/19 [94.7%])
achieved sustained return of spontaneous circulation within 15 minutes of CPR. All five patients who had
CPR >15 minutes had a poor outcome.
Conclusion: Approximately one in six IHCA patients fulfilled E-CPR selection criteria during IHCA, half of
whom had a poor outcome. Non-shockable rhythm and longer duration of CPR were associated with
poor outcome. Patients who had CPR for >15 minutes and a poor outcome may have benefited from E-
CPR. The feasibility, effectiveness and risks of commencing E-CPR earlier in IHCA and among those with
non-shockable rhythms requires further investigation.

© 2023 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In-hospital cardiac arrest (IHCA) is a sudden life-threatening
emergency effecting approximately 3000 Australians each year.1

Despite treatment advances, survival rates have only marginally
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improved over time,2e4 with larger registry studies reporting sur-
vival to hospital discharge to be approximately 20e25%.2,5,6

Although, most survivors appear to have a good functional
outcome, recovery is variable and many survivors are left with
significant disability.7,8

There is growing interest in the use of novel therapies to improve
outcomes of patients who experience IHCA. In recent years, there
has been a 10-fold increase in the utilisation of extracorporeal
membrane oxygenation (ECMO) during cardiac arrests that are re-
fractory to conventional cardiopulmonary resuscitation (CPR),9
ve Care Medicine of Australia and New Zealand. This is an open access article under

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gemma.pound@monash.edu
mailto:carol.hodgson@monash.edu
mailto:carol.hodgson@monash.edu
www.sciencedirect.com/science/journal/14412772
http://www.elsevier.com/locate/ccrj
https://doi.org/10.1016/j.ccrj.2023.05.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ccrj.2023.05.006
https://doi.org/10.1016/j.ccrj.2023.05.006


Table 1
Extracorporeal membrane oxygenation cardiopulmonary resuscitation (E-CPR) se-
lection criteria.

E-CPR selection criteria

Age 18e70 years old
Independent with activities of daily living prior to index hospital admission
Charlson comorbidity index <5
No major pre-existing comorbidity including:

- Malignancy, leukaemia or lymphoma
- End stage renal failure requiring haemodialysis
- Liver disease with portal hypertension or ascites
- Severe chronic respiratory disease
- Diabetes with end organ damage
- Known severe neurological condition/injury
- Pre-existing severe cognitive impairment

No documented limits of care prior to in-hospital cardiac arrest
Witnessed in-hospital cardiac arrest

G. Pound et al. / Critical Care and Resuscitation 25 (2023) 90e96 91
referred to as ECMO-CPR (E-CPR). E-CPR is a complex, resource-
intensive and costly intervention that requires a team of highly
trained healthcare professionals.10,11 Accordingly, it is not univer-
sally available. Multiple cohort studies have shown E-CPR to be
associated with increased rates of survival to hospital discharge and
improved neurological outcomes when compared to conventional
CPR.12e14 However, the majority of these studies are small, single
centre studies with heterogenous cohorts and therefore have a high
risk of bias. There is an absence of rigorous randomised controlled
trials evaluating E-CPR following IHCA.15 There is currently no
consensus regarding appropriate selection criteria, and it is unclear
which patients may benefit from E-CPR.10 In addition, the optimal
timing of E-CPR for IHCA remains unknown11 although guidelines
suggest establishing E-CPR within 60 minutes of IHCA.10,16

We have previously reported the epidemiology of ward-based
IHCAs in Australian hospitals with established rapid response
teams (RRTs), as well as the hospital discharge and long-term
outcomes from the Australia and New Zealand Cardiac Arrest
Outcomes and Determinants of ECMO (ANZ-CODE) study.7,8,17 The
primary aim of this present study was to evaluate the charac-
teristics and outcomes of ANZ-CODE study participants who ful-
filled selection criteria for E-CPR during IHCA. The second aim
was to compare the characteristics of patients who had a good
functional outcome with those who had a poor functional
outcome to better understand which patients may benefit from E-
CPR during IHCA.
2. Methods

2.1. Study design

This was a nested cohort study within ANZ-CODE, a multicentre
prospective observational study conducted between July 2017 and
August 2018.17 Ethical approval was obtained at the lead site
(Austin Health; HREC/16/Austin/168) and locally at all participating
sites.
2.2. Setting and participant selection

The ANZ-CODE study methodology has been described in detail
elsewhere.17 In brief, code blue and RRT data were collected pro-
spectively across seven, acute, metropolitan hospitals in Australia
during the study period. Patients were included if they were �18
years old, admitted as an acute care hospital in-patient and expe-
rienced IHCA. Patients were excluded if there was a documented
“not for resuscitation” order in place prior to the IHCA or if they
suffered a cardiac arrhythmia requiring electrical cardioversion but
no external cardiac compressions. Non-ward-based cardiac arrests,
such as those occurring in the emergency department, cardiac
catheterisation laboratory, operating theatres and intensive care
unit were also excluded.

For this present study, we included ANZ-CODE participants who
fulfilled predefined E-CPR selection criteria during IHCA. We per-
formed a search of existing literature18e25 and sought local expert
opinion in order to define the E-CPR selection criteria prior to
commencement of the ANZ-CODE study (Table 1). We included
criteria that could be used by clinicians in real time to facilitate
decisions regarding patients’ suitability for E-CPR during IHCA.

Two of the participating sites were dedicated, high-volume (>30
cases per year) ECMO centres providing state-wide referral services
for Victoria and New SouthWales, two sites were low-volume (<20
cases per year) ECMO centres and three site performed ECMO
infrequently.
2.3. Data collection and management

Patient demographic data included age, gender, independence
with activities of daily living (ADL) before the index hospital
admission, Charlson comorbidity index (CCI), organ system asso-
ciated with the admission diagnosis and any documented limita-
tion to treatment before the IHCA. Clinical and cardiac arrest
characteristics included, duration of hospital admission before the
IHCA, whether the IHCA was witnessed, initial arrest rhythm, total
duration of CPR and the implementation of E-CPR.

We evaluated the outcomes of the IHCA including return of
spontaneous circulation (ROSC) and, survival and functional
outcome at hospital discharge. Functional outcome was measured
using the modified Rankin scale (mRS), a 7-point disability scale
ranging from 0 (no symptoms or disability) to 6 (death). The mRS
scores were dichotomised into good functional outcome (mRS
score �3) and poor functional outcome (mRS score �4).26

Data were collected prospectively through medical chart review
using a standardised case report form and data dictionary.17 Data
were transferred to the lead investigators via a secure, encrypted
online platform (AARNET Cloudstor File Sender). For patients who
experienced two or more IHCA during the study period, data from
the first event were analysed for this study.
2.4. Statistical analysis

Categorical data were expressed as counts and percentages, and
continuous data were summarised using mean ± standard devia-
tion (SD) ormedian (interquartile range) according to data type and
distribution. Comparisons between groups were made using chi-
squared or Fisher's exact test (where numbers were small) for
categorical variables and student's t-test or ManneWhitney ‘U’ test
as appropriate for continuous variables. All p-values were two-
tailed with p < 0.05 considered statistically significant. Analyses
were conducted using SPSS version 25 (IBM SPSS Inc, Armonk, NY).
3. Results

3.1. Participants who fulfilled predefined E-CPR selection criteria
during IHCA

Twenty-three (23/144; 16%) ANZ-CODE patients fulfilled the
predefined E-CPR selection criteria during IHCA. The primary
reason for exclusion of the remaining 121 (84%) patients was the
presence of one or more major comorbidity, closely followed by age
over 70 years old (Fig. 1). The mean (SD) age of the patients who
fulfilled the predefined selection criteria for E-CPR during IHCAwas



Fig. 1. Flow of participants through the study.
ANZ-CODE ¼ Australia and New Zealand cardiac arrest outcomes and determinants of extracorporeal membrane oxygenation; E-CPR ¼ extracorporeal membrane oxygenation
cardiopulmonary resuscitation; ADLs ¼ activities of daily living; CCI ¼ Charlson comorbidity Index; IHCA ¼ in-hospital cardiac arrest.
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60.0 (±7.7) years, 18 (78.3%) were male and approximately half had
a cardiovascular condition associated with their hospital admission
(Table 2). The median time to IHCA was 4.0 (2.0, 6.0) days after
admission. Six (26.1%) IHCA occurred within “usual business hours”
(i.e., Monday to Friday between 8am and 6pm). There was amedian
of 1.0 (1.0, 7.0) patient per hospital that fulfilled the predefined E-
CPR selection criteria during IHCA throughout the 12-month study
period.

Of the 23 patients who fulfilled the predefined E-CPR selection
criteria during IHCA, 11 (47.8%) patients had a poor outcome at
hospital discharge. Patients with a poor outcome were more likely
to have a non-shockable initial rhythm (81.8% vs. 16.7%; p ¼ 0.002),
and a longer duration of CPR (median 12.5 [5.5, 39.5] vs. 1.5 [0.3,
2.5] minutes; p < 0.001) compared to those who had a good
outcome. Sustained ROSC was achieved in 19/23 (82.6%) patients
(Table 3). The median duration of CPR of patients who achieved
sustained ROSC was 3.0 (0.75, 5.5) minutes compared with 40.5
(28.5, 45.5) minutes for patients who did not achieve sustained
ROSC (p ¼ 0.003). The majority of patients (18/19 [94.7%]) who
achieved sustained ROSC did so within the first 15 minutes of CPR.
A good functional outcome occurred in 12/18 (66.7%) of patients
with a CPR duration of � 15minutes. Five patients had a duration of
CPR of >15 minutes, all of whom had a poor outcome at hospital
discharge (Fig. 2), including four who died during the arrest and
one who was discharged to rehabilitation with moderate to severe
disability.

3.2. Participants who received extracorporeal support following
IHCA

No patients who fulfilled the predefined E-CPR criteria during
IHCA received ECPR during the study period. However, five patients
received ECMO later in their ICU admission for refractory cardio-
genic shock, refractory ventricular tachycardia or haemodynamic
instability. Two of these patients survived to hospital discharge
with a good functional outcome, both of who were fitted with
ventricular assist device as a bridge to heart transplant. Three pa-
tients who did not fulfil the predefined E-CPR criteria received E-
CPR during IHCA, one of whomwas over 70 years old and two had
unwitnessed IHCAs, all of these patients had a poor outcome and
died in ICU.

Overall, 3/152 (2.0%) participants received E-CPR during IHCA,
and a further 5/152 (3.3%) who fulfilled E-CPR selection criteria
during IHCA, who subsequently had a long duration of CPR and a
poor outcome.

4. Discussion

4.1. Key findings

In this nested cohort study of ANZ-CODE study participants, we
found approximately one in six patients fulfilled predefined E-CPR
selection criteria during IHCA. Few events occurred during business
hours and, on average, they occurred once per year in participating
hospitals. Of the patients who fulfilled predefined E-CPR selection
criteria during IHCA, half had a poor outcome. Patients with a poor
outcome were more likely to have a non-shockable rhythm and a
longer duration of CPR compared to patients with a good outcome.
The majority of patients achieved sustained ROSC and did so within
the first 15 minutes of CPR. Two thirds of patients who had a CPR
duration of �15 minutes had a good outcome, whereas the five
patients who had a CPR duration >15 minutes all had a poor
outcome. E-CPR was performed in only 2% of IHCAs in our cohort.

4.2. Comparisons with previous studies

Few studies have explored the number of patients that may
potentially be eligible for E-CPR following IHCA. Althoughwe found
that one in six patients fulfilled E-CPR selection criteria during
IHCA, only 3.3% of patients in our cohort subsequently had a CPR



Table 2
Demographics and cardiac arrest characteristics for patients who fulfilled and those who did not fulfil predefined E-CPR selection criteria.

Demographics, cardiac arrest
characteristics and outcomes

Total; n ¼ 144 Fulfilled E-CPR
selection criteria; n ¼ 23

Did not fulfil E-CPR
selection criteria; n ¼ 121

p-value

Age (years); mean ± SD 70.6 ± 13.9 60.0 ± 7.7 72.6 ± 13.9 <0.001
Male gender; n (%) 94 (65.3) 18 (78.3) 76 (62.8) 0.15
Charlson Comorbidity Index; median (IQR) 3 (1, 5) 1 (0, 1) 3 (1, 5) <0.001
System of admission; n (%) 0.83
Cardiovascular System 58 (40.3) 11 (47.8) 47 (38.8)
Central Nervous System 14 (9.7) 1 (4.3) 13 (10.7)
Respiratory System 14 (9.7) 2 (8.7) 12 (9.9)
Gastrointestinal System 24 (16.7) 6 (26.1) 18 (14.9)
Musculoskeletal System 7 (4.9) 1 (4.3) 6 (5.0)
Other 27 (18.8) 2 (16.7) 25 (20.7)

Initial arrest rhythm; n (%) 0.09
Asystole 46 (31.9) 3 (13.0) 43 (35.5)
PEA 52 (36.1) 8 (34.8) 44 (36.4)
VT 13 (9.0) 3 (13.0) 10 (8.3)
VF 15 (10.4) 3 (13.0) 12 (9.9)
Other 9 (6.3) 3 (13.0) 6 (5.0)
Unknown 9 (6.3) 3 (13.0) 6 (5.0)

CPR duration (minutes); median (IQR) 6.0 (2.0, 17.0) 4.0 (1.5, 13.8) 7.0 (2.8, 18.0) 0.22
Arrest Outcome; n (%) 0.08
Did not achieve ROSC 42 (29.2) 4 (17.4) 38 (31.4)
Intermittent ROSC 11 (7.6) 0 (0) 11 (9.1)
Sustained ROSC 91 (63.2) 19 (82.6) 72 (59.5)

Discharge disposition; n (%) 0.15
Died during arrest 47 (32.6) 4 (17.4) 43 (35.5)
Died in intensive care 28 (19.4) 5 (21.7) 23 (19.0)
Died in hospital 10 (6.9) 0 (0) 10 (8.3)
Discharged home 37 (25.7) 10 (43.5) 27 (22.3)
Discharged to rehabilitation 10 (6.9) 2 (8.7) 8 (6.6)
Discharged to nursing home 5 (3.5) 0 (0) 5 (4.1)
Hospital transfer 7 (4.9) 2 (8.7) 5 (4.1)

Functional outcome at discharge; n (%) 0.006
Good functional outcome (mRS � 3) 41 (28.5) 12 (52.2) 29 (24.0)
Poor functional outcome (mRS � 4) 103 (71.5) 11 (47.8) 92 (76.0)

E-CPR ¼ extracorporeal membrane oxygenation cardiopulmonary resuscitation; SD ¼ standard deviation; IQR ¼ interquartile range; PEA ¼ pulseless electrical activity;
VT ¼ ventricular tachycardia; VF ¼ ventricular fibrillation; CPR ¼ cardiopulmonary resuscitation; ROSC ¼ return of spontaneous circulation; mRS ¼ modified Rankin Scale.

Table 3
Demographics, cardiac arrest characteristics and outcome of patients experiencing in-hospital cardiac arrest who fulfilled predefined E-CPR selection criteria.

Demographics, cardiac arrest
characteristics and outcomes

Total; n ¼ 23 Good Outcome
(mRS �3); n ¼ 12

Poor Outcome
(mRS �4); n ¼ 11

p-value

Age (years); mean ± SD 60.0 ± 7.7 58.0 ± 8.3 62.2 ± 6.6 0.20
Male gender; n (%) 18 (78.3) 11 (91.7%) 7 (63.6%) 0.16
Charlson Comorbidity Index; median (IQR) 1 (0, 1) 1 (0.5, 1) 0 (0, 1) 0.35
System of admission; n (%) 0.06
Cardiovascular System 11 (47.8) 8 (66.7) 3 (27.3)
Central Nervous System 1 (4.3) 0 (0) 1 (9.1)
Respiratory System 2 (8.7) 0 (0) 2 (18.2)
Gastrointestinal System 6 (26.1) 2 (16.7) 4 (36.4)
Musculoskeletal System 1 (4.3) 0 (0) 1 (9.1)
Other 2 (16.7) 2 (16.7) 0 (0)

Initial arrest rhythm; n (%) 0.002
Asystole 3 (13.0) 2 (16.7) 1 (9.1)
PEA 8 (34.8) 0 (0) 8 (72.7)
VT 3 (13.0) 3 (25.0) 0 (0)
VF 3 (13.0) 3 (25.0) 0 (0)
Other 3 (13.0) 2 (16.7) 1 (9.1)
Unknown 3 (13.0) 2 (16.7) 1 (9.1)

CPR duration (minutes); median (IQR) 4.0 (1.5, 13.8) 1.5 (0.3, 2.5) 12.5 (5.5, 39.5) <0.001
Arrest Outcome; n (%) 0.037
Did not achieve ROSC 4 (17.4) 0 (0) 4 (36.4)
Intermittent ROSC 0 (0) 0 (0) 0 (0)
Sustained ROSC 19 (82.6) 12 (100) 7 (63.6)

Discharge disposition; n (%) <0.001
Died during arrest 4 (17.4) 0 (0) 4 (17.4)
Died in intensive care 5 (21.7) 0 (0) 5 (21.7)
Discharged home 10 (43.5) 10 (43.5) 0 (0)
Discharged to rehabilitation 2 (8.7) 0 (0) 2 (8.7)
Hospital transfer 2 (8.7) 2 (8.7) 0 (0)

E-CPR ¼ extracorporeal membrane oxygenation cardiopulmonary resuscitation; mRS ¼ modified Rankin Scale; SD ¼ standard deviation; IQR ¼ interquartile range;
PEA¼ pulseless electrical activity; VT¼ ventricular tachycardia; VF¼ ventricular fibrillation; CPR¼ cardiopulmonary resuscitation; ROSC¼ return of spontaneous circulation.
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Fig. 2. Duration of cardiopulmonary resuscitation and outcome of patients who fulfilled predefined extracorporeal membrane oxygenation cardiopulmonary resuscitation (E-CPR)
selection criteria.
CPR ¼ cardiopulmonary resuscitation; E-CPR ¼ extracorporeal membrane oxygenation cardiopulmonary resuscitation; mRS ¼ modified Rankin scale.
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duration �15 minutes and a poor outcome and may have benefited
from E-CPR. Comparatively, two small, single-centre, retrospective
studies found that 8% and 11% of patients fulfilled criteria for E-CPR
following IHCA.27,28 Differences in the selection criteria used in
these studies as well as variation in patient, cardiac arrest, and
hospital characteristics may account for the disparity in percent-
ages reported. We included only ward-based IHCA, whereas one
study included patients from all inpatient areas,27 and the other
included only patients who experienced IHCA in the emergency
department.28 Both studies used a lower maximum age limit than
our study, excluding patients aged over 65 years old.27,28

Among patients who fulfilled our predefined E-CPR selection
criteria during IHCA, we found those with non-shockable rhythms
and a longer duration of CPR had a worse outcome at hospital
discharge. This is consistent with results from previous studies of
conventional CPR following IHCA.5,32e34 In our study, most patients
fulfilling our predefined E-CPR selection criteria during IHCA and
had a poor outcome, had a pulseless electrical activity (PEA) arrest
rhythm. Many E-CPR programs and studies exclude patients with
non-shockable rhythms due to the poor outcomes following con-
ventional CPR. However, the prognostic significance of non-
shockable rhythms in patients who receive E-CPR remains un-
clear.35,36 A recent systematic review and meta-analysis of E-CPR
following IHCA found that patients with shockable rhythms had a
higher likelihood of survival to hospital discharge than those with
non-shockable rhythms.37 A similar trend was found in a study by
Pabst et al., but importantly, they found that 23% of patients with a
PEA arrest rhythm survived to hospital discharge comparedwith 0%
of those with asystole.36 In contrast, a retrospective review by
Marinacci et al. found no association between arrest rhythm and
survival outcome; however, this study did not include patients with
asystole.35 Currently, there is insufficient evidence to exclude pa-
tients with a PEA arrest from E-CPR. For patients who are relatively
young, independent and have few comorbidities, the benefits of E-
CPR may outweigh the risks.

Among observational studies, a shorter duration of CPR before E-
CPR implementationwas associatedwith improved rates of survival
and favourable neurological outcome.37e40 Haneya et al., found 70%
of patients with a “low flow” time (i.e., time from commencing CPR
to initiation of E-CPR) of less than 15 minutes survived to hospital
discharge, decreasing to 48% for 15e30 minutes, 27% for
30e45 minutes and 11% for 45e60 minutes.41 Combined, these
studies and our findings suggest that the decision to implement E-
CPR should be made as early as possible in the resuscitation efforts.
A recent consensus statement from the Extracorporeal Life Support
Organisation (ELSO) also states that it is reasonable to consider
commencing E-CPR cannulation after 10e15 minutes of failed
conventional resuscitation efforts.10

Despite the participation of two dedicated, high-volume ECMO
centres, E-CPR was performed in only 2% of IHCAs in our study. The
patients who received ECPR did not fulfil all of our predefined se-
lection criteria and all had a poor outcome. There is currently no
consensus regarding the most appropriate selection criteria for
ECPR.20 Inconsistent reporting and heterogeneity of selection criteria
and outcomes across studies significantly limit the ability to compare
results, and the predictive effect of individual selection criteria on
survival and functional outcome remains unknown.18,20 Given the
potential benefit of earlier deployment of ECPR, it stands to reason
that the selection criteria used should be relatively simple and able to
be performed quickly in an emergency situation whilst ensuring
patients with the best chance of a good outcome are captured.

We found few patients who fulfilled our predefined E-CPR se-
lection criteria experienced IHCAwithin “usual business hours.”We
also found that the frequency of patients who fulfilled the selection
criteria was low for each hospital. This raises questions regarding
the feasibility of implementing this specialised and resource
intensive treatment in low-volume ECMO centres.25,29 There may
also be more risk associated with implementing E-CPR outside of
usual business hours with one study reporting lower survival and
higher complication rates with E-CPR on weekends compared to
weekdays.30 Studies have also shown that patients who receive E-
CPR in dedicated high-volume ECMO centres may have better
outcomes.31 Until further research is conducted and conclusions
drawn regarding appropriate indications and potential benefits of
E-CPR, it remains an experimental procedure within the limited
resources of the general hospital setting.

4.3. Study strengths and limitations

This is one of the first prospective, multicentre studies to
explore the number of patients who may be appropriate for E-
CPR during IHCA. Our E-CPR selection criteria were informed by a
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detailed literature search and expert opinion. Our study provides
insights into the outcomes of patients who might be appropriate
for E-CPR, which may inform the design of future interventional
studies. However, this study has a number of limitations. Due to
the low frequency of IHCA in our cohort the sample size was
relatively small. We included only metropolitan hospitals with
established RRTs and ward-based IHCA, which may limit the
generalisability of our results. The exclusion of IHCAs occurring in
the emergency department, cardiac catheter laboratory, operating
theatre and intensive care unit and cardiac catheter laboratory
means our study likely underestimates the number of patients
who may fulfil the selection criteria for E-CPR during IHCA, and
we are unable to make comment on frequency of IHCA occurring
in these areas. We collected data relating to the organ system of
admission; however, information regarding the cause and po-
tential reversibility of the IHCA was unavailable. The decision-
making processes related to initiation of E-CPR or the with-
drawal of life-sustaining treatments were not evaluated in this
study.

4.4. Implications for clinical practice

We identified three important implications for clinical prac-
tice. First, we found a small group of patients who were relatively
young, functionally independent, free of comorbidities, had wit-
nessed IHCAs, with non-shockable rhythms who had a poor
outcome, raising the question as to whether they may have
benefited from E-CPR. Second, we found that all patients who
had CPR for longer than 15 minutes had a poor outcome. Current
guidelines suggest that E-CPR should be established within
60 minutes of arrest. However, if our findings were true of a
broader population of patients, this suggests E-CPR should be
initiated earlier in resuscitation efforts to minimise “low flow”

time. Lastly, IHCA among patients fulfilling our selection criteria
for E-CPR was uncommon, particularly during usual business
hours. This poses significant challenges outside of specialised,
high-volume ECMO centres in relation to the feasibility of E-CPR
deployment.

4.5. Areas for future research

There is an urgent need for large, high quality prospective E-CPR
studies in order to identify prognostic factors associated with
neurologically intact survival and the optimal timing of E-CPR for
IHCA. In particular, such research should focus on outcomes of E-
CPR among suitable patients with witnessed arrest with non-
shockable rhythm, as well as the feasibility and risk:benefit ratio of
commencing E-CPR earlier during IHCA.

5. Conclusion

Approximately one in six patients who experienced IHCA ful-
filled predefined E-CPR selection criteria during IHCA. Poor
outcome was seen in half of these patients and associated with a
non-shockable rhythm and longer CPR duration. The majority of
patients achieved sustained ROSC in the first 15 minutes of CPR. A
small number of patients who had CPR for greater than 15 minutes
had a poor outcome. The feasibility, effectiveness and risks of
commencing E-CPR earlier in IHCA and among those with non-
shockable rhythms warrant further investigation.
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