
lable at ScienceDirect

Critical Care and Resuscitation 26 (2024) 279e285
Contents lists avai
Critical Care and Resuscitation

journal homepage: www.elsevier .com/locate/ccr j
Original Article
Long-term outcomes of patients who received extracorporeal
cardiopulmonary resuscitation (ECPR) following in-hospital cardiac
arrest: Analysis of EXCEL registry data

G. Pound, BSc(Hons) Physio a, D. Jones, BSc(Hons) MBBS FRACP FCICM MD PhD a, b, c,
G.M. Eastwood, RN BN BN(Hons) GDipNurs(CriCare) PhD a, b, E. Paul, BSc, MSc, PhD a,
A. Serpa Neto, MD MSc PhD FCICM a, b, c, d, C.L. Hodgson, PhD FACP BAppSc(PT) MPhil
PGDip(Cardio) a, c, e, *, for the EXCEL Study Investigators on behalf of the International
ECMO Network and the Australian and New Zealand Intensive Care Society Clinical Trials
Group1

a Australian and New Zealand Intensive Care Research Centre (ANZIC-RC), School of Public Health and Preventive Medicine, Monash University, Melbourne,
Australia; b Intensive Care Department, The Austin Hospital, Melbourne, Australia; c Department of Critical Care, Melbourne Medical School, University of
Melbourne, Austin Hospital, Melbourne, Australia; d Department of Critical Care Medicine, Hospital Israelita Albert Einstein, S~ao Paulo, Brazil; e Intensive
Care Unit, Alfred Hospital, Melbourne, Australia
a r t i c l e i n f o r m a t i o n

Article history:
Received 31 July 2024
Received in revised form
21 August 2024
Accepted 21 August 2024

Keywords:
Emergency medicine
Extracorporeal life support
Resuscitation
Intensive care
* Corresponding author at: ANZICS-RC, School of P
Medicine, Monash University, 553 St Kilda Road, Mel

E-mail addresses: gemma.pound@monash.edu
monash.edu (C.L. Hodgson).

1 EXCEL Study Investigators are listed in the online
B).

https://doi.org/10.1016/j.ccrj.2024.08.008
1441-2772/© 2024 The Authors. Published by Elsevier
the CC BY-NC-ND license (http://creativecommons.or
a b s t r a c t

Objective: To describe the six-month functional outcomes of patients who received extracorporeal
cardiopulmonary resuscitation (ECPR) following in-hospital cardiac arrest (IHCA) in Australia.
Design: Secondary analysis of EXCEL registry data.
Setting: EXCEL is a high-quality, prospective, binational registry including adult patients who receive
extracorporeal membrane oxygenation (ECMO) in Australia and New Zealand.
Participants: Patients reported to the EXCEL registry who received ECPR following IHCA and had the six-
month outcome data available were included.
Main outcome measures: The primary outcome was functional outcome at six months measured using
the modified Rankin scale (mRS). The secondary outcomes included mortality, disability, health status,
and complications.
Results: Between 15th February 2019 and 31st August 2022, 113/1251 (9.0%) patients in the registry
received ECPR following IHCA (mean age 50.7 ± 13.7 years; 79/113 (69.9%) male; 74/113 (65.5%) non-
shockable rhythm). At 6 months, 37/113 (32.7%) patients were alive, most (27/34 [79.4%]) with a good
functional outcome (mRS 0e3). Patients had increased disability [WHODAS % Score 25.58 ± 23.39% vs
6.45 ± 12.32%; mean difference (MD) [95% (confidence interval) CI] �19.13 (�28.49 to �9.77); p < 0.001]
and worse health status [EuroQol five-dimension, five-level (EQ-5D-5L) index value 0.73 ± 0.23 vs.
0.89 ± 0.14; MD (95% CI) 0.17 (0.07 to 0.26); p ¼ 0.003] at six months compared with the baseline. The
patients reported a median of 4.5 (2e6) complications at six-month follow-up.
Conclusion: One in three patients who received ECPR following IHCA were alive at six months and most
had a good functional outcome. However, survivors reported higher levels of disability and a worse
health status at six months compared with the baseline and ongoing complications were common.

© 2024 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/).
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1. Introduction

In-hospital cardiac arrest (IHCA) is a sudden, life-threatening
event that affects approximately 3000 Australians annually.1

Although survival rates appear to be improving,2,3 the prognosis
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for patients who experience an IHCA remains poor.4e6 The most
common cause of death is failure of return of spontaneous circu-
lation (ROSC), with sustained ROSC occurring in only 40e50% of
patients.7,8 Of those that achieve ROSC, approximately half survive
to hospital discharge, with death most frequently attributed to
neurological injury, multiorgan failure, and persistent cardiogenic
shock.9 For those that survive, most appear to have a good neuro-
logical outcome. However, recovery is variable and some patients
are left with significant, long-term disability.10 Strategies to
improve the frequency of ROSC and to augment cardiac function
following ROSC are needed.

In recent years, extracorporeal cardiopulmonary resuscitation
(ECPR) has emerged as a promising intervention to improve the
outcomes of patients who experience IHCA.11 ECPR involves the use
of extracorporeal life support during cardiac arrest when conven-
tional cardiopulmonary resuscitation (CPR) efforts are unsuccess-
ful. ECPR aims to stabilise the patient by supporting circulation and
oxygenation, providing time to identify and reverse the cause of the
cardiac arrest.12 However, ECPR is a complex, invasive, resource
intensive, and costly intervention that requires a team of highly
trained healthcare professionals posing significant challenges
outside of specialised, high-volume centres.13,14

The use of longer-term functional assessments and health-
related quality-of-life (HRQoL) tools are recommended as core
outcomes for cardiac arrest and ECMO trials.15,16 Despite such rec-
ommendations, there are relatively fewer studies that report out-
comes beyond hospital discharge,17e19 and the long-term
functional outcome of survivors of ECPR following IHCA is not
well understood. The primary aim of the study was to describe the
six-month functional outcomes of patients who received ECPR
following IHCA in Australia.
2. Methods

2.1. Study design and setting

This was a secondary analysis of prospectively collected EXCEL
registry data (NCT03793257) between 15th February, 2019, and
31st August, 2022. EXCEL is a high-quality, prospective, binational
registry including adult patients (�18 years) admitted to intensive
care who receive extracorporeal membrane oxygenation (ECMO)
for any indication in Australia and New Zealand.20 The study was
overseen by a writing and management committee, along with
dedicated site investigators (Appendix A and B). Human Research
and Ethics Committee approval for the EXCEL registry was obtained
at Monash University (MUHREC 18376), the lead site (Alfred Health
e 43134; Local Reference: Project 534/18), and all participating
hospital sites; including a waiver of consent for the collection of
hospital data and opt-out consent for six-month follow-up in-
terviews. Approval for the present study was granted through an
amendment to the original ethics application by the Human
Research and Ethics Committee at Monash University (MUHREC
18376).
2.2. Study population

Patients reported to the EXCEL registry who were�18 years old,
received ECPR following IHCA, were admitted to ICU and had six-
month outcome data available were included in this study. Patients
who received ECMO for indications other than IHCA (e.g., respira-
tory failure, out-of-hospital cardiac arrest, cardiac arrythmias, heart
failure, postoperative) and those supported with ventricular assist
devices were excluded. The criteria for commencing ECPR in
Australia are outlined in the appendix (Appendix C).
2.3. Data collection and management

Details regarding the collection, monitoring, and management
of the EXCEL registry data have been published elsewhere.20 For
this study, data for patients who met inclusion criteria were
extracted from the registry by EXCEL management personnel and
transferred to the study coordinator via a secure file transfer.
Extracted data included patient demographics, cardiac arrest
characteristics, ECMO, intensive care and hospital outcome data,
and baseline and six-month functional outcomes. Information
regarding baseline function was obtained retrospectively during
the six-month follow-up interview.

2.4. Outcome measures

The primary outcome for this study was functional outcome at
six months, assessed using the modified Rankin scale (mRS). The
mRS is a clinician-reportedmeasure of global disability with a score
ranging from0 (no symptoms or clinically significant disability) to 6
(death). Scores were dichotomised into good functional outcome
(mRS score 0e3) and poor functional outcome (mRS score 4e6)
(eTable 1).21 The mRS has been identified as part of the core
outcome set for cardiac arrest,15 and has recently been added to the
core outcome set for ECMO.16

The secondary outcomes included global health and disability,
severity of disability, new disability, level of financial distress and
work status measured using the WHO Disability Assessment
Schedule 2.0, 12-level questionnaire (WHODAS); health status and
new health status problems measured using the EuroQol five-
dimension, five-level questionnaire (EQ-5D-5L); independence
with activities of daily living measured using the Barthel Index and
Lawton Instrumental Activities of Daily Living scale, all at six
months (eTable 1). Clinical outcomes included duration of ECMO
andmechanical ventilation, ICU and hospital length of stay, survival
to hospital discharge and to six months, and reported ECMO
complications at six months.

2.5. Statistical analysis

Continuous data were reported as mean ± standard deviation
(SD) or median and interquartile range (IQR) depending on the
underlying distribution, which was assessed using the
ShapiroeWilk test of normality. Categorical data were expressed as
counts and percentages. Comparisons between total cohort and
patients with six-month follow-upwere performed using Student's
t-test or ManneWhitney ‘U’ test as appropriate for continuous
variables and chi-square or Fisher's exact test for categorical data.
Within group comparisons between baseline and six-month out-
comes were made using paired sample t-test and Wilcoxon signed
rank test for continuous variables and McNemar's test for cate-
gorical data. Changes in outcomes were assessed and reported with
95% confidence intervals (95% CI). All calculated p values were two-
tailed and p < 0.05 was considered statistically significant. There
was no imputation for missing data. Analyses was conducted using
SPSS version 25 (IBM SPSS Inc, Armonk, NY) or SAS version 9.4 (SAS
Institute, Cary, NC, USA).

3. Results

3.1. Demographics, cardiac arrest characteristics, and hospital
outcomes

Between 15th February, 2019, and 31st August, 2022, 113 (9.0%)
of 1251 patients enrolled in the EXCEL registry received ECPR
following an IHCA (Fig. 1) across 22 Australian centres [median 4



Enrolled in EXCEL registry during 
study period; n=1251 

Received E-CPR following IHCA; 
n=113 

Survived to hospital discharge; n=39 

Died in hospital; n=74 

Survived to 6-month follow-up; n=37 

Died prior to 6-month follow-up; 
n=2 

Participated in 6-month follow-up 
interview; n=35 

Lost to follow-up; n=2 

Good functional outcome; n=27 Poor functional outcome; n=7 

Missing mRS data; n=1 

Fig. 1. Flow of patients through the study.
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patients per centre; range 1e18 (eTable 2)]. No patients received
ECPR following IHCA at the single New Zealand centre reporting to
the registry during the study period. The mean age of patients was
50.7 ± 13.7 years, 79/113 (69.9%) were male and the majority of
patients had a non-shockable arrest rhythm (74/113 [65.5%]).
Approximately half [62/113 (54.9%)] of IHCA occurred on the first
day of hospital admission, almost all were witnessed [110/113
(97.3%)] with immediate commencement of CPR [median no flow
time 0 (0e0) minutes, range 0e15 min]. The median duration of
CPR prior to commencement of ECPR (low flow time) was 40.5
(29.0e57.3) minutes (range 5e128 min). Demographics and cardiac
arrest characteristics are shown in Table 1 with the specific diag-
nosis associated with IHCA reported in eTable 3. Of note, the three
Table 1
Demographics and cardiac arrest characteristics of patients receiving ECPR following IHC

Total cohort; n ¼ 11

Demographics
Age (years), mean ± SD 50.7 ± 13.7
Gender (male), n/N (%) 79/113 (69.9)
Charlson comorbidity index (CCI)

score at hospital admission, median (IQR)
2 (1e3)

Clinical frailty scale (CFS) score at
hospital admission, median (IQR)

3 (2e4)

Cardiac arrest characteristics
Initial arrest rhythm; n/N (%)
Asystole 9/113 (8.0)
PEA 65/113 (57.5)
VT/VF 39/113 (34.5)

Non-shockable arrest rhythm; n/N (%) 74/113 (65.5)
Witnessed cardiac arrest, n/N (%) 110/113 (97.3)
No flow time (minutes), median (IQR) 0 (0e0)
Low flow time (minutes), median (IQR) 40.5 (29.0e57.3)
ROSC prior to ECMO cannulation; n/N (%) 21/111 (18.9)

Data are n/N (%), median (IQR), or mean ± SD. All available data were reported; some ca
(eTable 4).
Abbreviations: ECPR: extracorporeal cardiopulmonary resuscitation; IHCA: in-hospital
ventricular fibrillation; ROSC: return of spontaneous circulation; ECMO: extracorporeal
leading causes of IHCA were acute myocardial infarction (41.6%),
pulmonary embolism (13.3%), and acute decompensated heart
failure (8.8%).

The median ECPR duration was 3 (1.0e6.2) days. Patients were
in ICU for a median of 8.7 (2.1e17.7) days, and in hospital for a
median of 11.5 (3.5e34.9) days, with 39/113 (34.5%) of patients
surviving to hospital discharge. ECMO, intensive care treatment,
and hospital outcomes are shown in Table 2.

3.2. Six-month outcomes

Thirty-seven of the 113 patients (32.7%) were alive at six
months, of whom 35 (94.6%) completed the follow-up interviews.
A and those that completed the six-month follow-up interview.

3 Six-month follow-up; n ¼ 35 p-value

49.8 ± 13.5 ns
27/35 (77.1) ns
2 (1e3) ns

3 (2e3) ns

0/35 (0) ns
18/35 (51.4)
17/35 (48.6)
18/35 (51.4) ns
34/35 (97.1) ns
0 (0e0) ns
37.0 (29.0e55.5) ns
7/35 (20.0) ns

tegories have denominators that are not the full sample size owing to missing data

cardiac arrest; PEA: pulseless electrical activity; VT: ventricular tachycardia; VF:
membrane oxygenation; ns: nonsignificant.



Table 2
ECMO, intensive care, and hospital outcomes of patients receiving ECPR following IHCA and those that completed six-month follow-up interview.

ECMO, intensive care, and hospital outcomes Total cohort; n ¼ 113 Six-month follow-up; n ¼ 35 p-value

Chest compressions performed during ECMO
cannulation; n/N (%)

101/112 (90.2) 33/35 (94.3) ns

ECMO commencement location; n/N (%) ns
Bedside 75/111 (67.6) 23/35 (65.7)
Operating theatre 7/111 (6.3) 2/35 (5.7)
Catheter laboratory 29/111 (26.1) 10/35 (28.6)

Days between hospital admission and ECMO
commencement (days); median (IQR)

0.6 (0.1e3.3) 0.3 (0.1e3.8) ns

ECMO commencement outside usual working
hours (0800e1800); n/N (%)

42/113 (37.2) 12/35 (34.3) ns

APACHE IV score (within 6 h of ECMO
commencement); mean ± SD

108.6 ± 36.2 98.1 ± 32.1 ns

ECMO duration (days), median (IQR) 3.0 (1.0e6.2) 5.3 (2.7e7.7) 0.02
Mechanical ventilation duration (days); median (IQR) 6.9 (1.2e12.9) 12.8 (7.9e29.6) <0.001
ICU length of stay (days), median (IQR) 8.7 (2.1e17.7) 17.5 (13.9e32.0) <0.001
Hospital length of stay (days), median (IQR) 11.5 (3.5e34.9) 37.9 (29.8e55.6) <0.001
Survival to hospital discharge; n/N (%) 39/113 (34.5) 35/35 (100) e

Data are n/N (%), median (IQR), or mean ± SD. All available data were reported; some categories have denominators that are not the full sample size owing to missing data
(eTable 4).
Abbreviations: ECMO: extracorporeal membrane oxygenation; ECPR: extracorporeal cardiopulmonary resuscitation; IHCA: in-hospital cardiac arrest; APACHE: acute phys-
iology and chronic health evaluation; ICU: intensive care unit; ns: nonsignificant.

Table 3
Functional outcomes at six months of patients who completed the follow-up
interview.

Functional outcomes Total, n ¼ 35

Modified Rankin Scale Scorea; median (IQR) 1 (1e3)
Good functional outcomeb; n/N (%) 27/34 (79.4)
Lawton IADL Scorea; median (IQR) 8 (5e8)
Barthel Index Scorea; median (IQR) 100 (90e100)
WHODAS % Scorea; mean ± SD 25.58 ± 13.39
EQ-5D-5L Index Valuea; mean ± SD 0.73 ± 0.23
EQ VAS Scorea; mean ± SD 64.72 ± 24.39

Data are n/N (%), median (IQR), or mean ± SD. All available data were reported; some
categories have denominators that are not the full sample size owing tomissing data
(eTable 5).
Abbreviations. IADL: instrumental activities of daily living; WHODAS: World Health
Organization Disability Assessment Schedule; VAS: visual analogue scale.

a Functional outcome measures and scoring are described in appendix eTable 1.
b Good functional outcome is defined as a modified Rankin scale (mRs) score of

0e3.
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The remaining two patients could not be contacted and were
deemed nonresponders. Patients who completed six-month
follow-up interviews had a longer duration of ECMO, mechanical
ventilation, intensive care unit, and hospital admission compared
with the total cohort (Table 2). This is not unexpected, given the
follow-up group consists of survivors, while the total cohort in-
cludes patients who died and thus had a shorter duration of sup-
port. The six-month functional outcomes are summarised in
Table 3. The number of patients with available data varied across
individual outcome measures as some patients did not wish to
answer all of the interview questions. The amount of missing data is
reported in the appendix (eTables 4 and 5).

Data for the primary outcome of modified Rankin scale score at
six months were available in 108/113 (95.6%) of the total cohort and
34/35 (97.1%) survivors who completed follow-up. We found that
27/108 (25.0%) of patients had a good functional outcome and 81/
108 (75.0%) had a poor functional outcome at 6-months, the ma-
jority of whom had died [74/81 (91.4%)]. Of the survivors, 27/34
(79.4%) had a good functional outcome and 7/34 (20.6%) had a poor
functional outcome (moderate to severe disability) at six months
(Fig. 1).

Patients reported a median of 4.5 (2e6) complications at six-
month follow-up. The most frequently reported complications
were reduced lower limb sensation [23/35 (65.7%)], lower limb
weakness [19/35 (54.3%)], memory problems [18/35 (51.4%)], anx-
iety [14/35 (40.0%)], and shortness of breath [12/35 (34.3%)]
(eTable 6).
3.3. Comparison between baseline and six month outcomes

Baseline disability and health status were reported for 32/35
(91.4%) patients who completed the sixmonth follow-up. Themean
WHODAS percentage score was significantly higher at six months
than at baseline (25.58 ± 23.39% vs 6.45 ± 12.32%; mean difference
[95% CI] �19.13 [�28.49 to �9.77]; p < 0.001), indicating increased
disability. An increase in disability was reported across most do-
mains of the WHODAS (eFig. 1). Overall, the severity of disability
increased from baseline to six months with 18/32 (56.3%) of pa-
tients reporting newdisability (increaseWHODAS percentage score
>10%). Patients rated their level of financial distress higher at six
months than at baseline (3.5 out of 10 [1, 6] vs 1.5 out of 10 [0, 5];
median difference [95% CI] 0 [0 to 2]; p ¼ 0.013). There were 13/32
(40.6%) who were newly unemployed at six months and the pro-
portion of patients unemployed due to health reasons was 4/32
(12.5%) at baseline and 19/34 (55.9%) (Percentage difference 43.8%
[95% CI 23.4%e64.1%]; p < 0.001) at 6 months (eTable 7).

Health status was worse at six months than at baseline (mean
EQ-5D-5L index value 0.73 ± 0.23 vs. 0.89 ± 0.14; mean difference
[95% CI] 0.17 [ 0.07 to 0.26]; p ¼ 0.003 and EQ visual analogue scale
score 64.72 ± 24.39 vs. 78.41 ± 22.55; mean difference [95% CI]
13.73 [2.61 to 24.85]; p ¼ 0.03). Patients reported more problems
with mobility, self-care, and usual activities at six months than at
baseline (eTable 8 and eFig. 2).
4. Discussion

4.1. Key findings

In this secondary analysis of EXCEL registry data, we found
approximately one in eleven patients recorded in the registry
received ECPR following an IHCA. Almost all IHCAs that received
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ECPR occurred in patients with minimal frailty and fewer comor-
bidities, witnessed with immediate CPR, two-thirds were non-
shockable, and half occurred on the first day of hospital admis-
sion. Approximately one-third of patients who received ECPR
following IHCA survived to hospital discharge. At six months, most
survivors had a good functional outcome; however, patients re-
ported greater disability, poorer health status, new unemployment,
and financial stress compared with baseline, and ongoing compli-
cations were common.

4.2. Comparisons with previous studies

The survival rates and functional outcomes observed in our
cohort are consistent with those reported in existing registry
data.11,22,23 However, there are significant variability in reported
outcomes, which may be attributed to differing selection criteria
across studies.24 Currently, there is no consensus regarding
appropriate selection criteria, and it is unclear which patients may
benefit from ECPR.13

A significant proportion of our patients exhibited non-shockable
rhythms, predominantly pulseless electrical activity, which is
noteworthy given that current guidelines typically recommend
ECPR primarily for shockable rhythms.13,14 Despite these guidelines,
our registry data indicate that a clinical inclination to initiate ECPR
in cases of non-shockable rhythms, highlighting a discrepancy be-
tween guideline recommendations and clinical practice. This
divergence is supported by Pabst et al. (2018), who suggest that the
current data are insufficient to categorically exclude patients with
non-shockable rhythms from ECPR eligibility.25

Our cohort were relatively young of age and functionally inde-
pendent but subjected to prolonged CPR prior to ECPR initiation,
showing a one-third survival rate to hospital discharge. The
outcome is particularly significant given the typically poor prog-
nosis associatedwith prolonged CPR.10,26e29 Recent studies support
this observation, suggesting that ECPRmay confer a survival benefit
over conventional CPR in prolonged resuscitation efforts.30e33

However, the absence of comprehensive comparative studies,
particularly large-scale randomised controlled trials, leaves a sub-
stantial gap in definitive evidence supporting ECPR over conven-
tional methods.32

Although the mRS classified most survivors as having a ‘good
functional outcome’, our study revealed that survivors experienced
worsened disability and health status compared with their base-
line. This finding raises questions about the long-term benefits and
burdens of ECPR, prompting a comparison with outcomes of IHCA
patients not treated with ECPR. Our previous work,10 among other
studies, provides valuable insights into the recovery trajectories of
IHCA patients undergoing conventional CPR, indicating that these
patients often face significant long-term impairments aligning with
the challenges observed in our cohort.34e36

While the mRS provides a standardised, valid, and reliable
assessment of functional outcome, it is a measure of global
disability that may not adequately represent the health challenges
most important to patients.37 To gain a more comprehensive un-
derstanding of patients' long-term recovery and quality of life, it is
crucial to expand our evaluation methods. Incorporating patient-
reported outcomes, detailed functional assessments, and qualita-
tive information from patient and caregiver interviews can provide
a more holistic view of patient experience and the complexities of
cardiac arrest and ECPR survivorship.38

It remains unclear how much of the observed morbidity is
directly attributable to the ECPR intervention versus the underlying
IHCA or the complexities of the ICU admission. The high prevalence
of long-term complications presents a similar dilem-
maddisentangling the effects attributable to ECPR from those
stemming from IHCA or ICU treatments is challenging. This
complexity is echoed in the broader literature, where direct com-
parisons of long-term functional outcomes and health-related
quality of life between IHCA patients treated with and without
ECPR are scarce.32

4.3. Implications for clinical practice

An important finding of our study is how infrequently ECPR is
utilised in Australia following IHCA. Amongst 22 hospitals over 3.5
years, only 113 patients received ECPR following an IHCA (1.5 pa-
tients/hospital/year). In a prospective study of IHCA amongst 7
hospitals in Australia, we found that 23 patients from 7 hospitals
(3.3 patients/hospital/year) may have been eligible for ECPR, but
did not receive it.29 This highlights the challenges of deploying
ECPR for IHCA, and the requirements for training for this infrequent
event.39

Our study contributes to the growing body of evidence that
ECPR may be a viable intervention for selected patients following
IHCA, especially in settings where there are sufficient resources,
such as high-volume ECMO centres. We found that ECPR is being
considered for a wider range of patients than those traditionally
identified by existing guidelines, including those with non-
shockable rhythms. This may reflect evolving clinical practices
and acknowledges the complexities involved in the decision-mak-
ing around and management of IHCA.

Our data show that approximately one-third of ECMO cannu-
lations occurred outside usual working hours (0800e1800). This
finding highlights a significant logistical challenge, particularly in
lower-volume centres, where after-hours cannulation may not be
feasible. The reliance on in-hours cannulation could limit the
availability of ECPR in these settings, underscoring the need for
strategic planning and resource allocation to ensure access to ECPR
when and where it is most needed.

The significant variability in long-term functional outcomes and
the high incidence of complications observed in our
study underscores the need for a comprehensive, multidisciplinary
approach to post-discharge care. Developing integrated care
pathways that include physical, cognitive, and psychological reha-
bilitation could be crucial in enhancing the quality of life for sur-
vivors, reducing long-term disability, and ensuring that survivors
receive the support necessary to optimise their outcomes.

4.4. Areas for further research

While our study provides valuable insights into the six-month
functional outcomes of IHCA patients treated with ECPR, additional
research is needed to further characterise the long-term outcomes
of these patients. Future studies with larger sample sizes and longer
follow-up periods are warranted to validate our findings. Con-
ducting studies that compare the outcomes of ECPR and conven-
tional CPR approaches, alongside exploring the impact of different
post-resuscitation care strategies, such as targeted temperature
management and neuroprotective therapies, would be instru-
mental in guiding clinical decision-making and optimising patient
care pathways.

There is an urgent need to identify patient characteristics that
indicate when ECPR may be more beneficial than continued con-
ventional CPR, particularly for those who do not respond quickly to
advanced life support. This could be explored through registries
that capture natural variations in patient outcomes following both
CPR and ECPR.

Establishing standardised selection criteria that reflect real-
world clinical decision-making will help clarify the current ambi-
guities surrounding ECPR eligibility and enhance its application in
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clinical practice, ensuring that the potential benefits of ECPR are
accessible to those most likely to benefit. Additionally, qualitative
research exploring both patient and caregiver perspectives on ECPR
and its long-term consequences could provide deeper under-
standing of the experiences of IHCA survivors, thus informing more
comprehensive approaches to care delivery.

4.5. Study strengths and limitations

A key strength of our study was the use of prospectively
collected data from a high-quality, binational registry, which cap-
tures over 90% of all ECMO incidences in Australia,20 enhancing the
external validity and generalisability of our findings. Additionally,
we report patient-reported outcome measures used at six-month
follow-up that are validated tools included in the core outcome set
for cardiac arrest and ECMO, allowing for meaningful comparisons
with other studies. Despite these strengths, our study has several
limitations. The secondary use of data and the potential for selec-
tion bias inherent in follow-up studies must be acknowledged. The
absence of a comparator group, due to the EXCEL registry not
capturing data on all IHCAs where resuscitation was attempted,
contributes to selection bias and limits the contextualisation of the
observed survival rate. Our relatively small sample size, particularly
at the six-month follow-up, limits the statistical power of our
analysis and our ability to detect significant differences in com-
parisons between some baseline and follow-up outcomes. This
small sample size, both overall and within individual hospitals, also
restricts our ability to explore potential associations between
ECMO patient volume, patient characteristics (such as age, co-
morbidity, or initial rhythm), and survival outcomes or functional
status. Some patients were lost to follow-up, and not all patients
completed the entire follow-up interview, resulting in missing data
for some outcome measures. Baseline disability and health status
were assessed retrospectively at the six-month follow-up, intro-
ducing the possibility of recall bias. Finally, as with any observa-
tional study, our results cannot establish a causal relationship
between the use of ECPR following an IHCA and six-month func-
tional outcomes, and all analyses should be considered exploratory.

5. Conclusion

In conclusion, from our secondary analysis of EXCEL registry
data, we found one in three patients who received ECPR following
IHCA were alive at six months and most had a good functional
outcome. However, survivors reported higher levels of disability
and a worse health status at six months compared with the base-
line and ongoing complications were common. This information
provides the necessary epidemiologic background and patient-
centred outcomes to support the conduct of more in-depth
studies of ECPR use and survivorship following IHCA.
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