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Abstract
Aim: Extracorporeal cardiopulmonary resuscitation (ECPR) is performed in refractory out-of-hospital cardiac arrest (OHCA) patients, and the eli-

gibility has been conventionally determined based on three criteria (initial cardiac rhythm, time to hospital arrival within 45 minutes, and age

<75 years) in Japan. Owing to limited information, this study descriptively determined neurological outcomes after applying the three criteria among

OHCA patients who underwent ECPR.

Methods: This study conducted a post-hoc analysis of data from the Comprehensive Registry of Intensive Care for OHCA Survival (CRITICAL)

study. This was a multi-institutional prospective observational study of OHCA patients in Osaka Prefecture, Japan. All adult (aged �18 years) OHCA

patients with internal medical causes treated with ECPR between 1 July 2012 and 31 December 2019 were evaluated. We described one-month

neurological favourable outcomes based on the three criteria (initial shockable, time to hospital arrival within 45 minutes, and age <75 years),

and we compared them using the chi-square test.

Results: Among 18,379 patients screened from the CRITICAL study database, we included 517 OHCA patients treated by ECPR; 311 (60.2%)

patients met all three criteria. Favourable neurological outcomes were as follows: patients meeting no or one criterion: 2.3% (1/43), those meeting

two criteria: 8% (13/163), and those meeting all criteria: 16.1% (50/311) (P-value = 0.004).

Conclusions: In this study, approximately 60% of patients treated by ECPR met the three criteria (initial shockable, time to hospital arrival within 45

minutes, and age <75 years), and the greater the number of criteria met, the better were the neurological outcomes achieved.
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Introduction

Extracorporeal cardiopulmonary resuscitation (ECPR) is one of the

advanced procedures expected to improve the clinical outcomes of

patients with refractory out-of-hospital cardiac arrest (OHCA).1,2

However, ECPR is an invasive and expensive technique and

requires abundant medical resources.3,4 Therefore, there is a need

for valid criteria for selecting appropriate candidates. Currently, clin-

ical practice guidelines indicate the target population of ECPR

vaguely, including ‘selected patients experiencing cardiac arrest

when conventional advanced life support measures fail’.5,6 Further-

more, a previous systematic review reported several patterns of an

ECPR protocol. In those patterns, there are no widely accepted cri-

teria for deciding patient eligibility for ECPR.

In Japan, the first large prospective observational study (SAVE-J

study) indicated the potentially favourable effect of ECPR by assess-

ing 46 institutions from 2008 to 2011.2,7 Since then, such a landmark

study or clear guidelines have not yet been published to date in

Japan. Thus, eligibility information reported in the SAVE-J study

has been conventionally considered one of the important references

in Japan.2,7 Regarding the eligibility, the following three criteria have

been particularly considered as being clinically important: (i) the ini-

tial cardiac rhythm is ventricular fibrillation (VF) or pulseless ventric-

ular tachycardia (pVT), (ii) time duration from emergency call

initiation to hospital arrival is within 45 minutes, and (iii) patient age

younger than 75 years. However, little is known about clinically rele-

vant outcomes when applying these three criteria. We believe that

descriptive data of clinical outcomes based on these criteria will be

valuable for considering the indications for ECPR. To address this

knowledge gap, this study aimed to descriptively determine neuro-

logical outcomes in patients meeting those criteria and those not

meeting the criteria, and the patient population included OHCA

patients treated by ECPR.

Methods

The Ethics Committee of Kyoto University and each participating

institution approved this study protocol (R1045), and the need for

written informed consent was waived.

Study design and setting

This study was a post-hoc analysis of data extracted from the data-

base of the Comprehensive Registry of Intensive Care for OHCA

Survival (CRITICAL) study. This was a multi-institutional prospective

observational study of OHCA patients in Osaka Prefecture, Japan.

Pre-hospitalisation data were obtained from the All-Japan Utstein

Registry of the Fire and Disaster Management Agency (FDMA).8–

11 In-hospital data were obtained from 15 tertiary critical care medical

centres (CCMCs) and one non-CCMC community hospital with an

emergency department, all located in Osaka Prefecture in Japan.

Osaka Prefecture is an urban region with an area of 1,905 km2,

and it has a residential population of approximately 8.8 million in

2015.12 In Osaka Prefecture, 7,500 OHCA cases occur every year,13

and approximately one in four OHCA patients (approximately 2,000

cases or more) have been registered every year from 2012 to

2019. This registry is ongoing, with an undefined study period. In-

hospital data were recorded by the physicians in charge of the

patients and registered by the physicians or medical administrators
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using a predefined online form. Finally, the working group checked

and confirmed the quality of the data. If the data were incomplete,

then they were returned to each institution, and the data were then

completed.11 A detailed description of the All-Japan Utstein Registry

of FDMA and the CRITICAL study has been previously published.11

Study participants

From the CRITICAL study database, we included all adult (aged

�18 years) OHCA patients with internal medical causes who were

treated with ECPR between 1 July 2012 and 31 December 2019.

We defined ECPR as the initiation of cardiopulmonary bypass using

veno-arterial extracorporeal membrane oxygenation through emer-

gency cannulation of a large vein and artery for OHCA patients at

hospital arrival during resuscitation before the return of spontaneous

circulation (ROSC).14 We excluded patients who met the following

criteria: those who did not receive any resuscitation or treatment in

the hospital, those with an unavailable or incomplete pre-hospital

record, those aged �17 years or with unknown information on age,

or those who collapsed due to cardiac arrest involving external

causes such as trauma, drowning, or hanging, and those who did

not undergo ECPR. The implementation of ECPR was decided by

the physicians in charge of the patients or by each institution’s

protocol.

Outcomes

The primary outcome in this study was one-month survival with

favourable neurological outcome, defined as Cerebral Performance

Category 1 or 2.10 The secondary outcome was one-month survival.

Measurements

From the CRITICAL study database, information on the following

clinical variables was obtained: sex, age, cause of cardiac arrest

(cardiogenic including presumed cardiogenic), witnessed by a

bystander, CPR performed by a bystander, initial cardiac rhythm dur-

ing contact with paramedics, a cardiac rhythm at hospital arrival,

resuscitation time course, and outcomes. Resuscitation time courses

were defined as the time from emergency call initiation for an ambu-

lance to hospital arrival and to start ECPR in the hospital. Regarding

the initial cardiac rhythm at contact with paramedics, if the data were

missing because the patients had collapsed to cardiac arrest after

contact with paramedics and during transport, we defined the case

as ‘Other’. Furthermore, the three criteria about patient age, initial

cardiac rhythm, and time to hospital arrival used in the SAVE-J study

were as follows: (i) age <75 years, (ii) initial cardiac rhythm: VF or

pVT, and (iii) time from emergency call initiation to hospital arrival

of <45 min.

Sample size and missing information

We did not estimate the sample size because our analysis was a

secondary analysis of already available data.15 For missing values,

we did not perform the imputation method and described it as ‘un-

known’ because this is a descriptive study.

Statistical analysis

Data of patients’ characteristics are shown as medians and

interquartile ranges (IQRs) for continuous variables and as numbers

and percentages for categorical variables. First, we described the

primary and secondary outcomes for each criterion. Second, we indi-

cated the outcomes regarding the number of criteria met by the

patient. Third, we determined the outcomes among patients who
utcomes among out-of-hospital cardiac arrest patients treated by extra-
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Table 1 – Characteristics of the study patients.

Characteristic Overall, n = 517

Age 60.0 (47.0, 68.0)

Sex (men) 438 (85%)

Cardiac aetiology 463 (90%)

Witness 416 (80%)

Bystander CPR 220 (43%)

Initial cardiac rhythm

VF/pVT 376 (73%)

PEA 83 (16%)

Asystole 38 (7.4%)

Other/Unknown 20 (3.9%)

Time from call initiation to hospital arrival 30 (25, 37)

Cardiac rhythm on hospital arrival

VF/pVT 280 (54%)

PEA 136 (26%)

Asystole 101 (20%)

Time from call initiation to ECPR 53 (45, 64)

Continuous variables are summarised as median and interquartile range

(IQR), whereas categorical variables are summarised as frequencies and

percentages (%).

CPR: cardiopulmonary resuscitation, VF: ventricular fibrillation, pVT:

pulseless ventricular tachycardia, PEA: pulseless electrical activity, ROSC:

return of spontaneous circulation, ECPR: extracorporeal cardiopulmonary

resuscitation.
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met two of the three criteria to investigate the specific lacking crite-

rion that had led to the worse outcome. For data analyses, we used

Pearson’s chi-square test or Kruskal–Wallis rank-sum test if appro-

priate. Statistical analyses were performed using R software (version

4.0.3). All statistical results were considered significant at a two-

sided P value of <0.05.

Results

Patient characteristics

Among 18,379 patients identified from the CRITICAL study data-

base, we included and analysed 517 OHCA patients treated by

ECPR before ROSC. A flowchart of the study patient selection pro-

cess is shown in Fig. 1. The Median (IQR) patient age was 60

[47–68] years, and men accounted for 438 (84.7%) patients among

the total. Other patient characteristics are described in Table 1.

One-month survival with a favourable neurological outcome and

one-month survival were noted in 64 (12.4%) and 115 (22.2%)

patients, respectively. Moreover, 311 (60.2%) patients met all the

three criteria. The other details of patient characteristics are

described in the Supplementary file (S-Table 1, 2, 3, and 4).

Outcomes in terms of each criterion

One-month survival with a favourable neurological outcome in terms

of age was as follows: age <75 years, 13.3% (62/466) patients, and

�75 years, 3.9% (2/51) patients (P-value: 0.088). For time from

emergency call to hospital arrival, the outcomes were <45 minutes,

13.1% (60/459) patients and �45 minutes, 6.9% (4/58) patients (P-

value: 0.257). For initial cardiac rhythm, the outcomes were VF/
Fig. 1 – Flowchart of the study patient selection process. OH

cardiopulmonary resuscitation, ROSC: return of spontaneo
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pVT, 14.6% (55/376) patients and PEA/Asys/Others, 6.4% (9/141)

patients (P-value: 0.017) (Fig. 2). Furthermore, one-month survival

in terms of age was as follows: Age <75 years, 23.6% (110/466)
CA: out-of-hospital cardiac arrest, ECPR: extracorporeal

us circulation.
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patients and �75 years, 9.8% (5/51) patients (P-value: 0.038). For

time from emergency call to hospital arrival, the outcomes were

<45 minutes, 23.3% (107/459) patients, and �45 minutes, 13.8%

(8/58) patients (P-value: 0.140). For initial cardiac rhythm, the out-

comes were VF/pVT, 26.6% (100/376) patients, and PEA/Asystole/

Others, 10.6% (15/141) patients (P-value: <0.001) (Fig. 2).

Outcomes by number of meeting criteria

Patients were divided into three groups based on the number of cri-

teria met (0–1, 2, and 3), and one-month survival with favourable

neurological outcome based on this group was as follows: 0–1 crite-

rion: 2.3% (1/43) patients, 2 criteria: 8% (13/163) patients, and 3 cri-

teria: 16.1% (50/311) (P-value: 0.004) (Fig. 3). Furthermore, one-

month survival based on this group was as follows: 0–1 criterion:

7% (3/43) patients, 2 criteria: 13.5% (22/163) patients, and 3 criteria:

28.9% (90/311) patients (P-value <0.001) (Fig. 3).

Outcomes in patients with two of the three criteria

Among the group that met two of the three criteria, one-month sur-

vival with favourable neurological outcomes was as follows: patients
Fig. 2 – Outcomes in terms of each criterion. Upper: One-mo

survival. The criterion is age, time from emergency call initia

contact with paramedics. Time duration of <45 minutes is

hospital arrival within 45minutes. Time duration of �45min

to hospital arrival beyond 45 minutes. VF/pVT is ventricul

(pVT). PEA/Asys/Other refers to pulseless electrical activity

cardiac rhythm during contact with paramedics and almost

P-value: Pearson’s chi-square test.
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who did not meet the criterion of age <75 years, 3.6% (1/28); those

who did not meet the criterion of time from emergency call initiation

to hospital arrival of <45 minutes, 9.1% (3/33), and those who did not

meet the criterion of initial VF/pVT, 8.8% (9/102). Furthermore, one-

month survival outcomes were as follows: patients who did not meet

the criterion of age <75 years, 10.7% (3/28), those not meeting the

criterion of time from emergency call initiation to hospital arrival of

<45 minutes, 15.2% (5/33), and those not meeting the criterion of ini-

tial VF/pVT, 13.7% (14/102).

Discussion

Key observation

This study descriptively indicated that approximately 60% of OHCA

patients who were treated by ECPR and who met all the three criteria

(initial shockable rhythm, time from emergency call initiation to hos-

pital arrival being less than 45 minutes, and patient age younger than

75 years) and those meeting all the three criteria achieved better

neurological outcomes than those not meeting the criteria. Our
nth favourable neurological outcome, Lower: One-month

tion to hospital arrival, and initial cardiac rhythm during

defined as the time from emergency call initiation to

utes is defined as the time from emergency call initiation

ar fibrillation (VF) or pulseless ventricular tachycardia

(PEA), asystole, or other. Other refers to no record about

all patients had cardiac arrest after paramedic contact.

utcomes among out-of-hospital cardiac arrest patients treated by extra-
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Fig. 3 – One-month outcomes by number of patients who met the criteria. X-axis: Number of patients who met the

criteria. Y-axis: Left: One-month favourable neurological outcome, right: One-month survival. Three criteria for age,

initial cardiac rhythm, and time to hospital arrival: 1) age <75 years, 2) initial cardiac rhythm: ventricular fibrillation

(VF) or pulseless ventricular tachycardia (pVT), and 3) time from emergency call initiation to hospital arrival that is

lesser than 45 minutes. When all three criteria were met, then the number of patients who met the criteria was 3;

contrarily, when no criterion was met, then the number of patients was 0. P-value: Pearson’s chi-square test.
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results suggest that the application of the criteria may aid in selecting

the appropriate candidates for ECPR.

Strengths and clinical implications

This study has the following strengths and clinical implications. First,

this is the first study to indicate the clinical outcomes based on three

criteria and its combination met among OHCA patients undergoing

ECPR. We believe that this information would help select appropriate

candidates for ECPR. Generally, ECPR is an invasive and expensive

procedure that requires sufficient resources.3,4 Thus, it cannot be

practically performed for all patients with cardiac arrest, and clini-

cians should consider selecting only those patients who are

expected to have a higher probability of favourable outcomes than

the threshold to be acceptable. For example, we consider that it

may be reasonable to implement the ECPR if OHCA patients fully

meet the criteria because 28.9% (90 of 311) of the patients who

met all three criteria in this study achieved survival, and this proba-

bility of survival may be acceptable for performing ECPR for most

clinicians or the patients’ family. On the contrary, patients who

met all three criteria accounted for only 60% of all included patients;

thus, we should also discuss the indications for ECPR for patients

not meeting all the criteria. If the patients met only one or no criterion,

then we suggest that the indication for ECPR should be carefully

considered because the probability of favourable outcomes was

extremely low among them, and it might be lower than the threshold

to accept the invasion or expense in some cases. If the patients met

two criteria, then it may generate controversy. However, if the

patients met the criteria of time and initial rhythm but were aged

above 75 years, then survival with favourable neurological outcomes

was very limited (3.6%, 1/28 patients, Fig. 4); thus, ECPR should be

carefully performed in those cases.

Second, the criteria were expected to be more suitable for con-

sidering eligibility for ECPR than single factors previously reported

to be associated with outcomes such as age, time to ECPR, pH
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value of arterial blood gas assessment at hospital arrival 16–20

because applying these single factors for decision-making means

ignoring other important factors, and this situation may lead to

misses in identifying patients who would achieve a favourable out-

come. For example, in this study, the proportion of a favourable neu-

rological outcome in patients with initial VF or pVT was higher than

that with PEA, asystole, or other (Fig. 2). However, some patients

with PEA, asystole, or others, achieved favourable neurological out-

comes (6.4%, 9/141); thus, if a candidate for ECPR is considered

only by the initial rhythm, they may lose the opportunity for ECPR.

On the contrary, the criteria including several factors potentially

can minimise the harm of false-negative results. Previously, we

reported the usefulness of a simple predicting model ‘Tips65 score’

to predict a neurological outcome among OHCA patients treated

by ECPR 21; however, this ‘Tips65 score’ requires the results of

blood gas assessment, and it is expected to be used in in-hospital

settings and just before implementation of ECPR. Contrarily, the

three criteria in this study may be applicable just after hospital arrival

or even in the pre-hospital situation if the time to the hospital can be

predicted. Thus, it may have a different role from that of the Tips65

score, and it is easier to be applied than the score in some clinical

settings. Furthermore, a combination of the three criteria and the Tip-

s65 score might be more helpful for selecting a suitable candidate for

ECPR.

Interpretation

There are some points to discuss regarding the interpretation of the

results in this study. Regarding age, a previous study published by

Haas et al. indicated no apparent difference in outcomes by age

groups in ECPR cases, which was inconsistent with our results.22

However, in that study, the study participants were relatively young

(median age: 52 years, IQR [45–62]), and the number of patients

who were 70 years or older was limited (18 of 217 patients were

�70 years).22 On the contrary, several studies conducted in Japan
utcomes among out-of-hospital cardiac arrest patients treated by extra-
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Fig. 4 – One-month outcomes among patients whose condition met two of the three criteria. Upper: One-month

favourable neurological outcome, Lower: One-month survival. Ventricular fibrillation (VF) or pulseless ventricular

tachycardia (pVT): Initial rhythm ventricular fibrillation or pulseless electrical activity, Time duration of <45

minutes: Time from emergency call initiation to hospital arrival that is lesser than 45minutes. The chi-square test is

not performed owing to limited number of outcomes. The figures indicate the outcomes of patients with out-of-

hospital cardiac arrest treated by extracorporeal resuscitation and whose condition met two of the three SAVE-J

criteria. Favourable outcome in patients whose condition did not meet the criterion of age <75 years is limited

among patients whose condition met two of the three criteria.
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indicated that favourable outcomes in patients aged 75 years or older

treated by ECPR were rare.19,20,23 This finding was in line with that

reported in our study (3.9%, 2 of 51 patients). When compared with

the study published by Haas et al., these studies and our study

included a greater number of patients aged �75 years; thus, it

may be reasonable that the outcomes in patients aged �75 years

treated by ECPR have not shown promising results.

Regarding time, we agree that there is a criticism that one of the

criteria used in this study, namely, time to hospital arrival being less

than 45 minutes, is an arbitrary number, or it is unclear why this dura-

tion is used in this study. We consider that there is a dose-response

relationship between time to hospital arrival or low-flow time and out-

comes in OHCA patients treated by ECPR, and this finding was sug-

gested in some studies.18,24 We also consider that it is difficult to
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on the threshold to accept the balance of potential benefits and

harms. The reason why we used the duration as 45 minutes in this

study is because it is part of the SAVE-J study criteria, and many

clinicians in Japan may have used it as a reference to consider the

ECPR candidate. Accordingly, it should be noted that a duration of

45 minutes from emergency call initiation to hospital arrival is not a

definitive cut-off but one of the references to consider the ECPR

candidate.

Limitations

This study has several limitations. First, although the clinical data of

this registry were doubly checked by clinicians and data administra-

tors of this research committee, there may be insufficient records
utcomes among out-of-hospital cardiac arrest patients treated by extra-
, Resuscitation, https://doi.org/10.1016/j.resuscitation.2022.06.007dical Center Poriya from ClinicalKey.com by Elsevier on July 
ssion. Copyright ©2022. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.resuscitation.2022.06.007


R E S U S C I T A T I O N x x x ( x x x x ) x x x 7
and missing data in the actual resuscitation scenario. This may be a

risk of measurement bias. Second, the sample size of this study was

limited; thus, it might not have adequate power to detect clinically

important differences. Third, complete clinical details, such as clinical

course after the admission or details of ECPR procedures, were not

collected in the CRITICAL study database. Fourth, the implementa-

tion of ECPR was determined by each physician or according to each

institution’s protocol. Thus, there may be a risk of selection bias.

Fifth, this study only descriptively indicated the outcome; thus, cau-

tion should be exercised when interpreting the results, with great

attention being paid to the confounders. Finally, this study assessed

data derived from critical care centres in Osaka, Japan; the general-

isability of these findings to other settings was unclear.

Conclusions

This study descriptively indicated that approximately 60% of patients

treated by ECPR met the three criteria (initial shockable, time to the

hospital within 45 minutes, and age <75) and these patients achieved

better neurological outcomes than patients who did not meet the cri-

teria. The three criteria would be valuable for making clinical deci-

sions and planning further research about the effects of ECPR.
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