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Abstract

Background: The prevalence of extracorporeal cardiopulmonary resuscitation (ECPR) in patients with out-of-hospital
cardiac arrest (OHCA) has been increasing rapidly worldwide. However, guidelines or clinical studies do not provide
sufficient data on ECPR practice. The aim of this study was to provide real-world data on ECPR for patients with OHCA,
including details of complications.

Methods: We did a retrospective database analysis of observational multicenter cohort study in Japan. Adult patients
with OHCA of presumed cardiac etiology who received ECPR between 2013 and 2018 were included. The primary
outcome was favorable neurological outcome at hospital discharge, defined as a cerebral performance category of 1
or2.
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8.5%, respectively.

complications were observed during ECPR in 32.7%.

Neurological outcome, Survival rate, Complication

Background

Results: A total of 1644 patients with OHCA were included in this study. The patient age was 18-93 years (median:
60 years). Shockable rhythm in the initial cardiac rhythm at the scene was 69.4%. The median estimated low flow time
was 55 min (interquartile range: 45-66 min). Favorable neurological outcome at hospital discharge was observed in
14.1% of patients, and the rate of survival to hospital discharge was 27.2%. The proportions of favorable neurological
outcome at hospital discharge in terms of shockable rhythm, pulseless electrical activity, and asystole were 16.7%,
9.2%, and 3.9%, respectively. Complications were observed during ECPR in 32.7% of patients, and the most common
complication was bleeding, with the rates of cannulation site bleeding and other types of hemorrhage at 16.4% and

Conclusions: In this large cohort, data on the ECPR of 1644 patients with OHCA show that the proportion of
favorable neurological outcomes at hospital discharge was 14.1%, survival rate at hospital discharge was 27.2%, and

Keywords: Real-world data, Extracorporeal cardiopulmonary resuscitation, Out-of-hospital cardiac arrest,

The utilization of extracorporeal membrane oxygenation (ECMO) during conventional cardiopulmonary resuscita-
tion (CPR) is termed extracorporeal CPR (ECPR), and the prevalence of ECPR in patients with out-of-hospital car-
diac arrest (OHCA) has been rapidly increasing worldwide [1-9]. In a recent study, promising data regarding the
efficacy of ECPR in patients with OHCA younger than 75 years who have refractory ventricular fibrillation (VF) was
reported [10], and ECPR will continue to be considered a “life-saving device” around the world. Unlike with conven-
tional CPR [11], there are no practice guidelines on ECPR; therefore, ECPR protocol varies across hospitals.

Initial cardiac rhythm, age, and time (low flow time or
no flow time) are commonly used as principal param-
eters of inclusion criteria in clinical ECPR practice. Sev-
eral clinical studies on ECPR with small sample sizes have
been published [3-9, 12-16]; however, real-world data on
ECPR, such as patients with OHCA and non-shockable
rhythm, old age, long time from cardiac arrest to initiation
of veno-arterial extracorporeal membrane oxygenation
(VA-ECMO), have not been thoroughly evaluated. Further,
details of ECPR, such as its complications, remain unknown.

Our group designed the retrospective large cohort
study known as the Study of Advanced life support for
Ventricular fibrillation with Extracorporeal circulation
in Japan (SAVE-] II) to provide real-world data on ECPR
performed on about 2000 patients [17-19]. The aim of
this study was to determine the association between the
above-mentioned parameters and outcomes of patients
with OHCA who received ECPR.

Methods

SAVE-] 1II is a retrospective multicenter registry study
with 36 participating institutions in Japan (Additional
file 1: Fig. S1). The study was pre-registered at the Uni-
versity Hospital Medical Information Network Clinical
Trials Registry, the Japanese clinical trial registry (regis-
tration number: UMIN000036490) [18]. This study was
approved by the institutional review board of Kagawa
University (approval number: 2018-110) and of each

participating institution. In all the participating institu-
tions, the requirement for patient consent was waived
due to the retrospective nature of this study.

ECPR was defined as resuscitation from cardiac arrest
using VA-ECMO. To assess the indications, management,
and neurological outcomes, SAVE-] II included consecu-
tive patients’> 18 years of age who were admitted to the
emergency department with OHCA between January 1,
2013 and December 31, 2018 and received ECPR. The
current registry excludes patients with OHCA who were
transferred to the participating institutions after receiv-
ing treatment in another hospital, patients with in-hos-
pital cardiac arrest (IHCA), and patients who declined to
participate through family or other agents. For this study,
the following data were collected: patient characteristics,
prehospital information, information on hospital arrival,
diagnosis and intervention, mechanical support informa-
tion, time course, body temperature management, inten-
sive care unit (ICU) information, and outcomes [19]. The
characteristics of the participating institutions, including
inclusion and exclusion criteria and initial resuscitation
management, are described in our previous paper [20].

Study population

We selected patients from SAVE-] II who met the inclu-
sion criterion of initiation of VA-ECMO before ICU
admission. The exclusion criteria included non-cardiac
conditions such as acute aortic dissection/aortic aneu-
rysm, hypothermia, primary cerebral disorder, infection,
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drug intoxication, trauma, suffocation, and drowning
[17]. Hypothermia was defined as diagnosed by a phy-
sician or a body temperature at admission of less than
30 °C [17]. Furthermore, we excluded patients who
achieved return of spontaneous circulation (ROSC) on
hospital arrival and at ECMO initiation. In addition,
patients with unknown outcomes were excluded.

Data collection

The following patient data were collected from SAVE-
J 1I: age, sex, incidence of witnessed cardiac arrest and
bystander CPR, initial cardiac rhythm at the scene and on
hospital arrival, cardiac arrest location, use of adrenaline
and defibrillation, prehospital airway management, car-
diac rhythm before ECMO initiation, treatment related
factors, time course, cause of cardiac arrest, ROSC after
hospital arrival, and ECMO information. Initial shock-
able rhythm was defined as VF, pulseless ventricular
tachycardia, or rhythm for defibrillation in automated
external defibrillator used by emergency medical staff.
Location of cardiac arrest at ambulance was defined as
patients who developed cardiac arrest after emergency
medical staff (EMS) arrival with the presence of sponta-
neous circulation on initial EMS evaluation. ROSC was
defined as at least one minute of continuing confirmation
of pulsation. The length of hospital and ICU stay, in-hos-
pital mortality, and neurological outcomes were also col-
lected. Time from call ambulance to arrival was defined
as time from emergency medical services call to hospital
arrival, time from arrival to ECMO was defined as time
from hospital arrival to establishment of ECMO support,
time from call ambulance to ECMO was defined as time
from emergency medical services call to establishment
of ECMO support, estimated low flow time was defined
as the time from cardiac arrest to the establishment of
ECMO if the location of cardiac arrest was ambulance
and the time from calling an ambulance to the estab-
lishment of ECMO if the location of cardiac arrest was
other than ambulance. Cause of cardiac arrest was clas-
sified as acute coronary syndrome [21], arrhythmia [22],
myopathy [23], myocarditis [24], other cardiac cause,
pulmonary embolism, and other non-cardiac cause. Data
on complications during ECPR were also collected. Can-
nula malposition was defined as cannulation requiring
correct the position, or cannulation of wrong vessel such
as arterial-arterial and veno-veno cannulation. Unsuc-
cessful cannulation was defined as failure to complete
cannulation. Cannulation-related bleeding included can-
nulation site bleeding and retroperitoneal hemorrhage
requiring blood transfusion or surgical intervention/
interventional radiology (IVR), and other forms of hem-
orrhage included intracerebral hemorrhage confirmed on
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computed tomography (CT), mediastinal hemorrhage,
intra-abdominal organ hemorrhage, and gastrointesti-
nal hemorrhage requiring blood transfusion or surgical
intervention/IVR.

Outcome measures

The primary outcome was favorable neurological out-
come, evaluated based on the cerebral performance
category (CPC) [25] at hospital discharge. A favorable
outcome was defined as a CPC of 1 or 2, whereas an
unfavorable outcome was defined as a CPC of 3, 4, or 5.
The secondary outcomes were survival rate at hospital
discharge and complications during ECPR.

Statistical analysis

Descriptive statistics were used to summarize data on
baseline characteristics, outcomes, and complications
during ECPR. Categorical variables were counted and
presented as proportions. Continuous variables were
expressed as medians and interquartile ranges (IQRs).
We compared baseline characteristics, outcomes, and
complications according to favorable and unfavorable
neurological outcomes or according to survival and
mortality at hospital discharge using Mann—Whitney
U test for continuous variables and Fisher’s exact test
or chi-square test for categorical variables, as appro-
priate. Univariate and multivariable logistic regression
analyses were performed for favorable neurological
outcome and survival to hospital discharge. We fit
logistic regression models with generalized estimat-
ing equation to account for patients clustering within
the hospital. In the multivariable models, we adjusted
for age, sex, witnessed cardiac arrest, bystander CPR,
initial cardiac rhythm (shockable rhythm, pulseless
electrical activity [PEA], asystole), location of car-
diac arrest, and estimated low flow time. Next, we
described the baseline characteristics, outcomes, and
complications according to initial cardiac rhythm
at the scene. We used locally estimated scatterplot
smoothing (LOESS) curves with 95% confidence inter-
val to illustrate the relationship between age and the
proportion of favorable neurological outcome and sur-
vival rate and the relationship between estimated low
flow time and the proportion of favorable neurologi-
cal outcome and survival rate, in all patients and sepa-
rately for each initial cardiac rhythm. We also used the
LOESS curves to illustrate the relationship between
age or estimated low flow time and complications. Sta-
tistical analyses were performed using R version 3.4.4.
and JMP version 12 statistical software (SAS Institute,
Cary, NC, USA). Missing data were not replaced or
estimated.
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Results

Of the 2157 adult patients with OHCA who received
ECPR in SAVE-] II, 1644 were included for analysis
(Fig. 1). The distribution of participating institutions and
ECPR cases is shown in Additional file 1: Fig S2. Four of
the 36 institutions had more than 100 cases of ECPR.

Characteristics of patients at baseline

Patient age was 18-93 years (median =60 years). Over-
all, 84.6% of patients were men, 78.7% had witnessed
cardiac arrest, and 58.2% received bystander CPR. The
most common location of cardiac arrest was at home
(39.9%). The initial cardiac rhythm at the scene was
shockable rhythm, PEA, and asystole in 69.4%, 22.6%,
and 8.0% of cases, respectively. Regarding prehospi-
tal intervention, 64.9% of patients were defibrillated,
while 34.5% of patients were administered epinephrine.
The median times (and IQRs) from call ambulance to
arrival, arrival to ECMO, call ambulance to ECMO,
and estimated low flow time were 32 (26-39), 22 (15—
32), 56 (47-68), and 55 (45-66) minutes, respectively.
ROSC was observed after hospital arrival in 79.0% of
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patients, and it was observed before ECMO pump on
in 17.6% of patients and after ECMO pump on in 82.4%
of patients (Table 1). The distributions of age and esti-
mated low flow time are shown in Additional file 1:
Figs. S3A and S3B.

Outcomes and complications

Details of the outcomes are shown in Table 2. Favora-
ble neurological outcome at hospital discharge was
observed in 14.1% of the 1644 patients. Survival rate at
hospital discharge was 27.2%, and in-hospital mortal-
ity occurred at a median of 2 (1-4) days. ECPR cases
every three months, neurological outcome, and survival
to hospital discharge are plotted and shown in Addi-
tional file 1: Figs. S4A and S4B. Cannula malposition
was observed in 4.9% of patients, and unsuccessful can-
nulation occurred in 0.7% of patients. Cannulation site
bleeding and other types of hemorrhage were observed
in 16.4% and 8.5% of patients, respectively. Overall,
complications were observed during ECPR in 32.7% of
patients.

2,157: Adult patients with out-of-hospital cardiac arrest who underwent ECPR in SAVE-J 11

9 excluded: Implementation of VA-ECMO after ICU admission
1 excluded: Withdrawn after cannulation because ROSC

342 excluded:

112 Hypothermia
51 Primary cerebral disorders
20 Infection
14 Drug intoxication
11 Trauma
8 Suffocation
4 Drowning
3 Other external causes

119 Acute aortic dissection / aortic aneurysm

96 excluded: ROSC at hospital arrival
58 excluded: ROSC at ECMO initiation

—)I 5 excluded: Transferred from another hospital |

‘ 1,646: Eligible patients ‘

—

2 excluded: Outcome unknown

‘ 1,644: Patients in analyses ‘

Fig. 1 Flowchart of enrollment of study participants. ECPR, extracorporeal cardiopulmonary resuscitation; ECMO, extracorporeal membrane
oxygenation; ICU, intensive care unit; ROSC, return of spontaneous circulation




Inoue et al. Critical Care (2022) 26:129 Page 5 of 11
Table 1 Characteristics of patients at baseline® Table 1 (continued)
Variables Total (N=1644)  Variables Total (N=1644)
Age, years 60 [49-68] Myocarditis 19(1.2)
Sex Myopathy 96 (5.8)
Female 254 (15.5) Other cardiac causes 103 (6.3)
Male 1390 (84.6) Other non-cardiac causes 47 (2.9)
Comorbidities 1135 (72.6) Pulmonary embolism 59(3.6)
Heart disease 420 (25.5) Unknown 17(7.1)
Location of cardiac arrest Cause of death at hospital
Home 654 (39.9) Cardiac arrest as primary cause 1048 (92.0)
Public place 290 (17.7) Complications 66 (5.8)
Street 232 (14.2) Comorbidities 6(0.5)
Ambulance® 183(11.2) Others 19(1.7)
Workplace 179(109) 2 Data are presented as median [interquartile range] for continuous variables
Others 101 (6.2) and as N (percentage) for categorical variables
Initial cardiac rhythm at the scene CPR, cardiopulmonary resuscitation; ECMO, gxtracc?rporeal membrane
oxygenation; ROSC, return of spontaneous circulation
shockable rhythm 1130 (69:4) b Patients who developed cardiac arrest after emergency medical staff (EMS)
Pulseless electrical activity 368 (22.6) arrival with the presence of spontaneous circulation on initial EMS evaluation
Asystole 130 (8.0) ¢ Call ambulance to arrival time is time from emergency medical services call to
Witnessed cardiac arrest 1289 (78.7) :OSpita' arrival time
Bystander CPR 945 (582) S:\prgzz:tl to ECMO time is time from hospital arrival to establishment of ECMO
Prehospital intervention € Call ambulance to ECMO time is time from emergency medical services call to
Defibrillation 1057 (64.9) establishment of ECMO support
Epinephrine administration 559 (34.5) fEstimated low flow time was defined as the time from cardiac arrest to the
SO e otn T g e
No device (bag-mask ventilation) 834 (53.6) cardiac arrest was other than ambulance
Advanced airway (supraglottic airway) 556 (35.7) Missing data: age =0, sex=0, comorbidities = 80, location of cardiac
Adnced iy endotoched ube tes(07)  gret=s il codscryi stine v vinesadcadc =,
ROSC before hospital arrival 151(93) airway management =88, ROSC before hospital arrival =26, initial rhythm
Initial cardiac rhythm on hospital arrival on hospital arrival =5, cardiac rhythm before ECMO initiation =15, time
from call ambulance to arrival = 26, time from arrival to ECMO =69, time
Shockable rhythm 809 (49.4) from call ambulance to ECMO =91, estimated low flow time =91, ROSC after
Pulseless electrical activity 498 (30.4) hospital arrival = 7, time of ROSC = 2, emergency coronary angiography =1,
sagey ey e ol pimpng =3
Cardiac rhythm at ECMO initiation
Shockable rhythm 854 (52.4)
Pulseless electrical activity 521(320) Comparison and association of characteristics
Asystole 254(156) and complications with favorable and unfavorable
Time course, minutes neurological outcomes and with survival and mortality
Time from call ambulance to arrival* 32[26-39] Comparisons of patient characteristics and complica-
Time from arrival to ECMO 22[15-32] tions according to favorable and unfavorable neurologi-
Time from call ambulance to ECMO® 56 [47-68] cal outcomes and according to survival and mortality
Estimated low flow time" 55 [45-66] are shown in Additional file 1: Tables S1, S2 and S3,
ROSC after hospital arrival 1294(790) respectively. Unadjusted and adjusted associations with
Before ECMO pump on 228(176) favorable neurological outcomes and with survival to
After ECMO pump on 1064 (824) hospital discharge are shown in Table 3. Multivariable
Emergency coronary angiography 1282(780) analysis revealed that age, sex, initial shockable rhythm
Percutaneous coronary intervention 755 (47.5) at the scene, and location of cardiac arrest were signifi-
Intra-aortic balloon pumping 1060 (64.6) cantly associated with both favorable outcome and sur-
Cause of cardiac arrest vival to hospital discharge (P<0.01), and estimated low
Acute coronary syndrome 970(59.0) flow time was significantly associated with survival to
Arrhythmia 232(14.0) hospital discharge (P <0.001).
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Table 2 Outcome data and complications during extracorporeal
cardiopulmonary resuscitation®

Variables Total (N=1644)
Outcomes
Favorable neurological outcome at hospital 231 (14.1)
discharge
Survival to hospital discharge 447 (27.2)
Length of intensive care unit stay, days 3[1-10]
Length of intensive care unit stay among survivors, 12 [9-17]
days
Length of hospital stay, days 3[1-19]
Length of hospital stay among survivors, days 36 [22-56]
In-hospital mortality, days 2[1-4]
Complications during ECPR® 535 (32.7)
Procedure-related compHcatiomsb 346 (21.2)
Cannula malposition 81(4.9)
Unsuccessful cannulation 11(0.7)
Cannulation-related bleeding 268 (16.4)
Others 26 (1.6)
ECMO-related complications 50 (3.1)
Hemorrhage 139 (8.5)
Ischemia 26 (1.6)

? Data are presented as median [interquartile range] for continuous variables
and as N (percentage) for categorical variables

ECPR, extracorporeal cardiopulmonary resuscitation; ECMO, extracorporeal
membrane oxygenation

A favorable outcome was defined as a cerebral performance category (CPC) of 1
or 2, whereas an unfavorable outcome was defined as a CPC of 3,4, or 5

b Patients may have more than 1 complication

Missing data: neurological outcome =0, survival =0, length of intensive

care unit stay = 12, length of intensive care unit stay among survivors =10,
length of hospital stay =8, length of hospital stay among survivors =8,
in-hospital mortality =0, complications during ECPR =6, procedure-related
complications =11, cannula malposition =7, cannulation failure =4,
cannulation-related bleeding =5, others =8, ECMO-related complications =49,
hemorrhage =5, ischemia=7

Characteristics, outcomes, and complications according

to initial cardiac rhythm, age, and estimated low flow time
Patient characteristics, outcomes, and complications
according to initial cardiac rhythm at the scene are shown
in Additional file 1: Tables S4 and S5. The proportions of
favorable neurological outcome and survival rate at hos-
pital discharge in terms of shockable rhythm, PEA, and
asystole were 16.7%, 9.2%, and 3.9% and 32.0%, 18.5%,
and 10.8%, respectively (Fig. 2A, B). The LOESS curve
of all patients shows negative relationships between age
and the proportion of favorable neurological outcome
and survival rate and negative relationships between time
and the proportion of favorable neurological outcome
and survival rate (Fig. 3). The LOESS curve for each ini-
tial cardiac rhythm shows high variability of the propor-
tion of favorable neurological outcome and survival rate
(Fig. 3). At a short time interval, patients who had PEA as
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the initial cardiac rhythm at the scene had a higher sur-
vival rate and a lower proportion of favorable neurologi-
cal outcome than at a longer time interval (Fig. 3B, D).
Additional file 1: Fig. S5 shows the LOESS curve of com-
plications. Age and time have weak relationships with
complications during ECPR (Additional file 1: Figs S5A
and S5E). High age and longtime are associated with high
incidence of cannula malposition (Additional file 1: Figs.
S5C and S5G) and hemorrhage (Additional file 1: Figs.
S5D and S5H).

ECMO information

Data on ECMO are shown in Additional file 1: Table S6.
Vascular access was percutaneous in most patients
(98.0%), whereas cut-down was performed in 2.0% of
patients. The most common locations for cannulation
were emergency department (64.2%) and catheterization
room (35.6%). The median (and IQR) size of the ECMO
cannula for arteries and veins were 16.5 (15.0-16.5) Fr
and 21.0 (19.5-21.0) Fr, respectively. The most common
method of cannula removal was the surgical method
(59.3%).

Discussion
This study presents data of 1644 patients with OHCA,
of which 69.4% had initial shockable rhythm and 14.1%
had favorable neurological outcome at hospital discharge.
The proportion of favorable neurological outcome was
16.7%, 9.2%, and 3.9% in patients with shockable rhythm,
PEA, and asystole, respectively. The survival rate at hos-
pital discharge was 32.0%, 18.5%, and 10.8% for patients
with shockable rhythm, PEA, and asystole, respectively.
This study has several strengths. First, to the best of
our knowledge, this study includes the largest cohort of
patients with OHCA who received ECPR. Although sev-
eral large cohort studies of (>200) patients with OHCA
who received ECPR have been reported in France [4],
four other European countries [3], Korea [5], and Japan
[6, 7, 9], this study included 1.5 times as much partici-
pants as the previous study with the largest number (916)
of patients [6] and about half the number of patients in a
recently published systematic review of ECPR for OHCA
[26]. Second, unlike one previous study that included
only patients with shockable rhythm [6], this study
included patients with all types of cardiac rhythm. Third,
this study included four institutions where more than
100 ECPRs were performed. Hence, the data used in this
study can be considered a continuous dataset from insti-
tutions with low and high volumes of ECPR cases. Finally,
this study described complications that were not consid-
ered in previous large studies [3-7, 9].
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Table 3 Unadjusted and adjusted associations with favorable outcomes (CPC 1 or 2) at hospital discharge and survival to hospital

discharge
Variables Favorable outcome Survival
Univariate analysis Multivariable analysis? Univariate analysis Multivariable analysis?
OR (95% CI) Pvalue OR(95% Cl) Pvalue OR(95% Cl) Pvalue OR(95% Cl) Pvalue
Age 0.98 (0.97-0.98) <0.001 097 (0.96-0.98) <0001 098(0.97-099) <0.001 0.98(097-099) <0.001
Male sex 0.69 (0.49-1.00) 0.049 059 (0.41-0.85) 0.005 0.76 (0.57-1.02) 0.071 066 (0.53-0.83) <0.001
Witnessed cardiac arrest 1.85(1.26-2.80) 0.001 144 (0.90-2.31) 0.126 150 (1.13-2.00) 0.004 141 (1.06-1.88) 0.018
Bystander CPR 1.95 (1.44-2.67) <0.001 1.53(1.18-1.99) 0.001 1.24 (0.99-1.56) 0.056 097 (0.77-1.21) 0.763
Initial cardiac rhythm
Shockable rhythm 502(224-1432) <0001 4.44(1.72-11.46) 0.002 3.89(2.28-7.17) <0001 3.18(1.67-6.03) <0.001
Pulseless electrical activity ~ 2.54 (1.06-7.55) 0.035 1.73(0.71-4.20) 0228  1.88(1.04-3.60) 0.035 1.32(0.63-2.75) 0461
Asystole Reference Reference Reference Reference
Location of cardiac arrest
Home Reference Reference Reference Reference
Public place 1.70 (1.16-2.49) 0.007  1.75(1.12-2.73) 0013 1.63(1.20-2.20) 0002  1.63(1.13-234) 0.008
Ambulance® 1.86 (1.19-2.86) 0007  2.28(1.33-3.92) 0003  1.52(1.06-2.17) 0024 1.77(1.07-2.93) 0.026
Others 1(0.78-1.57) 0.577  1.13(0.76-1.68) 0.540  1.12(0.86-1.46) 0405  1.11(0.86-1.44) 0433
Estimated low flow time® 0.99 (0.98-1.00) 0.001  1.00 (0.99-1.00) 0302 098(097-098) <0.001 098(097-099) <0.001

CPC, cerebral performance category; OR, odds ratio; Cl, confidence interval; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation

2 Logistic regression model with generalized estimating equation (GEE) adjusting for age, sex, witnessed cardiac arrest, bystander CPR, initial rhythm (shockable
rhythm, pulseless electrical activity, asystole), cardiac arrest (home, public place ambulance, others), and estimated low flow time

b patients who developed cardiac arrest after emergency medical staff (EMS) arrival with the presence of spontaneous circulation on initial EMS evaluation

¢ Estimated low flow time was defined as the time from cardiac arrest to the establishment of ECMO if the location of cardiac arrest was ambulance and the time from
calling an ambulance to the establishment of ECMO if the location of cardiac arrest was other than ambulance

In previous studies that used detailed clinical data of
more than 100 patients with OHCA who received ECPR,
the proportion of favorable neurological outcome at dis-
charge was 6-39% [3-6, 8, 9, 12-14, 17, 27, 28]. This
study included different types of patients, and favorable
neurological outcome was observed in 16.7% and 9.2%
of patients who had shockable rhythm and PEA, respec-
tively. In this study, the rate of witnessed cardiac arrest
was approximately 88%, and bystander CPR was per-
formed in 66% of patients. Further, the median estimated
low flow time was 55 min in patients with PEA. The fact
that the scatterplot curves of favorable neurological out-
come and survival rate are different in terms of estimated
low flow time between patients with PEA (i.e., low pro-
portion of favorable neurological outcome despite rela-
tively high survival rate over a short estimated low flow
time) and patients with PEA strongly suggests heteroge-
neity. It is important to carefully determine suitable can-
didates for ECPR in initial PEA patients. In patients with
initial asystole, ECPR may also be considered because, in
select populations, the survival rate was greater than 10%.

Age is strongly associated with poor outcomes over
time, and it is an independent prognostic factor, as shown
with the large dataset used in this study. In previous
studies, it was reported that the proportion of favorable

neurological outcome in patients over 75 years of age is
1.7-2.9% [6, 7]. It may be necessary to determine cutoffs
according to institution, region, and other factors. As
with age, the outcomes of estimated low flow time wors-
ened with time. Optimal limited low-flow time, defined
as time from CPR initiation to ECPR, was reported by
Otani et al. to be 58 min [29], and it was reported in
several other studies to be within 60 min [3, 8, 27]. It is
difficult to determine optimal limited low-flow time;
therefore, it is important to minimize time to ECMO.
Regarding complications associated with ECPR, the
most common complication was bleeding, with the rates
of cannulation site bleeding and other types of hemor-
rhage at 16.4% and 8.5%, respectively, but it was reported
to be 8-70% in previous studies [1]. Thirty percent of
ECPRs were performed in relatively high-volume ECPR
centers. This may be because the proportion of obese
patients in Japan is lower than those in Western coun-
tries [20] and because of the high availability of skilled
emergency physicians and acute care surgeons in the
emergency departments of high-volume institutions [20].
Since ECPR-related complications are associated with
poor outcome [30], it is necessary to shorten the time
to ECMO and to initiate ECPR without complications.
Training in cannulation technique may be considered in
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10.8%, respectively. A favorable outcome is defined as a cerebral performance category (CPC) of 1 or 2, whereas an unfavorable outcome is defined

future training systems at high-volume ECPR centers to
prevent and control complications.

Broad application of ECPR to patients with OHCA
was observed in this study. This seems to be fundamen-
tally associated with the national health insurance system
in Japan [31]. Since medical bills are mainly paid by the
Japanese government, physicians in charge do not pay
attention to unpaid medical bills during ECPR initiation
[32]. Moreover, in Japan, trained emergency physicians
initiate ECPR with no involvement from cardiovascular
surgeons; in contrast, in the USA, cardiovascular sur-
geons are usually involved throughout the entire ECMO
process. Although a recently reported cost-effectiveness
study on ECPR for patients with OHCA concluded that
ECPR is a robust and economically acceptable resusci-
tative strategy after considering all parameters [33], it is
difficult to establish uniform standard inclusion criteria.
It may be possible to expand the indications for ECPR,
but any expansion must be balanced by considering fac-
tors such as cost, complications, religious views, and
local area-specific conditions. The large cohort dataset
used in this study contains details of ICU management,
CT data, cost, and socioeconomic status; therefore, a sta-
tistically confirmed study will provide robust conclusions
and further hypotheses on ECPR.

Limitations

This study has several limitations. First, this was a retro-
spective study with variation of inclusion criteria in each
participating institution; therefore, we reported the inclu-
sion and exclusion criteria of all 36 SAVE-] II hospitals in
another paper [20]. Second, there was no control group
(i.e., a patient group that did not receive ECPR). Third,
data on long-term outcome was not obtained. Fourth,
confounders of time course, such as number of ROSC and
total ROSC time until ECMO establishment, were not
obtained from this dataset. Due to lack of various dataset,
estimated low flow time would be different actual low flow
time. Fifth, complications were a composite outcome, and
specific complications were not assessed.

Conclusion

In this large cohort, data on the ECPR of 1644 patients
with OHCA show that the proportion of favorable neu-
rological outcomes at hospital discharge was 14.1% and
survival rate at hospital discharge was 27.2%. Complica-
tions were observed during ECPR in 32.7% of patients,
and the most common complication was bleeding, with
the rates of cannulation site bleeding and other types of
hemorrhage at 16.4% and 8.5%, respectively.
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Abbreviations and complications. Table S1. Baseline characteristics according to neuro-
Cl: Confidence interval; CPC: Cerebral performance category; CPR: Cardio- logical outcome at hospital discharge (N = 1644). Table S2. Baseline char-
pulmonary resuscitation; CT: Computed tomography; ECMO: Extracorporeal acteristics according to survival to hospital discharge (N =1644). Table S3.
membrane oxygenation; ECPR: Extracorporeal cardiopulmonary resuscitation; Complications during ECPR according to neurological outcomes and

EMS: Emergency medical staff; ICU: Intensive care unit; IQRs: Interquartile survival to hospital discharge (N = 1644). Table S4. Baseline characteristics
ranges; IVR: Interventional radiology; LOESS: Locally estimated scatterplot between initial cardiac rhythm at the scene (N=1628). Table S5. Out-
smoothing; OHCA: Out-of-hospital cardiac arrest; OR: Odds ratio; PEA: Pulseless come data and complications during ECPR between initial cardiac rhythm
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arterial extracorporeal membrane oxygenation; VF: Ventricular fibrillation.
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