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BACKGROUND: Extracorporeal cardiopulmonary resuscitation (ECPR) is an option for refractory cardiac arrest, and immediate
initiation after indication is recommended. However, the practical goals of ECPR preparation (such as the door-to-needle time)
remain unclear. This study aimed to elucidate the association between the door-to-needle time and neurological outcomes of
out-of-hospital cardiac arrest.

METHODS AND RESULTS: This is a post hoc analysis of a nationwide multicenter study on out-of-hospital cardiac arrest treated with
ECPR at 36 institutions between 2013 and 2018 (SAVE-J [Study of Advanced Cardiac Life Support for Ventricular Fibrillation with
Extracorporeal Circulation in Japan] Il study). Adult patients without hypothermia (>32 °C) in whom circulation was not returned
at ECPR initiation were included. The probability of favorable neurological function at 30days (defined as Cerebral Performance
Category <2) was estimated using a generalized estimating equations model, in which institutional, patient, and treatment char-
acteristics were adjusted. Estimated probabilities were then calculated according to the door-to-needle time with 3-minute incre-
ments, and a clinical threshold was assumed. Among 1298 patients eligible for this study, 136 (10.6%) had favorable neurological
function. The estimated probability of favorable outcomes was highest in patients with 1 to 3minutes of door-to-needle time
(12.9% [11.4%-14.3%)]) and remained at 9% to 10% until 27 to 30minutes. Then, the probability dropped gradually with each
3-minute delay. A 30-minute threshold was assumed, and shorter door-to-extracorporeal membrane oxygenation/low-flow time
and fewer adverse events related to cannulation were observed in patients with door-to-needle time <30 minutes.

CONCLUSIONS: The probability of favorable functions after out-of-hospital cardiac arrest decreased as the door-to-needle time
for ECPR was prolonged, with a rapid decline after 27 to 30 minutes.

REGISTRATION: URL: https://center6.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000041577; Unique identifier:
UMINO00036490.
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cause of mortality worldwide.! Although various  survival, >70% of patients with OHCA still suffer from
treatment options, such as high-quality chest unfavorable neurologic function.= In addition, many
compression, immediate defibrillation, and targeted patients are refractory to standard basic and advanced

Out—of—hospital cardiac arrest (OHCA) is a major  temperature management, have maintained a chain of
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CLINICAL PERSPECTIVE
What Is New?

The probability of favorable outcomes after ex-
tracorporeal cardiopulmonary resuscitation for
out-of-hospital cardiac arrest was highest when
extracorporeal membrane oxygenation cannu-
lation was initiated within 1 to 3minutes after
hospital arrival (12.9% [11.4%-14.3%)).

e The probability of favorable neurological out-
comes remained at 9% to 10% until 27 to
30minutes of door-to-needle time and dropped
gradually with each 3-minute delay.

What Are the Clinical Implications?

e A 30-minute threshold is recommended as
door-to-needle time of extracorporeal cardio-
pulmonary resuscitation on patients with out-of-
hospital cardiac arrest, after which in-hospital
mortality increased and low-flow time was sig-
nificantly prolonged.

Nonstandard Abbreviations and Acronyms

CPC Cerebral Performance Category

ECPR extracorporeal cardiopulmonary
resuscitation

OHCA out-of-hospital cardiac arrest

ROSC return of spontaneous circulation

cardiac life support, in whom even strenuous resusci-
tative efforts often fail to achieve the return of sponta-
neous circulation (ROSC).%

The idea of extracorporeal cardiopulmonary resus-
citation (ECPR), which entails applying veno-arterial
extracorporeal membrane oxygenation (VA-ECMO)
during cardiac arrest, is to restore organ perfusion
without ROSC.® Although ECPR theoretically short-
ens the low-flow time and enables the simultaneous
treatment of the underlying cause of cardiac arrest, the
usefulness and futility of ECPR were both reported in
different randomized controlled trials.”® Notably, be-
cause the discrepancy of previous studies can be ex-
plained by the differences in the candidates, settings,
and timing for ECPR,'® the number of patients treated
with ECPR is still increasing without a definitive conclu-
sion on its clinical effects.®

Clinical consequences of ECPR would be maximally
improved by the optimal identification of candidates
and the rapid initiation of ECMO after determining
an indication.""2 A certain duration of failed conven-
tional cardiopulmonary resuscitation (CPR) would be
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considered a criterion for ECPR to avoid overuse,
whereas the probability of survival decreases sig-
nificantly when the low-flow period is prolonged. A
time window is limited for the appropriate ECPR.'
Therefore, it has been recommended that the ECPR
team should be activated immediately after potential
candidates present, rather than wait for the failure of
conventional CPR.!>16

However, there is a paucity of literature on the clin-
ically feasible goals of ECPR preparation and resusci-
tation team quality, such as the door-to-needle time for
ECMO cannulation. Although the association between
approximately <30 to 60minutes of low-flow time fol-
lowing rapid ECPR initiation and increased survival to
discharge has been suggested,®' it remains unclear
whether short door-to-needle time would allow for rapid
ECMO induction and shorten the low-flow time safely
with favorable neurological function. Accordingly, to
eventually determine the specific target for the ECPR
initiation time (if it exists), this study aimed to elucidate
the relationship between the door-to-needle time for
ECPR cannulation and the neurological outcomes of
patients with OHCA.

METHODS

Transparency and Openness Promotion
Statement

The data of this study are available from the SAVE-J
(Study of Advanced Cardiac Life Support for Ventricular
Fibrillation with Extracorporeal Circulation in Japan) Il
study group; however, restrictions apply to the avail-
ability of these data, which were used with permission
for the current study and are not publicly available. The
data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request and with the permission of the SAVE-J Il study
group.

Study Design and Setting

This was a post hoc analysis of a nationwide multi-
center retrospective study conducted by the SAVE-J
Il study group to provide real-world data on ECPR
performed on approximately 2000 patients.” The
SAVE-J |l study included consecutive patients with
OHCA aged >18years who were transported to 36
participating hospitals between January 2013 and
December 2018 where they received ECPR. Patients
with in-hospital cardiac arrest and those transferred
from another nonparticipating institution after receiv-
ing treatment for OHCA were not included in the
SAVE-J Il study. The SAVE-J Il study was registered
in the University Hospital Medical Information Network
Clinical Trial Registry on April 15, 2019 (UMIN-CTR ID,
UMINO00036490) before study initiation. The SAVE-J
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Il study was approved by the institutional review board
for research with human participants at the head insti-
tute of the SAVE-J Il study (approval number 2018-110
from Kagawa University). This study was conducted
per the principles of the Helsinki Declaration, and writ-
ten informed consent was waived due to the anonym-
ity of the data.

ECPR was defined as resuscitation from cardiac
arrest using VA-ECMO in the SAVE-J Il study, and
the indication for ECPR was determined by a treating
physician or an institutional protocol without uniform
criteria throughout the study institutions. Management
strategies for patients with OHCA before, during, and
after ECPR were decided by a treating physician and
therefore differ between institutions. Characteristics of
the participating institutions (including criteria for ECPR
and details of resuscitation) are described in a previous
study.®

Study Population

In this study, we retrieved data of patients with OHCA
from the SAVE-J Il study. Our inclusion criteria were as
follows: (1) age >18years, (2) the nonobtention of ROSC
at VA-ECMO initiation, and (3) body temperature >32
°C on arrival at the hospital. Patients who obtained
ROSC but turned into cardiac arrest at VA-ECMO ini-
tiation were therefore included. Patients without avail-
able data on the time of hospital arrival and VA-ECMO
initiation were excluded.

Data Collection and Definition

In the SAVE-J Il study, the following data were collected:
demographic data such as age, sex, comorbidities,
and activities of daily living (performance status); car-
diac arrest-related information such as witness status,
bystander CPR, location, and initial cardiac rhythm;
prehospital information such as prehospital treatment,
physician presence at prehospital, and cardiac arrest
on route; and in-hospital information, including cardiac
rhythm on hospital and before ECMO initiation, vital
signs on arrival, time course, cause of cardiac arrest,
the amount of transfusion administered, and ECMO in-
formation. Adverse events related to ECPR, infectious
complications during hospital stay, duration of ECMO
and ventilator use, length of intensive care unit and
hospital stay, cerebral performance category (CPC)
at 30days after admission, and survival status at dis-
charge were also recorded.

The door-to-needle time was defined as the time
from hospital arrival to the initiation of VA-ECMO can-
nulation, whereas the door-to-ECMO time was defined
as the time from hospital arrival to the establishment of
ECMO support. The low-flow time was defined as the
time from cardiac arrest to the establishment of ECMO,
in which the time of cardiac arrest was estimated as the

J Am Heart Assoc. 2024;13:e034971. DOI: 10.1161/JAHA.124.034971

Door-to-Needle Time for ECPR

time of ambulance activation by calling from the scene
if the cardiac arrest was not determined by emergency
medical services. The transportation time was defined
as the time from ambulance activation to hospital ar-
rival. ROSC was defined as >1minute of continuing
spontaneous pulsation. Definitions of adverse events
related to ECPR were as follows: cannula malposition
was defined as cannulation requiring correct the po-
sition or the cannulation of the wrong vessel such as
arterial-arterial and veno-veno cannulation; unsuc-
cessful cannulation was defined as failure to complete
cannulation; cannulation-related bleeding was defined
as cannulation site bleeding or retroperitoneal hemor-
rhage that required blood transfusion, angiography, or
surgery.

Primary Variable of Interest

The primary variable of interest was door-to-needle time
for cannulation of ECPR, which was calculated in min-
utes based on the abovementioned definition. Then,
the door-to-needle time was classified into 3-minute
increments from 0 to 45minutes and >45minutes for
the analyses.

Outcome Measures

The primary outcome was favorable neurological func-
tion at 30days after admission, which was defined as
a CPC of <2, where 1 indicates normal neurological
function. CPC is a 1 to 5 scaling system for neuro-
logical function, which is widely used to evaluate the
neurological outcomes of patients with OHCA and has
high interrater reliability.’® Although a CPC of 5 origi-
nally means brain death, it includes cardiac death in
this study. Secondary outcomes included the door-
to-ECMO time, low-flow time, and the frequency of
adverse events related to ECPR. The amount of trans-
fusion until intensive care unit admission, presence of
septicemia during hospital stay, days of ECMO and
ventilator use, length of intensive care unit and hospital
stay, and survival to discharge were also evaluated in
post hoc analyses.

Statistical Analysis

Characteristics were compared between patients with
and without favorable neurological function. In addi-
tion, the numbers of patients with and without favora-
ble neurological function were counted in each minute
of door-to-needle time.

To investigate the relationship between the door-
to-needle time and neurological outcomes, the aver-
age probability of favorable neurological function at
30days was calculated with 95% Cls in each door-
to-needle time category. The probability of neurolog-
ical function in each patient was estimated using a
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included in SAVE-] II study
- > 18 years
- VA-ECMO for OHCA

2157 patients treated with ECPR were

45

129 patients had hypothermia < 32 °C on hospital arrival

8 patients obtained ROSC at ECMO initiation

1586 patients met the inclusion criteria

288 patients with missing data on door-to-needle time

1298 patients were included in the analyses*

136 patients with favorable
neurological function

1148 patients with unfavorable
neurological function

Figure 1. Patient flow diagram.

Of the 2157 patients treated with ECPR in the Study of Advanced Cardiac Life Support for Ventricular Fibrillation with Extracorporeal
Circulation in Japan (SAVE-J) Il study, 1298 adults were not hypothermic on hospital arrival and did not obtain ROSC at the time of
ECMO cannulation; therefore, they were eligible for this study. In total, 136 patients (10.6%) had favorable neurological function (CPC
<2) 30days after admission. CPC indicates Cerebral Performance Category; ECMO, extracorporeal membrane oxygenation; ECPR,
extracorporeal cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; and
VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

logistic regression model fitted with generalized es-
timating equations to develop a population average
model,?° which accounts for within-institution cluster-
ing. Relevant covariates in the model were selected
from known or potential predictors for neurological
functions of patients treated with ECPR,"#81121-23 jn-
cluding age, sex, comorbidity (coronary artery disease,
cerebrovascular disease, and chronic kidney disease),
performance status, place of cardiac arrest (at home,
health care facility, or others), witness status, bystander
CPR, initial shockable rhythm, cardiac arrest on route,
prehospital airway management (intubation or supra-
glottic airway device), prehospital physician presence,
body temperature on arrival, ROSC on arrival, shock-
able rhythm on arrival and at ECMO initiation, cause
of cardiac arrest (cardiogenic versus noncardiogenic),
ECMO cannulation at the emergency department, and
surgical cannulation. Before generalized estimating
equations model development, missing nonoutcome

values were replaced with a set of substituted plausible
values by creating 5 filled-in complete data sets using
multiple imputations by a chained equation method.
Estimated associations in each of the imputed data
sets were averaged together to give overall estimated
associations.?*

Moreover, the association between the door-to-
needle time and the door-to-ECMO time, as well as
the low-flow time, was evaluated visually using box-
plots and also examined with generalized estimating
equations models using the same covariates for the
calculation of the probability of favorable neurological
function. The door-to-ECMO time and low-flow time
were plotted in each door-to-needle time category.
Furthermore, time between initiation of cannulation and
establishment of ECMO support (needle-to-ECMO ini-
tiation time) was plotted for each door-to-needle time
category and also evaluated with generalized estimat-
ing equation models.

J Am Heart Assoc. 2024;13:e034971. DOI: 10.1161/JAHA.124.034971 4
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Table 1. Characteristics of Patients Treated With ECPR

Door-to-Needle Time for ECPR

Favorable Unfavorable
neurological function neurological function

Characteristic Overall (CPC <2) (CPC =3) P value
Cases 1284 136 1148
Door-to-needle time, min, median (IQR) 7 (2-13) 5 (1-13) 7 (3-13) 0.032
Cause for cardiac arrest, cardiogenic, n (%) 987 (76.9%) 114 (83.8%) 873 (76.2%) 0.045
Age, y, median (IQR) 59 (48-68) 51 (43-66) 60 (49-68) <0.001
Sex, men, n (%) 1067 (83.1%) 99 (72.8%) 968 (84.3%) <0.001
Comorbidity, n (%)

Coronary artery disease 308 (24.0%) 27 (19.9%) 281 (24.5%) 0.232

Cerebrovascular disease 71 (5.5%) 4 (2.9%) 67 (5.8%) 0.110

Chronic kidney disease 57 (4.4%) 5(3.7%) 52 (4.5%) 0.648
Performance status, median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) 0.476
Place of cardiac arrest, n (%)

At home 516 (40.2%) 40 (29.4%) 476 (41.5%) 0.007

At health care facility 5(0.4%) 1(0.7%) 4 (0.3%) 0.493
Witness, n (%) 1001 (78.0%) 116 (85.9%) 885 (77.2%) 0.021
Bystander CPR, n (%) 718 (565.9%) 99 (73.9%) 619 (54.8%) <0.001
Cardiac rhythm at scene, shockable, n (%) 854 (66.5%) 112 (83.0%) 742 (65.0%) <0.001
Cardiac arrest on route, n (%) 137 (10.7%) 24 (17.6%) 113 (9.8%) 0.005
Prehospital treatment, n (%)

Intubation 135 (10.5%) 16 (11.8%) 119 (10.8%) 0.615

Supraglottic airway 445 (34.7%) 29 (21.3%) 416 (36.2%) <0.001

Epinephrine 461 (35.9%) 41 (30.6%) 420 (36.9%) 0.151

Mechanical CPR 116 (9.0%) 9 (20.5%) 107 (32.4%) 0.107

Physician present 367 (28.6%) 44 (32.4%) 323 (28.1%) 0.303
ROSC on arrival, n (%) 0(0.0%) 0(0.0%) 0 (0.0%)
Body temperature on hospital arrival, °C, median (IQR) 35.3 (34.3-36.0) 35.2 (34.2-35.8) 35.3 (34.3-36.0) 0.394
Cardiac rhythm on arrival, shockable, n (%) 618 (48.1%) 100 (73.5%) 518 (45.2%) <0.001
Cardiac rhythm at ECMO cannulation, shockable, n (%) 646 (50.3%) 102 (76.1%) 544 (47.9%) <0.001
ECMO cannulation at ED, n (%) 888 (69.2%) 84 (62.2%) 804 (70.5%) 0.049
Surgical cannulation, n (%) 29 (2.3%) 0 (0.0%) 29 (2.6%) 0.040

CPC indicates cerebral performance category; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal
cardiopulmonary resuscitation; ED, emergency department; IQR, interquartile range; and ROSC, return of spontaneous circulation.

Then, a clinical threshold for the door-to-needle time
was assumed as the time point after which the prob-
ability of a favorable neurological outcome would rap-
idly decrease. To evaluate this assumption, post hoc
analyses were conducted by comparing the primary
and several secondary outcomes between patients
with shorter versus longer door-to-needle time than
the threshold. In addition, to ascertain the threshold, a
restricted cubic spline curve for estimating 30-day fa-
vorable neurological outcomes by the door-to-needle
time was created. Furthermore, to adjust the cofound-
ing effects by low-flow time, the primary outcome was
compared between patients with the low-flow time
>60 versus <60minutes among those with the door-
to-needle time <30 minutes.

Subgroup analyses were also conducted con-
sidering the possible differences in regional medical
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systems and quality of the initial response team. Quality
of resuscitation was defined as a frequency of rapid
cannulation with shorter door-to-needle time than the
threshold in each institution. Next, favorable neurolog-
ical outcomes were compared in each subgroup di-
vided by the frequency of rapid cannulation. Moreover,
subgroups were generated based on recurrent versus
persistent cardiac arrest (ROSC on route or not) and
transportation time (>30 versus <30 minutes).
Descriptive variables are presented as the median
(interquartile range) or frequencies (percentages).
Results were presented with 95% Cls. The hypothesis
was tested on the primary and secondary outcomes in
post hoc analyses, with a 2-sided o threshold of 0.05
being considered statistically significant. Differences in
median were evaluated using the Hodges-Lehmann
estimator. Patient characteristics were compared
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Figure 2. Number of patients treated with ECPR.

The number of patients treated with ECPR decreased as the door-to-needle time increased, and it rapidly decreased particularly after
12 to 15minutes. The number of patients who had favorable functions was also reduced over time. There was a paucity of patients
with CPC <2 30days after admission after 27 to 30minutes of door-to-needle time. CPC indicates Cerebral Performance Category;

and ECPR, extracorporeal cardiopulmonary resuscitation.

using Mann-Whitney U tests, x? tests, or Fisher exact
tests, as appropriate. All statistical analyses were con-
ducted using the IBM Statistical Package for the Social
Sciences Statistics for Windows version 28.0 (IBM,
Armonk, NY).

RESULTS

Patient Characteristics

Of the 2157 patients treated with ECPR in the SAVE-J
Il study, 1298 adults were not hypothermic on hospital
arrival and did not obtain ROSC at the time of ECMO
cannulation, which means they were eligible for the
study (Figure 1). In total, 136 (10.6%) patients had fa-
vorable neurological function (CPC <2) 30days after
they were admitted.

Patient characteristics are shown in Table 1. The
median door-to-needle time was 5minutes and 7 min-
utes in patients with and without favorable neurological
outcomes, respectively. More patients with favorable
function had shockable rhythm at the scene, on hospi-
tal arrival, and upon ECMO cannulation (112 [83%)], 100
[73.5%], and 102 [76.1%)], respectively) than those with-
out. Moreover, witnessed cardiac arrest (116 [85.9%)),

J Am Heart Assoc. 2024;13:e034971. DOI: 10.1161/JAHA.124.034971

bystander CPR (99 [73.9%]), physician presence at
prehospital (44 [32.4%)]), and cardiogenic cause (114
[83.8%]) were more frequent among patients with fa-
vorable neurological outcomes at 30 days.

The number of patients treated with ECPR de-
creased as the door-to-needle time increased, and it
rapidly decreased particularly after 12 to 15minutes
(Figure 2). The number of patients who had favorable
functions also decreased over time. There was a pau-
city of patients with CPC <2 at 30days of admission
after 27 to 30 minutes of door-to-needle time (Figure 2).

Probability of Favorable Neurological
Outcomes

The crude and estimated probabilities of favorable func-
tions (adjusted probabilities) in each door-to-needle
time category are shown in Figure 3 and Table Si.
The estimated probability was highest in patients with
1 to 3minutes of door-to-needle time (12.9% [95% ClI,
11.4%—-14.3%)]) and remained at 9% to 10% until 27 to
30minutes. Then, the probability of favorable neurologi-
cal function sharply decreased to approximately 7.0%
and further dropped gradually with each 3-minute delay
in door-to-needle time for ECMO cannulation.
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Figure 3. Probability of favorable neurological outcomes.
The estimated probabilities of favorable functions in each door-t

o-needle time category are shown (dashed lines) with 95% Cls (error

bars) along with the number of patients (stacked bar). The estimated probability was highest in patients with 1 to 3minutes of door-
to-needle time (12.9% [95% ClI, 11.4%-14.3%)]) and remained 9% to 10% until 27 to 30minutes. Then, the probability of favorable

neurological function sharply decreased to approximately 7.0%

and further dropped gradually with each 3-minute delay in door-to-

needle time for ECMO cannulation. ECMO indicates extracorporeal membrane oxygenation.

Based on the estimated probability and the crude
number of patients with favorable function, a clinically
relevant threshold for door-to-needle time was as-
sumed as 27 to 30minutes. The cubic spline curve
also indicated a similar threshold (Figure S1). Post
hoc analyses were performed to assess this as-
sumption (Table 2). Patients with door-to-needle time
<80minutes had a higher probability of favorable
neurological function, higher in-hospital survival, and
shorter door-to-ECMO and low-flow time than those
with door-to-needle time >30 minutes. Also, adverse
events related to ECMO cannulation were fewer when
the door-to-needle time was <30 minutes than when
it was >30minutes (19.2% versus 27.8%; odds ratio,
0.61 [0.39-0.98]). Additional analyses to consider the
confounding effects by low-flow time revealed that
comparable probability of favorable neurological out-
comes in patients with the low-flow time >60 versus
<60 minutes (13.8% versus 10.7%, P=0.384) among
those with the door-to-needle time <30 minutes.

Subgroup analyses according to the frequency of
short door-to-needle time at each institution are shown
in Table S2. Door-to-needle time <30minutes was

J Am Heart Assoc. 2024;13:e034971. DOI: 10.1161/JAHA.124.034971

associated with favorable neurological outcomes re-
gardless of the frequency of rapid cannulation (whether
door-to-needle time <30minutes was achieved in
>80% of patients). In addition, patients who experi-
enced ROSC on route and those who did not, as well
as patients with transportation time >30 and <30 min-
utes, had greater prevalence of favorable neurological
outcomes for a door-to-needle time <30 minutes com-
pared with door-to-needle time >30minutes. The me-
dian difference in probability of favorable neurological
outcomes between patients with the door-to-needle
time <80minutes and >30minutes in each subgroup
was shown as a forest plot (Figure S2).

Door-to-Needle, Door-to-ECMO, and
Low-Flow Time

The door-to-ECMO and low-flow times in each door-
to-needle time category are shown in Figure 4. The
door-to-ECMO time was increased linearly with door-
to-needle time. Conversely, the low-flow time remained
constant or only slightly increased until 30minutes
after hospital arrival (low-flow time was approximately
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Table 2. Door-to-Needle Time and Clinical Outcomes in Post Hoc Analysis

Door-to-Needle Time for ECPR

Door-to-needle Door-to-needle Median difference

Variable time <30min time >30min P value | (95% CI) OR (95% Cl)
Probability of favorable neurological function, 11.0% (10.3% to 11.6%) 6.6% (5.2% to 7.9%) <0.001 1.7% (0.7% to 2.9%)
% (95% Cl)
Door-to-ECMO time, min, median (IQR) 21 (15 to 28) 48 (43 to 69) <0.001 -29 (-31 to -27)
Low-flow time, min, median (IQR) 54 (45 to 63) 77 (70 to 90) <0.001 —24 (=27 to -21)
Adverse events related to ECMO cannulation, | 230 (19.2%) 27 (27.8%) 0.039 0.61(0.391t0 0.98)
n (%)
Amount of transfusion until ICU admission, mean, median (IQR)

Red blood cell, mL 210,0(0to 0) 370, 0 (0 to 560) 0.017 0(0to0)

Fresh frozen plasma, mL 160, 0 (0 to 0) 360, 0 (0 to 240) 0.056 0(0to0)
Septicemia, n (%) 61 (6.7%) 0 (0.0%) 0.005
ECMO use, d, median (IQR) 3(2to05) 2(2t05) 0.052 1(0to1)
Ventilator use, d, median (IQR) 2(1to8) 2(1to ) 0.039 0(0to1)
Length of ICU stay, d, median (IQR) 2(1t09) 2 (1to4) 0.026 1(0to1)
Length of hospital stay, d, median (IQR) 2 (1to 14) 2 (1to5) 0.044 00to1)
In-hospital survival, n (%) 259 (21.6%) 11 (11.3%) 0.017 215(1.13104.09)

ECMO indicates extracorporeal membrane oxygenation; ICU, intensive care unit; IQR, interquartile range; and OR, odds ratio.

60-65minutes  when door-to-needle time was
<30minutes), and then rapidly rose with a steep incline
(low-flow time was >75minutes when door-to-needle
time >80 minutes). The needle-to-ECMO initiation time
was generally consistent across the door-to-needle
time categories (Figure S3). Without the consideration
of 30-minute threshold, the door-to-ECMO and low-
flow time were correlated to the door-to-needle time,
whereas the needle-to-ECMO initiation time was not.

DISCUSSION

This study revealed that the probability of favorable
neurological functions of patients treated with ECPR
decreased as the door-to-needle time for ECMO can-
nulation increased, with a rapid decline after 27 to
30minutes. It is noteworthy that the probability of fa-
vorable outcomes was approximately 10% and the
low-flow time remained constant at 50 to 60 minutes
until 27 to 30minutes of the door-to-needle time.

The findings of this study have several clinically rele-
vant implications. First, the door-to-needle time (which
is a practical target) can easily be measured. Although
several studies discussed the clinical effects of low-
flow time before ECMO initiation, the accurate time of
no-flow and low-flow time is difficult or impossible to
obtain during resuscitation because the exact time of
cardiac arrest is often unknown.?® Second, because
there is only a slight change in the estimated probabil-
ity of favorable neurological function until 27 to 30 min-
utes of door-to-needle time, a door-to-needle time of
<30 minutes would be a feasible goal for ECPR prepa-
ration. Importantly, the probability was estimated after
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adjusting the place and method for ECMO cannulation,
and this management index can be adopted in various
institutions with different ECPR practices. Third, the
current results indicated that a shorter door-to-needle
time would predict favorable neurologic function after
ECPR, whereas most previous studies of low-flow
time examined only in-hospital survival.’-?° Because
a considerable number of patients with OHCA would
suffer from neurologic disabilities even after circulation
is restored, the door-to-needle time would be useful to
forecast clinical consequences relevant to a patient’s
well-being after OHCA.

It should be emphasized that adverse events related
to ECMO cannulation are less frequent among patients
with door-to-needle time <30 minutes. Although the ra-
pidity of the ECPR procedure is crucial for the early
restoration of organ perfusion in patients with OHCA,
suboptimal preparation with immediate cannulation
has been associated with increased rates of adverse
events.53%3" However, the results of this study suggest
that quick ECMO induction could be performed safely,
even at the emergency department; ECMO cannula-
tion was conducted at the emergency department in
more than two-thirds of this study’s participants.

The findings of this study did not refute the use-
fulness of ECPR after 30 minutes of door-to-needle
time. Although only a few patients had favorable
neurological function when ECMO cannulation was
initiated later than 30 minutes after hospital arrival,
optimal criteria for candidates of ECPR were not
examined, and the importance of each criterion
(such as age, cause of cardiac arrest, and CPR du-
ration) was outside the scope of the current study.
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Figure 4. Boxplots of the door-to-ECMO and low-flow time.

The door-to-ECMO time (A) and low-flow time (B) in each door-to-needle time category are shown in
boxplots. The door-to-ECMO time increased linearly with the door-to-needle time. Conversely, the low-
flow time either remained constant or only slightly increased until 30 minutes after hospital arrival (door-
to-needle time <30 minutes), and then rapidly rose with a steep incline. ECMO indicates extracorporeal

membrane oxygenation.

Moreover, the association between the door-to-
needle time and clinical consequences would differ
with patient characteristics.

The short door-to-needle time could be a sur-
rogate marker for short low-flow time or high quality
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of resuscitation at an institution, while any measures
to reduce low-flow time must be critically important.
Subgroup analyses revealed favorable outcomes
with a door-to-needle time <30minutes regardless of
transportation time and frequency of rapid cannulation
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(quality of care at each institution). Therefore, 27 to
30minutes of door-to-needle time could be useful as
long as it is appropriately contextualized with other
relevant ECPR criteria. Although gathering informa-
tion and discussing indications for ECPR could hinder
rapid cannulation, a concrete goal of ECPR prepara-
tion, such as door-to-needle time <30 minutes, could
improve neurological outcomes in patients with OHCA.

Limitations

This study’s findings must be interpreted in the context
of its design. We retrospectively retrieved data from
medical charts and could not identify the time when
ECPR was determined. Therefore, our results may
have been different had there been any reasons be-
hind the longer door-to-needle time that depended on
strong but unrecorded prognostic factors such as the
quality of prehospital care, performance on CPR, skills
and experience of the physicians and initial response
team, postcardiac arrest treatment, institutional ECPR
program, and type of institutions. Another limitation
was the lack of detailed clinical information on cerebral
perfusion or function during or after ECMO. Although
the shorter door-to-needle time could enhance cer-
ebral oxygenation, it cannot be objectively evaluated.
Furthermore, the current study excluded patients who
obtained ROSC at ECMO initiation. Although some
patients with OHCA may have unstable hemodynam-
ics for a considerable duration after ROSC and would
benefit from ECMO, the generalizability of the results
for such populations is limited. Finally, this retrospective
study did not show any causal effects of shorter door-
to-needle time on neurological function. Therefore,
although the probability of favorable neurological func-
tion remained 9% to 10% until 27 to 30minutes of
door-to-needle time, early ECMO cannulation would
be recommended once the indications for ECPR were
determined.

CONCLUSIONS

This study identified the fact that the probability of favora-
ble neurological functions of patients treated with ECPR
decreased as door-to-needle time for ECMO cannula-
tion was prolonged. A significant decrease in probability
was observed after 27 to 30minutes of door-to-needle
time. A door-to-needle time of <80 minutes as a practical
goal for ECPR preparation should be further examined.

APPENDIX

SAVE-J Il Study Group Members

Hirotaka Sawano, MD, PhD (Osaka Saiseikai Senri
Hospital, Osaka, Japan); Yuko Egawa, MD, Shunichi
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Kato, MD (Saitama Red Cross Hospital, Saitama, Japan);
Naofumi Bunya, MD, Takehiko Kasai, MD (Sapporo
Medical University, Hokkaido, Japan); Shinichi ljuin, MD,
Shinichi Nakayama, MD, PhD (Hyogo Emergency Medical
Center, Hyogo, Japan); Jun Kanda, MD, PhD, Seiya
Kanou, MD (Teikyo University Hospital, Tokyo, Japan);
Toru Takiguchi, MD, Shaoji Yokobori, MD, PhD (Nippon
Medical School, Tokyo, Japan); Hiroaki Takada, MD,
Kazushige Inoue, MD (National Hospital Organization
Disaster Medical Center, Tokyo, Japan); Ichiro Takeuchi,
MD, PhD, Hiroshi Honzawa, MD (Yokohama City
University Medical Center, Kanagawa, Japan); Makoto
Kobayashi, MD, PhD, Tomohiro Hamagami, MD (Toyooka
Public Hospital, Hyogo, Japan); Wataru Takayama, MD,
Yasuhiro Otomo, MD, PhD (Tokyo Medical and Dental
University Hospital of Medicine, Tokyo, Japan); Kunihiko
Maekawa, MD (Hokkaido University Hospital, Hokkaido,
Japan); Takafumi Shimizu, MD, Satoshi Nara, MD (Teine
Keijinkai Hospital, Hokkaido, Japan); Michitaka Nasu,
MD, Kuniko Takahashi, MD (Urasoe General Hospital,
Okinawa, Japan); Yoshihiro Hagiwara, MD, MPH (Imperial
Foundation Saiseikai, Utsunomiya Hospital, Tochigi,
Japan); Shigeki Kushimoto, MD, PhD (Tohoku University
Graduate School of Medicine, Miyagi, Japan); Reo Fukuda,
MD (Nippon Medical School Tama Nagayama Hospital,
Tokyo, Japan); Takayuki Ogura, MD, PhD (Japan Red
Cross Maebashi Hospital, Gunma, Japan); Shin-ichiro
Shiraishi, MD (Aizu Central Hospital, Fukushima, Japan);
Ryosuke Zushi, MD (Osaka Mishima Emergency Critical
Care Center, Osaka, Japan); Norio Otani, MD (St. Luke’s
International Hospital, Tokyo, Japan); Migaku Kikuchi, MD,
PhD (Dokkyo Medical University, Tochigi, Japan); Kazuhiro
Watanabe, MD (Nihon University Hospital, Tokyo, Japan);
Takuo Nakagami, MD (Omihachiman Community Medical
Center, Shiga, Japan); Tomohisa Shoko, MD, PhD (Tokyo
Women’s Medical University Medical Center East, Tokyo,
Japan); Nobuya Kitamura, MD, PhD (Kimitsu Chuo
Hospital, Chiba, Japan); Takayuki Otani, MD (Hiroshima
City Hiroshima Citizens Hospital, Hiroshima, Japan);
Yoshinori Matsuoka, MD, PhD (Kobe City Medical Center
General Hospital, Hyogo, Japan); Makoto Aoki, MD, PhD
(Gunma University Graduate School of Medicine, Gunma,
Japan); Masaaki Sakuraya, MD, MPH (JA Hiroshima
General Hospital Hiroshima, Hiroshima, Japan); Hideki
Arimoto, MD (Osaka City General Hospital, Osaka,
Japan); Koichiro Homma, MD, PhD (Keio University
School of Medicine, Tokyo, Japan); Hiromichi Naito, MD,
PhD (Okayama University Hospital, Okayama, Japan);
Shunichiro Nakao, MD, PhD (Osaka University Graduate
School of Medicine, Osaka, Japan); Tomoya Okazaki, MD,
PhD (Kagawa University Hospital, Kagawa, Japan); Yoshio
Tahara, MD, PhD (National Cerebral and Cardiovascular
Center, Osaka, Japan); Hiroshi Okamoto, MD, MPH (St.
Luke’s International Hospital, Tokyo, Japan); Jun Kunikata,
MD, PhD, Hideto Yokoi, MD, PhD (Kagawa University
Hospital, Kagawa, Japan).
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