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Abstract

Study Objective: Early deployment of extracorporeal cardiopulmonary resuscitation

(ECPR) is critical in treating refractory out-of-hospital cardiac arrest (OHCA) patients

who are potential candidates for ECPR. The effect of prehospital advanced life support

(ALS), including epinephrine administration or advanced airway, comparedwith noALS

in this setting remains unclear. This study’s objective was to determine the association

between any prehospital ALS care and outcomes of patients who received ECPR with

emergencymedical services-treatedOHCA.

Methods: This was a secondary analysis of data from the Study of Advanced Car-

diac Life Support for Ventricular Fibrillation with Extracorporeal Circulation in Japan

(SAVE-J) II study. Patientswere separated into2groups—thosewho receivedprehospi-

tal ALS (ALS group) and those did not receive prehospital ALS (no ALS group). Multiple

logistic regression analysis was used to investigate the association between prehos-
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pital ALS and favorable neurological outcomes (defined as Cerebral Performance

Category scores 1–2) at hospital discharge.

Results: A total of 1289 patients were included, with 644 patients in the ALS group

and 645 patients in the no ALS group. There were fewer favorable neurological out-

comes at hospital discharge in the ALS group comparedwith the no ALS group (10.4 vs

19.8%, p <0.001). A multiple logistic regression analysis revealed that any prehospital

ALS care (adjusted odds ratios 0.47; 95% confidence interval 0.34–0.66; p<0.001)was

associated with unfavorable neurological outcomes at hospital discharge.

Conclusion:Prehospital ALSwas associatedwithworse neurological outcomes at hos-

pital discharge in patients treated with ECPR for OHCA. Further prospective studies

are required to determine the clinical implications of these findings.

1 INTRODUCTION

1.1 Background

Out-of-hospital cardiac arrest (OHCA) remains a considerable global

challenge with unfavorable neurological outcomes, despite advances

in its management.1 Implementation of veno-arterial extracorporeal

membrane oxygenation (ECMO), often referred to as extracorporeal

cardiopulmonary resuscitation (ECPR), during cardiac arrest has

surfaced as a suitable therapeutic strategy for adult OHCA.2 Although

ECPR may be a promising treatment, special considerations regarding

indications for ECPR should be given in terms of cost-effectiveness,

resource use, and ethical issues.3 To date, it is still unclear who would

most benefit from ECPR.4,5 Previous research demonstrated that time

matters greatly in ECPR: shorter time span from collapse to ECPR

initiation was associated with better outcomes.6,7

1.2 Importance

Meanwhile, early prehospital advanced life support (ALS), including

epinephrine administration or advanced airway, was associated with

higher survival rates after OHCA.8,9 In Japan, only specially trained

emergency medical services (EMS) personnel are authorized to per-

form ALS under real-time medical direction by physicians.10 As such,

collaboration and integration of prehospital and in-hospital manage-

ment are crucial when activating the ECPR team and immediately

establishing ECMO support for appropriate candidates. At present,

however, whether there is a beneficial effect of prehospital ALS

rather than prompt transport without ALS on outcomes in patients,

particularly those who receive ECPR, is unknown.

1.3 Goals of this investigation

We sought to examine the association of any prehospital ALS care pro-

vided by EMS personnel with neurological outcomes in adult OHCA

patients who underwent ECPR.

2 MATERIALS AND METHODS

This work was a secondary analysis of the Study of Advanced Car-

diac Life Support for Ventricular Fibrillation with Extracorporeal

Circulation in Japan (SAVE-J) II study, which is registered in the Uni-

versity Hospital Medical Information Network Clinical Trials Registry

(UMIN000036490).11 SAVE-J II was a retrospective, multicenter reg-

istry study conducted at 36 investigational sites in Japan to describe

the complete real-world clinical practice of adult ECPR. The present

study was approved by the Okayama University Hospital Ethics Com-

mittee (K2203-002).

2.1 Study population

The registry included patients aged 18 years old or older for whom

ECPR was given to treat refractory OHCA from January 2013 to

December 2018. To assess the effect of prehospital ALS by EMS per-

sonnel, we excluded patients whose prehospital medical care was

provided by dispatched physicians. Patients who were on ECMO sup-

port longer than 60 min after hospital arrival; those whose cause of

cardiac arrest was accidental hypothermia, suffocation, drowning, or

traumatic injuries; those transferred from another hospital; and those

withmissing prehospital information were also excluded.

2.2 EMS system in Japan

An in-depth description of the EMS system in Japan has been pre-

viously published.10 EMS personnel are obligated to resuscitate all

OHCApatients, unless obvious signs of death are present. Indeed, 95%

of all OHCApatientswere transported to the hospital based on the the

All-Japan Utstein Registry database.10 A vast majority of the patients

are transported by a ground ambulance, which is sent from the nearest

fire station. Each ambulance is staffed by 3 or 4 EMS personnel. Among

them, at least 1 crew member is a highly trained staff member known

as an emergency life-saving technician (ELST)who is authorized to pro-
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vide ALS, including insertion of supraglottic airway devices. Specially

trained ELSTs are permitted to perform procedures including tracheal

intubation and intravenous administration of epinephrine under online

supervision by a medical consultant, who normally is an emergency

physician at a receiving hospital. ELSTs at the scene are required to

seek the advice of the medical consultant. Basically, every patient with

OHCA is able to receive ALS, but the procedure needs approval by

emergency physicians under real-time medical direction. All EMS per-

sonnel are allowed to deliver defibrillation as appropriate. Although

there are local-specific protocols, the final decision of whether to per-

mit ELSTs to perform ALS, including the choice of advanced airway

devices is completely left to the discretion or preference of individual

medical director based on the case-by-case basis.

2.3 ECPR implementation

ECPR was performed for selected patients, such as those being unre-

sponsive to conventional ALS in the hospital, thosewhose time interval

fromcollapse toECMO initiationwas considered to be short, and those

whose cause of arrest was potentially reversible. The final decision on

whether or not to perform ECPR was made based on the individual

hospital’s protocol or at the physician’s discretion. Although ECPRwas

available 24/7 at all sites, the annual number of patients resuscitated

with ECPR varied according to the hospital: 20–29 cases, 6 hospitals;

10–19 cases, 6 hospitals; 5–9 cases, 11 hospitals; and <5 cases, 13

hospitals.11 According to a nationwide database between June 2014

to December 2019, 890 out of 50,135 patients received ECPR, which

accounted for 1.8% of all adult OHCA patients.12

2.4 Main exposure and outcomes

The primary exposure of interest was prehospital ALS, including intra-

venous epinephrine or use of advanced airway devices provided by

ELSTs. The primary outcome was favorable neurological outcome at

hospital discharge defined as Cerebral Performance Category score of

1 or 2.13 The secondary outcomewas survival at hospital discharge.

2.5 Statistical analysis

Participants were compared between the ALS group and the no ALS

group based on whether or not they had received any prehospital ALS

care. Continuous data were expressed as medians with interquartile

range (IQR) and categorical data were expressed as counts and per-

centages. Comparisons between the 2 groups were made using the

Mann–Whitney U test for continuous variables and chi-square test for

categorical variables. A multiple logistic regression model was applied

to estimate adjusted odds ratios (ORs) with their 95% confidence

intervals (CIs) for the primary and secondary outcomes. Covariates

included age, sex, witnessed status (whether or not the patient col-

lapse was witnessed), provision of bystander CPR, initial rhythm at the

The Bottom Line

Extracorporeal cardiopulmonary resuscitation (ECPR) is

available for many out-of-hospital cardiac arrest patients in

Japan. Advanced life support (ALS) care is dictated by the

receiving hospitals. Use of ALS care and ECPR are not stan-

dardized. This secondary evaluation of an existing registry

of ECPR patients demonstrated worse outcomes with those

patients who received ALS interventions.

scene [shockable rhythm vs pulseless electrical activity vs asystole],

public-access automated external defibrillator use, and anyprehospital

ALS care (either epinephrine administration and/or advanced airway).

These variables were selected based on previous studies and informa-

tion available at the time of medical direction by physicians. 7,14,15,16

Total prehospital time, defined as interval from EMS activation to hos-

pital arrival, was not entered as a covariate because total prehospital

time could theoretically be prolonged by the provision of ALS in the

prehospital setting. As a sensitivity analysis, additional models were

developed after excluding those who achieved return of spontaneous

circulation (ROSC) at hospital arrival andexcluding thosewhoachieved

ROSC during the period between hospital arrival and ECMO support

to deal with unmeasured confounding related to the intractability of

cardiac arrest. ROSC was defined as a transient return of palpable

pulse for at least 1 min. Several subgroup analyses were performed

according to witnessed status, initial rhythm at the scene, and eti-

ologies of cardiac arrest. Moreover, because institutional variation in

the proportion of patients who received prehospital ALS care was

assumed, we conducted another subgroup analysis according to the

institutional distribution for the proportion of patients who received

prehospital ALS care (≥50% or <50%). Finally, to examine the effects

of specific components of ALS care on neurological outcome at hospi-

tal discharge, prehospital epinephrine administration and prehospital

advanced airway (bag-valve-mask ventilation vs supraglottic airway

devices or tracheal intubation)were includedas a variable in themodel,

instead of any ALS care. All tests were 3 tailed and a p value of <0.05

was considered statistically significant. Analyseswereperformedusing

Stata SE version 17 statistical software (Stata-Corp LP, College Station,

TX, USA).

3 RESULTS

Of the 2157 SAVE-J II study patients, 1579 were identified as

those without prehospital involvement by dispatched physicians. After

excluding 290 patients whomet other exclusion criteria, 1289 patients

were included in the main analysis, 644 patients who received pre-

hospital ALS and 645 patients who did not receive prehospital ALS

(Figure 1).
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F IGURE 1 Study participant flow chart. ALS, advanced life
support; ECMO, extracorporeal membrane oxygenation; ECPR,
extracorporeal cardiopulmonary resuscitation; SAVE-J, Study of
Advanced Cardiac Life Support for Ventricular Fibrillation with
Extracorporeal Circulation in Japan.

3.1 Patient characteristics

Study participants’ demographic and clinical characteristics are shown

in Table 1. The median age was 60 years old (IQR, 49–69 years), 1069

patients (82.9%) were men, and 220 patients (17.1%) were women. Of

the 1289 patients, 372 (28.9%) received epinephrine administration

and 506 (39.2%) received advanced airway. More than three quarters

of the patients had cardiac etiologies. Patients who received prehospi-

tal ALS had longer total prehospital times than those not receiving ALS

(32 vs 29 min, p < 0.001). Time from hospital arrival to ECPR support

did not differ between the groups.

3.2 Clinical outcomes

In univariate analysis, the ALS group hadworse neurological outcomes

(10.4 vs 19.8%, p < 0.001) and survival at hospital discharge (24.8 vs

31.3%, p = 0.009) compared with the no ALS group (Table 1). Table 2

summarizes the results of multiple logistic regression analysis. After

adjusting covariates, any prehospital ALS care (adjustedORs0.47; 95%

CI 0.34–0.66; p < 0.001) were associated with unfavorable neurolog-

ical outcomes at hospital discharge. We obtained similar results for

survival at hospital discharge (adjusted ORs 0.73; 95% CI 0.56–0.94;

p = 0.019). In a sensitivity analysis after excluding those who achieved

ROSC at hospital arrival and excluding those who achieved ROSC dur-

ing the period between hospital arrival and ECMO support, similar

findings were observed (Tables S1 and S2).

3.3 Subgroup analyses for the primary outcome

In subgroup analyses, any prehospital ALS care was associated

with unfavorable neurological outcomes regardless of witness status

(Table 3) and in those whose initial rhythm was shockable at the scene

(Table 4). Further, any prehospital ALS care was associated with unfa-

vorable neurological outcomes in the subgroupof thosewhose causeof

arrest was cardiac and non-cardiac (Table 5). Institutional variation in

the proportion of patients who received prehospital ALS care is shown

in Figure S1. We observed similar results regardless of this variation

(Table 6).

3.4 Exploratory analyses for the primary outcome

When we examined specific components of ALS care, both prehospi-

tal epinephrine administration (adjusted ORs 0.52; 95% CI 0.34–0.80;

p = 0.003) and prehospital advanced airway (adjusted ORs 0.68;

95% CI 0.47–0.99; p = 0.046) were associated with unfavorable

neurological outcomes at hospital discharge (Table S3).

4 LIMITATIONS

This studyhas several limitations. First, the registry includedonly those

who underwent ECPR. Presumably, there would be many potential

candidates for ECPR who were not actually resuscitated with ECPR

for reasons such as successful resuscitation by persistent conven-

tional ALS, unavailability of ECMO teams or equipment, and its futility.

Remarkably, prior randomized controlled trials showed that prehos-

pital epinephrine administration or tracheal intubation increased the

proportion of ROSC,17,18 which would potentially make a difference in

the “severity” of cardiac arrest between the groups, particularly among

the population who underwent ECPR. Second, who would receive

prehospital ALS care was not protocolized, but depended on the physi-

cians’ discretion. Hence, our results might be affected by unknown

confounders. Third, the registry lacks several relevant data including

number of defibrillations, prehospital epinephrine doses in the ALS

group, and in-hospital treatment data regarding ALS before ECMO

establishment. Fourth, the timing of prehospital epinephrine admin-

istration or advanced airway in the ALS group was unknown. Given

resuscitation time bias, the timing of these interventions may have

been taken into account.19 Fifth, the registry did not collect data on

transport time, which could affect medical directors’ decisions. Some

medical directorsmight advise EMSpersonnel to performALS because

a longer transport time was expected. However, a previous study

reported that transport time did not have an impact on neurological

outcomes in patientswith shockable rhythm.20 Lastly, our findingsmay

not be generalized outside of EMS systems where prehospital ALS is

mainly provided by ELSTs under direct medical control by a physician.

5 DISCUSSION

In this exploratory post hoc analysis of SAVE-J II study, we found that

prehospital ALS, including epinephrine administration or advanced air-

way provided by EMS personnel, was associated with unfavorable
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TABLE 1 Patient characteristics of the study population.

All (n= 1289) ALS (n= 644) NoALS (n= 645) p value

Age, y, median (IQR) 60 (49–69) 59 (48–69) 61 (50–68) 0.642

Sex

Men, n (%) 1069 (82.9) 546 (84.8) 523 (81.1) 0.078

Women, n (%) 220 (17.1) 98 (15.2) 122 (18.9) 0.078

Witnessed arrest, n (%) 1016 (78.8) 494 (76.7) 522 (80.1) 0.027

Unknown, n (%) 8 (0.6) 1 (0.1) 7 (1.0)

Bystander CPR , n (%) 708 (54.9) 335 (52.0) 373 (57.8) 0.018

Unknown, n (%) 26 (2.0) 10 (1.5) 16 (2.4)

Initial rhythm at the scene

VF/pVT, n (%) 804 (62.4) 405 (62.9) 399 (61.9) 0.898

Pulseless electrical activity, n (%) 353 (27.4) 165 (25.6) 188 (29.1) 0.123

Asystole, n (%) 117 (9.1) 70 (10.9) 47 (7.3) 0.029

Unknown, n (%) 15 (1.1) 4 (0.6) 11 (1.7)

AED use, n (%) 748 (58.0) 407 (63.2) 341 (52.9) <0.001

Unknown, n (%) 9 (0.7) 2 (0.3) 7 (1.1)

Prehospital ALS care

Epinephrine administration, n (%) 372 (28.9) 372 (57.8) 0 (0) <0.001

Advanced airwaymanagement, n (%) 506 (39.2) 506 (78.6) 0 (0) <0.001

Tracheal intubation, n (%) 78 (6.1) 78 (12.1) 0 (0) <0.001

Supraglottic airway devices, n (%) 428 (33.2) 428 (66.5) 0 (0) <0.001

Cardiac rhythm on hospital arrival

VF/pVT, n (%) 561 (43.5) 302 (46.9) 259 (40.2) 0.014

Pulseless electrical activity, n (%) 415 (32.2) 200 (31.1) 215 (33.3) 0.392

Asystole, n (%) 270(20.9) 126 (19.6) 144 (22.3) 0.229

ROSC, n (%) 40 (3.1) 14 (2.1) 26 (4.0) 0.055

Unknown, n (%) 3 (0.2) 2 (0.3) 1 (0.2)

Time from EMS activation to hospital arrival, median (IQR), min 31 (25–36) 32 (26–38) 29 (24–35) <0.001

Time from hospital arrival to ECPR support, median (IQR), min 24 (16–34) 25 (17–34) 23 (16–33) 0.358

Etiologies of arrest

Cardiaca, n (%) 1009 (78.2) 511 (73.0) 498 (77.2) 0.352

Pulmonary embolism, n (%) 52 (4.0) 32 (5.0) 20 (3.1) 0.088

Aortic dissection, n (%) 74 (5.7) 27 (4.2) 47 (7.3) 0.017

Primary cerebral disorder, n (%) 22 (1.7) 11 (1.7) 11 (1.7) 0.997

Othersb, n (%) 132 (8.8) 63 (9.8) 69 (10.7) 0.588

ROSC after hospital arrival, n (%) 1001 (77.6) 470 (72.9) 531 (82.3) <0.001

Before ECPR support, n (%) 243 (18.9) 114 (17.7) 129 (20.0) 0.975

After ECPR support, n (%) 757 (58.7) 356 (55.2) 401 (62.2) 0.975

Unknown, n (%) 1 (0.0) 0 (0.0) 1 (0.1)

Favorable neurological outcomes at hospital dischargec, n (%) 195 (15.1) 67 (10.4) 128 (19.8) <0.001

Unknown, n (%) 1 (0.0) 0 (0.0) 1 (0.1)

Survival at hospital discharge, n (%) 362 (28.1) 160 (24.8) 202 (31.3) 0.009

Unknown, n (%) 1 (0.1) 0 (0.0) 1 (0.1)

Abbreviations: AED, automated external defibrillator; ALS, advanced life support; CPR, cardiopulmonary resuscitation; ECPR, extracorporeal cardiopul-

monary resuscitation; EMS, emergency medical services; IQR, interquartile range; pVT, pulseless ventricular tachycardia; ROSC, return of spontaneous

circulation; VF, ventricular fibrillation.
aIncludes acute coronary syndrome, arrhythmia, cardiomyopathy, myocarditis, and other cardiac origin.
bIncludes infectious diseases, other non-cardiac origin, and unknown etiologies.
cDefined as Cerebral Performance Category of 1 or 2 at hospital discharge.
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TABLE 2 Amultiple logistic regression analysis for the primary and secondary outcomes.

Variables

Favorable neurological outcomes Survival

AdjustedOR (95%CI) p value AdjustedOR (95%CI) p value

Age, y 0.97 (0.96–0.98) <0.001 0.98 (0.97–0.99) <0.001

Male 0.70 (0.46–1.07) 0.107 0.66 (0.47–0.93) 0.018

Witnessed arrest 0.98 (0.63–1.52) 0.936 1.22 (0.87–1.73) 0.239

Bystander CPR 1.49 (1.05–2.11) 0.015 1.07 (0.82–1.40) 0.596

Initial rhythm on the scene

VF/pVT Reference Reference

Pulseless electrical activity 0.41 (0.25–0.68) <0.001 0.46 (0.32–0.67) <0.001

Asystole 0.40 (0.19–0.83) 0.015 0.46 (0.27–0.78) 0.005

AED use 0.91 (0.62–1.36) 0.675 1.03 (0.56–1.41) 0.819

Any ALS care 0.47 (0.34–0.66) <0.001 0.73 (0.56–0.94) 0.019

Abbreviations: AED, automated external defibrillator; ALS; advanced life support; CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds

ratio; pVT, pulseless electrical activity; VF, ventricular fibrillation.

TABLE 3 Amultiple logistic regression analysis for the primary outcome according to the witnessed status.

Variables

Witnessed arrest (n= 1016) Unwitnessed arrest (n= 265)

AdjustedOR (95%CI) p value AdjustedOR (95%CI) p value

Age, y 0.96 (0.95–0.98) <0.001 0.98 (0.95–1.00) 0.172

Male 0.67 (0.41–1.09) 0.114 0.84 (0.33–2.10) 0.712

Bystander CPR 1.83 (1.22–2.75) 0.006 0.81 (0.32–2.03) 0.661

Initial rhythm on the scene

VF/pVT Reference Reference

Pulseless electrical activity 0.31 (0.17–0.55) <0.001 1.60 (0.59–4.33) 0.347

Asystole 0.18 (0.05–0.61) 0.006 1.15 (0.42–3.16) 0.773

AED use 1.04 (0.66–1.64) 0.864 0.51 (0.22–1.17) 0.113

Any ALS care 0.48 (0.33–0.70) <0.001 0.42 (0.19–0.91) 0.029

Abbreviations: AED, automated external defibrillator; ALS, advanced life support; CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds

ratio; pVT, pulseless electrical activity; VF, ventricular fibrillation.

TABLE 4 Amultiple logistic regression analysis for the primary outcome according to the initial rhythm on the scene.

Variables

Shockable rhythm on the scene (n= 804) Non-shockable rhythm on the scene (n= 353)

AdjustedOR (95%CI) p value AdjustedOR (95%CI) p value

Age, y 0.97 (0.95–0.98) <0.001 0.97 (0.94–0.99) 0.044

Male 0.52 (0.31–0.88) 0.016 1.13 (0.47–2.68) 0.777

Witnessed arrest 1.69 (0.96–3.00) 0.068 0.32 (0.12–0.83) 0.020

Bystander CPR 1.68 (1.12–2.52) 0.011 0.91 (0.40–2.10) 0.841

AED use 1.13 (0.70–1.81) 0.602 0.36 (0.10–1.25) 0.109

Any ALS care 0.42 (0.28–0.63) <0.001 0.79 (0.34–1.70) 0.559

Abbreviations: AED, automated external defibrillator; ALS, advanced life support; CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds

ratio.

neurological outcomes at hospital discharge in OHCA patients who

received ECPR.

To our knowledge, there have been no prior studies investigating

the effect of prehospital ALS, specifically among those who underwent

ECPR after hospital arrival for refractoryOHCA. A small observational

study demonstrated that lower epinephrine doses during CPR were

associated with good neurological outcomes in patients treated with

ECPR.21 However, this study did not provide any data regarding
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TABLE 5 Amultiple logistic regression analysis for the primary outcome, stratifying the patients into cardiac origin or non-cardiac origin.

Variables

Cardiac origin (n= 1009) Non-cardiac origin (n= 280)

AdjustedOR (95%CI) p value AdjustedOR (95%CI) p value

Age, y 0.96 (0.95–0.98) <0.001 0.97 (0.95–1.00) 0.070

Male 0.86 (0.52–1.43) 0.587 0.36 (0.16–0.84) 0.019

Witnessed arrest 1.10 (0.67–1.82) 0.680 0.58 (0.20–1.64) 0.308

Bystander CPR 1.63 (1.10–2.42) 0.019 0.95 (0.41–2.19) 0.914

Initial rhythm on the scene

VF/pVT Reference Reference

Pulseless electrical activity 0.45 (0.25–0.79) 0.006 0.32 (0.11–0.93) 0.036

Asystole 0.36 (0.15–0.84) 0.019 0.49 (0.11–2.19) 0.358

AED use 1.02 (0.70–1.72) 0.657 0.43 (0.17–1.08) 0.074

Any ALS care 0.47 (0.32–0.69) <0.001 0.41 (0.18–0.93) 0.034

Abbreviations: AED, automated external defibrillator; ALS, advanced life support; CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds

ratio; pVT, pulseless ventricular tachycardia; VF, ventricular fibrillation.

TABLE 6 Amultiple logistic regression analysis for the primary outcome, stratifying the patients according to an institutional proportion of
patients who received prehospital ALS care (≥50% or<50%).

Variables

≥50% (n= 723) <50% (n= 566)

AdjustedOR (95%CI) p value AdjustedOR (95%CI) p value

Age, y 0.96 (0.95–0.97) <0.001 0.97 (0.96–0.99) 0.024

Male 0.90 (0.51–1.58) 0.730 0.49 (0.25–0.96) 0.038

Witnessed arrest 0.80 (0.46–1.38) 0.436 1.67 (0.75–3.72) 0.208

Bystander CPR 1.57 (0.98–2.49) 0.057 1.44 (0.83–2.49) 0.184

Initial rhythm on the scene

VF/pVT Reference Reference

Pulseless electrical activity 0.51 (0.26–0.96) 0.040 0.24 (0.11–0.54) 0.036

Asystole 0.42 (0.18–0.98) 0.045 0.13 (0.17–1.06) 0.058

AED use 0.68 (0.38–1.18) 0.177 1.12 (0.62–2.01) 0.691

Any ALS care 0.55 (0.35–0.87) 0.011 0.16 (0.06–0.39) <0.001

Abbreviations: AED, automated external defibrillator; ALS, advanced life support; CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds

ratio; pVT, pulseless ventricular tachycardia; VF, ventricular fibrillation.

prehospital management. As for prehospital advanced airway, a reg-

istry study from Korea reported that patients with shorter time from

arrest to ECPR had received prehospital advanced airway less fre-

quently compared to patientswith longer times fromarrest to ECPR.22

This study showed that patients with shorter time from arrest to ECPR

had better survival; however, it failed to performmultivariable analysis

for neurologically intact survival, owing to its limited number of

outcomes.

Of note, major guidelines suggest that selection criteria for ECPR

include shorter time to establishing ECPR or shorter “low flow time,”

as well as younger age or witnessed arrest, based on extensive liter-

ature showing that the earlier the initiation of ECPR, the better the

prognosis.5,23 To start ECMO support as soon as possible, it would be

reasonable for a medical director or code leader at a receiving hospi-

tal to request EMS personnel to immediately transport patients who

meet the candidacy criteria for ECPRwithout performing ALS. Several

studies have observed an association between prehospital epinephrine

administration or advanced airway and increase in EMS scene time

or total prehospital time.24,25 Although the ALS group had prolonged

total prehospital time compared with the no ALS group, merely 3-

min delay would not result in worse outcomes among patients who

received prehospital ALS. Rather, a plausible interpretation for the

adverse association of prehospital ALS in this study is that the patients

in the ALS group were possibly more intractable to treatment because

they did not respond to “early” ALS, indicating that prehospital ALS

would be an unfavorable prognostic predictor among patients who

underwent ECPR.

In subgroup analysis, the association between prehospital ALS

care and unfavorable neurological outcomes at hospital discharge

was not found in patients with non-shockable rhythm on the scene.

This observation might be attributed to the fact that prehospital

advanced airway was associated with better survival among patients
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with non-shockable rhythm but not among patients with shockable

rhythm.26

ECPR should be considered as an alternative intervention despite

10–15 min of conventional ALS.23 Practically, ECMO support can take

as little as 10 min or even much longer to be established. We observed

that ECMO support was achieved after a median of 25 min of hospital

arrival in both groups. Although detailed records of in-hospital con-

ventional ALS before ECMO support were unavailable, this would be

a reasonable length of time.27 Indeed, however, optimal timing for initi-

ating ECPR remains undefined. A recent study documented a dilemma

between early transport for ECPR and continuing on-scene ALS.28

Our study’s strength is being a pragmatic, large-scale registry study, in

whichwe discovered the prehospital ALSwas associatedwith unfavor-

able neurological outcomes in patients who received ECPR.We do not

conclude that immediate transport strategy without performing ALS

is superior if the patients would inevitably be eligible for ECPR; how-

ever, our study indicates that among patients resuscitated with ECPR,

receiving prehospital ALS could be a predictor associated with worse

neurological outcomes.

In conclusion, among patients who underwent ECPR for OHCA,

patients with prehospital ALS compared to those without ALS were

associated with higher unfavorable neurological outcomes at hospi-

tal discharge. These findings should be further investigated in future

prospective studies to explore the clinical significance of prehospital

ALS care among patients who are potential candidates for ECPR.
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