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Abstract
Introduction: Extracorporeal cardiopulmonary resuscitation (ECPR) has been increasingly utilized for patients with out-of-hospital cardiac arrest

(OHCA). However, the impact of prehospital physician presence on the outcomes of ECPR-treated OHCA patients remains uncertain. This study

aimed to evaluate whether the presence of prehospital physicians improves 30-day survival and favorable neurological outcomes in this population.

Methods: This retrospective study analyzed data from the SAVE-J II study, a nationwide multicenter cohort of OHCA patients treated with ECPR in

Japan. Patients were divided into two groups: prehospital physician absence and prehospital physician presence. Propensity score matching (PSM)

was performed using six covariates (age, sex, witness status, presence of bystander CPR, initial heart rhythm, and location of cardiac arrest) to

adjust for baseline differences. Sensitivity analyses included PSM with additional covariates (prehospital time and Low flow time), inverse probability

of treatment weighting (IPTW), and varying matching ratios. Primary and secondary outcomes were 30-day survival and favorable neurological out-

come (Cerebral Performance Category [CPC] 1–2), respectively.

Results: Of the 1,641 patients included, 448 were in the prehospital physician presence group and 1,193 in the prehospital physician absence

group. Before PSM, 30-day survival rates were 28.2% (prehospital physician presence) vs. 25.7% (prehospital physician absence) (p = 0.350). After

1:1 PSM (6 covariates), the 30-day survival rate was significantly higher in the prehospital physician presence group (29.6%) compared to the pre-

hospital physician absence group (22.7%) (p = 0.028), while favorable neurological outcomes showed no significant difference (prehospital physician

presence: 14.5% vs. prehospital physician absence: 11.0%, p = 0.092). Sensitivity analyses confirmed the robustness of the findings, with 30-day

survival consistently higher in the prehospital physician presence group across models, including 7-covariate PSM (31.8% vs. 23.0%, p = 0.009) and

IPTW with 8 covariates (35.6% vs. 25.1%, p = 0.026). However, the 8-covariate IPTW model exhibited residual imbalance (SMD > 0.1 in four covari-

ates). Favorable neurological outcomes did not show significant differences in any analysis.

Conclusions: Prehospital physician presence was associated with improved 30-day survival in OHCA patients undergoing ECPR. However, favor-

able neurological outcomes did not show significant improvement. These findings highlight the need for strategies to optimize low-flow time and

explore the potential role of prehospital ECPR initiation. Further prospective studies are required to validate these findings and improve outcomes

in this critical population.
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SAVE-J II study
rg/

a),

ail.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.resplu.2024.100859&domain=pdf
https://doi.org/10.1016/j.resplu.2024.100859
<?tlsb=-0.056pt><?twb=.28w>This is an open access article under the CC BY-NC license (&ccopenurl;http://creativecommons.org/licenses/by-nc/4.0/&ccopenurl;)
<?tlsb=-0.056pt><?twb=.28w>This is an open access article under the CC BY-NC license (&ccopenurl;http://creativecommons.org/licenses/by-nc/4.0/&ccopenurl;)
mailto:major.er.dr@gmail.com
mailto:satoshimeister@gmail.com
mailto:tomohiro.oda730@gmail.com
mailto:tomhamtomham@gmail.com
mailto:tomoya1732@gmail.com
mailto:makoto_k@d3.dion.ne.jp
mailto:i.akihiko1985@gmail.com
mailto:i.akihiko1985@gmail.com
mailto:hifumitoru@gmail.com
mailto:sakamoto.tetsuya@nifty.ne.jp
mailto:kuroday@kms.ac.jp
https://doi.org/10.1016/j.resplu.2024.100859
https://doi.org/10.1016/j.resplu.2024.100859
http://www.sciencedirect.com/science/journal/26665204
http://www.elsevier.com/locate/resuscitation-plus


2 R E S U S C I T A T I O N P L U S 2 1 ( 2 0 2 5 ) 1 0 0 8 5 9
Introduction

Out-of-hospital cardiac arrest (OHCA) is a life-threatening condition

in which conventional cardiopulmonary resuscitation (CPR) alone

may be insufficient for survival. In such cases, the introduction of

extracorporeal cardiopulmonary resuscitation (ECPR) has been

shown to enable the return of spontaneous circulation and, in some

instances, allow for a return to normal life. Globally, the use of ECPR

for OHCA patients unresponsive to standard CPR has been rapidly

increasing, with evidence particularly supporting its efficacy in

patients under 75 years of age with refractory ventricular fibrillation.1

However, standardized clinical guidelines for the use of ECPR in

OHCA have not yet been established, leading to significant variation

in criteria and protocols across different countries and institutions.2

To maximize the benefits of ECPR, it is critical to minimize the

time between the emergency call and the initiation of ECPR, while

ensuring that high-quality CPR is consistently performed during this

period. These factors significantly influence both survival rates and

neurological outcomes. Emergency medical services (EMS) world-

wide provide life-saving interventions for OHCA patients,3–5 but the

scope of these interventions varies by country. In Japan, EMS per-

sonnel can perform defibrillation, establish intravenous access,

administer adrenaline, and perform endotracheal intubation under

a physician’s authorization. In contrast, in many Western countries,

prehospital physicians play a vital role within EMS teams, actively

intervening in severe cases, particularly cardiac arrests.6,7 The pres-

ence of these physicians is expected to improve patient outcomes by

providing advanced treatment before hospital arrival.

Some studies suggest that having prehospital physicians present

during OHCA can improve both survival rates and neurological out-

comes.3,4,8–10 However, the specific benefits of having prehospital

physicians present during OHCA cases where patients undergo

ECPR are not yet fully understood. In some regions of Europe,

efforts are underway to deploy ECPR teams and ECMO equipment

directly to the prehospital scene, enabling ECPR to be initiated on-

site before transporting the patient to the hospital. In Japan, although

physicians are dispatched for prehospital emergencies, ECPR is

rarely initiated before hospital arrival.

The potential advantages of having a physician present in the

prehospital setting include administering anti-arrhythmic drugs that

paramedics are not authorized to use, securing arterial and venous

access necessary for ECMO initiation, and accurate endotracheal

intubation. These assessments allow for early decision-making

regarding the suitability of ECPR, enabling the hospital to prepare

for ECMO initiation in advance, facilitating rapid deployment upon

the patient’s arrival.

The presence of prehospital physicians may lead to a delay in

hospital arrival, potentially increasing the time before ECMO initiation

and affecting patient outcomes. While some studies have shown that

having prehospital physicians present is linked to better outcomes in

cases of OHCA, its effectiveness in cases eligible for ECPR is still

uncertain. Therefore, this study aims to evaluate the effects of pre-

hospital physician presence on outcomes in OHCA patients who

are potential candidates for ECPR Therefore, the aim of this study

is to clarify the effectiveness of pre-hospital physician presence for

cardiac-origin OHCA patients receiving ECPR.
Methods

Study design and data

This study is a secondary analysis of the Japanese retrospective

multicenter registry “Study of Advanced Life Support for Ventricular

Fibrillation by Extracorporeal Circulation II (SAVE-J II)”.11 The reg-

istry included data from 36 institutions in Japan that actively per-

formed ECPR between 2013 and 2018. The SAVE-J II study was

registered in the University Hospital Medical Information Network

(UMIN) Clinical Trials Registry (registration number:

UMIN000036490), and the study design and data collection methods

have been previously reported.11 This study was conducted with the

approval of the Institutional Review Board (IRB) of Kagawa Univer-

sity (approval number: 2018-110) as well as the IRBs of all participat-

ing institutions. All institutions conducted the study in accordance

with the Declaration of Helsinki (1975) and its subsequent amend-

ments due to the retrospective nature of the study, the requirement

for informed consent was waived. This secondary analysis was

approved by the IRB of Toyooka Public Hospital (approval number:

222).

Study population and data collection

This study included all patients registered in the SAVE-J II registry.11

The exclusion criteria were as follows: patients who received ECPR

after admission to the intensive care unit, cases involving acute aor-

tic syndrome/aneurysm, hypothermia, primary brain injury, infection,

drug overdose, trauma, asphyxiation, drowning, or other non-cardiac

causes of OHCA, patients who achieved return of spontaneous cir-

culation (ROSC) upon hospital arrival, patients who achieved ROSC

before cannulation, patients transferred from other hospitals,

patients who were discharged before ECMO initiation due to ROSC

after cannulation, patients with missing outcome data, and cases

where the presence of a prehospital physician was unknown. To min-

imize the disease-selection bias, where the presence of a prehospital

physician may influence the eligibility for ECPR, the above conditions

were set as exclusion criteria, and the inclusion criteria for this study

were restricted to cases where ECPR was performed in OHCA

patients presumed to have a cardiac origin.

Collected data included patient demographics (e.g., age, sex),

cardiac arrest details (e.g., location, cause, initial heart rhythm at

the time of cardiac arrest), CPR-related data (e.g., presence of

bystanders, use of basic life support (BLS) or external defibrillator

(ED), prehospital administration of epinephrine, ROSC before hospi-

tal arrival), time to ROSC, outcome data, time intervals from emer-

gency call to ambulance arrival and to ECMO initiation, estimated

low flow time, details on the implementation of percutaneous coro-

nary intervention (PCI) or intra-aortic balloon pumping (IABP), final

OHCA diagnosis, in-hospital mortality, Cerebral Performance Cate-

gory (CPC) score at discharge, and complications during ECPR.

Outcome Measures

The primary outcomes were survival rates at 30 days. The secondary

outcomes were neurological outcomes at 30 days, based on the

CPC. These outcomes were compared between the group of

patients without a prehospital physician (prehospital physician

absence group) and the group with a prehospital physician



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

342 excluded: 

119 Acute aortic dissection/  aortic aneurysm

112 Hypothermia

51 Primary cerebral disorders

20 Infection

14 Drug intoxication

11 Trauma

8 Suffocation

4 Drowning

3 Other external causes

3 excluded: Prehospital physicians’ presence unknown

2 excluded: outcome unknown

9 excluded: Implementation of VA-ECMO after ICU admission

1 excluded: Withdraw after cannulation because ROSC

1,644: Eligible patients

96 excluded: ROSC at hospital arrival  

58 excluded: ROSC at ECMO initiation

5 excluded: Transferred from another hospital 

1,641: Patients in analysis

Fig. 1 – Flowchart of study enrollment. ECPR, extracorporeal cardiopulmonary resuscitation; VA-ECMO, veno-

arterial extracorporeal membrane oxygenation; ICU, intensive care unit; ROSC, return of spontaneous circulation.
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(prehospital physician presence group). Additionally, subgroup anal-

yses were performed to compare the time from emergency call to

hospital arrival, the time from hospital arrival to ECMO initiation,

and the time from emergency call to ECMO initiation between the

prehospital physician absence and prehospital physician presence

groups.

Statistical analysis

The patients’ characteristics and outcomes were statistically ana-

lyzed based on the presence or absence of a prehospital physician.

Statistical analyses were conducted using EZR (version 1.61, Jichi

Medical University, Saitama Medical Center, Japan), a graphical

user interface for R (The R Foundation for Statistical Computing,

Vienna, Austria). Continuous variables were expressed as

mean ± standard deviation or median (interquartile range), and cat-

egorical variables were expressed as frequencies and percentages.

Group comparisons were conducted using the t-test or Mann-

Whitney U test for continuous variables, and the chi-square test or

Fisher’s exact test for categorical variables.

Propensity score matching (PSM) was utilized to adjust for base-

line characteristics between the prehospital physician absence and

prehospital physician presence groups. Propensity scores were cal-

culated using a logistic regression model including the following six

covariates: age, sex, witness status, presence of bystander CPR, ini-

tial heart rhythm, and location of cardiac arrest. 1:1 matching

between the groups was performed using the nearest neighbor
method without replacement, with a caliper width of 0.2 standard

deviations of the logit of the propensity score. The balance of covari-

ates before and after matching was assessed using standardized

mean differences (SMD), with an SMD of less than 10% considered

acceptable.

To address the potential role of additional covariates, sensitivity

analyses were conducted:

PSM incorporating eight covariates, including prehospital time

and Low flow time, in addition to the original six covariates.

PSM with a 1:2 matching ratio using the eight covariates.

Inverse probability of treatment weighting (IPTW) analysis using

both seven covariates (excluding Low flow time) and eight covari-

ates (including Low flow time). These sensitivity analyses were

performed to ensure the robustness of the results. The SMDs

were evaluated in eachmodel to assess the balance of covariates.

To compare survival between the prehospital physician absence

and prehospital physician presence groups, a log-rank test was con-

ducted, and Kaplan-Meier survival curves were generated to illus-

trate differences in survival rates between the groups. In addition

to the primary analysis, univariable logistic regression was per-

formed to evaluate the association between prehospital physician

presence and the primary outcome (30-day survival) in three set-

tings: before propensity score matching (PSM), after PSM, and after

inverse probability of treatment weighting (IPTW). Odds ratios (ORs)



Table 1 – Baseline characteristics of prehospital physician absence and presence groups before and after propensity score matching (PSM) (11).

Before Propensity Score Matching After Propensity Score Matching

Variables Prehospital physician

absence (n = 1193)

Prehospital physician

presence (n = 448)

P

values

SMD Prehospital physician

absence (n = 416)

Prehospital physician

presence (n = 416)

P

values

SMD

Age, median [Q1-Q3] (years) 60 [49, 68] 61 [50, 69] 0.135 0.097 62 [50, 69] 61 [50, 69] 0.619 0.011

Sex Female, n (%) 176 (14.8) 78 (17.4) 0.211 0/072 67 (18.2) 61 (16.6) 0.627 0.043

Location of cardiac arrest, n

(%)

0.001 0.255 0.838 0.068

Home 477 (40.1) 191 (42.7) 154 (41.8) 160 (43.5)

Public place 225 (18.9) 67 (15.0) 55 (14.9) 56 (15.2)

Ambulance a 121 (10.2) 32 (7.2) 28 (7.6) 22 (6.0)

Others 68 (5.7) 46 (10.3) 131 (35.6) 130 (35.3)

Initial cardiac rhythm at the

scene, n (%)

0.083 0.127 0.96 0.021

Asystole 91 (7.7) 39 (8.8) 29 (7.9) 29 (7.9)

Pulseless electrical activity 284 (24.0) 84 (18.9) 68 (18.5) 71 (19.3)

Shockable rhythm 806 (68.2) 321 (72.3) 271 (73.6) 268 (72.8)

Witnessed cardiac arrest, n

(%)

955 (80.3) 333 (74.7) 0.015 0.136 286 (77.7) 281 (76.4) 0.726 0.032

Bystander CPR, n (%) 681 (57.7) 264 (59.9) 0.468 0.044 222 (60.3) 217 (59.0) 0.764 0.028

Prehospital intervention, n (%)

Defibrillation 730 (61.6) 324 (73.6) <0.001 0.26 250 (67.9) 273 (74.6) 0.056 0.147

Epinephrine administration 329 (27.9) 230 (52.3) <0.001 0.513 129 (35.1) 185 (50.5) <0.001 0.315

Airway management, n (%) <0.001 0.515 <0.001 0.378

No device (bag-mask

ventilation)

671 (58.9) 161 (38.9) 191 (54.1) 144 (41.1)

Advanced airway (supraglottic

airway)

392 (34.4) 163 (39.4) 133 (37.7) 135 (38.6)

Advanced airway

(endotracheal tube)

76 (6.7) 90 (21.7) 29 (8.2) 71 (20.3)

ROSC before hospital arrival,

n (%)

84 (7.1) 66 (15.1) <0.001 0.256 22 (6.1) 47 (13.1) 0.002 0.238

Initial cardiac rhythm on

hospital arrival, n (%)

0.001 0.218 0.96 0.021

Asystole 266 (22.4) 65 (14.5) 29 (7.9) 29 (7.9)

Pulseless electrical activity 363 (30.5) 134 (30.0) 68 (18.5) 71 (19.3)

Shockable rhythm 560 (47.1) 248 (55.5) 271 (73.6) 268 (72.8)

Cardiac rhythm at ECMO

initiation, n (%)

0.301 0.086 0.171 0.139

Asystole 190 (16.1) 64 (14.4) 67 (18.4) 54 (14.8)

Pulseless electrical activity 386 (32.7) 134 (30.1) 109 (29.9) 98 (26.8)

Shockable rhythm 605 (51.2) 247 (55.5) 189 (51.8) 214 (58.5)
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Before Propensity Score Matching After Propensity Score Matching

Variables Prehospital physician

absence (n=1193)

Prehospital physician

presence (n=448)

P

values

SMD Prehospital physician

absence (n=416)

Prehospital physician

presence (n=416)

P

values

SMD

Time course, median [Q1-

Q3] (min)

Time from call ambulance

to arrival b
30 [24, 36] 37 [30, 47] <0.001 0.729 35.00 [29.00, 43.00] 35.00 [29.00, 42.00] 0.898 0.032

Time from arrival to ECMO
c

24.5 [17.0, 35.0] 18.0 [13.0, 25.0] <0.001 0.458 20.50 [15.00, 27.00] 18.50 [13.00, 26.00] 0.002 0.125

Time from call ambulance

to ECMO d
56 [47, 69] 57 [48, 68] 0.183 0.037 56.00 [49.00, 68.00] 55.00 [47.00, 65.00] 0.059 0.119

Estimated low flow time e 54.0 [45.0, 66.0] 55.0 [46.3, 65.8] 0.188 0.044 55.00 [47.00, 64.25] 53.00 [46.00, 63.00] 0.202 0.049

ROSC after hospital

arrival, n (%)

<0.001 0.268

Before ECMO pump on 187 (20.3) 39 (10.7) 35 (12.3) 34 (11.2) 0.787 0.033

After ECMO pump on 736 (79.7) 327 (89.3) 250 (87.7) 269 (88.8)

Emergency coronary

angiography

905 (75.9) 374 (83.5) 0.001 0.189 303 (82.6) 308 (83.7) 0.755 0.03

Percutaneous coronary

intervention

529 (46.4) 224 (50.1) 0.208 0.073 173 (48.5) 175 (47.7) 0.893 0.016

Intra-aortic balloon

pumping

741 (62.2) 316 (70.7) 0.002 0.18 254 (69.0) 264 (71.9) 0.433 0.064

Cause of cardiac arrest, n

(%)

<0.001 0.341 0.006 0.333

Acute coronary syndrome 698 (58.6) 270 (60.3) 210 (57.1) 213 (57.9)

Arrhythmia 168 (14.1) 64 (14.3) 59 (16.0) 58 (15.8)

Myocarditis 16 (1.3) 3 (0.7) 5 (1.4) 3 (0.8)

Myopathy 52 (4.4) 43 (9.6) 15 (4.1) 37 (10.1)

Other cardiac causes 72 (6.0) 31 (6.9) 26 (7.1) 24 (6.5)

Other non-cardiac causes 36 (3.0) 11 (2.5) 11 (3.0) 9 (2.4)

Pulmonary embolism 45 (3.8) 14 (3.1) 11 (3.0) 13 (3.5)

Unknown 105 (8.8) 12 (2.7) 31 (8.4) 11 (3.0)

Cause of death at hospital,

n (%)

<0.001 0.267 0.228 0.184

Cardiac arrest as primary

cause

767 (93.2) 283 (88.7) 245 (91.1) 223 (89.6)

Complications 36 (4.4) 30 (9.4) 16 (5.9) 22 (8.8)

Comorbidities 2 (0.2) 4 (1.3) 1 (0.4) 2 (0.8)

Others 18 (2.2) 2 (0.6) 7 (2.6) 2 (0.8)

Data are presented as medians [interquartile range: Q1-Q3] for continuous variables and as n (percentage: %) for categorical variables.

CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; ROSC, return of spontaneous circulation
a Ambulance (Location of cardiac arrest), Patients who developed cardiac arrest after emergency medical staff (EMS) arrival with the presence of spontaneous circulation on initial EMS evaluation.
b Time from call ambulance to arrival (Time course), Call ambulance to arrival time is time from emergency medical services call to hospital arrival time.
c Time from arrival to ECMO (Time course), Arrival to ECMO time is time from hospital arrival to establishment of ECMO support.
d Time from call ambulance to ECMO(Time course), Call ambulance to ECMO time is time from emergency medical services call to establishment of ECMO support.
e Estimated low flow time (Time course), 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.
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and 95% confidence intervals (CIs) were calculated to provide a

straightforward comparison of the outcomes between the prehospital

physician presence and absence groups.

All statistical tests were two-sided, with a significance level set at

p < 0.05.

Results

Of the 2,157 patients enrolled in the SAVE-J II study, 1,641 were

included in the final analysis (Fig. 1). Among these, 1,193 patients

were in the prehospital physician absence group, and 448 patients

were in the prehospital physician presence group. The baseline char-

acteristics of the patients in each group are presented in Table 1.

The median age was 60 (49, 68) years in the prehospital physician

absence group and 61 (50, 69) years in the prehospital physician

presence group (p = 0.135). The proportion of females was 14.8%

in the prehospital physician absence group and 17.4% in the prehos-

pital physician presence group (p = 0.211), with no statistically signif-

icant differences observed between the groups. When comparing the

overall distribution of initial rhythms (asystole, PEA, VT/VF) between

the two groups, the p-value for the statistical test was 0.083, indicat-

ing no significant difference. Furthermore, when the rhythms were

divided into shockable rhythms (VT/VF) and non-shockable rhythms

(asystole and PEA) for individual comparison, the proportion of

shockable rhythms (VT/VF) was 68.2% in the prehospital physician

absence group and 72.3% in the prehospital physician presence

group, with a p-value of 0.129. On the other hand, the proportion

of non-shockable rhythms (asystole and PEA) was 31.8% in the pre-

hospital physician absence group and 27.7% in the prehospital

physician presence group, with no statistically significant difference

(p = 0.642). The incidence of witnessed cardiac arrest (CPA) was

higher in the prehospital physician absence group (80.3%) compared

to the prehospital physician presence group (74.7%) (p = 0.015). The

rate of bystander CPR was similar between the groups, with 57.7% in
Table 2 – Comparison of Complications During Extracorpo
Propensity Score Matching (11).

Before Propensity Score Matching

Variables Prehospital

physician

absence

(n = 1193)

Prehospital

physician

presence

(n = 448)

P

valu

Complications during

ECPRa, n (%)

Cannula malposition 50 (4.2) 31 (6.9) 0.03

Unsuccessful cannulation 8 (0.7) 3 (0.7) 1

Cannulation-related

bleeding

175 (14.7) 58 (12.9) 0.4

Others 18 (1.5) 8 (1.8) 0.86

ECMO-related

complications (including

retroperitoneal

hemorrhage), n (%)

15 (1.3) 6 (1.4) 1

Hemorrhage, n (%) 52 (4.5) 31 (7.0) 0.05

Ischemia, n (%) 88 (7.4) 51 (11.4) 0.01

Data are presented as n (percentage: %) for categorical variables.

ECPR, extracorporeal cardiopulmonary resuscitation; ECMO, extracorporeal me
a Patients may have more than 1 complication
the prehospital physician absence group and 59.9% in the prehospi-

tal physician presence group (p = 0.468). Prehospital administration

of epinephrine and defibrillation were significantly more frequent in

the prehospital physician presence group, with rates of 52.3% and

73.6%, respectively, compared to 27.9% and 61.6% in the prehospi-

tal physician absence group (both p < 0.001). Endotracheal intuba-

tion was also performed more frequently in the prehospital

physician presence group (21.7%) compared to the prehospital

physician absence group (6.7%) (p < 0.001). A comparison of com-

plications during ECPR revealed that cannula malposition and hem-

orrhage were significantly more frequent in the prehospital physician

presence group (Table 2).

The rate of ROSC before hospital arrival was significantly higher

in the prehospital physician presence group compared to the prehos-

pital physician absence group, both before and after PSM. Before

PSM, the ROSC rate was 15.1% in the prehospital physician pres-

ence group and 7.1% in the prehospital physician absence group

(p < 0.001). After PSM, the prehospital physician presence group

continued to show a significantly higher ROSC rate of 13.1% com-

pared to 6.1% in the prehospital physician absence group

(p = 0.002, SMD = 0.238).

Primary and secondary outcomes

The primary outcome, 30-day survival, was 28.2% in the prehospital

physician presence group vs. 25.7% in the prehospital physician

absence group (p = 0.350), showing no statistically significant differ-

ence. The secondary outcome, a favorable neurological outcome

(CPC1-2) at 30 days, was 14.5% in the prehospital physician pres-

ence group vs. 13.4% in the prehospital physician absence group

(p = 0.615), also showing no statistically significant difference

(Table 3).

Propensity score matching (PSM) results

Using PSM, we adjusted for six covariates: age, sex, witness status,

presence of bystander CPR, initial heart rhythm, and location of car-
real Cardiopulmonary Resuscitation Before and After

After Propensity Score Matching

es

SMD Prehospital

physician

absence

(n = 416)

Prehospital

physician

presence

(n = 416)

P

values

SMD

4 0.118 17 (4.0) 25 (6.0) 0.266 0.094

<0.001 0 (0.0) 0 (0.0) NA NA

0.052 52 (12.5) 50 (12.0) 0.915 0.016

5 0.021 5 (1.2) 6 (1.4) 0.996 0.023

0.015 17 (4.1) 14 (3.4) 0.696 0.043

9 0.137 30 (7.2) 41 (0.9) 0.216 0.101

3 0.107 12 (2.9) 28 (6.7) 0.017 0.192

mbrane oxygenation
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diac arrest. The 1:1 matching analysis demonstrated a significantly

higher 30-day survival rate in the prehospital physician presence

group compared to the prehospital physician absence group (pre-

hospital physician presence: 29.6% vs. prehospital physician

absence: 22.7%, p = 0.028). However, there was no significant dif-

ference in 30-day favorable neurological outcomes (CPC1-2)

between the groups (prehospital physician presence: 14.5% vs.

prehospital physician absence: 11.0%, p = 0.092). The balance of

covariates was confirmed, as all standardized mean differences

(SMDs) were below 0.1 (Fig. 2).

Sensitivity analyses

To assess robustness, sensitivity analyses were conducted

(Table 3):

PSM using seven covariates (including prehospital time but

excluding Low flow time).

PSM using eight covariates (including both prehospital time and

Low flow time).

PSM using a 1:2 matching ratio.

The 30-day survival rates remained significantly higher in the

prehospital physician presence group across all analyses:

・7-covariate PSM: prehospital physician presence: 31.8% vs.

prehospital physician absence: 23.0% (p = 0.009).

・8-covariate PSM: prehospital physician presence: 31.6% vs.

prehospital physician absence: 22.7% (p = 0.008).

・1:2 matching PSM: prehospital physician presence: 37.8% vs.

prehospital physician absence: 21.8% (p < 0.001).

All covariates achieved SMDs below 0.1, indicating an adequate

balance.

IPTW analyses

Inverse probability of treatment weighting (IPTW) analyses were

performed with seven and eight covariates (Table 3):

・7-covariate IPTW: The 30-day survival rate was prehospital

physician presence: 32.7% vs. prehospital physician absence:

24.7% (p = 0.088), with all SMDs below 0.1. Favorable neurological

outcomes (CPC1-2) were prehospital physician presence: 15.8%

vs. prehospital physician absence: 12.6% (p = 0.164).

・8-covariate IPTW: The 30-day survival rate was prehospital

physician presence: 35.6% vs. prehospital physician absence:

25.1% (p = 0.026). However, imbalances were observed in four

covariates (sex, bystander CPR, location of cardiac arrest, and

Low flow time), with SMDs exceeding 0.1. Favorable neurological

outcomes (CPC1-2) were prehospital physician presence: 15.0%

vs. prehospital physician absence: 12.7% (p = 0.23).

Love plot results

To visually evaluate the balance of covariates, a Love Plot was gen-

erated (Fig. 2). The plot demonstrated that PSM analyses with six

and seven covariates, the 1:2 matching PSM, and the 7-covariate

IPTW analysis achieved SMDs below 0.1 for all covariates. In con-

trast, the 8-covariate IPTW analysis showed residual imbalance in

four covariates, indicating potential confounding (Table 4).

Logistic regression results

Univariable logistic regression for 30-day survival consistently

showed odds ratios (OR) greater than 1 across all analyses, with

P-values below 0.05 (Table 5). These findings further support the



Fig. 2 – Love Plot Showing Standardized Mean Differences (SMDs) Before and After Adjustment Across PSM and

IPTW Models. This Love Plot illustrates the standardized mean differences (SMDs) for the covariates before and

after adjustment using propensity score matching (PSM) and inverse probability of treatment weighting (IPTW)

models. Covariates include age, sex, location of cardiac arrest, initial cardiac rhythm, witnessed cardiac arrest,

bystander CPR, prehospital time, and low flow time. In the PSM analyses (6-covariate, 7-covariate, and 8-covariate

models) and the 7-covariate IPTW analysis, all SMDs were below the threshold of 0.1, indicating adequate balance.

However, the 8-covariate IPTW analysis revealed SMDs exceeding 0.1 for four covariates (sex, bystander CPR,

location of cardiac arrest, and low flow time), reflecting residual imbalance.

Table 4 – Standardized Mean Differences (SMDs) for Covariates Before and After PSM and in IPTW Analyses.

Adjusted Variables Before

PSM

PSM

(6 covariates)

PSM

(7 covariates)

PSM

(8 covariates)

PSM

(1:2 Matching)

IPTW

(7 covariates)

IPTW

(8 covariates)

Age 0.097 0.038 0.029 0.011 0.011 0.05 0.074

Sex 0.072 0.026 0.021 0.043 0.027 0.009 0.112

Location of cardiac arrest 0.255 0.029 0.084 0.068 0.094 0.071 0.126

Initial cardiac rhythm 0.127 0.03 0.064 0.021 0.046 0.052 0.038

Witnessed cardiac arrest 0.136 0.017 0.038 0.032 0.039 0.023 0.053

Bystander CPR 0.044 0.044 0.016 0.028 0.03 0.041 0.105

Prehospital time 0.729 N/A 0.035 0.032 0.063 0.003 0.051

Low flow time 0.044 N/A N/A 0.049 0.07 N/A 0.25

This table presents the standardized mean differences (SMDs) for covariates across different analytical models, including the dataset before propensity score

matching (PSM), after PSM using 6 covariates (age, sex, witness status, presence of bystander CPR, initial heart rhythm, and location of cardiac arrest), PSM with

7 covariates (including prehospital time), PSM with 8 covariates (including prehospital time and Low flow time), and inverse probability of treatment weighting

(IPTW) analyses with 7 and 8 covariates. SMDs were calculated to assess the balance of covariates between the prehospital physician absence and prehospital

physician presence groups. An SMD of less than 0.1 was considered to indicate acceptable balance. While all PSM models achieved an SMD below 0.1 for all

covariates, the IPTW analysis with 8 covariates exhibited SMDs exceeding 0.1 for four covariates: sex, bystander CPR, location of cardiac arrest, and Low flow

time. This indicates residual imbalance in the 8-covariate IPTW model.

PSM, propensity score matching; IPTW, inverse probability weighting.
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Table 5 – Univariable Logistic Regression Results for Outcomes Before and After PSM and IPTW Across Analysis
Models.

Outcomes Before

PSM

PSM

(6 covariates)

PSM

(7 covariates)

PSM

(8 covariates)

PSM

(1:2 Matching)

IPTW

(7 covariates)

IPTW

(8 covariates)

30-day Survival

Odds Ratio (OR)

(95% CI)

1.19

(0.93–1.53)

1.29

(1.09–1.58)

1.56

(1.13–2.17)

1.58

(1.14–2.21)

2.18

(1.61–2.96)

1.49

(1.16–1.90)

1.65

(1.30–2.09)

P-value 0.17 0.019 0.0072 0.0064 <0.001 0.0016 <0.001

30-day Favorable

Neurological

Outcome (CPC 1–2)

Odds Ratio (OR)

(95% CI)

1.14

(0.83–1.57)

1.21

(0.98–1.57)

1.54

(1.00–2.37)

1.25

(0.82–1.90)

1.76

(1.20–2.60)

1.30

(0.95–1.78)

1.21

(0.89–1.66)

P-value 0.41 0.069 0.048 0.30 0.0041 0.01 0.23

This table presents the univariable logistic regression results assessing the association between prehospital physician presence and outcomes, including 30-day

survival and 30-day favorable neurological outcome (CPC 1–2). Analyses were conducted using the dataset before adjustment (Before PSM), after propensity

score matching (PSM) with 6 covariates (age, sex, witness status, presence of bystander CPR, initial heart rhythm, and location of cardiac arrest), 7 covariates

(including prehospital time), and 8 covariates (including prehospital time and Low flow time), as well as inverse probability of treatment weighting (IPTW) models

with 7 and 8 covariates. For each analysis, odds ratios (ORs) with 95% confidence intervals (CIs) and P-values are shown.

CPC, cerebral performance category; PSM, propensity score matching; IPTW, inverse probability weighting.
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association between prehospital physician presence and improved

30-day survival rates.

A log-rank test

A log-rank test comparing survival rates between the prehospital

physician absence and prehospital physician presence groups, visu-

alized using Kaplan-Meier survival curves, revealed a significantly
S
u
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Fig. 3 – Kaplan-Meier survival curve for prehospital

physician absence and prehospital physician presence

groups. A log-rank test showed that the prehospital

physician absence group had a significantly higher

survival rate than prehospital physician presence

group (p = 0.02).
higher survival rate in the prehospital physician presence group

(Log-rank p = 0.02) (Fig. 3).
The analysis of time intervals

In the analysis of time intervals (Table 1), the time from emergency

call to hospital arrival was significantly longer in the prehospital

physician presence group (37 [30, 47] minutes) compared to the pre-

hospital physician absence group (30 [24, 36] minutes) (p < 0.001).

Conversely, the time from hospital arrival to ECMO initiation was sig-

nificantly shorter in the prehospital physician presence group (18.0

[13.0, 25.0] minutes) compared to the prehospital physician absence

group (24.5 [17.0, 35.0] minutes) (p < 0.001). However, there was no

significant difference in the total time from emergency call to ECMO

initiation between the two groups (prehospital physician presence: 57

[48, 68] minutes; prehospital physician absence: 56 [47, 69] minutes,

p = 0.183).
Discussion

Several large cohort studies have been conducted on OHCA patients

who underwent ECPR in countries such as France, four other Euro-

pean countries, South Korea, and Japan.12–17 The SAVE-J II study is

the largest among these. Notably, it is 1.5 times the size of the pre-

vious largest study15 and includes all types of cardiac arrest cases.

This study uses continuous datasets from institutions that routinely

perform ECPR, including four facilities that have conducted over

100 ECPR procedures in six years.11 This study aimed to assess

the impact of prehospital physician presence on the outcomes of

ECPR in OHCA patients. To our knowledge, only two studies, includ-

ing ours, have evaluated the usefulness of prehospital physician

presence in ECPR-treated OHCA patients.

Another relevant study utilized data from the Japanese Associa-

tion for Acute Medicine Out-of-Hospital Cardiac Arrest (JAAM-

OHCA) registry, which included data from 69 tertiary emergency cen-

ters and 24 non-tertiary emergency centers across Japan. This study
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analyzed 1,269 ECPR-treated cases out of 57,754 OHCA patients,

comparing outcomes between those with and without prehospital

physician presence. It was reported that the presence of a prehospi-

tal physician did not significantly impact neurological outcomes at

30 days.18 In contrast, our study stands out for using continuous data

from institutions that frequently perform ECPR, with a high inclusion

rate of approximately 76%. Additionally, we evaluated primary out-

comes such as survival at 30 days and assessed time intervals from

emergency call to hospital arrival, from hospital arrival to ECMO ini-

tiation, and from emergency call to ECMO initiation.

Our findings revealed that prehospital physician presence was

associated with significantly higher 30-day survival rates after

propensity score matching (PSM). Sensitivity analyses, including

PSM with varying covariate models and inverse probability of treat-

ment weighting (IPTW), consistently supported these results. The

robustness of our findings was reinforced by additional logistic

regression analyses showing that odds ratios for 30-day survival

were consistently greater than 1 across all models. These results

suggest that prehospital physician involvement contributes to

improved survival in ECPR-treated OHCA patients.

However, no significant differences were observed in the sec-

ondary outcome of 30-day favorable neurological outcomes

(CPC1-2). The lack of improvement in neurological outcomes

despite higher survival rates may be due to the absence of significant

differences in total low-flow time between the groups. Low-flow time,

a critical determinant of neurological outcomes, remains a key target

for future intervention strategies.

The prehospital physician presence was also associated with a

significantly longer time from the emergency call to hospital arrival.

This finding is consistent with previous studies8,9,18 and likely reflects

the additional time required for prehospital physicians to provide

more advanced treatment compared to paramedics. However, unlike

previous studies, the time from hospital arrival to ECMO initiation

was significantly shorter in the prehospital physician presence group,

resulting in no significant difference in the total time from the emer-

gency call to ECMO initiation. This may be because prehospital

physicians can issue orders for ECMO standby while en route to

the hospital, enabling the ECMO team to prepare and initiate ECMO

immediately upon the patient’s arrival at the hospital.

These results suggest that while the presence of a prehospital

physician contributes to improved survival, it does not significantly

impact neurological outcomes. The lack of statistical significance in

neurological outcomes may be attributed to the absence of a signif-

icant difference in the total time from the emergency call to ECMO

initiation. Given that prehospital physician presence was associated

with shorter times to ECMO initiation after hospital arrival, reducing

the time from the emergency call to hospital arrival remains crucial,

even when a prehospital physician is present.

It is crucial to minimize total prehospital time, even when there is

a prehospital physician present. In some regions, a keyword-

triggered dispatch system has been implemented, in this system,

doctor helicopters or doctor cars are immediately dispatched when

the emergency call contains specific keywords. This system saves

a significant amount of time compared to the conventional approach.

Additionally, efforts to minimize on-scene time and perform medical

procedures during transport can further reduce time.

The significantly higher ROSC rate before hospital arrival

observed in the prehospital physician presence group likely con-

tributes to the improved survival outcomes. Prehospital physicians
may facilitate advanced resuscitation efforts, such as drug adminis-

tration and advanced airway management, that enhance the likeli-

hood of achieving ROSC. However, this advantage in ROSC did

not translate into significant improvements in neurological outcomes,

which may be due to the absence of a significant difference in low-

flow time between the groups. Low-flow time is a critical determinant

of neurological outcomes, and reducing this time remains a key tar-

get for improving long-term outcomes. These findings suggest the

need for further strategies to reduce low-flow time, even when pre-

hospital physicians are present, including the potential implementa-

tion of prehospital ECPR.

Overall, the lack of difference in the total time from the emer-

gency call to ECMO initiation may explain the absence of a signifi-

cant impact on neurological outcomes. If prehospital physician

presence could lead to earlier ECPR initiation, it might positively

influence neurological outcomes. The potential effectiveness of pre-

hospital ECPR initiation is suggested.19,20 While the extent to which

prehospital ECPR was performed in the SAVE-J II study is unknown,

it is rarely practiced in Japan. Implementing prehospital ECPR, as

done in parts of France, the Netherlands, and the UK, could further

improve outcomes for patients eligible for ECPR. Bougouin et al.

demonstrated that prehospital ECPR was independently associated

with higher hospital discharge survival (odds ratio 2.9, 95% CI 1.5–

5.9, p = 0.002) and survival with favorable neurological outcomes

(odds ratio 2.9, 95% CI 1.3–6.4, p = 0.008).12 This is likely due to

the reduction in low-flow time. Petermichl et al. found that the time

to ECPR was significantly shorter in patients with CPC 1,2 compared

to non-survivors (40 min vs. 47 min, p = 0.010).21

However, establishing prehospital ECPR requires addressing

several challenges, including the formation of an experienced ECPR

team, procurement of equipment, transportation of staff and medical

supplies, selection of a location for ECMO initiation, simulation train-

ing, criteria for prehospital ECPR indications, and the determination

of appropriate transport distances.

This study has several limitations. As a retrospective study, it is

inherently susceptible to selection bias and confounding factors.

Additionally, variability in ECPR criteria across institutions may have

introduced selection bias and heterogeneity in the data. While

restricting inclusion to cardiac-origin OHCA patients minimized con-

founding, this approach limits the generalizability of the findings to

more diverse OHCA populations. Future studies should investigate

the impact of prehospital physician involvement in broader patient

cohorts, including non-cardiac cases. The lack of detailed data on

prehospital physician interventions � such as the timing of interven-

tions, on-scene time, and time to hospital arrival � may affect the

interpretation of our findings. Furthermore, critical information on

preparations for rapid ECPR initiation, such as issuing ECMO

standby orders or securing arterial and venous access, was unavail-

able, limiting our understanding of how prehospital physicians con-

tribute to improved outcomes. Geographical factors, particularly the

distance between the scene and the hospital, were not accounted

for, despite their significant influence on outcomes. In cases with

nearby hospitals, the presence of a prehospital physician might even

be disadvantageous. Additionally, the dataset predominantly

includes data from institutions that frequently perform ECPR, which

may limit the generalizability of the findings to a broader context.

While prehospital physician presence was associated with improved

survival rates, it did not significantly affect neurological outcomes.

This result highlights the importance of reducing Low flow time as
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a key target for improving neurological outcomes. However, the

specific impact of Low flow time on outcomes could not be ade-

quately assessed in this study, underscoring the need for prospec-

tive studies and causal pathway analyses. Lastly, the absence of

long-term outcome data precluded an evaluation of the sustained

impact of prehospital physician presence on patient prognosis. Fur-

ther research is essential to address these gaps and to explore the

variability in emergency medical systems across different contexts.

Conclusion

The presence of a prehospital physician significantly improved 30-

day survival rates in OHCA patients undergoing ECPR, underscoring

the importance of advanced prehospital interventions. However, no

significant impact was observed on neurological outcomes, likely

due to the lack of differences in low-flow time, a critical determinant

of neurological recovery. Efforts to further optimize outcomes should

focus on reducing low-flow time through strategies such as minimiz-

ing on-scene time, improving prehospital-hospital coordination, and

considering the implementation of prehospital ECPR. Addressing

logistical challenges and conducting prospective studies to clarify

the role of Low flow time will be essential for maximizing the benefits

of ECPR.
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