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IMPORTANCE Controversy remains as to whether advanced life support (ALS) or basic life
support (BLS) is superior for critically ill and injured patients, including out-of-hospital cardiac
arrest (OHCA) and major trauma, in the prehospital setting.

OBJECTIVE To assess whether prehospital ALS should be provided for traumatic OHCA and
who should perform it.

DESIGN, SETTING, AND PARTICIPANTS Japanese government-managed nationwide
population-based registry data of patients with OHCA transported to an emergency hospital
were analyzed. Patients who experienced traumatic OHCA following a traffic collision from
2013 to 2014 were included. Patients provided prehospital ALS by a physician were compared
with both patients provided ALS by emergency medical service (EMS) personnel and patients
with only BLS. The data were analyzed on May 1, 2017.

EXPOSURES Advanced life support by physician, ALS by EMS personnel, or BLS only.

MAIN OUTCOMES AND MEASURES The primary outcome was 1-month survival. The secondary
outcomes were prehospital return of spontaneous circulation and favorable neurologic
outcomes with the Glasgow-Pittsburgh cerebral performance category score of 1 or 2.

RESULTS A total of 4382 patients were included (mean [SD] age, 57.5 [22.2] years; 67.9%
male); 828 (18.9%) received prehospital ALS by physician, 1591 (36.3%) received prehospital
ALS by EMS personnel, and 1963 (44.8%) received BLS only. Among these patients, 96
(2.2%) survived 1 month after OHCA, including 26 of 828 (3.1%) for ALS by physician, 25 of
1591 (1.6%) for ALS by EMS personnel, and 45 of 1963 (2.3%) for BLS. After adjusting for
potential confounders using multivariable logistic regression, ALS by physician was
significantly associated with higher odds for 1-month survival compared with both ALS by
EMS personnel and BLS (adjusted OR, 2.13; 95% CI, 1.20-3.78; and adjusted OR, 1.94; 95% CI,
1.14-3.25; respectively), whereas there was no significant difference between ALS by EMS
personnel and BLS (adjusted OR, 0.91; 95% CI, 0.54-1.51). A propensity score–matched
analysis in the ALS cohort showed that ALS by physician was associated with increased
chance of 1-month survival compared with ALS by EMS personnel (risk ratio, 2.00; 95% CI,
1.01-3.97; P = .04). This association was consistent across a variety of sensitivity analyses.

CONCLUSIONS AND RELEVANCE In traumatic OHCA, ALS by physician was associated with
increased chance of 1-month survival compared with both ALS by EMS personnel and BLS.
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M ore than 120 000 Japanese individuals have an out-
of-hospital cardiac arrest (OHCA) annually.1-3 Al-
though the survival rate from OHCA is improving, no

more than approximately 10% of patients with OHCA survive
1 month after OHCA.1-3 Patients with traumatic OHCA, account-
ing for less than 10% of the total patients with OHCA, have an
extremely low survival rate, not only in Japan4 but also
throughout the world.5-8

Prehospital advanced life support (ALS) for critically ill and
injured patients, including those with OHCA and major trauma,
has been introduced,9-13 developed, and expanded in many
emergency medical service (EMS) systems.14-17 Emergency
medical service system models are quite varied around the
world. Some countries (such as France) have the Franco-
German EMS system, in which a physician is brought to the
patient,18,19 while other countries (such as the United States,
Japan, and Australia) have the Anglo-American EMS system,
in which a patient is brought to the physician (that is, prehos-
pital care is provided by nonphysicians).20-22 Tiers of care pro-
vided by EMS system also vary depending on countries.20-22

In the United States, EMS system models are numerous and
varied depending on areas.21 In Japan, the EMS system is prin-
cipally the Anglo-American EMS system and 1-tiered, and some
municipalities have their own physician-staffed EMS
system.20,23

Thus far, to our knowledge, the benefit of prehospital ALS
for traumatic OHCA has not been established. To our knowl-
edge, no randomized clinical trials comparing ALS with basic
life support (BLS) have been conducted in the traumatic OHCA
population, and such a trial may be ethically difficult to con-
duct. In addition, observational studies of traumatic OHCA
comparing ALS and BLS are scarce. Previous high-quality stud-
ies of OHCA or major trauma patients comparing ALS and BLS
failed to find the survival benefit of ALS over BLS, although
most studies on OHCA excluded trauma cases, and studies on
major trauma usually included non–cardiac arrest cases.24-27

One of the potential reasons for those failures to show the ben-
efit of ALS vs BLS may be a lack of consideration of who should
perform prehospital ALS. Although there is controversy as to
who should perform prehospital ALS,28 several studies have
indicated the potential effectiveness of physician involve-
ment in prehospital ALS in OHCA or major trauma cases.23,29-31

To simultaneously examine both whether prehospital ALS
should be provided and who should perform prehospital ALS,
we sought to assess whether prehospital ALS by a physician
would be associated with an increased chance of favorable out-
comes in OHCA with blunt trauma following a traffic collision
compared with both ALS by EMS personnel and BLS.

Methods
Data Source, Study Setting, and Participants
The All-Japan Utstein Registry is a nationwide, population-
based registry of patients with OHCA sponsored by the Fire and
Disaster Management Agency. In this registry, data were pro-
spectively collected using the Utstein-style uniform
reporting.32,33 As has been described in detail previously,1-3

trained EMS personnel prospectively collect data on patients
with OHCA transported to an emergency hospital. This regis-
try included almost all patients with OHCA, including those
with do-not-resuscitate orders, because EMS personnel in Ja-
pan are not allowed to terminate out-of-hospital resuscita-
tion except in specific situations (eg, decapitation, rigor mor-
tis, livor mortis, and decomposition). Data are collected from
3 sources (1-1-9 dispatch centers, fire stations, and receiving
hospitals) and are integrated into the All-Japan Utstein Regis-
try system on the Fire and Disaster Management Agency da-
tabase server. The certification by the Fire and Disaster Man-
agement Agency and the logical internal checks with
standardized software secure the integrity, accuracy, and com-
pleteness of the data.

In Japan, all EMS personnel perform cardiopulmonary re-
suscitation (CPR) according to the Japanese CPR guidelines,
which basically conform to the American Heart Association
guidelines, although EMS personnel have different authori-
zation depending on their completed training program.34 An
ambulance generally has a crew of 3 EMS personnel. Al-
though a physician accompanies an ambulance in some mu-
nicipalities, physician-staffed ambulances are not yet wide-
spread. Instead, most ambulances include at least 1 emergency
life-saving technician (ELST), certified to insert an intrave-
nous catheter and a supraglottic airway device (since 1991). In
addition, a specially trained ELST, who has completed an ex-
tensive training program, can administer epinephrine and in-
sert an endotracheal tube. Epinephrine administration and en-
dotracheal intubation by specially trained ELST officially
started in April 2006 and July 2004, respectively. As of 2014,
almost all (97.4%) ambulances included at least 1 ELST, and
most (82.9%) were specially trained ELSTs.34 However, ALS
procedures cannot be performed without the instruction of a
medical director in each municipality. In addition, EMS per-
sonnel in Japan are not allowed to perform other advanced in-
terventions (eg, surgical airway, chest drain, or intraosseous
access). This means that EMS personnel in Japan can perform

Key Points
Question Is physician involvement in prehospital advanced life
support (ALS) associated with increased chance of favorable
outcomes after traumatic out-of-hospital cardiac arrest?

Findings In this Japanese nationwide, population-based registry
study, including 4382 patients with traumatic out-of-hospital
cardiac arrest, ALS by physician was associated with increased
chance of prehospital return of spontaneous circulation and
1-month survival compared with both ALS by emergency medical
service personnel and basic life support. Advanced life support by
physician was also associated with increased chance of
neurologically favorable survival compared with ALS by
emergency medical service personnel, although there was no
difference between ALS by physician and basic life support.

Meaning Physicians should probably be involved in prehospital
ALS in traumatic out-of-hospital cardiac arrest cases; however,
further well-designed studies are required to determine the
optimal prehospital care for patients with traumatic
out-of-hospital cardiac arrest.
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only intravenous catheter insertion and fluid infusion, intra-
venous epinephrine administration, and endotracheal intu-
bation, even if they do all they can. On the other hand, phy-
sicians who accompany an ambulance to treat a patient with
traumatic OHCA commonly specialize in emergency medi-
cine and can perform any procedure (including blood trans-
fusion, thoracotomy, resuscitative endovascular balloon oc-
clusion of the aorta, or extracorporeal CPR) as long as the
equipment and skills permit. Patients with traumatic OHCA are
usually transported to a tertiary emergency medical center in
each region, and these centers have similar level of capacity
to perform sufficient treatment. As of 2012, there were 246 ter-
tiary emergency medical centers; each center covered 500 000
people.

This study included patients with traumatic OHCA follow-
ing a traffic collision submitted to the All-Japan Utstein Reg-
istry between January 1, 2013, and December 31, 2014. We ex-
cluded patients with unrealistic or contradictory (ie, negative
or considerably long) times and patients with unknown data
on prehospital ALS (Figure). Patients who received at least 1
prehospital ALS procedure (ie, intravenous catheter inser-
tion, epinephrine administration, or advanced airway treat-
ment including supraglottic airway device and endotracheal

tube) were assigned to the ALS group, whereas patients who
did not receive any ALS procedure were assigned to the BLS
group.

This study was conducted according to the amended Dec-
laration of Helsinki, with a waiver of informed consent owing
to the anonymous nature of the data. The study was ap-
proved by the institutional review board of University of the
Ryukyus, Okinawa, Japan.

Data Collection
Data on patient characteristics (ie, sex and age), bystander char-
acteristics (ie, witnesses and bystander CPR), cardiac arrest
characteristics (ie, first documented rhythm and etiology of
cardiac arrest), and prehospital care characteristics (ie, intra-
venous catheter insertion, epinephrine administration, ad-
vanced airway treatment, and physician involvement in pre-
hospital ALS) were collected in this registry. A series of EMS
activity times (ie, emergency call receipt, contact with pa-
tient, and hospital arrival) were recorded by each EMS squad.
Time intervals were calculated based on those variables re-
corded in whole minutes; the response time represents the in-
terval between emergency call and contact with patient, and
the transport time represents the interval between contact with
patient and hospital arrival. The calculated interval of 1 min-
ute represents that 1 event occurred within the next whole min-
ute after the other event, whereas the time interval of 0 min-
utes indicates that 2 events occurred within the same whole
minute. The etiology of cardiac arrest was determined by at-
tending physicians in the emergency department in collabo-
ration with EMS personnel. To reconfirm the etiology of the
cardiac arrest and collect the outcome data on survival and neu-
rological status, a 1-month follow-up survey was conducted
by each fire department, based on an inquiry for the receiv-
ing hospital. If the patient was transferred or discharged from
the hospital within 1 month, further investigations were con-
ducted by the fire department in cooperation with the hospi-
tal personnel.

Outcomes
The primary outcome was 1-month survival. The secondary
outcomes were prehospital return of spontaneous circula-
tion (ROSC) and favorable neurologic outcome. Neurologic out-
come was assessed by inpatient attending physicians using the
Glasgow-Pittsburgh cerebral performance category scores 1
month after OHCA. A cerebral performance category score of
1 (good performance) or 2 (moderate disability) was consid-
ered a favorable neurologic outcome, and a cerebral perfor-
mance category score of 3 (severe disability), 4 (vegetative
state), or 5 (death) was considered a poor neurologic
outcome.33,35

Statistical Analysis
The study cohort was characterized using descriptive statis-
tics. Categorical variables were presented as counts with pro-
portions, and the χ2 test was used to evaluate differences be-
tween the 2 groups. Continuous variables were presented as
means with standard deviations or medians with interquar-
tile ranges (IQRs), and the t test or the Wilcoxon Mann-

Figure. Study Flow Diagram

251 075 OHCA in Japan, 2013-2014

5186 Traumatic OHCA following traffic collision

4382 Eligible for further assessment

2419 Received any ALS

828 ALS by physician 1591 ALS by EMS personnel

814 Matched ALS by physician 814 Matched ALS 
by EMS personnel

245 889 Excluded owing to etiology criteria
152 140 Nonexternal cardiac cause

30 274 Unknown etiology

36 158 Nonexternal noncardiac
cause

27 317 External cause
(eg, asphyxia, drowning,
or fall)

804 Excluded owing to event criteria
764 Unknown data on prehospital ALS

19 Transport time >120 min

10 Response time <0 min
11 Response time >60 min

1963 Received only BLS

Propensity Score Matching
1:1 Nearest Neighbor Matching 

ALS indicates advanced life support; BLS, basic life support; EMS, emergency
medical service; OHCA, out-of-hospital cardiac arrest.
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Whitney test was used, respectively, to evaluate differences
between the 2 groups.

Multivariable logistic regression models were used to de-
termine the association between the type of prehospital care
and outcomes, both with and without distinguishing the type
of ALS professional. The following variables that could influ-
ence the outcomes after OHCA were included in the models:
sex, age, witness, bystander CPR, first rhythm, response time,
transport time, and a treatment variable (BLS vs ALS, or BLS
vs ALS by EMS personnel vs ALS by physician). Adjusted odds
ratios (ORs) with 95% confidence intervals were reported.

To further characterize the association between the type
of ALS professional (EMS personnel vs physician) and out-
comes after OHCA, propensity score analyses were per-
formed in the prehospital ALS cohort. The propensity score for
each patient receiving prehospital ALS by physician or EMS per-
sonnel was estimated using a multivariable logistic regres-
sion model. The model included the following variables with
pretreatment characteristics: sex (male or female), age (≤17
years, 18-64 years, or ≥65 years), witness (witnessed or unwit-
nessed), bystander CPR (any CPR or no CPR), first rhythm (ven-
tricular fibrillation, ventricular tachycardia, pulseless electri-
cal activity, asystole, or others), and response time (<10 minutes
or ≥10 minutes). A 1:1 nearest-neighbor matching was per-
formed using a caliper of 0.2 without replacement between pa-
tients receiving ALS by physician and ALS by EMS personnel.36

The success of the matching procedure was confirmed by com-
paring the baseline characteristics with standardized differ-
ences within 0.1.37 Risk ratios (RRs) of each outcome for pa-
tients receiving prehospital ALS by physician vs EMS personnel
were reported with 95% confidence intervals. Absolute risk re-
duction (ARR) and the number needed to treat (NNT) were also
calculated.

Sensitivity analyses were performed for the primary out-
come to verify that the results of the comparison between ALS
by physician and ALS by EMS personnel did not depend on the
method of covariate adjustment of the propensity score match-
ing (eFigure in the Supplement). JMP Pro, version 11.2.0 soft-
ware (SAS Institute Inc) was used for all statistical analyses. A
2-sided P value of .05 was considered significance level for all
hypothesis tests.

Results
During the study period, we identified 4382 patients with trau-
matic OHCA eligible for analysis (Figure). Of these, 1963 (44.8%)
received only BLS in the prehospital settings. Of the remain-
ing 2419 (55.2%), prehospital ALS was performed by physi-
cian in 828 patients (18.9%), and by EMS personnel in 1591 pa-
tients (36.3%).

Table 1 summarizes the baseline characteristics of the total
cohort according to the type of prehospital care. In the total
cohort of traumatic OHCA, although most cases (3067 pa-
tients [70.0%]) were witnessed, the frequency of bystander
CPR was low (863 patients [19.7%]). The median response time
was 9 minutes (IQR, 7-12; mean [SD], 10.3 [86.1] minutes). The
first rhythm was commonly the nonshockable rhythm

(ie, pulseless electrical activity in 1595 patients [36.4%] and
asystole in 2364 patients [53.9%]).

Table 2 shows the outcomes of patients with traumatic
OHCA by the type of prehospital care in the total cohort. In a
comparison between BLS and ALS without distinguishing the
type of ALS professional, prehospital ALS was not associated
with increased chance of 1-month survival (adjusted OR, 1.24;
95% CI, 0.81-1.91) or neurologic outcome (adjusted OR, 0.90;
95% CI, 0.39-2.04), although prehospital ALS was associated
with a higher rate of prehospital ROSC compared with BLS (ad-
justed OR, 1.87; 95% CI, 1.43-2.46). In a comparison between
BLS and ALS distinguishing the type of ALS professional
(Table 2; eTable in the Supplement), although there was no dif-
ference in 1-month survival between ALS by EMS personnel
and BLS (adjusted OR, 0.91; 95% CI, 0.54-1.51), physician in-
volvement in prehospital ALS was associated with increased
chance of 1-month survival compared with both BLS (ad-
justed OR, 1.94; 95% CI, 1.14-3.25) and ALS by EMS personnel
(adjusted OR, 2.13; 95% CI, 1.20-3.78). In addition, a signifi-
cant difference was observed in neurologic outcome be-
tween ALS by physician and ALS by EMS personnel (adjusted
OR, 3.76; 95% CI, 1.14-14.51), although there was no differ-
ence between ALS by physician and BLS (adjusted OR, 1.77; 95%
CI, 0.66-4.45).

Table 3 summarizes the baseline characteristics of the pro-
pensity score–matched cohort according to the type of ALS pro-
fessional. After propensity score matching, the baseline char-
acteristics were well balanced on pretreatment characteristics
between the ALS by physician and ALS by EMS personnel. For
posttreatment characteristics, the transport time was signifi-
cantly longer in the ALS by physician group compared with the
ALS by EMS personnel group.

Table 4 shows the outcomes of patients with traumatic
OHCA by the type of ALS professional in the propensity score–
matched cohort. Physician involvement in prehospital ALS was
associated with increased chance of 1-month survival com-
pared with ALS by EMS personnel (24 of 814 [3.0%] vs 12 of
814 [1.5%]; RR, 2.00; 95% CI, 1.01-3.97; P = .04; ARR, 1.47%;
NNT, 67.83). Similar associations were observed for prehos-
pital ROSC (87 of 814 [10.7%] vs 57 of 814 [7.0%]; RR, 1.53; 95%
CI, 1.11-2.10; P = .009; ARR, 3.69%; NNT, 27.13), and favor-
able neurologic outcome (7 of 814 [0.9%] vs 0 of 814; P = .008;
ARR, 0.86%; NNT, 116.28).

Discussion
Principal Findings
In this nationwide population-based observational study of
traumatic OHCA, physician involvement in prehospital ALS was
associated with increased chance of 1-month survival com-
pared with both ALS by EMS personnel and BLS, although no
difference was observed between ALS by EMS personnel and
BLS. The association of the type of ALS professional with
1-month survival was consistent across a variety of sensitiv-
ity analyses, which indicated that the relationship was ro-
bust. Advanced life support by physician was also associated
with increased chance of favorable neurologic outcome com-
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pared with ALS by EMS personnel, although there was no dif-
ference in neurologic outcome between ALS by physician and
BLS.

Previous Studies and Important Differences With This Study
To our knowledge, there are no randomized clinical trials
comparing ALS vs BLS in traumatic OHCA, regardless of dis-
tinguishing the type of ALS professional. Even if study
population is not limited to traumatic OHCA but expanded
to nontraumatic OHCA or major trauma without cardiac
arrest, there are no randomized clinical trials but several

high-quality studies comparing ALS and BLS. However,
those studies failed to find the survival benefit of ALS vs
BLS24,26; on the contrary, several studies indicated that ALS
might be associated with worse outcomes compared with
BLS.25,27 One of the limitations of those studies, or a poten-
tial reason for failures to show the benefit of ALS vs BLS,
may be lack of consideration on who should perform pre-
hospital ALS because several studies have indicated the
advantage of physician involvement in prehospital ALS in
OHCA or major trauma cases.23,29-31 Actually, our findings
indicated ALS by physician was associated with increased

Table 1. Baseline Characteristics of the Total Cohort According to the Type of Prehospital Care

Characteristic

Total Cohort, No. (%) Prehospital ALS Cohort, No. (%)

BLS (n = 1963) ALS (n = 2419) P Value
By EMS Personnel
(n = 1591)

By Physician
(n = 828) P Value

Pretreatment variable

Calendar year

2013 1002 (51.0) 1263 (52.2)
.44

826 (51.9) 437 (52.8)
.69

2014 961 (49.0) 1156 (47.8) 765 (48.1) 391 (47.2)

Sex

Male 1306 (66.5) 1670 (69.0)
.08

1095 (68.8) 575 (69.4)
.75

Female 657 (33.5) 749 (31.0) 496 (31.2) 253 (30.6)

Age, mean (SD), y 55.9 (22.6) 58.8 (21.9) <.001 59.2 (21.5) 58.1 (22.5) .26

≤17 96 (4.9) 96 (4.0)

.001

54 (3.4) 42 (5.1)

.0718-64 1003 (51.1) 1124 (46.5) 731 (45.9) 393 (47.5)

≥65 864 (44.0) 1199 (49.6) 806 (50.7) 393 (47.5)

Witness

Witnessed 1374 (70.0) 1693 (70.0)
>.99

1129 (71.0) 564 (68.1)
.15

Unwitnessed 589 (30.0) 726 (30.0) 462 (29.0) 264 (31.9)

Bystander CPR

Any CPR 317 (16.1) 546 (22.6)
<.001

367 (23.1) 179 (21.6)
.42

No CPR 1646 (83.9) 1873 (77.4) 1224 (76.9) 649 (78.4)

First rhythm

VF 52 (2.6) 51 (2.1)

.001

39 (2.5) 12 (1.4)

.02

VT 1 (0.1) 5 (0.2) 4 (0.3) 1 (0.1)

PEA 698 (35.6) 897 (37.1) 591 (37.1) 306 (37.0)

Asystole 1039 (52.9) 1325 (54.8) 881 (55.4) 444 (53.6)

Other 173 (8.8) 141 (5.8) 76 (4.8) 65 (7.9)

Response time from emergency call to
contact with patient, min

Median (IQR) 8 (6-11) 9 (7-13) <.001 9 (7-12) 9 (7-14) .01

Mean (SD) 9.7 (5.8) 10.7 (6.3) <.001 10.5 (6.0) 11.3 (6.8) .002

Response time interval, min

<10 1211 (61.7) 1325 (54.8)
<.001

907 (57.0) 418 (50.5)
.002

≥10 752 (38.3) 1094 (45.2) 684 (43.0) 410 (49.5)

Posttreatment variable

Transport time from contact with patient to
hospital arrival, min

Median (IQR) 22 (16-30) 27 (20-39) <.001 26 (20-36) 31 (20-47) <.001

Mean (SD) 25.4 (14.9) 31.8 (16.8) <.001 29.7 (14.5) 35.9 (20.0) <.001

Total time from emergency call to hospital
arrival, min

Median (IQR) 31 (24-42) 38 (29-51) <.001 36 (28-48) 43 (30-59) <.001

Mean (SD) 35.1 (17.2) 42.6 (19.3) <.001 40.2 (17.0) 47.1 (22.5) <.001

Abbreviations: ALS, advanced life support; BLS, basic life support; CPR,
cardiopulmonary resuscitation; EMS, emergency medical service;

IQR, interquartile range; PEA, pulseless electrical activity; VF, ventricular
fibrillation; VT, ventricular tachycardia.
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chance of 1-month survival compared with BLS; however,
without distinguishing the type of ALS professional, there
was no difference in survival between ALS and BLS. Our
study extends the findings of previous studies by distin-
guishing ALS by physician from ALS by EMS personnel,
comparing ALS by physician with both ALS by EMS person-
nel and BLS, including a large study sample, evaluating
1-month neurologic outcomes in addition to survival, and
using several robust covariate adjustment methods.

Differences Between ALS by Physician
and ALS by EMS Personnel
Several reasons were considered to explain the advantages
of ALS by physicians compared with ALS by EMS personnel.
Physicians can perform ALS based on their own judgment,
but EMS personnel need permission or instruction from a
medical director in each municipality to perform ALS,
which may prevent EMS personnel from timely treatments.
There might be differences in the proficiency in ALS proce-
dures between physician and EMS personnel. Systematic
reviews and meta-analyses indicated that there was a sig-
nificant difference in the success rate of prehospital endo-
t r a c h e a l i nt u b a t i o n b e t w e e n p hy s i c i a n a n d E M S
personnel.38,39 The lower success rate of advanced interven-
tions could lead to longer interruption of CPR or lower qual-
ity of CPR, which would be fatal. Because establishing vas-
cular access is essential to administer needed fluids or
medications, intraosseous access can be substituted for
intravenous access if an ALS professional has difficulty rap-
idly establishing intravenous access.40-44 However, EMS
personnel are not allowed to establish intraosseous access
in Japan. In addition, there are other advanced interven-
tions that EMS personnel are not allowed to perform (eg,
surgical airway, chest drain, pericardial drain, or thora-
cotomy). Such advanced interventions that only physicians
can perform might have a great effect on survival after trau-
matic OHCA.45-49 Unfortunately, the information on such
interventions could not be obtained from the All-Japan
Utstein Registry data.

Limitations
First, despite using a variety of analytical techniques in an
effort to control for selection bias and confounders, unmea-

sured confounding could remain. The life support tech-
nique, BLS or ALS, provided by the EMS personnel was not
random and depended on the instruction of the medical
director in each municipality. However, we cannot know
why the medical director chose BLS or ALS from this regis-
try. Whether a physician would accompany an ambulance
was determined for each municipality. However, we cannot
identify which patient belonged to which municipality in
this registry. Although there are approximately 800 fire
departments (each fire department covers 1 or several
municipalities) in Japan, we were able to obtain information
on only 47 prefectures (each prefecture consists of numer-
ous municipalities) in this registry. Because municipalities
in each prefecture are not homogenous, we could not adjust
for regional clusters.50 In addition, EMS personnel in Japan
are not allowed to terminate out-of-hospital resuscitation,
whereas physicians can declare death out of the hospital
and can decide not to transport the patient. That might
cause survivorship bias, although almost all patients are
transported to the hospital on procedural grounds.

Second, the generalizability of our findings to any type
of traumatic OHCA is uncertain. Because the etiology of car-
diac arrest among the patients included in this study was
mostly blunt trauma following a traffic collision, it is uncer-
tain whether our findings can be generalized to penetrating
trauma. In addition, we could not know the detailed injured
area (eg, head, chest, abdomen, or extremities) or injury
severity (eg, injury severity score, or abbreviated injury
scale score).

Third, the generalizability of our findings to other coun-
tries is unknown. The Japanese style of EMS system may
differ from that in other countries; compared with Japan,
physicians might be more commonly involved in prehos-
pital care, EMS personnel might have more chance to per-
form ALS procedures, or EMS personnel might be allowed to
perform more advanced interventions.

Fourth, the quality of ALS procedure was not assessed.
Because failed attempts at ALS procedures were not
recorded in this registry, some patients for whom the
attempt to provide ALS procedure had been made might be
assigned to the BLS group.

Fifth, the data on in-hospital or postresuscitation care
that could affect the outcomes after traumatic OHCA were

Table 2. Outcomes of Patients With Traumatic OHCA by the Type of Prehospital Care in the Total Cohorta

Group

Prehospital ROSC One-Month Survival Neurologic Outcome (CPC 1 or 2)
Events, No.
(%) Adjusted OR (95% CI)

Events, No.
(%) Adjusted OR (95% CI)

Events, No.
(%) Adjusted OR (95% CI)

BLS (n = 1963) 95 (4.8) 1 [Reference] 45 (2.3) 1 [Reference] 14 (0.7) 1 [Reference]

ALS (n = 2419) 204 (8.4) 1.87 (1.43-2.46) 51 (2.1) 1.24 (0.81-1.91) 12 (0.5) 0.90 (0.39-2.04)

By EMS personnel
(n = 1591)

110 (6.9) 1.60 (1.19-2.16) 25 (1.6) 0.91 (0.54-1.51) 4 (0.3) 0.47 (0.13-1.35)

By physician
(n = 828)

94 (11.4) 2.41 (1.74-3.35) 26 (3.1) 1.94 (1.14-3.25) 8 (1.0) 1.77 (0.66-4.45)

Abbreviations: ALS, advanced life support; BLS, basic life support; CPC,
Glasgow-Pittsburgh cerebral performance category; EMS, emergency medical
service; OHCA, out-of-hospital cardiac arrest; OR, odds ratio; ROSC, return of
spontaneous circulation.

a The variables that could influence outcomes after OHCA were included in the
models.
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unavailable, although patients with traumatic OHCA are
principally transported to a tertiary emergency medical cen-
ter in each region and these centers have similar levels of
capability. Because comparing the registry data with the
medical record data at the patient level was impossible
owing to anonymization, our analyses could not be adjusted
for characteristics on in-hospital or postresuscitation care.51

Finally, the effectiveness of physician involvement in pre-
hospital ALS on neurologic outcome was uncertain com-
pared with BLS. The sample size was likely too small to de-
tect differences in neurologic outcome. In addition, scoring the

cerebral performance category could cause interrater bias. An
adequately powered and well-designed study would be
required.

Conclusions
The results of this nationwide, population-based observational
study of traumatic OHCA from 2013 to 2014 indicated that phy-
sician involvement in prehospital ALS was associated with in-
creased chance of prehospital ROSC and 1-month survival com-

Table 3. Baseline Characteristics of the Propensity Score–Matched Cohort According to the Type
of ALS Professional

Characteristic

Propensity Score–Matched Cohort

ALS by Physician
(n = 814)

ALS by EMS
Personnel
(n = 814)

Standardized
Difference P Value

Pretreatment variable

Calendar year

2013 432 (53.1) 424 (52.1) 0.0200
.69

2014 382 (46.9) 390 (47.9) −0.0200

Sex

Male 546 (69.3) 567 (69.7) −0.0087
.87

Female 250 (30.7) 247 (30.3) 0.0087

Age, mean (SD), y 58.5 (22.2) 58.4 (22.2) 0.0045 .90

≤17 36 (4.4) 31 (3.8) 0.0303

.8218-64 387 (47.5) 392 (48.2) −0.0140

≥65 391 (48.0) 391 (48.0) 0.0000

Witness

Witnessed 553 (67.9) 561 (68.9) −0.0215
.67

Unwitnessed 261 (32.1) 253 (31.1) 0.0215

Bystander CPR

Any CPR 173 (21.3) 164 (20.1) 0.0296
.58

No CPR 641 (78.7) 650 (79.9) −0.0296

First rhythm

VF 12 (1.5) 10 (1.2) 0.0260

.97

VT 1 (0.1) 2 (0.2) −0.0258

PEA 304 (37.3) 303 (37.2) 0.0021

Asystole 444 (54.5) 444 (54.5) 0.0000

Other 53 (6.5) 55 (6.8) −0.0120

Response time from emergency call to
contact with patient, min

Median (IQR) 9 (7-14) 9 (7-13) NA .84

Mean (SD) 11.3 (6.8) 11.1 (6.5) 0.0301 .91

Response time interval, min

<10 413 (50.7) 409 (50.2) 0.0100
.84

≥10 401 (49.3) 405 (49.8) −0.0100

Posttreatment variable

Transport time from contact with patient
to hospital arrival, min

Median (IQR) 31 (20-47) 27 (20-37) NA <.001

Mean (SD) 35.8 (20.0) 29.9 (13.9) 0.3426 <.001

Total time from emergency call to
hospital arrival, min

Median (IQR) 43 (30-59) 37 (29-49) NA <.001

Mean (SD) 47.1 (22.5) 40.9 (16.6) 0.3136 <.001

Abbreviations: ALS, advanced life
support; CPR, cardiopulmonary
resuscitation; EMS, emergency
medical service; IQR, interquartile
range; NA, not applicable; PEA,
pulseless electrical activity; VF,
ventricular fibrillation; VT, ventricular
tachycardia.
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pared with both ALS by EMS personnel and BLS. Advanced life
support by physician was also associated with increased chance
of favorable neurologic outcome compared with ALS by EMS per-
sonnel, but no difference was observed compared with BLS.

Our findings have important policy implications, although
further well-designed studies (including a cost-effectiveness

analysis) are required. To improve outcomes after traumatic
OHCA, increasing physician-manned ambulances may be effec-
tive. Another effective option may be to permit EMS personnel
to perform ALS based on their own judgment and/or expand the
range of available procedures that EMS personnel can learn, prac-
tice, and perform.
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