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Abstract

Injured patients requiring definitive intervention, such as surgery or transarterial emboliza-
tion (TAE), are an extremely time-sensitive population. The effect of an emergency physi-
cian (EP) patient care delivery system in this important trauma subset remains unclear. We
aimed to clarify whether the preoperative time course and mortality among injured patients
differ between ambulances staffed by EPs and those staffed by emergency life-saving tech-
nicians (ELST). This was a retrospective cohort study at a community emergency depart-
ment (ED) in Japan. We included all injured patients requiring emergency surgery or TAE
who were transported directly from the ED to the operating room from January 2002 to
December 2019. The primary exposure was dispatch of an EP-staffed ambulance to the
prehospital scene. The primary outcome measures were preoperative time course including
prehospital length of stay (LOS), ED LOS, and total time to definitive intervention. The other
outcome of interest was in-hospital mortality. One-to-one propensity score matching was
performed to compare these outcomes between the groups. Of the 1,020 eligible patients,
353 (34.6%) were transported to the ED by an EP-staffed ambulance. In the propensity
score-matched analysis with 295 pairs, the EP group showed a significant increase in
median prehospital LOS (71.0 min vs. 41.0 min, P < 0.001) and total time to definitive inter-
vention (189.0 min vs. 177.0 min, P = 0.002) in comparison with the ELST group. Con-
versely, ED LOS was significantly shorter in the EP group than in the ELST group (120.0
min vs. 131.0 min, P = 0.043). There was no significant difference in mortality between the
two groups (8.8% vs.9.8%, P = 0.671). At a community hospital in Japan, EP-staffed ambu-
lances were found to be associated with prolonged prehospital time, delay in definitive
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treatment, and did not improve survival among injured patients needing definitive hemo-
static procedures compared with ELST-staffed ambulances.

Introduction

Traumatic injury is a leading cause of death and disability, particularly among young people,
and involves a substantial economic burden for society [1, 2]. For example, in the United States
(US) alone, more than 50 million people are injured each year, resulting in approximately
169,000 annual deaths and a lifetime cost of USD 406 billion [1]. According to the World
Health Organization, more than 5 million people die annually as a result of injuries, which
accounts for 9% of the world’s deaths [3]. To maximize the survival of injured patients, stabi-
lizing circulation via early hemostasis is vitally important. Previous studies have shown that
rapid patient transfer to a trauma center and rapid initiation of definitive care, such as surgery
or transarterial embolization (TAE), strongly influence survival among severely injured
patients [4-9]. The preoperative time course, such as prehospital length of stay (LOS), emer-
gency department (ED) LOS, and total time to surgery or TAE, is therefore regarded as an
important parameter in trauma care [10, 11].

Unlike prehospital medical providers in the US, Japanese emergency life-saving technicians
(ELSTs), a first responder for patients with trauma, are not allowed to perform invasive proce-
dures such as endotracheal intubation, cricothyroidotomy, or tube thoracostomy for living
patients with trauma. Therefore, most Japanese tertiary medical centers, including the study
site, run a hospital-based emergency physician (EP) delivery system for early initiation of
advanced trauma care [12]. Nevertheless, the effect of EP deployment to the prehospital scene
on outcomes among injured patients remains controversial: Several studies have shown that
EP involvement in prehospital trauma care is associated with improved survival in patients
with trauma [13-19] whereas other studies report no significant differences [20-23] or
decreased survival [24]. Although injured patients requiring definitive intervention, such as
surgery or TAE, are an extremely time-sensitive population, previous studies have not focused
on this important trauma subset [13-24], and little is known regarding whether and how an
EP delivery system affects the preoperative time course and patient survival. Additionally,
despite hospital LOS being a sensitive indicator that reflects patients’ disease burden, previous
studies have not clarified how EP involvement in prehospital trauma care affects this impor-
tant parameter, as compared with ELSTs [13-24]. Because running an EP-staffed ambulance
requires considerable cost as well as human resources [12, 20], rigorous investigation of its
effectiveness compared with that of a conventional ELST-staffed ambulance is warranted. In
this study, we therefore aimed to clarify whether and how the preoperative time course and
survival of injured patients requiring definitive intervention differ between EP-staffed ambu-
lances and ELST-staffed ambulances.

Methods
Study design and setting

This was a retrospective cohort study at a community hospital located in a provincial Japanese
city. The review board at Ohta Nishinouchi Hospital approved this study on 22 April 2021
(approval no. 39_2020). The committee waived the need for patient consent because the study
was not randomized and assessed the clinical outcomes of routine practices. The hospital
serves as a teaching and tertiary care facility for a population of 538,000 inhabitants within a
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50-km radius. Annually, the ED receives > 5,500 ambulances and approximately 25% of these
involve patients with trauma. The hospital has 30 emergency ward beds, 10 operating rooms,
and 1 catheterization laboratory that is available for patients with trauma.

At the study site, injured patients are initially treated by a trauma resuscitation team that
comprises attending EPs, emergency medicine residents, post-graduate year 1 or 2 junior resi-
dents, and nurses. At the request of EPs, trauma surgeons, anesthesiologists, and interventional
radiologists immediately respond from within the hospital and are actively involved in trauma
resuscitation during weekday business hours. If injured patients require emergency surgery or
TAE on the weekend or during nighttime hours, these specialists respond from outside the
hospital, typically within 1 hour.

ELST-staffed ambulances

The ELST-staffed ambulance system in Japan has been described previously [25-27]. In brief,
ambulance crews in Japan typically consist of three emergency medical service personnel, and
at least one of whom is an ELST who has completed extensive training. Japanese ELST's per-
form medical procedures at the scene less actively than paramedics in the US and Europe [26].
ELSTs in Japan are allowed to perform basic trauma life support procedures, including cervical
collar application, pneumatic anti-shock garment application, backboard fixation, and manual
bag ventilation but not invasive procedures including endotracheal intubation, cricothyroidot-
omy, thoracostomy, and pericardiocentesis for living patients with trauma.

EP-staffed ambulances

Like most Japanese tertiary medical centers, the study hospital runs a prehospital emergency
medical unit consisting of a trained ambulance driver, a nurse, an attending-level EP, and a
resident; the unit is available 24 hours, 7 days a week. This hospital-based EP-delivery system
is dispatched to the scene following a request by the regional medical control center or by
ELSTs upon assessment of the patient at the scene. The ELST-staffed ambulance that responds
first transports the injured patient to a location where an EP-staffed ambulance can safely join
up. Then, the EP-staffed ambulance team provides advanced trauma care in the ambulance,
such as ultrasound examination, intravenous and intraosseous fluid resuscitation, endotra-
cheal intubation, cricothyroidotomy, tube thoracostomy, and pericardiocentesis. At the study
site, resuscitative endovascular balloon occlusion of the aorta is usually inserted in the ED or
catheterization laboratory under radiographic guidance, and no patients receive this interven-
tion at the prehospital scene. After emergency care, the EP-staffed ambulance transports the
patient to the ED of the study hospital.

Participants and data sources

The current study comprised all injured patients requiring emergency surgery and who were
transported directly from the ED to the operating room, as well as all patients with trauma
requiring TAE who were transported directly from the ED to the catheterization laboratory
between January 1, 2002 and December 31, 2019. The exclusion criteria were patients who
received ongoing cardiopulmonary resuscitation at the initial contact and patients who were
transported from other facilities. Injured patients who were transported by a helicopter emer-
gency medical service were also excluded from the analysis to remove the influence of vehicle
type in emergency services. The data were collected from a hospital-based electronic database,
which prospectively captures each patient’s age, sex, comorbidities, initial recorded vital signs,
ED presentation date and time, preoperative time course including time from the emergency
call to ED arrival (prehospital LOS), time from ED arrival to arrival in the operating room or
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catheterization laboratory (ED LOS), total time to surgery or TAE (time from the emergency
call to the arrival in the operating room or catheterization laboratory), hospital LOS (time
from the hospital admission to the hospital discharge or transfer), and discharge disposition
(home, secondary care hospital, and long-term care hospital). This database also records injury
severity according to the Abbreviated Injury Scale (AIS) of each body region, the Injury Sever-
ity Score (ISS) [28], the Revised Trauma Score (RTS) [29], and the probability of survival; this
is according to the Trauma and Injury Severity Scores method [30]. These parameters were
entered into the database at the earliest possible opportunity by one of the authors (K.S.). To
reduce the risk of biased assessment, the investigator who constructed the database (K.S.) did
not participate in any of the statistical analyses. The minimal anonymized data set used in this
study is available in the (S1 Data).

Exposures and outcome measurement

The primary exposure was dispatch of an EP-staffed ambulance to the prehospital scene. The
primary outcome measures were the preoperative time course including prehospital LOS, ED
LOS, and total time to definitive intervention. The other outcome of interest in this study was
in-hospital mortality. Differences in hospital LOS and discharge disposition among survivors
were also compared between EP and ELST groups.

Statistical analysis

All analyses were performed according to an a priori statistical analysis plan. Initially, both a
crude and a matching analysis were performed between injured patients requiring emergency
surgery or TAE between the ELST and EP groups. A matching analysis was designed using esti-
mated propensity scores (PS) for each patient. To estimate the PS, a logistic regression model
was fitted for EP-staffed ambulances as a function of patient demographics, including age, sex,
Charlson Comorbidity Index [31, 32], presentation time and period (8:00-16:59, 17:00-23:59,
and 24:00-7:59, weekend or weekday and 2002-2007, 2008-2013, and 2014-2019, respectively),
initial recorded vital signs Glasgow Coma Scale (GCS) score, systolic blood pressure (SBP), and
respiratory rate, trauma etiology (blunt or penetrating), injury distribution with AIS > 3, and
ISS. To optimize model fitting, patients’ GCS score, SBP, and respiratory rate were categorized
according to the scoring system of the RTS [29]. The Charlson Comorbidity Index was also
divided into four groups (0, 1, 2, and > 3). We calculated the c statistic to evaluate the goodness
of fit. The standardized difference (SD) was used to evaluate the covariate balance; an absolute
SD of > 10% represents meaningful imbalance [33]. Each patient with trauma who was trans-
ported to the ED by an ELST-staffed ambulance was matched with a patient who was trans-
ported to the ED by an EP-staffed ambulance, with the nearest estimated propensity on the logit
scale within a specified range (0.2 of the pooled standard deviation of estimated logits). If two or
more patients in the ELST group met this criterion, one patient was randomly selected for
matching. The Mann-Whitney U test was used to compare the preoperative time course and
hospital LOS between the ELST and EP groups. Chi-squared tests were used to compare hospi-
tal mortality between the two groups. Differences in disposition locations between groups were
assessed using a chi-squared test followed by residual analysis. All statistical analyses were per-
formed using SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA). A p
value of < 0.05 was considered to indicate statistical significance.

Subanalysis

To evaluate the robustness of the PS matching analysis described above, inverse probability of
treatment weighting (IPTW) analysis was also conducted for hospital mortality. With the full
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cohort, an unconditional logistic regression model adjusted for PS was also fitted using hospi-
tal mortality as a dependent variable. This logistic regression analysis was repeated in the sub-
group of injured patients age > 55 years, ISS > 15, SBP < 90 mmHg, GCS score < 9,
probability of survival < 0.5, torso injury requiring laparotomy or thoracotomy, and TAE and
in the subgroup of patients presenting during off-hours (17:00 to 7:59 on weekdays plus all
weekend hours). This approach was selected owing to the small sample size of each subgroup
and the potential loss of statistical power using the PS-matching method.

Time from the emergency call to ED arrival and time from ED arrival to arrival in the oper-
ating room or catheterization laboratory were also compared by drawing cumulative event
rate curves and using log-rank tests. To assess the independent effect of EP-staffed ambulance
dispatch on prehospital LOS, ED LOS, and total time to the operating room or catheterization
laboratory, we used Cox proportional hazards regression analysis for time-to-event data. By
referencing previous relevant studies [15, 20, 21], age, sex, ISS, initial documented vital signs
(GCS score, SBP, and respiratory rate), and trauma etiology (blunt or penetrating) were
selected as covariates. To determine factors associated with delayed definitive intervention
(time from an emergency call to surgery or TAE > 180 min), we evaluated differences in the
characteristics between patients who received surgery or TAE within 180 min and those who
received these procedures later. The cumulative event rate curves were generated using Graph-
Pad Prism 8 (GraphPad Software, San Diego, CA, USA). We also evaluated whether distribu-
tions of time to death differed between the EP group and ELST group.

Power analysis

The retrospective nature of the study predetermined the sample size. Therefore, the estimation
of statistical power in advance was not possible. The observed power was computed post hoc
using G*Power 3 for Windows (Heinrich Heine University, Dusseldorf, Germany).

Results
Participant flow

During the study period, 24,471 patients with trauma were transported to the ED, of whom
1,911 (7.2%) required emergency trauma surgery or TAE (Fig 1). Among them, we excluded
627 patients who were transported from other facilities and 264 patients who were transported
by a helicopter emergency medical service. The remaining 1,020 patients were included in the
crude analysis. Using one-to-one PS matching, we selected 295 pairs of patients who were
transported by EP-staffed ambulance or by ELST-staffed ambulance. Complete records were
available for all patients, and no data were missing from the analyses. The c-statistic for good-
ness of fit was 0.74 (95% confidence interval [CI] 0.71-0.77) in the PS model. S1 Fig shows the
distributions of PS in the full and matched cohorts.

Characteristics of study participants

Table 1 shows the demographics of all patients (n = 1,020) and PS-matched patients (n = 590).
We observed statistically significant differences in vital signs such as GCS score, SBP, and
respiratory rate between the two groups: All of these physiological parameters were severer in
the EP group than in the ELST group. Similarly, patients in the EP group had more severe inju-
ries, with higher ISS and a higher proportion with AIS > 3 of the head or neck, chest, abdomen
or pelvic contents, and extremities or pelvic girdle than patients in the ELST group. Patients
transported by EP-staffed ambulance were more likely to receive TAE, laparotomy, or thora-
cotomy. As compared with ELST-staffed ambulances, EP-staffed ambulances were more likely
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Assessed for eligibility
N = 24,471

Trauma patients who were brought to the ED from 1 January 2002 to 31 December 2019

21,984 trauma patients who did not require emergency surgery or TAE

Excluded
N = 22,560

576 received ongoing cardiopulmonary resuscitation

Trauma patients requiring

Enrolled
N=1,911

emergency surgery or TAE

Excluded
N =891
627 transported from other facilities
264 transported by a helicopter emergency medical service

!

Analyzed (crude)
N =667
Trauma patients who were brought to the ED by ELST-staffed
ambulance

Analyzed (after propensity score matching)
N =295
Trauma patients who were brought to the ED by ELST-staffed
ambulance
Excluded N = 372 (Not matched)

Propensity score matching

]

Analyzed (crude)
N =353
Trauma patients who were brought to the ED by EP-staffed
ambulance

Analyzed (after propensity score matching)
N =295
Trauma patients who were brought to the ED by EP-staffed
ambulance
Excluded N = 58 (Not matched)

Fig 1. Flow chart showing the selection process for injured patients included in the analyses. ED, emergency department; ELST, emergency life-saving
technician; EP, emergency physician; TAE, transcatheter arterial embolization.

https://doi.org/10.1371/journal.pone.0259733.9001

to be dispatched during 2008-2013 and 2014-2019, between 8:00-16:59, and on weekdays.
After PS matching, patient distributions were closely balanced, with all SD < 10% between the

two groups.

S1 Table presents a comparison of pre-hospital treatment. Of 353 injured patients trans-
ported by EP-staffed ambulance, 40 (11.3%) received endotracheal intubation, 2 (0.6%) cri-
cothyrotomy, and 14 (4.0%) tube thoracostomy. Because Japanese ELST's are not permitted to
perform such invasive procedures, none of the 667 patients transported by ELST-staffed
ambulances underwent such treatment. Among patients who were transported by an EP-
staffed ambulance, the two interventions and tube thoracostomy were associated with
increased prehospital LOS (S2 Fig).

Primary outcomes

Fig 2A and 2B compares preoperative time between the EP and ELST groups. The median dura-
tion of prehospital LOS was significantly longer in the EP group than in the ELST group in both
crude (71.0 min vs. 40.0 min, P < 0.001) and PS-matched analyses (71.0 min vs. 41.0 min,

P < 0.001). Similarly, compared with the ELST group, the median time to surgery or TAE was
significantly longer in the EP group in both unmatched (187.0 min vs. 175.0 min, P < 0.001)
and PS-matched analysis (189.0 min vs. 177.0 min, P = 0.002). Conversely, as shown in Fig 2C
and 2D, the median ED LOS was significantly shorter in the EP group than in the ELST group
in both the full cohort (119.0 min vs. 132.0 min, P < 0.001) and PS-matched cohort (120.0 min
vs. 131.0 min, P = 0.043). A similar trend remained in the cumulative event rate curve analysis
and log-rank tests (S3 Fig) and Cox proportional hazards regression analysis adjusted for age,
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Table 1. Demographic and clinical characteristics of injured patients requiring emergency surgery or transcatheter arterial embolization.

Full cohort PS matched cohort
ELST EP P SD (%) | ELST EP P SD
(n = 667) (n = 353) (n = 295) (n = 295) (%)
Age
Median (interquartile range) 47.0 (25.0-63.0) 56.0 (34.5-67.0) < 0.001 | NA 52.0 (32.0-68.0) 54.0 (32.0-66.0) | 0.880 | NA
Mean + Standard Deviation 45.0£229 51.6 £21.2 < 0.001 | 29.9 49.9 £22.6 50.1 £21.3 0.893 | 0.9
Gender 0.441 0.721
Male 482 (72.3) 247 (70.0) -5.1 202 (68.5) 206 (69.8) 2.9
Female 185 (27.7) 106 (30.0) 5.1 93 (31.5) 89 (30.2) -2.9
Admission phase < 0.001 0.757
2002-2007 374 (56.1) ** 94 (26.6) * -62.7 | 91(30.8) 90 (30.5) -0.7
2008-2013 164 (24.6) * 159 (45.0) ** 44.0 104 (35.3) 112 (38.0) 5.6
2014-2019 129 (19.3) * 100 (28.3) ** 21.2 100 (33.9) 93 (31.5) -5.1
Trauma etiology < 0.001 0.235
Blunt 552 (82.8) 329 (93.2) 32.5 | 280 (94.9) 273 (92.5) 938
Penetrating 115 (17.2) 24 (6.8) -32.5 | 15(5.1) 22 (7.5) 9.8
Anatomical severity
1SS
Median (interquartile range) 10.0 (6.0-25.0) 22.0 (10.0-34.0) < 0.001 | NA 19.0 (9.0-34.0) 20.0 (10.0-34.0) | 0.520 | NA
Mean + Standard Deviation 16.7 £ 14.0 244 +154 < 0.001 | 50.3 22.6 £15.9 22.6 £ 14.6 0.961 | 0
AIS (>3)
Head or neck 102 (15.3) 85 (24.1) 0.001 22.2 69 (23.4) 60 (20.3) 0.370 | -7.4
Face 9(1.3) 10 (2.8) 0.095 10.4 6(2.0) 5(1.7) 0.761 | -2.5
Chest 166 (24.9) 156 (44.2) < 0.001 | 41.5 113 (38.3) 119 (40.3) 0.613 | 4.2
Abdomen or pelvic contents 131 (19.6) 115 (32.6) < 0.001 | 29.8 82 (27.8) 89 (30.2) 0.525 | 5.2
Extremities or pelvic girdle 343 (51.4) 215 (60.9) 0.004 192 |178(60.3) 178 (60.3) 1.000 | 0
Physiological parameters
GCS score < 0.001 0.749
13-15 587 (88.0) ** 270 (76.5) * -30.5 | 245(83.1) 240 (81.4) -4.4
9-12 38(5.7)* 32(9.1) ** 12.9 24 (8.1) 22 (7.5) -2.5
6-8 26 (3.9) 20 (5.7) 8.3 16 (5.4) 17 (5.8) 1.5
4-5 9(1.3) 8(2.3) 6.9 5(1.7) 7 (2.4) 4.8
3 7(1.0) * 23 (6.5) ** 29.0 5(1.7) 9(3.1) 8.9
SBP, mmHg < 0.001 0.622
> 89 586 (87.9) ** 254 (72.0) * -40.5 | 236 (80.0) 232 (78.6) -3.3
76-89 39(5.8)* 35(9.9) ** 15.1 25 (8.5) 29 (9.8) 4.7
50-75 36 (5.4) * 47 (13.3) ** 274 | 29(9.8) 25 (8.5) 47
1-49 6(0.9)* 17 (4.8) ** 237 |5(17) 9(3.1) 8.9
Respiratory rate, breaths/min < 0.001 0.713
> 29 584 (87.6) ** 260 (73.7) * 357 | 231(78.3) 232 (78.6) 0.8
10-29 79 (11.8) * 85 (24.1) ** 32.3 60 (20.3) 61 (20.7) 0.8
6-9 4(0.6) 4(1.1) 5.8 4(1.4) 2(0.7) -6.8
1-5 0(0.0) 1(0.3) 7.5 0(0) 0(0) 0
0 0(0.0) * 3(0.8) ** 13.1 0(0) 0(0) 0
RTS
Median (interquartile range) 7.841 (7.550- 7.841 (6.376- < 0.001 | NA 7.841 (7.108- 7.841 (6.904- 0.329 | NA
7.841) 7.841) 7.841) 7.841)
Mean + Standard Deviation 7.458 £ 0.899 6.874 £ 1.554 < 0.001 | -46.6 | 7.241 +1.100 7.150 £ 1.195 0.337 | -7.8
(Continued)
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Table 1. (Continued)

Probability of survival

Median (interquartile range)

Mean + Standard Deviation
Charlson Comorbidity Index
0
1
2
>3
Presentation time
8:00-16:59
17:00-23:59
24:00-7:59
Presentation day
Weekdays
Weekends
Off-hours presentation®
Type of intervention
TAE

External skeletal fixation or open reduction with

internal fixation
Laparotomy or thoracotomy

Craniotomy

Full cohort PS matched cohort

ELST EP P SD (%) ELST EP P SD

(n = 667) (n = 353) (n = 295) (n = 295) (%)

0.982 (0.950— 0.950 (0.773— <0001 NA | 0.974(0.837- 0.966 (0.848— 0.141 | NA

0.996) 0.982) 0.995) 0.987)

0.913 + 0.191 0.800 + 0.293 <0.001 | -44.9 | 0.853 +0.253 0.853 + 0.239 0.726 | 0
0.210 0.819

515 (77.2) 256 (72.5) 108 | 212 (71.9) 213 (72.2) 0.8

109 (16.3) 62 (17.6) 33 | 55(18.6) 52 (17.6) 26

24 (3.6) 20 (5.7) 98 | 19(6.4) 17 (5.8) 28

19 (2.8) 15 (4.2) 76 |9(3.1) 13 (4.4) 7.2
0.100 0.520

360 (54.0) * 214 (60.6) ** 135 | 156 (52.9) 162 (54.9) 4.1

195 (29.2) 93 (26.3) 65 | 99(33.6) 87 (29.5) 8.8

112 (16.8) 46 (13.0) 106 | 40 (13.6) 46 (15.6) 5.8
0.004 0.495

459 (68.8) 273 (77.3) 193 | 230(78.0) 223 (75.6) 56

208 (31.2) 80 (22.7) 193 | 65(22.0) 72 (24.4) 5.6

391 (58.6) 178 (50.4) 0012 | -165 | 163 (55.3) 161 (54.6) 0.869 | -1.4
<0.001 0.808

116 (17.4) * 98 (27.8) ** 250 | 80(27.1) 76 (25.8) 3.1

433 (64.9) ** 169 (47.9) * 349 | 147 (49.8) 150 (50.8) 2.0

92 (13.8) * 72 (20.4) ** 176 | 53(18.0) 58 (19.7) 43

26 (3.9) 14 (4.0) 03 | 15(5.1) 11 (3.7) -6.6

Data are expressed as n (%) unless otherwise noted.

**Adjusted standardized residual > 1.96.
*Adjusted standardized residual < -1.96.
#17:00 to 7:59 on weekdays plus all weekend hours.

AIS, Abbreviated Injury Scale; ELST, emergency life-saving technician; EP, emergency physician; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; NA, not

available; PS, propensity score; RTS, Revised Trauma Score; SBP, systolic blood pressure; SD, standardized difference. TAE; transcatheter arterial embolization.

https://doi.org/10.1371/journal.pone.0259733.t001

sex, ISS, GCS score, SBP, respiratory rate, and trauma etiology (S2 Table). As shown in S3
Table, injured patients who received surgery or TAE after more than 180 min (delayed inter-
vention) were more likely to be transported by an EP-staffed ambulance and were more likely
to present to the ED during off-hours. Conversely, the delayed intervention group was less likely
to have shock (SBP < 75 mmHg) and severe torso injury (AIS > 3 injury of the abdomen or pel-
vic contents) and were less likely to receive TAE and laparotomy or thoracotomy.

Other outcomes

Fig 3 and S4 Table show the differences in-hospital mortality between EP-staffed ambulances
and ELST-staffed ambulances. In PS-matched patients, there were no significant differences
for in-hospital mortality between the EP and ELST groups (8.8% vs.9.8%; odds ratio [OR]
0.89; 95% CI 0.51-1.55). A similar trend was observed with other statistical assumptions, such
as in the logistic regression model using PS as an explanatory variable (adjusted OR 0.73; 95%
CI 0.43-1.26) and IPTW analysis (OR 0.77; 95% CI 0.47-1.26).
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Fig 2. Preoperative time course in injured patients requiring emergency surgery or TAE: EP-staffed vs. ELST-staffed ambulance. Elapsed time from
emergency call to ED arrival and arrival in the operating room or catheterization laboratory in the full cohort (A) and PS-matched cohort (B). Circles represent
the median, and error bars represent the 25th and 75th percentiles. Box plots of ED LOS in the full (C) and PS-matched (D) cohorts. ED LOS is defined as time
from ED arrival to operating room or catheterization laboratory arrival. Solid line inside the box represents the median, x represents the mean, the

box represents the 25th and 75th percentiles, the whiskers represent the lower and upper extremes, and the circles represent outliers. ***P < 0.001, **P < 0.01,
and *P < 0.05 using the Mann-Whitney U test. ED, emergency department; ELST, emergency life-saving technician; EP, emergency physician; LOS, length of
stay; TAE, transcatheter arterial embolization.

https://doi.org/10.1371/journal.pone.0259733.9002

By contrast, among patients who underwent laparotomy or thoracotomy, the EP group had
a decreased odds for mortality as compared with the ELST group (adjusted OR 0.29; 95% CI
0.10-0.85). In the remaining subgroups, there were no significant differences for in-hospital
mortality between two groups (54 Fig).

The S5 Fig shows the distribution of time to death. Nearly two-thirds of deaths occurred
within 24 hours (early deaths, the second peak in the trimodal distribution [34-37]), and the
time distributions did not differ between the EP group and ELST group.

When considering hospital LOS and patient disposition among survivors, the median hos-
pital LOS was significantly longer in the EP group than in the ELST group in both the full
cohort (36.0 days vs. 27.0 days, P = 0.0019; Fig 4A) and PS-matched cohort (38.0 days vs. 29.0
days, P = 0.0073; Fig 4B). As shown in Fig 4C, fewer patients in the EP group were discharged
home (61.6%) than in the ELST group (74.5%) in the full cohort. In the PS-matched cohort
(Fig 4D), patient dispositions were similar between the two groups.

Discussion

In this single-site observational study, we found that EP involvement in prehospital trauma
care was associated with an increased prehospital LOS and delayed definitive hemostasis
among injured patients. These associations were consistent with both the crude and adjusted

PLOS ONE | https://doi.org/10.1371/journal.pone.0259733 November 8, 2021 9/17


https://doi.org/10.1371/journal.pone.0259733.g002
https://doi.org/10.1371/journal.pone.0259733

PLOS ONE

Impact of emergency physician-staffed ambulances on preoperative time course and survival

Favors EP Favors ELST
Analysis N OR (95% CI)
Unadjusted 1,020 2.06 (1.29-3.28) —e—
PS-matched (primary analysis) 590 0.89 (0.51-1.55) |_¢_|
Logistic regression® 1,020 0.73 (0.43-1.26) = I—Q—l
IPTW 1,020 0.77 (0.47-1.26) |—o--|
e
0.1 1 10

OR (95% CI)

Fig 3. Odds ratios for in-hospital mortality among injured patients: EP-staffed ambulance versus ELST-staffed ambulance. The reference set was the
group of injured patients transported to the ED by ELST-staffed ambulances. “Adjusted for PS as described in the Methods. CI, confidence interval, ELST,
emergency life-saving technician; EP, emergency physician; IPTW, inverse probability of treatment weighting; OR, odds ratio; PS, propensity score.

https://doi.org/10.1371/journal.pone.0259733.9003

analyses. In contrast, there was a slightly but significant reduction in ED LOS among injured
patients who were transported by EP-staffed ambulances. No significant survival differences
were observed between the two groups. EP involvement in prehospital trauma care was also
associated with increased hospital LOS and did not alter disposition locations.

Increased prehospital LOS and total time to surgery or TAE in the EP group can likely be
explained by the increased number of prehospital interventions. Alternatively, in long-distance
transfers, the regional medical control center or ELST at the scene may tend to request dis-
patch of an EP-staffed ambulance to initiate early advanced trauma care. Prehospital LOS and
the number of prehospital advanced procedures in this study were comparable to other Japa-
nese EP-staffed emergency medical services [14, 20] and those abroad [5, 8, 13, 18, 21]. As
with most EP-staffed medical services, prehospital hemostatic procedures for major bleeding
would not be practical at this study site owing to a lack of resources. Our results showed that
deaths predominantly occurred within the first day in both the ELST group and EP group, cor-
responding to the second peak (deaths within 24 hours after trauma) of the classic trimodal
trauma-death distribution [34-37]. The main cause of the second peak in mortality among
injured patients needing definitive intervention is known to be hemorrhagic shock [34-37].
Similar time-of-death distributions between the EP and ELST groups suggest that EP involve-
ment in prehospital trauma care does not prevent death from hemorrhagic shock. A number
of prehospital interventions are known to be positively correlated with prolonged prehospital
LOS, that is, these are reported to be related to a greater risk of poor outcomes [5, 38]. Thus,
EPs dispatched to the scene must consider the trade-off between safely performing crucial
interventions and limiting time on the scene, particularly in injured patients who require
definitive hemostasis.

Turning to survival outcome, in this cohort study, we failed to show a difference in mortal-
ity between EP-staffed ambulances and ELST ambulances. These results were consistent in
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subanalysis using the IPTW method and a logistic regression model adjusted for PS. In the PS-
matched cohort, the discharge disposition of survivors was also similar between the two
groups, suggesting that EP involvement in prehospital trauma care did not affect the functional
outcome of patients with trauma. Delays in hospital arrival and definitive treatment is one
plausible explanation for the failure of having an EP at the prehospital scene to improve sur-
vival and functional outcomes. These results were in agreement with recent studies including
among hypotensive patients with trauma who have SBP < 90 mmHg [24] and severely injured
patients with ISS > 15 [20] who were transported by EP-staffed ambulances. These results,
together with the current findings, collectively suggest there are no major clinical benefits with
EP involvement in prehospital care regarding survival, as compared with ELSTs, especially for
injured patients requiring definitive hemostatic treatment.

In this study, we also found that after PS-matching, hospital LOS was somewhat increased
in the EP group as compared with the ELST group among trauma survivors. Any delay in the
definitive control of hemorrhage can result in hypovolemic shock, coagulopathy, multiple
organ failure, immunosuppression, and secondary infection [39-42], all of which can result in
prolonged hospital stay. Because participants in this study were severely injured and required
surgical hemostasis, unfavorable effects of delayed hemostasis owing to prolonged prehospital
care provided by EP-staffed ambulances might be present.

We also observed that there was a slight, but significant, reduction in the time from ED
arrival to arrival in the operating room or catheterization laboratory when an EP was
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dispatched to the prehospital scene. At this study site, if an injured patient is expected to
require emergency surgery or TAE, the on-scene EP provides their assessment to the ED using
a dedicated direct line. Specialists such as trauma surgeons, anesthesiologists, and interven-
tional radiologists are usually present in the ED before the patient’s arrival. Such accurate diag-
nosis provided by on-scene EP and cooperation between prehospital and in-hospital trauma
teams is the one plausible explanation of the observed findings. Similarly, in a study of other
Japanese EP-staffed emergency medical services, the time to blood transfusion was signifi-
cantly shorter in patients in the EP group than in the ELST group [20]. Accurate prehospital
information and earlier clinical decision making regarding injured patients provided by an
on-scene EP [43] would explain the above findings.

Subgroup analyses in this study revealed that injured patients requiring laparotomy or tho-
racotomy benefited from an EP-staffed ambulance in terms of survival. If patients have
extremity and/or pelvic injuries, on-scene ELST's attempt to control bleeding by applying man-
ual compression, a tourniquet, or a pelvic sling belt; however, these measures are not
attempted by ELSTs in patients with intraabdominal or intrathoracic injury. EP-specific pre-
hospital interventions, such as tube thoracostomy, ultrasound examination, and accurate clini-
cal judgement might be beneficial for injured patients with non-compressible sources of
bleeding [44]. Future larger studies will be needed to further clarify the usefulness of EP-staffed
ambulances in this patient population.

Limitations and strengths

Several limitations of the current study should be acknowledged. Firstly, this study was per-
formed at a single site, limiting the generalizability of the findings. Secondly, although rigorous
adjustments were made in a PS-matched analysis, other unmeasured factors may have con-
founded our results, as with any observational study. For example, our survey did not collect
information such as distance to the scene or patient body mass index [45], insurance status, or
use of vasopressors [46]. Further analyses including such variables will be required to further
clarify the association between EP involvement in prehospital trauma care and measured clini-
cal outcomes. Thirdly, our database did not contain information on some prehospital
advanced procedures such as ultrasound examination and fluid resuscitation, which might
independently affect the outcome. For example, there would be a difference in prehospital
intravenous fluid administration between EP and ELST groups, which might affect the out-
comes of patients with trauma [47-49]. Finally, we did not calculate the sample size in
advance. As described in the Methods, the retrospective nature of the study predetermined the
sample size. However, a post-hoc power calculation demonstrated that the power of our study
was sufficient (power > 0.80) for all primary outcomes examined.

Despite these limitations, the current study also had several strengths. Firstly, this study cap-
tured in-depth information such as presentation time, presentation day, and type of definitive
intervention. Indeed, these variables were important confounders not measured in previous
studies [13-24]. Additionally, this study clarified the difference in hospital LOS and discharge
disposition between EP-staffed ambulances and ELST-staffed ambulances. Prior to our study,
little was known regarding whether and how EP dispatch to the prehospital scene affects such
relevant trauma care metrics [13-24]. Secondly, the data for this study were gathered from exist-
ing electronic databases, and all data were entered into the database by one trained emergency
physician only (author K.S.). The measured outcomes were objective (i.e., prehospital, ED and
hospital LOS, location of patient dispositions) and less prone to diagnostic errors, minimizing
the risk of ascertainment bias. Additionally, there were no missing data for all relevant analyses.
Most previous investigations comparing the outcomes of injured patients transported by EP-
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staffed and ELST-staffed ambulances used large trauma databases, but a considerable amount of
data was missing in those studies [15, 17, 20, 24]. To handle missing data, previous investiga-
tions have eliminated all missing data [15, 20, 24] or used multiple imputation [17], but both
methods can generate bias. Furthermore, to mitigate the risk of biased assessment, the author
who constructed the database (K.S.) was not involved in the any of the statistical analysis.

Conclusions

At a community hospital in Japan, EP-staffed ambulances were associated with prolonged pre-
hospital stay and delay in definitive treatment among injured patients who were in need of
emergency surgery or TAE, in comparison with ELST-staffed ambulances. EP-staffed ambu-
lances also did not improve survival outcomes in this trauma subset. Among survivors, EP
involvement in prehospital trauma care was associated with increased hospital LOS and did
not alter disposition locations. Our observations provide an opportunity to reconsider the use
of EP-staffed ambulances in this population.
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S1 Data. Minimal anonymized data set used in this study.
(XLSX)

S1 Table. Comparison of prehospital intervention: EP-staffed ambulance versus ELST-
staffed ambulance. Data are expressed as n (%). ELST, emergency life-saving technician; EP,
emergency physician; PS, propensity score.
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$2 Table. Cox proportional hazards regression analysis of cumulative preoperative time:
EP-staffed ambulance versus ELST-staffed ambulance. Cox proportional hazards regression
analyses were performed with adjustment for age, sex, Injury Severity Score, Glasgow Coma
Scale score, systolic blood pressure, respiratory rate, and trauma etiology. The reference set
was the group of injured patients transported to the ED by ELST-staffed ambulances. CI, con-
fidence interval; ED, emergency department; ELST, emergency life-saving technician; EP,
emergency physician; TAE, trans arterial embolization.

(PDF)

S$3 Table. Factors associated with delayed definitive intervention®. Data are expressed as n
(%) or median (interquartile range). ** Adjusted standardized residual > 1.96. * Adjusted stan-
dardized residual < —1.96. “Time from the emergency call to arrival in the operating room or
catheterization laboratory later than 180 min. ®17:00 to 7:59 on weekdays plus all weekend
hours. AIS, Abbreviated Injury Scale; ELST, emergency life-saving technician; EP, emergency
physician; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; NA, not available; PS, pro-
pensity score; RTS, Revised Trauma Score; SBP, systolic blood pressure; SD, standardized dif-
ference. TAE; transcatheter arterial embolization.
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$4 Table. Comparison of mortality rate: EP-staffed ambulance versus ELST-staffed ambu-
lance. Data are expressed as n (%). ELST, emergency life-saving technician; EP, emergency
physician; PS, propensity score.

(PDF)

S1 Fig. Distribution of PS in the full (A) and PS-matched (B) cohorts. ELST, emergency life-
saving technician; EP, emergency physician; PS, propensity score.
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S2 Fig. Prehospital LOS according to the number and type of interventions in EP-staffed
ambulances. Column scatter plots representing the data distribution (circles), median (hori-
zontal bar), and interquartile range (vertical bar). **P < 0.01, *P < 0.05. The P values were
derived using the Kruskal-Wallis test followed by Dunn’s post hoc tests with Bonferroni cor-
rection. EP: emergency physician; LOS: length of stay.

(PDF)

$3 Fig. Comparison of cumulative incidence rate curves: EP-staffed ambulance versus
ELST-staffed ambulance. Cumulative incidence rate curves from emergency call to ED arrival
in the full (A) and PS-matched (B) cohorts. Cumulative incidence rate curves from ED arrival
to arrival in the operating room or catheterization laboratory in the full (C) and PS-matched
(D) cohorts. Cumulative incidence rate curves from emergency call to surgery or TAE in the
full (E) and PS-matched (F) cohorts. ***P < 0.001, **P < 0.01, *P < 0.05 by log-rank test. ED,
emergency department; ELST, emergency life-saving technician; EP, emergency physician; PS,
propensity score; TAE, transarterial embolization.

(PDF)

S4 Fig. Subgroup analysis of hospital mortality in injured patients requiring emergency
surgery or TAE: EP-staffed ambulance versus ELST-staffed ambulance. The reference set
was the group of injured patients transported to the ED by ELST-staffed ambulances. “Ad-
justed for PS, as described in the Methods. ®17:00 to 7:59 on weekdays plus all weekend hours.
CI, confidence interval; ELST, emergency life-saving technician; EP, emergency physician;
GCS, Glasgow Coma Scale; ISS, Injury Severity Score; OR, odds ratio; SBP, systolic blood pres-
sure; TAE, transcatheter arterial embolization.

(PDF)

S5 Fig. Time-of-death analysis: EP-staffed ambulance versus ELST-staffed ambulance. The
distribution of time to death in full cohort (A) and PS-matched (B) cohort. The proportion of
deaths in the full cohort (C) and PS-matched cohort (D) within 24 hours. ELST, emergency
life-saving technician; EP, emergency physician; LOS, length of stay; PS, propensity score.
(PDF)

Acknowledgments

We thank our colleagues at Ohta Nishinouchi Hospital for the data acquisition. We also thank
Nozomi Ono, MD (Department of Psychiatry, Hoshigaoka Hospital, Koriyama, Japan) for
providing assistance in reviewing the manuscript. Finally, we thank Analisa Avila, MPH, ELS,
from Edanz (https://jp.edanz.com/ac), for editing a draft of this manuscript.

Author Contributions
Conceptualization: Yuko Ono, Kazuaki Shinohara.

Data curation: Yuko Ono, Yudai Iwasaki, Takaki Hirano, Katsuhiko Hashimoto, Takeyasu
Kakamu.

Formal analysis: Yuko Ono, Takeyasu Kakamu.
Investigation: Yuko Ono, Yudai Iwasaki, Takaki Hirano, Katsuhiko Hashimoto.
Methodology: Yuko Ono, Takeyasu Kakamu.

Project administration: Yuko Ono, Shigeaki Inoue, Joji Kotani, Kazuaki Shinohara.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259733 November 8, 2021 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259733.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259733.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259733.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259733.s010
https://doi.org/10.1371/journal.pone.0259733

PLOS ONE

Impact of emergency physician-staffed ambulances on preoperative time course and survival

Supervision: Shigeaki Inoue, Joji Kotani, Kazuaki Shinohara.

Validation: Takeyasu Kakamu.

Visualization: Yuko Ono.

Writing - original draft: Yuko Ono.

Writing - review & editing: Yudai Iwasaki, Takaki Hirano, Katsuhiko Hashimoto, Takeyasu

Kakamu, Shigeaki Inoue, Joji Kotani, Kazuaki Shinohara.

References

1.

10.

11.

12

13.

14.

15.

16.

Corso P, Finkelstein E, Miller T, Fiebelkorn I, Zaloshnja E. Incidence and lifetime costs of injuries in the
United States. Inj Prev. 2006; 12:212-8. https://doi.org/10.1136/ip.2005.010983 PMID: 16887941

Florence C, Simon T, Haegerich T, Luo F, Zhou C. Estimated Lifetime Medical and Work-Loss Costs of
Fatal Injuries-United States, 2013. MMWR Morb Mortal Wkly Rep. 2015; 64:1074—7. https://doi.org/10.
15585/ mmwr.mm6438a4 PMID: 26421530

World Health Organization. Injuries and violence: the facts 2014. World Health Organization 2014.
https://apps.who.int/iris/handle/10665/149798. Accessed 30 May 2021.

Al-Thani H, Mekkodathil A, Hertelendy AJ, Frazier T, Ciottone GR, El-Menyar A. Prehospital Intervals
and In-Hospital Trauma Mortality: A Retrospective Study from a Level | Trauma Center. Prehosp Disas-
ter Med. 2020; 35:508—-15. https://doi.org/10.1017/S1049023X20000904 PMID: 32674744

Gauss T, Ageron FX, Devaud ML, Debaty G, Travers S, Garrigue D, et al. Association of Prehospital
Time to In-Hospital Trauma Mortality in a Physician-Staffed Emergency Medicine System. JAMA Surg.
2019; 154:1117-24. https://doi.org/10.1001/jamasurg.2019.3475 PMID: 31553431

Alarhayem AQ, Myers JG, Dent D, Liao L, Muir M, Mueller D, et al. Time is the enemy: Mortality in
trauma patients with hemorrhage from torso injury occurs long before the "golden hour". Am J Surg.
2016; 212:1101-5. https://doi.org/10.1016/j.amjsurg.2016.08.018 PMID: 27832843

Dinh MM, Bein K, Roncal S, Byrne CM, Petchell J, Brennan J. Redefining the golden hour for severe
head injury in an urban setting: the effect of prehospital arrival times on patient outcomes. Injury. 2013;
44:606—10. https://doi.org/10.1016/}.injury.2012.01.011 PMID: 22336130

Brown JB, Rosengart MR, Forsythe RM, Reynolds BR, Gestring ML, Hallinan WM, et al. Not all prehos-
pital time is equal: Influence of scene time on mortality. J Trauma Acute Care Surg. 2016; 81:93—100.
https://doi.org/10.1097/TA.0000000000000999 PMID: 26886000

Kotwal RS, Howard JT, Orman JA, Tarpey BW, Bailey JA, Champion HR, et al. The Effect of a Golden
Hour Policy on the Morbidity and Mortality of Combat Casualties. JAMA Surg. 2016; 151:15-24. hitps://
doi.org/10.1001/jamasurg.2015.3104 PMID: 26422778

Henderson Kl, Coats TJ, Hassan TB, Brohi K. Audit of time to emergency trauma laparotomy. Br J
Surg. 2000; 87:472-6. https://doi.org/10.1046/j.1365-2168.2000.01392.x PMID: 10759745

Ono 'Y, Yokoyama H, Matsumoto A, Kumada Y, Shinohara K, Tase C. Is preoperative period associated
with severity and unexpected death of injured patients needing emergency trauma surgery? J Anesth.
2014; 28:381-9. https://doi.org/10.1007/s00540-013-1727-0 PMID: 24141883

Igarashi Y, Yokobori S, Yamana H, Nagakura K, Hagiwara J, Masuno T, et al. Overview of doctor-
staffed ambulance use in Japan: a nationwide survey and 1-week study. Acute Med Surg. 2018; 5:316—
20. https://doi.org/10.1002/ams2.347 PMID: 30338076

Maddock A, Corfield AR, Donald MJ, Lyon RM, Sinclair N, Fitzpatrick D, et al. Prehospital critical care is
associated with increased survival in adult trauma patients in Scotland. Emerg Med J. 2020; 37:141-5.
https://doi.org/10.1136/emermed-2019-208458 PMID: 31959616

Tsuchiya A, Tsutsumi Y, Yasunaga H. Outcomes after helicopter versus ground emergency medical
services for major trauma—propensity score and instrumental variable analyses: a retrospective nation-
wide cohort study. Scand J Trauma Resusc Emerg Med. 2016; 24:140. https://doi.org/10.1186/s13049-
016-0335-z PMID: 27899124

Abe T, Takahashi O, Saitoh D, Tokuda Y. Association between helicopter with physician versus ground
emergency medical services and survival of adults with major trauma in Japan. Crit Care. 2014; 18:
R146. https://doi.org/10.1186/cc13981 PMID: 25008159

Fukuda T, Ohashi-Fukuda N, Kondo Y, Hayashida K, Kukita |. Association of Prehospital Advanced Life
Support by Physician With Survival After Out-of-Hospital Cardiac Arrest With Blunt Trauma Following
Traffic Collisions: Japanese Registry-Based Study. JAMA Surg. 2018; 153:e180674. https://doi.org/10.
1001/jamasurg.2018.0674 PMID: 29710068

PLOS ONE | https://doi.org/10.1371/journal.pone.0259733 November 8, 2021 15/17


https://doi.org/10.1136/ip.2005.010983
http://www.ncbi.nlm.nih.gov/pubmed/16887941
https://doi.org/10.15585/mmwr.mm6438a4
https://doi.org/10.15585/mmwr.mm6438a4
http://www.ncbi.nlm.nih.gov/pubmed/26421530
https://apps.who.int/iris/handle/10665/149798
https://doi.org/10.1017/S1049023X20000904
http://www.ncbi.nlm.nih.gov/pubmed/32674744
https://doi.org/10.1001/jamasurg.2019.3475
http://www.ncbi.nlm.nih.gov/pubmed/31553431
https://doi.org/10.1016/j.amjsurg.2016.08.018
http://www.ncbi.nlm.nih.gov/pubmed/27832843
https://doi.org/10.1016/j.injury.2012.01.011
http://www.ncbi.nlm.nih.gov/pubmed/22336130
https://doi.org/10.1097/TA.0000000000000999
http://www.ncbi.nlm.nih.gov/pubmed/26886000
https://doi.org/10.1001/jamasurg.2015.3104
https://doi.org/10.1001/jamasurg.2015.3104
http://www.ncbi.nlm.nih.gov/pubmed/26422778
https://doi.org/10.1046/j.1365-2168.2000.01392.x
http://www.ncbi.nlm.nih.gov/pubmed/10759745
https://doi.org/10.1007/s00540-013-1727-0
http://www.ncbi.nlm.nih.gov/pubmed/24141883
https://doi.org/10.1002/ams2.347
http://www.ncbi.nlm.nih.gov/pubmed/30338076
https://doi.org/10.1136/emermed-2019-208458
http://www.ncbi.nlm.nih.gov/pubmed/31959616
https://doi.org/10.1186/s13049-016-0335-z
https://doi.org/10.1186/s13049-016-0335-z
http://www.ncbi.nlm.nih.gov/pubmed/27899124
https://doi.org/10.1186/cc13981
http://www.ncbi.nlm.nih.gov/pubmed/25008159
https://doi.org/10.1001/jamasurg.2018.0674
https://doi.org/10.1001/jamasurg.2018.0674
http://www.ncbi.nlm.nih.gov/pubmed/29710068
https://doi.org/10.1371/journal.pone.0259733

PLOS ONE

Impact of emergency physician-staffed ambulances on preoperative time course and survival

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Galvagno SM Jr, Haut ER, Zafar SN, Millin MG, Efron DT, Koenig GJ Jr, et al. Association between heli-
copter vs ground emergency medical services and survival for adults with major trauma. JAMA. 2012;
307:1602—10. https://doi.org/10.1001/jama.2012.467 PMID: 22511688

Lyons J, Gabbe BJ, Rawlinson D, Lockey D, Fry RJ, Akbari A, et al. Impact of a physician—critical care
practitioner pre-hospital service in Wales on trauma survival: a retrospective analysis of linked registry
data. Anaesthesia. 2021; https://doi.org/10.1111/anae.15457 PMID: 33780550

Yeguiayan JM, Garrigue D, Binquet C, Jacquot C, Duranteau J, Martin C, et al. Medical pre-hospital
management reduces mortality in severe blunt trauma: a prospective epidemiological study. Crit Care.
2011; 15:R34. https://doi.org/10.1186/cc9982 PMID: 21251331

Hirano Y, Abe T, Tanaka H. Efficacy of the presence of an emergency physician in prehospital major
trauma care: A nationwide cohort study in Japan. Am J Emerg Med. 2019; 37:1605—10. https://doi.org/
10.1016/j.ajem.2018.11.014 PMID: 30442432

Bieler D, Franke A, Lefering R, Hentsch S, Willms A, Kulla M, et al. Does the presence of an emergency
physician influence pre-hospital time, pre-hospital interventions and the mortality of severely injured
patients? A matched-pair analysis based on the trauma registry of the German Trauma Society (TraumaR-
egister DGU®). Injury. 2017; 48:32—40. https://doi.org/10.1016/j.injury.2016.08.015 PMID: 27586065

Alstrup K, Rognés L, Sollid S, Johnsen SP, Valentin JB, Petersen JAK. Association of Helicopter vs
Ground Emergency Medical Transportation With 1-Year Mortality in Denmark. JAMA Netw Open.
2021; 4:e2033318. https://doi.org/10.1001/jamanetworkopen.2020.33318 PMID: 33427886

Popal Z, Bossers SM, Terra M, Schober P, de Leeuw MA, Bloemers FW, et al. Effect of Physician-
Staffed Emergency Medical Services (P-EMS) on the Outcome of Patients with Severe Traumatic Brain
Injury: A Review of the Literature. Prehosp Emerg Care. 2019; 23:730-9. https://doi.org/10.1080/
10903127.2019.1575498 PMID: 30693835

Yamamoto R, Suzuki M, Yoshizawa J, Nishida Y, Sasaki J. Physician-Staffed Ambulance and
Increased In-Hospital Mortality of Hypotensive Trauma Patients Following Prolonged Prehospital Stay:
A Nationwide Study. J Trauma Acute Care Surg. 2021; https://doi.org/10.1097/TA.0000000000003239
PMID: 33852563

Tanigawa K, Tanaka K. Emergency medical service systems in Japan: past, present, and future.
Resuscitation 2006; 69:365—70. https://doi.org/10.1016/j.resuscitation.2006.04.001 PMID: 16740355

Suzuki T, Nishida M, Suzuki Y, Kobayashi K, Mahadevan SV. Issues and Solutions in Introducing West-
ern Systems to the Pre-hospital Care System in Japan. West J Emerg Med. 2008; 9:166—70. PMID:
19561736

Hagihara A, Hasegawa M, Abe T, Nagata T, Wakata Y, Miyazaki S. Prehospital epinephrine use and
survival among patients with out-of-hospital cardiac arrest. JAMA. 2012; 307:1161-8. https://doi.org/
10.1001/jama.2012.294 PMID: 22436956

Baker SP, O’Neill B, Haddon W Jr, WB Long. The injury severity score: a method for describing patients
with multiple injuries and evaluating emergency care. Jd Trauma. 1974; 14:187-96. PMID: 4814394

Champion HR, Sacco WJ, Copes WS, Gann DS, Gennarelli TA, Flanagan ME. A revision of the trauma
score. J Trauma. 1989; 29:623-9. https://doi.org/10.1097/00005373-198905000-00017 PMID:
2657085

Champion HR, Copes WS, Sacco WJ, Lawnick MM, Keast SL, Bain LW Jr, et al. The major trauma out-
come study: establishing national norms for trauma care. J Trauma. 1990; 30:1356-65. PMID: 2231804

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM administra-
tive databases. J Clin Epidemiol. 1992; 45:613-9. https://doi.org/10.1016/0895-4356(92)90133-8
PMID: 1607900

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis. 1987; 40:373-83 https://doi.org/10.
1016/0021-9681(87)90171-8 PMID: 3558716

Zhang Z, Kim HJ, Lonjon G, Zhu Y. written on behalf of AME Big-Data Clinical Trial Collaborative
Group. Balance diagnostics after propensity score matching. Ann Transl Med 2019; 7:16. https://doi.
org/10.21037/atm.2018.12.10 PMID: 30788363

Trunkey DD. Trauma. Accidental and intentional injuries account for more years of life lost in the U.S.
than cancer and heart disease. Among the prescribed remedies are improved preventive efforts, speed-
ier surgery and further research. Sci Am. 1983; 249:28-35. PMID: 6623052

Baker CC, Oppenheimer L, Stephens B, Lewis FR, Trunkey DD. Epidemiology of trauma deaths. Am J
Surg. 1980; 140:144-50. https://doi.org/10.1016/0002-9610(80)90431-6 PMID: 7396078

De Knegt C, Meylaerts SA, Leenen LP. Applicability of the trimodal distribution of trauma deaths in a
Level | trauma centre in the Netherlands with a population of mainly blunt trauma. Injury. 2008; 39:993—
1000. https://doi.org/10.1016/j.injury.2008.03.033 PMID: 18656867

PLOS ONE | https://doi.org/10.1371/journal.pone.0259733 November 8, 2021 16/17


https://doi.org/10.1001/jama.2012.467
http://www.ncbi.nlm.nih.gov/pubmed/22511688
https://doi.org/10.1111/anae.15457
http://www.ncbi.nlm.nih.gov/pubmed/33780550
https://doi.org/10.1186/cc9982
http://www.ncbi.nlm.nih.gov/pubmed/21251331
https://doi.org/10.1016/j.ajem.2018.11.014
https://doi.org/10.1016/j.ajem.2018.11.014
http://www.ncbi.nlm.nih.gov/pubmed/30442432
https://doi.org/10.1016/j.injury.2016.08.015
http://www.ncbi.nlm.nih.gov/pubmed/27586065
https://doi.org/10.1001/jamanetworkopen.2020.33318
http://www.ncbi.nlm.nih.gov/pubmed/33427886
https://doi.org/10.1080/10903127.2019.1575498
https://doi.org/10.1080/10903127.2019.1575498
http://www.ncbi.nlm.nih.gov/pubmed/30693835
https://doi.org/10.1097/TA.0000000000003239
http://www.ncbi.nlm.nih.gov/pubmed/33852563
https://doi.org/10.1016/j.resuscitation.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16740355
http://www.ncbi.nlm.nih.gov/pubmed/19561736
https://doi.org/10.1001/jama.2012.294
https://doi.org/10.1001/jama.2012.294
http://www.ncbi.nlm.nih.gov/pubmed/22436956
http://www.ncbi.nlm.nih.gov/pubmed/4814394
https://doi.org/10.1097/00005373-198905000-00017
http://www.ncbi.nlm.nih.gov/pubmed/2657085
http://www.ncbi.nlm.nih.gov/pubmed/2231804
https://doi.org/10.1016/0895-4356(92)90133-8
http://www.ncbi.nlm.nih.gov/pubmed/1607900
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.21037/atm.2018.12.10
https://doi.org/10.21037/atm.2018.12.10
http://www.ncbi.nlm.nih.gov/pubmed/30788363
http://www.ncbi.nlm.nih.gov/pubmed/6623052
https://doi.org/10.1016/0002-9610(80)90431-6
http://www.ncbi.nlm.nih.gov/pubmed/7396078
https://doi.org/10.1016/j.injury.2008.03.033
http://www.ncbi.nlm.nih.gov/pubmed/18656867
https://doi.org/10.1371/journal.pone.0259733

PLOS ONE

Impact of emergency physician-staffed ambulances on preoperative time course and survival

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

OnoY, Ishida T, lwasaki Y, Kawakami Y, Inokuchi R, Tase C, et al. The off-hour effect on trauma
patients requiring subspecialty intervention at a community hospital in Japan: a retrospective cohort
study. Scand J Trauma Resusc Emerg Med. 2015; 23:20. https://doi.org/10.1186/s13049-015-0095-1
PMID: 25882601

Taghavi S, Maher Z, Goldberg AJ, Chang G, Mendioloa M, Anderson C, et al. An Eastern Association
for the Surgery of Trauma Multicenter Trial Examining Prehospital Procedures in Penetrating Trauma
Patients. J Trauma Acute Care Surg. 2021; https://doi.org/10.1097/TA.0000000000003151 PMID:
33675330

Hess JR, Brohi K, Dutton RP, Hauser CJ, Holcomb JB, Kluger Y, et al. The coagulopathy of trauma: a
review of mechanisms. J Trauma. 2008; 65:748-54. https://doi.org/10.1097/TA.0b013e3181877a9¢
PMID: 18849786

Cannon JW. Hemorrhagic Shock. N Engl J Med. 2018; 378:370-379. https://doi.org/10.1056/
NEJMra1705649 PMID: 29365303

Pierce A, Pittet JF. Inflammatory response to trauma: implications for coagulation and resuscitation.
Curr Opin Anaesthesiol. 2014; 27:246-52. https://doi.org/10.1097/AC0O.0000000000000047 PMID:
24419158

Huber-Lang M, Lambris JD, Ward PA. Innate immune responses to trauma. Nat Immunol. 2018;
19:327-41. https://doi.org/10.1038/s41590-018-0064-8 PMID: 29507356

Hamada SR, Gauss T, Duchateau FX, Truchot J, Harrois A, Raux M, et al. Evaluation of the perfor-
mance of French physician-staffed emergency medical service in the triage of major trauma patients. J
Trauma Acute Care Surg. 2014; 76:1476-83. https://doi.org/10.1097/TA.0000000000000239 PMID:
24854319

Inoue S, Nishiumi N, Morita S, Otsuka H, Nakagawa Y, Yamamoto |, et al. The effectiveness of prehos-
pital chest tube thoracostomy in patients treated by a physician-staffed helicopter emergency medical
service [in Japanese]. J Jpn Assoc Acute Med. 2007; 18:637—43.

Hwabejire JO, Nembhard CE, Obirieze AC, Oyetunji TA, Tran DD, Fullum TM, et al. Body mass index in
blunt trauma patients with hemorrhagic shock: opposite ends of the body mass index spectrum portend
poor outcome. Am J Surg. 2015; 209:659-65. https://doi.org/10.1016/j.amjsurg.2014.12.016 PMID:
25728890

Aoki M, Abe T, Saitoh D, Hagiwara S, Oshima K. Use of Vasopressor Increases the Risk of Mortality in
Traumatic Hemorrhagic Shock: A Nationwide Cohort Study in Japan. Crit Care Med. 2018; 46:e1145—
51 https://doi.org/10.1097/CCM.0000000000003428 PMID: 30199392

Hussmann B, Lefering R, Kauther MD, Ruchholtz S, Moldzio P, Lendemans S; TraumaRegister DGU®.
Influence of prehospital volume replacement on outcome in polytraumatized children. Crit Care. 2012;
16:R201. https://doi.org/10.1186/cc11809 PMID: 23078792

Hussmann B, Heuer M, Lefering R, Touma A, Schoeneberg C, Keitel J, et al. Prehospital volume ther-
apy as an independent risk factor after trauma. Biomed Res Int 2015; 2015:354367. https://doi.org/10.
1155/2015/354367 PMID: 25949995

Hussmann B, Lefering R, Waydhas C, Touma A, Kauther MD, Ruchholtz S, et al. Does increased pre-
hospital replacement volume lead to a poor clinical course and an increased mortality? A matched-pair
analysis of 1896 patients of the Trauma Registry of the German Society for Trauma Surgery who were
managed by an emergency doctor at the accident site. Injury. 2013; 44:611-7. https://doi.org/10.1016/j.
injury.2012.02.004 PMID: 22377276

PLOS ONE | https://doi.org/10.1371/journal.pone.0259733 November 8, 2021 17/17


https://doi.org/10.1186/s13049-015-0095-1
http://www.ncbi.nlm.nih.gov/pubmed/25882601
https://doi.org/10.1097/TA.0000000000003151
http://www.ncbi.nlm.nih.gov/pubmed/33675330
https://doi.org/10.1097/TA.0b013e3181877a9c
http://www.ncbi.nlm.nih.gov/pubmed/18849786
https://doi.org/10.1056/NEJMra1705649
https://doi.org/10.1056/NEJMra1705649
http://www.ncbi.nlm.nih.gov/pubmed/29365303
https://doi.org/10.1097/ACO.0000000000000047
http://www.ncbi.nlm.nih.gov/pubmed/24419158
https://doi.org/10.1038/s41590-018-0064-8
http://www.ncbi.nlm.nih.gov/pubmed/29507356
https://doi.org/10.1097/TA.0000000000000239
http://www.ncbi.nlm.nih.gov/pubmed/24854319
https://doi.org/10.1016/j.amjsurg.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25728890
https://doi.org/10.1097/CCM.0000000000003428
http://www.ncbi.nlm.nih.gov/pubmed/30199392
https://doi.org/10.1186/cc11809
http://www.ncbi.nlm.nih.gov/pubmed/23078792
https://doi.org/10.1155/2015/354367
https://doi.org/10.1155/2015/354367
http://www.ncbi.nlm.nih.gov/pubmed/25949995
https://doi.org/10.1016/j.injury.2012.02.004
https://doi.org/10.1016/j.injury.2012.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22377276
https://doi.org/10.1371/journal.pone.0259733

