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Abstract

Aim: In Japan, emergency medical service personnel often have difficulty obtaining
hospitals' acceptance of emergency cases owing to congestion in the emergency unit;
such cases are called difficult-to-transport cases. Increased difficult-to-transport cases
at a regional level may be associated with the prognosis of out-of-hospital cardiac ar-
rest (OHCA). This study aimed to investigate the association between the proportion of
difficult-to-transport cases at a regional level and neurological outcomes in patients with
OHCA, using the nationwide Utstein database linked to ambulance records in Japan.
Methods: In this retrospective cohort study from 2017 to 2021 in Japan, the pro-
portion of difficult-to-transport cases was calculated as the number of difficult-to-
transport cases divided by the number of emergency calls in each district on each day.
Patients with OHCA were categorized into no, low, and high difficult-to-transport
cases groups. The primary outcome was a Cerebral Performance Category 1 or 2
at 1 month. The secondary outcome was transportation time intervals. Multivariate
regression analyses were conducted to assess the association between difficult-to-
transport cases and patient outcomes.

Results: Among 592,021 eligible patients, the no, low, and high difficult-to-transport case
groups included 282,747 (48%), 155,167 (26%), and 154,107 (26%) patients, respectively.
The high difficult-to-transport cases group was associated with decreased favorable neu-
rological outcomes (adjusted odds ratio, 0.91; 95% confidence interval, 0.86-0.95) and
longer total transportation time (difference, 4.1 min; 95% confidence interval, 3.8-4.4).
Conclusion: A higher proportion of difficult-to-transport cases was associated with
poorer neurological outcomes and longer total transportation times in patients with
OHCA.
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INTRODUCTION

Difficult-to-transport cases (DTC) occur frequently in
Japan. It is often difficult for emergency medical service
(EMS) personnel to obtain hospital acceptance of emer-
gency cases. Hospitals can refuse a request call from EMS
personnel because of a lack of available hospital beds or the
absence of specialists for specific diseases.! Although DTC
themselves arise from multifactorial causes, their frequent

occurrence in a region may indicate systemic congestion and
a relative insufficiency of medical resources.>” Thus, high
proportions of DTC in a region can be indicators of emer-
gency medical system congestion and a relative lack of med-
ical resources in that area.

Several previous studies have examined the association be-
tween a relative lack of medical resources and the outcomes
of patients requiring emergency medical care. One Japanese
study assumed that a relative lack of medical resources could
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occur during the coronavirus disease-2019 (COVID-19) pan-
demic and showed that the pandemic was associated with
poorer neurological outcomes in out-of-hospital cardiac arrest
(OHCA).* Another study assumed that a relative lack of med-
ical resources could occur on the days when major US mara-
thons were held, showing that road closure was associated with
a longer total transportation time from the emergency call to
hospital arrival and that the 30-day mortality was higher in
patients with myocardial infarction and OHCA on the days
of the events than on other days.” However, these studies have
been conducted in specific areas and situations. To the best of
our knowledge, no study has focused on DTC as an indicator of
the relative lack of medical resources or investigated the associ-
ation between DTC and the outcomes of emergency patients.
OHCA patients are less likely to be DTC. EMS personnel
and tertiary hospitals attempt to prioritize prompt treatment
for OHCA patients. In the present study, we hypothesized
that a significant concentration of DTC in a district may in-
directly affect the outcomes of patients with OHCA due to
the lack of medical resources in public emergency services
and hospitals. We investigated the association between DTC
and favorable neurologic outcomes of OHCA using the na-
tionwide Utstein and ambulance record databases in Japan.

METHODS
EMS in Japan

The EMS is a part of the emergency medical system and is
managed by the local government.*® A trained EMS per-
sonnel assess patients according to local protocols based
on national protocols. After arriving at the scene, an EMS
personnel triages the patient and makes a request call to the
most appropriate hospital for the patient. A request call from
an EMS personnel to a hospital is required for a patient to be
transported by ambulance. The EMS personnel are required
to make request calls until the hospital agrees to accept the
patient.” Patients with lethal conditions (e.g., cardiac arrest,
multiple trauma, stroke) are more likely to be transported to
tertiary emergency hospitals.®

Study design and data sources

We conducted a retrospective cohort study from 2017
to 2021 in Japan. We used two databases of the Fire and
Disaster Management Agency (FDMA) of Japan. The first
is a prospective nationwide population-based observational
database involving all patients with OHCA in Japan (the
Utstein database).” In collaboration with the treating physi-
cians, the EMS personnel at each site enter the data of pa-
tients with OHCA using an Utstein-style form.” The second
is a prospective, nationwide, population-based observational
database involving all patients transported by ambulance
(EMS records). Anonymous data are sent electronically to
the FDMA database servers at each local EMS site.

The Utstein database includes the following data: date;
prefecture; sex; age; cause of arrest (cardiac or non-cardiac
origin); bystander witness status; presence of bystander car-
diopulmonary resuscitation (CPR); times of collapse, emer-
gency call, EMS arrival at the scene, initiation of CPR, and
first shock; initial rhythms, including ventricular fibrillation,
pulseless electrical activity, and asystole; information on the
EMS crew (physician-staffed or not); 1-month survival; and
neurological outcome 1 month after cardiac arrest, defined
as the Glasgow-Pittsburgh Cerebral Performance Category
(CPC).}°

The EMS database includes the following data: date,
prefecture, district code, sex, age, type of accident, time of
emergency call, EMS arrival at the scene, departure from the
scene, hospital arrival, number of request calls, and proce-
dure type by the EMS personnel. In the EMS data, Japan is
divided into 729 districts.

Data linkage

Information on district codes in the EMS database was
added to the Utstein database. We identified patients who
received CPR in the EMS database. The cases were matched
with those in the Utstein database based on the following
criteria: age, sex, prefecture, and time of emergency call.

Patient selection

We enrolled all the patients with OHCA aged >18 years from
January 1, 2017 to December 31, 2021. Data with obviously
incorrect times (e.g., time of hospital arrival before the time
of the emergency call) were excluded. Pediatric cases were
excluded in accordance with previous studies.*”

Exposure and covariates

The exposure in our study was the proportion of DTC in the
region and on the specific day when each patient suffering
from cardiac pulmonary arrest was identified. We defined
DTC as cases in which the EMS made four or more request
calls to the hospitals." We calculated the proportion of DTC
as the number of DTC divided by the number of emergency
calls in each district on each day. The proportions of DTC
were divided into three categories: (i) zero (no DTC group),
(ii) >0 and <4.3% (low DTC group), and (iii) 24.3% (high
DTC group). No prior studies have provided theoretical
background for this categorization of DTC. We divided the
cases into three groups based on median values, excluding
the no DTC group. The median value excluding patients in
the no DTC group was 4.3%.

The covariates were as follows: sex, age, bystander wit-
ness status, physician-staffed ambulance, bystander CPR,
bystander rescue breathing, bystander automated external
defibrillator (AED) use, initial shockable rhythm, airway
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devices used by EMS, AED use by EMS, establishment of
venous access by EMS, adrenaline administration by EMS,
cause of arrest (cardiac origin or not), year, mean daily num-
ber of ambulance dispatches in each district, weekends, and
daytime (from 8:00a.m. to 5:00p.m.). The weekend and
daytime variables were derived from the dates and times of
emergency calls. There is a potential variation in the quality
of EMS between urban and rural areas.'"* To adjust for the
variation in EMS, the mean daily number of ambulance dis-
patches in each district was categorized into three groups:
(i) <9, (ii) 10 to 99, (iii) =100. We classified areas as rural and
urban based on the average daily ambulance transports,
which serve as a proxy for population distribution.

Outcomes

The primary outcome was a favorable neurological prog-
nosis, defined as a CPC score of 1 or 2, 1 month after the
event.*!* The Glasgow-Pittsburgh CPC is defined as: good
performance, CPCl; moderate disability, CPC2; severe cere-
bral disability, CPC3; vegetative state, CPC4; or brain death,
CPC5. Secondary outcomes were survival at 1 month, total
transportation time (from the emergency call to hospital ar-
rival), time from the emergency call to EMS arrival at the
scene, and time from EMS arrival at the scene to hospital
arrival.®

Statistical analyses

Data were presented as percentages, numbers, means, or
standard deviations. To compare proportions between the
groups, chi-squared tests were conducted for categorical
variables and analysis of variance (ANOVA) for continuous
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variables. We performed multivariable logistic regression
analyses to assess the association between DTC and binary
outcomes (favorable neurological outcome and survival at
1 month) and multivariable linear regression analyses to as-
sess the association between DTC and continuous outcomes.
We conducted two subgroup analyses based on the presence
of a shockable rhythm and bystander witnesses. We con-
ducted a sensitivity analysis excluding patients transported
by physician-staffed ambulances.

To evaluate the dose-response relationship between DTC
proportions and outcomes, we used restricted cubic spline
(RCS) functions. Conventional multivariate regression anal-
yses require the categorization of the continuous variable of
exposure when a linear association is not assumed between
exposure and outcome. However, this categorization leads
to a loss of information. RCS analysis uses all data points
to evaluate the nonlinear association between exposure and
outcomes.'>'® We used four knots for the DTC proportions
(0.01, 0.03, 0.06, and 0.15), with the reference point set at
0.01. In the RCS analyses, we excluded the no DTC group
because of its large proportion.

A P-value of less than 0.05 was considered statistically
significant. All statistical analyses were conducted using
STATA (StataCorp LLC, College Station, TX, USA).

RESULTS

A total of 636,079 patients were included in the Utstein da-
tabase between 2017 and 2021. We excluded 37,340 patients
in the linkage process, 408 patients with incorrect time data,
and 6310 patients aged <18years. In total, 592,021 eligible
patients were identified. There were 282,747, 155,167, and
154,107 patients in the no, low, and high DTC groups, re-
spectively (Figure 1).

636,079 patients with OHCA were
identified from 2017 to 2021 using
the Utstein database in Japan.

We excluded

37,340 patients in the

merging process.

linked to the EMS record.

598,739 patients with OHCA were

We excluded
6,310 patients aged <18

years and

| 592,021 patients were eligible. |

408 patients whose

records were incorrect.

No DTC group
N= 282,747

Low DTC group
N=155,167

High DTC group
N=154,107

FIGURE 1

Patient selection. DTC, difficult-to-transport cases; OHCA, out-of-hospital cardiac arrest.
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TABLE 1 Patient characteristics.
High DTC
Total No DTC group Low DTC group group
N=592,021 N=282,747 N=155,167 N=154,107 p-Value

Male, 1 (%) 339,685 (57) 161,652 (57) 89,009 (57) 89,024 (58) <0.001
Age, years (SD) 76.4 (15) 77 (15) 75.6 (16) 76 (15) <0.001
Advanced-level EMS provider in EMS team, n (%) 588,755 (99) 280,452 (99) 154,760 (100) 153,543 (100) <0.001
Physician-staffed ambulance, n (%) 21,231 (4) 10,117 (4) 6557 (4) 4557 (3) <0.001
Initial shockable rhythm, n (%) 36,584 (6) 17,331 (6) 9769 (6) 9484 (6) 0.082
Witnessed status, # (%)

Not witnessed 349,181 (59) 169,003 (60) 90,145 (58) 90,033 (58) <0.001

Witnessed by not EMS 196,211 (33) 91,449 (32) 52,936 (34) 51,826 (34)

Witnessed by EMS 46,629 (8) 22,295 (8) 12,086 (8) 12,248 (8)
Bystander chest compression, n (%) 291,795 (49) 149,399 (53) 75,018 (48) 67,378 (44) <0.001
Bystander rescue breathing, n (%) 30,436 (5) 13,241 (5) 8770 (6) 8425 (6) <0.001
Bystander AED use, n (%) 7475 (1) 3270 (1) 2199 (1) 2006 (1) <0.001
AED use by EMS, n (%) 56,969 (10) 26,948 (10) 14,994 (10) 15,027 (10) 0.051
Airway devices used by EMS, 7 (%)

No use 343,414 (58) 163,058 (58) 89,607 (58) 90,749 (59) <0.001

Intubation 46,244 (8) 24,149 (9) 10,433 (7) 11,662 (8)

Supraglottic devices 202,363 (34) 95,540 (34) 55,127 (36) 51,696 (34)
Establishing venous access by EMS, n (%) 216,815 (37) 113,923 (40) 50,013 (32) 52,879 (34) <0.001
Administration of adrenaline by EMS, n (%) 152,092 (26) 77,810 (28) 37,128 (24) 37,154 (24) <0.001
Cardiogenic cardiac arrest, n (%) 68,264 (12) 33,074 (12) 18,543 (12) 16,647 (11) <0.001
Year, n (%)

2017 115,506 (20) 59,006 (21) 34,230 (22) 22,270 (15) <0.001

2018 117,534 (20) 57,319 (20) 34,909 (23) 25,306 (16)

2019 117,982 (20) 56,229 (20) 35,074 (23) 26,679 (17)

2020 118,726 (20) 56,821 (20) 26,876 (17) 35,029 (23)

2021 122,273 (21) 53,372 (19) 24,078 (16) 44,823 (29)
Average number of daily emergency calls in a district, n (%)

<9 101,920 (17) 89,347 (32) 120 12,561 (8) <0.001

10-99 320,858 (54) 184,107 (65) 60,948 (39) 75,803 (49)

>100 169,243 (29) 9293 (3) 94,207 (61) 65,743 (43)
Weekends, 1 (%) 170,903 (29) 78,278 (28) 39,613 (26) 53,012 (34) <0.001
Daytime (8:00a.m. to 5:00 p.m.), n (%) 287,985 (49) 138,435 (49) 74,756 (48) 74,794 (49) <0.001

Abbreviations: AED, automated external defibrillator; DTC, difficult-to-transport cases; EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest;

SD, standard deviation.

Table 1 presents the baseline patient characteristics.
The mean age was 80years, and 339,685 (57%) were male.
Overall, OHCA of 242,840 patients (41%) was witnessed by
bystanders, and 36,584 patients (6.2%) had an initial shock-
able rhythm.

The proportion of bystander chest compressions was
lower in the high DTC group than in the no DTC group.
The number of patients in the high DTC group increased
from 2017 to 2021. The proportion of patients on weekends
was higher in the high DTC group (34%) than in the no and
low DTC groups (29% and 26%, respectively). The districts
with 10-99 and >100 daily average emergency calls had a

higher proportion of patients in the high DTC group (49%
and 43%, respectively) than in the districts with <9 (8%).

Table 2 presents the unadjusted outcomes. Favorable neu-
rological outcomes and survival at 1 month were higher in
the low DTC group (3.0% and 5.8%, respectively) than in the
no DTC group (2.6% and 2.7%, respectively) and the high
DTC group (2.7% and 4.9%, respectively). The total trans-
portation time was longer in the high DTC group (37.4 min)
than in the no DTC and low DTC groups (34.1 and 33.3 min,
respectively).

The multivariable logistic regression analyses showed
that the high DTC group was less likely to have favorable



TRANSPORT DIFFICULTY AND OUTCOMES OF OHCA

ACUTE MEDICINE 509
-WI LEYJ—

& SURGERY

TABLE 2 Crude outcomes among the three groups.
Total No DTC group Low DTC group High DTC group p-Value
Favorable neurological 16,032 (2.7) 7287 (2.6) 4651 (3.0) 4094 (2.7) <0.001
outcome, n (%)
Survival at 1 month, 7 (%) 30,777 (5.2) 14,110 (5.0) 9073 (5.8) 7594 (4.9) <0.001
Total transportation time, 34.8 (25.2) 34.1 (14.7) 33.3 (13.0) 37.4 (43.1) <0.001
min (SD)
Call to EMS arrival at the 7.7 (3.9) 8.1 (4.1) 7.2 (3.2) 7.6 (3.9) <0.001
scene, min (SD)
Scene to hospital arrival, 26.5 (24.4) 25.4 (13.0) 25.6 (12.1) 29.2 (42.7) <0.001
min (SD)
Abbreviations: DTC, difficult-to-transport cases; EMS, emergency medical service; SD, standard deviation.
TABLE 3 Outcomes compared with the no difficult-to-transport cases group.
Low DTC group High DTC group
aOR 95% CI p-Value aOR 95% CI p-value
Favorable neurological outcome 0.95 0.90 to 1.01 0.086 0.91 0.86 to 0.95 <0.001
Survival at 1 month 1.01 0.97 to 1.05 0.722 0.88 0.85t0 0.91 <0.001
Minutes 95% CI p-Value Minutes 95% CI p-Value
Total transportation time 0.56 0.44 t0 0.67 <0.001 4.07 3.79t0 4.35 <0.001
Call to EMS arrival at the scene -0.11 —-0.14 to -0.07 <0.001 -0.06 —-0.10 to -0.03 0.001
Scene to hospital arrival 0.66 0.56 to 0.76 <0.001 4.13 3.86 to 4.41 <0.001

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; DTC, difficult-to-transport; EMS, emergency medical service.

neurological outcomes than the no DTC group (odds ratio
[OR], 0.91; 95% confidence interval [CI], 0.86-0.95) (Table 3).
In the multivariable linear regression analyses, the total
transportation time was longer in the low DTC group (dif-
ference, 0.6 min; 95% CI, 0.4-0.7) and the high DTC group
(difference, 4.1 min; 95% CI, 3.8-4.4) than in the no DTC
group.

In the subgroup analysis with initial shockable rhythm,
the proportion of favorable neurological outcomes in the
high DTC group was lower than in the no DTC group (OR,
0.87; 95% CI, 0.81-0.94) (Table 4). In patients whose OHCA
was witnessed by bystanders, the proportion of favorable
neurological outcomes in the high DTC group was lower
than in the no DTC group (OR, 0.92; 95% CI, 0.87-0.97)
(Table 5). Moreover, in the sensitivity analysis, the propor-
tion of favorable neurological outcomes in the high DTC
group was lower than that in the no DTC group (OR, 0.90;
95% CI, 0.86-0.95) (Table S1).

Figure 2 shows the dose-response relationship between
the proportions of DTC and the OR for favorable neurologi-
cal outcomes in all patients with OHCA. Figure 3 shows the
dose-response relationship between the proportions of DTC
and the OR for favorable neurological outcomes, stratified by
the groups with initial shockable or nonshockable rhythms
and those whose OHCA was witnessed by bystanders or not.
No dose-response relationship between the proportion of
DTC and favorable neurological outcomes was observed in

patients with nonshockable rhythms or those whose OHCA
was witnessed by bystanders.

DISCUSSION

We examined the relationship between DTC and outcomes
in patients with OHCA using the nationwide Utstein data-
base in Japan. Higher DTC proportions were associated with
poorer neurological outcomes and longer total transporta-
tion times.

To the best of our knowledge, no previous study has
demonstrated the impact of regional emergency medical
system congestion on patient outcomes using nationwide
databases. Previous studies have shown an indirect nega-
tive influence of the COVID-19 pandemic on OHCA out-
comes. "™ Our results may also have been negatively
influenced by the COVID-19 pandemic, as a previous study
showed that the number of patients newly diagnosed with
COVID-19 was positively correlated with the number of
DTC.* However, the present study adjusted for bystander
CPR, AED use, and airway device use by EMS, which were
reported to decrease during the COVID-19 pandemic.**
Because DTC had already occurred before the COVID-19
pandemic, the present study suggests a negative influence
of regional crowding on OHCA outcomes, regardless of the
COVID-19 pandemic.
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TABLE 4 Outcomes in patients with an initial shockable rhythm compared with the no DTC group.
Low DTC group High DTC group
aOR 95% CI p-Value aOR 95% CI p-Value
Favorable neurological outcome
Shockable 0.95 0.88 to 1.04 0.26 0.87 0.81 to 0.94 <0.001
Nonshockable 0.95 0.89 to 1.02 0.17 0.92 0.86 t0 0.98 0.02
Survival at 1 month
Shockable 1.05 0.98 to 1.13 0.17 0.86 0.81 to 0.92 <0.001
Nonshockable 0.99 0.95 to 1.03 0.62 0.89 0.85 to 0.92 <0.001
Min 95% CI p-Value Min 95% CI p-Value
Total transportation time
Shockable 0.26 —-0.14 to 0.67 0.20 4.12 3.69 to 4.55 <0.001
Nonshockable 0.69 0.58 t0 0.79 <0.001 4.13 3.84t04.43 <0.001
Call to EMS arrival at the scene
Shockable -0.06 —0.16 to 0.04 0.25 0.06 —-0.04 to 0.16 0.28
Nonshockable -0.11 -0.15 to —0.07 <0.001 -0.07 -0.11 to —0.03 <0.001
Scene to hospital arrival
Shockable 0.33 -0.05t0 0.70 0.09 4.07 3.67 to 4.47 <0.001
Nonshockable 0.69 0.58t0 0.79 <0.001 4.13 3.84t04.43 <0.001
Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; DTC, difficult-to-transport; EMS, emergency medical service.
TABLE 5 Outcomes in witnessed patients compared with the no DTC group.
Low DTC group High DTC group
aOR 95% CI p-Value aOR 95% CI p-Value
Favorable neurological outcome
Witnessed 0.94 0.89 to 1.00 0.05 0.92 0.87 t0 0.97 0.003
Unwitnessed 1.03 0.97 to 1.09 0.35 0.86 0.81 to 0.90 <0.001
Survival at 1 month
Witnessed 1.01 0.97 to 1.06 0.56 0.90 0.87 to 0.94 <0.001
Unwitnessed 1.03 0.97 to 1.09 0.35 0.86 0.81 to0 0.90 <0.001
Minutes 95% CI p-Value Minutes 95% CI p-Value
Total transportation time
Witnessed 0.60 0.39 t0 0.82 <0.001 4.53 3.87t05.19 <0.001
Unwitnessed 0.64 0.50t0 0.78 <0.001 4.25 3.85t04.66 <0.001
Call to EMS arrival at the scene
Witnessed -0.14 —-0.20 to —-0.09 <0.001 -0.03 -0.08 t0 0.03 0.34
Unwitnessed -0.07 —-0.12 to -0.02 0.004 -0.06 -0.11 to -0.01 0.01
Scene to hospital arrival
Witnessed 0.74 0.54t00.95 <0.001 4.56 3.90to 5.22 <0.001
Unwitnessed 0.71 0.59 to 0.84 <0.001 4.32 3.92t04.72 <0.001

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; DTC, difficult-to-transport; EMS, emergency medical service.

In terms of poorer neurological outcomes or survival of
patients with OHCA, our results were consistent with those
of several previous studies dealing with a lack of medical re-
sources in a region or during the COVID-19 pandemic.*>?'
However, contrary to our findings, a previous single-center
observational study showed that crowding in emergency

departments was not associated with the outcomes of
OHCA."® The difference between the findings of our study
and those of the previous study may be attributed to the
lack of a coordinating role at the regional level. In a single
hospital, the lead physician can easily manage the available
resources and optimize treatment. In most areas of Japan,
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several emergency hospitals are assumed to share the respon-
sibility of accepting emergency patients. However, no com-
prehensive system or authority is capable of coordinating or
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FIGURE 2 Association between favorable neurological outcomes
and proportions of DTC. The solid line indicates the estimated values,
and the dashed lines represent the 95% confidence intervals. DTC,
difficult-to-transport cases.
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optimizing resource allocation across these hospitals. This
lack of centralized coordination may hinder the efficiency of
patient transportation and resource utilization, particularly
during periods of regional congestion.

We also observed a delay in the total transportation time
per day due to regional emergency service congestion. The
slight differences in the time from emergency call to EMS
arrival at the scene in the low and high DTC groups were
statistically significant but not clinically important. Delays
in total transportation time during the COVID-19 pandemic
have been observed in other countries.”>>* However, our
findings showed that higher proportions of DTC were as-
sociated with longer time from EMS arrival at the scene to
hospital arrival, but not with longer time from emergency
call to EMS arrival at the scene. This delay after EMS arrival
occurred when EMS personnel had to make extra request
calls or transport patients to a more distant hospital because
the neighborhood hospital had rejected patients.” This result
suggests that EMS personnel successfully prioritized the am-
bulance dispatch of patients with OHCA, even in regional
congestion. However, hospitals could not preferentially
accept the patients with OHCA whom EMS personnel re-
quested for acceptance.
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FIGURE 3 Associations between favorable neurological outcomes and proportions of DTC stratified by initial rhythm and witness status. The solid

line indicates the estimated values, and the dashed lines represent the 95% confidence intervals. DTC, difficult-to-transport cases.
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The neurological outcomes of OHCA can be appropriate
surrogates for assessing the effects of an emergency medi-
cal system.* This study demonstrated that during periods
of congestion at a regional level, poorer outcomes and lon-
ger transportation times were observed. While the specific
mechanisms underlying these associations remain unclear,
longer transportation times may be a contributing factor
to the poorer outcomes observed in the high DTC group.
Previous studies have suggested potential strategies to
shorten transportation times and improve hospital accep-
tance. For example, the single-specialty staffing emergency
department model®** and information and communication
technology®®™® have been explored. These methods may
provide valuable insights for constructing a more robust and
efficient emergency medical system capable of adapting to
periods of high demand.

Limitations

The strength of this study was its nationwide nature.
However, this observational study had several limitations.
First, we could not adjust for the shortage of in-hospital
medical resources. During the COVID-19 pandemic after
2019, there was a surge in medical demand, coinciding with
strained extracorporeal membrane oxygenation and inten-
sive care unit capacity. Second, we were not able to obtain
detailed patient information, such as medical history, ac-
tivities of daily living, preexisting conditions, socioenvi-
ronmental factors, and hospital information (secondary or
tertiary hospital). Moreover, we lacked data on population
density, total population, older adult population, the number
of ambulances per capita, and the number of secondary and
tertiary emergency hospitals per capita to adjust for rural
and urban areas. Third, we could not adjust the number of
paramedics in the ambulance due to a lack of data. Finally,
it remains unknown whether the findings of this study can
be applied to different healthcare systems in other coun-
tries where ambulance services do not require permission to
transport patients to hospitals.

CONCLUSIONS

A higher proportion of DTC was associated with poorer
neurological outcomes and longer total transportation times
for OHCA.

ACKNOWLEDGEMENTS

The authors are greatly indebted to all emergency medical
service personnel and concerned physicians in Japan and
to the Fire and Disaster Management Agency and Institute
for Fire Safety and Disaster Preparedness of Japan for their
generous cooperation in establishing and maintaining the
Utstein database. We would also like to thank Editage (www.
editage.jp) for English language editing.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The databases used in this study are only available for use
when authorized by the FDMA of Japan.

ETHICS STATEMENT

Approval of the research protocol: This study was approved
by the Ethics Committee of Shonan Kamakura General
Hospital (approval number: TGE02414-024; approval date:
February 1, 2024).

Informed Consent: The requirement for informed consent
was waived because of the anonymous nature of the data.
Registry and the Registration No. of the study/trial: N/A.
Animal Studies: N/A.

ORCID
Azusa Taguchi
Shotaro Aso

https://orcid.org/0000-0003-0137-279X
https://orcid.org/0000-0002-7804-2433

REFERENCES

1. Hori S. Emergency medicine in Japan. Keio ] Med. 2010;59:131-9.
https://doi.org/10.2302/kjm.59.131

2. Japanese Association for Acute Medicine. Joint Statement by Four
Academic Societies on Medical Institution Visits and Ambulance Use
for the Effective Utilization of Limited Medical Resources [homep-
age on the internet]. [updated 2022 August 2]. Available from: https://
www.jaam.jp/info/2022/files/20220803.pdf

3. Suzuki M, Hori S. Analysis of causes of frequent emergency hospital
refusal to receive ambulance transport call. JJAAM. 2010;21:899-905.
https://doi.org/10.3893/jjaam.21.899

4. Katasako A, Yoshikawa Y, Noguchi T, Ogata S, Nishimura K, Tsujita
K, et al. Changes in neurological outcomes of out-of-hospital car-
diac arrest during the COVID-19 pandemic in Japan: a population-
based nationwide observational study. Lancet Reg Health West Pac.
2023;36:100771. https://doi.org/10.1016/j.lanwpc.2023.100771

5. Jena AB, Mann NC, Wedlund LN, Olenski A. Delays in emergency
care and mortality during major U.S. marathons. N Engl ] Med.
2017;376:1441-50. https://doi.org/10.1056/NEJMsal614073

6. Shimizu K, Hibino S, Biros MH, Irisawa T, Shimazu T. Emergency
medicine in Japan: past, present, and future. Int ] Emerg Med.
2021;14:2. https://doi.org/10.1186/s12245-020-00316-7

7. Hanaki N, Yamashita K, Kunisawa S, Imanaka Y. Effect of the num-
ber of request calls on the time from call to hospital arrival: a cross-
sectional study of an ambulance record database in Nara prefecture,
Japan. BMJ Open. 2016;6:¢012194. https://doi.org/10.1136/bmjop
en-2016-012194

8. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide
A. Nationwide public-access defibrillation in Japan. N Engl ] Med.
2010;362:994-1004. https://doi.org/10.1056/NEJMo0a0906644

9. Cummins RO, Chamberlain DA, Abramson NS, Allen M, Baskett
PJ, Becker L, et al. Recommended guidelines for uniform report-
ing of data from out-of-hospital cardiac arrest: the Utstein style. A
statement for health professionals from a task force of the American
Heart Association, the European Resuscitation Council, the Heart
and Stroke Foundation of Canada, and the Australian Resuscitation
Council. Circulation. 1991;84:960-75. https://doi.org/10.1161/01.CIR.
84.2.960

10. Jacobs I, Nadkarni V, Bahr ], Berg RA, Billi JE, Bossaert L, et al.
Cardiac arrest and cardiopulmonary resuscitation outcome reports:
update and simplification of the Utstein templates for resuscitation
registries: a statement for healthcare professionals from a task force


http://www.editage.jp
http://www.editage.jp
https://orcid.org/0000-0003-0137-279X
https://orcid.org/0000-0003-0137-279X
https://orcid.org/0000-0002-7804-2433
https://orcid.org/0000-0002-7804-2433
https://doi.org/10.2302/kjm.59.131
https://www.jaam.jp/info/2022/files/20220803.pdf
https://www.jaam.jp/info/2022/files/20220803.pdf
https://doi.org/10.3893/jjaam.21.899
https://doi.org/10.1016/j.lanwpc.2023.100771
https://doi.org/10.1056/NEJMsa1614073
https://doi.org/10.1186/s12245-020-00316-7
https://doi.org/10.1136/bmjopen-2016-012194
https://doi.org/10.1136/bmjopen-2016-012194
https://doi.org/10.1056/NEJMoa0906644
https://doi.org/10.1161/01.CIR.84.2.960
https://doi.org/10.1161/01.CIR.84.2.960

TRANSPORT DIFFICULTY AND OUTCOMES OF OHCA

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of the international liaison committee on resuscitation (American
Heart Association, European resuscitation council, Australian resus-
citation council, New Zealand resuscitation council, Heart and Stroke
Foundation of Canada, InterAmerican Heart Foundation, Resuscitation
Councils of Southern Africa). Circulation. 2004;110:3385-97. https://
doi.org/10.1161/01.CIR.0000147236.85306.15

Matsuyama T, Kitamura T, Katayama Y, Kiyohara K, Hayashida S,
Kawamura T, et al. Factors associated with the difficulty in hospital
acceptance among elderly emergency patients: a population-based
study in Osaka City, Japan. Geriatr Gerontol Int. 2017;17:2441-8.
https://doi.org/10.1111/ggi.13098

Alanazy ARM, Wark S, Fraser ], Nagle A. Factors impacting patient
outcomes associated with use of emergency medical services operat-
ing in urban versus rural areas: a systematic review. Int ] Environ Res
Public Health. 2019;16:1728. https://doi.org/10.3390/ijerph16101728
Alruwaili A, Alanazy ARM. Prehospital time interval for urban and rural
emergency medical services: a systematic literature review. Healthcare.
2022;10(12):2391. https://doi.org/10.3390/healthcare10122391

Yasunaga H, Horiguchi H, Tanabe S, Akahane M, Ogawa T, Koike
S, et al. Collaborative effects of bystander-initiated cardiopulmo-
nary resuscitation and prehospital advanced cardiac life support by
physicians on survival of out-of-hospital cardiac arrest: a nation-
wide population-based observational study. Crit Care. 2010;14:R199.
https://doi.org/10.1186/cc9319

Greenland S. Dose-response and trend analysis in epidemiology:
alternatives to categorical analysis. Epidemiology. 1995;6:356-65.
https://doi.org/10.1097/00001648-199507000-00005

Greenland S. Avoiding power loss associated with categorization and
ordinal scores in dose-response and trend analysis. Epidemiology.
1995;6:450—-4. https://doi.org/10.1097/00001648-199507000-00025
Ushimoto T, Yao S, Nunokawa C, Murasaka K, Inaba H. Association
between the COVID-19 pandemic in 2020 and out-of-hospital cardiac
arrest outcomes and bystander resuscitation efforts for working-age
individuals in Japan: a nationwide observational and epidemiologi-
cal analysis. Emerg Med J. 2023;40:556-63. https://doi.org/10.1136/
emermed-2022-213001

Marijon E, Karam N, Jouven X. Cardiac arrest occurrence during
successive waves of the COVID-19 pandemic: direct and indirect con-
sequences. Eur Heart J. 2021;42:1107-9. https://doi.org/10.1093/eurhe
artj/ehab051

Uy-Evanado A, Chugh HS, Sargsyan A, Nakamura K, Mariani R,
Hadduck K, et al. Out-of-hospital cardiac arrest response and out-
comes during the COVID-19 pandemic. JACC Clin Electrophysiol.
2021;7:6-11. https://doi.org/10.1016/j.jacep.2020.08.010

Igarashi Y, Yabuki M, Norii T, Yokobori S, Yokota H. Quantitative
analysis of the impact of COVID-19 on the emergency medical ser-
vices system in Tokyo. Acute Med Surg. 2021;8:€709. https://doi.org/
10.1002/ams2.709

Shen Y-C, Renee YH. Association between ambulance diversion and
survival among patients with acute myocardial infarction. JAMA.
2011;305:2440-7. https://doi.org/10.1001/jama.2011.811

22.

23.

24.

25.

26.

27.

28.

ACUTE MEDICINE WILEY 9 of9
& SURGERY

Yu JH, Liu CY, Chen WK, Yu SH, Huang FW, Yang MT, et al. Impact
of the COVID-19 pandemic on emergency medical service response
to out-of-hospital cardiac arrests in Taiwan: a retrospective observa-
tional study. Emerg Med J. 2021;38:679-84. https://doi.org/10.1136/
emermed-2020-210409

Prezant D], Lancet EA, Zeig-Owens R, Lai PH, Appel D, Webber MP,
et al. System impacts of the COVID-19 pandemic on New York City's
emergency medical services. ] Am Coll Emerg Physicians Open.
2020;1:1205-13. https://doi.org/10.1002/emp2.12301

Lerner EB, Newgard CD, Mann NC. Effect of the coronavirus dis-
ease 2019 (COVID-19) pandemic on the U.S. emergency medical ser-
vices system: a preliminary report. Acad Emerg Med. 2020;27:693-9.
https://doi.org/10.1111/acem.14051

Higashi H, Takaku R, Yamaoka A, Lefor AK, Shiga T. The dedicated
emergency physician model of emergency care is associated with re-
duced pre-hospital transportation time: a retrospective study with a
nationwide database in Japan. PLoS One. 2019;14:¢0215231. https://
doi.org/10.1371/journal.pone.0215231

Katayama Y, Kitamura T, Kiyohara K, Iwami T, Kawamura T, [zawa J,
et al. Improvements in patient acceptance by hospitals following the
introduction of a smartphone app for the emergency medical service
system: a population-based before-and-after observational study in
Osaka City, Japan. JMIR Mhealth Uhealth. 2017;5:e134. https://doi.
org/10.2196/mhealth.8296

Fukaguchi K, Goto T, Yamamoto T, Yamagami H. Experimental im-
plementation of NSER mobile app for efficient real-time sharing of
prehospital patient information with emergency departments: inter-
rupted time-series analysis. JMIR Form Res. 2022;6:e37301. https://
doi.org/10.2196/37301

Yamada K, Inoue S, Sakamoto Y. An effective support system of
emergency medical services with tablet computers. JMIR Mhealth
Uhealth. 2015;3(1):€23. https://doi.org/10.2196/mhealth.3293

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Taguchi A, Aso S, Yamagami
H, Yasunaga H. Difficult-to-transport cases and
neurological outcomes of out-of-hospital cardiac arrest:
A population-based nationwide study in Japan. Acute
Med Surg. 2025;12:70050. https://doi.org/10.1002/
ams2.70050



https://doi.org/10.1161/01.CIR.0000147236.85306.15
https://doi.org/10.1161/01.CIR.0000147236.85306.15
https://doi.org/10.1111/ggi.13098
https://doi.org/10.3390/ijerph16101728
https://doi.org/10.3390/healthcare10122391
https://doi.org/10.1186/cc9319
https://doi.org/10.1097/00001648-199507000-00005
https://doi.org/10.1097/00001648-199507000-00025
https://doi.org/10.1136/emermed-2022-213001
https://doi.org/10.1136/emermed-2022-213001
https://doi.org/10.1093/eurheartj/ehab051
https://doi.org/10.1093/eurheartj/ehab051
https://doi.org/10.1016/j.jacep.2020.08.010
https://doi.org/10.1002/ams2.709
https://doi.org/10.1002/ams2.709
https://doi.org/10.1001/jama.2011.811
https://doi.org/10.1136/emermed-2020-210409
https://doi.org/10.1136/emermed-2020-210409
https://doi.org/10.1002/emp2.12301
https://doi.org/10.1111/acem.14051
https://doi.org/10.1371/journal.pone.0215231
https://doi.org/10.1371/journal.pone.0215231
https://doi.org/10.2196/mhealth.8296
https://doi.org/10.2196/mhealth.8296
https://doi.org/10.2196/37301
https://doi.org/10.2196/37301
https://doi.org/10.2196/mhealth.3293
https://doi.org/10.1002/ams2.70050
https://doi.org/10.1002/ams2.70050

	Difficult-to-transport cases and neurological outcomes of out-of-hospital cardiac arrest: A population-based nationwide study in Japan
	Abstract
	INTRODUCTION
	METHODS
	EMS in Japan
	Study design and data sources
	Data linkage
	Patient selection
	Exposure and covariates
	Outcomes
	Statistical analyses

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES


