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Abstract
Background

The emergency medical system, one of the essential elements of public health, has been around for more
than 50 years. Although many studies have assessed the factors associated with overcrowding and
prolonged length of stay in emergency departments, whether the clinical characteristics and background
of a patient are associated with prolonged hospitalization among patients transported by ambulance is
unknown. The purpose of this study was to reveal factors associated with the continuation of
hospitalization at 21 days after hospital admission among patients transported by ambulance using a
population-based patient registry in Osaka, Japan.

Method:

This was a retrospective observational study whose study period was the three years from January 2016
to December 2018. In this study, we included patients who were hospitalized after transportation by
ambulance as determined using cleaned data that was recorded in the ORION system. The main outcome
was continuation of hospitalization at 21 days after hospital admission. We calculated the adjusted odds
ratios (AOR) and 95% confidence interval (Cl) with a multivariable logistic regression model to assess
factors associated with the outcome.

Results

We included 481,886 patients in this study, of whom 158,551 remained hospitalized at 21 days after
hospital admission and 323,335 had been discharged home by 21 days after hospital admission. Factors
associated with prolonged hospitalization were elderly (AOR: 1.767 [95% CI: 1.730-1.805)), traffic
accident (AOR: 1.231 [95% CI: 1.183-1.282]), no fixed address (AOR: 4.494 [95% Cl: 3.632-5.314]), need
for nursing care (AOR: 1.420 [95% CI: 1.397-1.443]) and solitary person (AOR: 1.085 [95% Cl: 1.050~-
1.120]).

Conclusion

In this study, the elderly, traffic accidents, no fixed address, need for nursing care, and solitary person were
the factors associated with prolonged hospitalization of patients transported by ambulance in Japan.

Introduction

The emergency medical system, which is one of the essential elements of public health, has been around
for more than 50 years. However, overcrowding in the emergency department (ED) and prolongation of
length of stay are public health problems in many countries around the world, and various studies of
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these problems have been conducted.’® In Japan, the number of patients transported to hospitals by
ambulance continues to increase.® Thus, it is important to improve overcrowding in the ED and to
smoothly discharge inpatients who have been cured to allow acceptance of the next patients transported
by ambulance.

Prolongation of length of stay in the ED is associated with overcrowding in the ED, for which several
factors have been revealed. In a study of hospital length of stay at a tertiary care center by van der Veen
et al., multiple chief complaints, chief complaints such as headache and chest pain, laboratory/radiology
testing and consultation were associated with a stay in the ED of 4 hours or more.” Asplin et al.
advocated a conceptual model of partitioned ED crowding divided into 3 interdependent components:
input, throughout, and output.® In the output component of this model, the most frequently cited reason
for ED crowding was the inability to move admitted patients from the ED to an inpatient bed.?~"3 If more
patients stay in the hospital for a longer period of time, the number of available inpatient beds will
decrease and the ED will become increasingly crowded. However, it has not been revealed whether clinical
characteristics and patient background are associated with prolonged hospitalization among patients
transported by ambulance.

Osaka Prefecture is the largest metropolitan area in western Japan with a population of about 8.8 million
and around 500,000 ambulance dispatches per year. In January 2013, the Osaka Prefectural Government
developed an information system called the ORION system (Osaka Emergency Information Research
Intelligent Operation Network system) using a cell phone application for emergency medical service
(EMS) personnel to select a hospital appropriate for the patient. So far, we have found that the
introduction of this information system has improved the selection of hospitals by EMS personnel.’ In
addition, not only prehospital data such as ambulance records but also hospital data such as diagnosis
and prognosis are registered in the ORION system for all patients transported by ambulance, and these
data were merged and collected on a case-by-case basis in this system."® The purpose of this study was
to reveal factors associated with the continuation of hospitalization at 21 days after hospital admission
among patients transported by ambulance using the data in the ORION system.

Methods

This study was a retrospective observational study whose study period was the three years from January
2016 to December 2018. We included patients who were hospitalized after transport by ambulance as
determined by using the cleaned data that was recorded in the ORION system. Therefore, we excluded
patients who returned home from the ED of each hospital, died by 21 days after hospital admission, were
transferred to another hospital within 21 days after hospital admission, and had missing data.

In 2015, a total population of 8,839,469 lived in the 1,905-km? area of Osaka Prefecture.'® Of that
population, 4,256,049 people (48.2%) were male and 2,278,324 people (25.8%) were elderly, aged 65 years

old or more. In 2018, there were 517 medical institutions (105,994 beds) in Osaka Prefecture,'” of which
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288 are emergency medical hospitals including 16 critical care centers that are designated to accept
patients with life-threatening emergency diseases such as severe trauma and sepsis.'® The number of
ambulances dispatched by fire departments in Osaka Prefecture was 576,597 in 2017.'° This study was
approved by the ethics committees of Osaka University Graduate School of Medicine (approval no.
15003; Osaka, Japan). Because the ORION data is anonymized without specific personal data, such as
patient name, date of birth, and address, the requirement of obtaining patients’ informed consent was
waived. This manuscript was written in accordance with the STROBE statement on cohort and cross-
sectional studies.?9

EMS System and Hospitals in Osaka Prefecture and Japan

The EMS system is basically the same as that used in other areas of Japan, as previously described.?! In
Osaka Prefecture, EMS systems such as ambulance dispatch systems are operated by each local
government, and ambulances are dispatched by calling 1-1-9. In 2016, the EMS system was operated by
27 fire departments (298 ambulances) and 24 fire control stations. Since the introduction of the ORION
system, EMS personnel at the scene select the appropriate hospital for emergency patients rather than a
dispatcher.

The ORION System

Information on the system configuration of ORION was previously described in detail.'* The EMS
personnel at the scene operate the ORION smartphone app for each emergency patient. All of the data
input into the cellphone app, such as vital signs and the time of the call to the hospital for acceptance,
are also recorded. The cellphone app data are accumulated in the ORION cloud server, and in cooperation
with the dispatched EMS personnel, data managers at each fire department directly input or upload the
ambulance record of each emergency patient so that it can be connected with the app data. Furthermore,
the operators of each hospital also directly input or upload the patient’s data, such as diagnoses and
outcomes, after hospital acceptance. The results of aggregated data in the ORION system are fed back to
every fire department and emergency hospital. The Department of Public Health of Osaka Prefecture can
also analyze the effects of health policy on the emergency medical system using these collected data.
The ORION system has been in place in all fire departments and emergency hospitals in Osaka Prefecture
since January 2016.

Data Collection and Quality Control

The ORION system checks for errors in the inputted in-hospital data, and the staff of each emergency
hospital can correct them, if necessary. Through these tasks, cellphone app data, ambulance records, and
the in-hospital data such as diagnosis and prognosis can be comprehensively registered for each patient
transported by an ambulance. The registered data is cleaned by the Working Group to analyze the
emergency medical care system in Osaka Prefecture.’® Among the collected and cleaned data, we
excluded inconsistent data that did not contain all of the cellphone app data, ambulance records, and in-
hospital data such as diagnosis and prognosis. In addition, we also excluded patients whose sex as
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registered by the fire department did not match that registered by the hospital or whose sex was missing.
We also excluded patients whose age input by the fire department and that by the hospital differed by

3 years or more. When this difference was present, we defined the age input by the hospital as the
patient’s true age.

Endpoint

The main endpoint was the continuation of hospitalization at 21 days after hospital admission. This
endpoint was defined from the outcome data in the ORION dataset.

Statistical Analysis

We calculated the adjusted odds ratio (AOR) and 95% confidence interval (Cl) with multivariable logistic
regression models to assess the factors associated with the continuation of hospitalization at 21 days
after hospital admission. The multivariable logistic regression model was performed by the forced input
method. Potential confounding factors were age group (Infants and young children: 0—5 years old,
Children: 6—17 years old, Adults: 18—64 years old, Elderly: 65-74 years old, High elderly: 75-89 years old,
Super elderly: 90 or more years old), sex, seasonality, day of the week, reason for ambulance call, patient
characteristics and main diagnosis during hospitalization. We defined seasonality by months in this
study. Based on the fire department’s definition, reason for the ambulance call was classified into acute
disease, traffic accident, industrial accident, sports, other trauma, assault, self-harm, fire accident, inter-
hospital transfer and other. Patient characteristics were past history of psychiatric disease, drinking, no
fixed address, need for nursing care, drug abuse, trouble at hospitals in past, suicide attempt, living in a
nursing faculty, difficulty in hospital acceptance, trauma in children, pregnancy and solitary person based
on the data items collected by Osaka Prefecture. The main diagnosis during hospitalization was
classified using ICD (international classification of diseases)-10 codes. We present the data as medians
and interquartile range (IQR) for continuous variables and as percentage for categorical variables.
Statistical analyses were performed using SPSS statistical package ver.23.0J (IBM Corp. Armonk, New
York, USA). All tests were two-tailed, and p values of < 0.05 were considered statistically significant.

Results

Figure 1 shows the patient flow in this study. The number of patients that were registered in the ORION
system whose data were checked was 1,3901,47 during 2016 to 2018. Among these patients, 560,421
were transported and admitted to hospital during 2016-2018, excluding 798,154 patients who returned
home from the ED, 17,370 patients who were transferred to another hospital from the ED, 14,061 who died
in the ED and 141 patients who did not consult a hospital. Among these 560,421 patients, 32,492 had
died by 21 days after hospital admission, 31,068 patients had been transferred to other hospitals by 21
days after hospital admission, 14,904 patients had missing data (outcome at 21 days: 2788 patients,
diagnosis during hospitalization: 11,580) and 607 patients had inappropriate data. Finally, we included
481,886 patients in this study. Of them, 158,551 patients had remained hospitalized at 21 days after
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hospital admission and 323,335 patients had been discharged home by 21 days after hospital
admission.

Table 1 shows the demographic and clinical characteristics of the patients in this study. The median of
age was 75 (IQR: 59-83) years old, and the most common age group was high elderly with 206,707
patients (42.9%). Among the patients, 248,899 (51.7%) were men and 232,987 (48.3%) were women. The
month with the highest number of patients was December, with 44,166 patients (9.2%), whereas that with
the lowest number of patients was February, with 37,446 patients (7.8%). The day of week with the
highest number of patients was Monday, with 75,486 patients (15.7%), and that with the lowest number
of patients was Sunday, with 63,787 patients (13.2%). The most common reason for an ambulance call
was acute disease, with 337,732 patients (70.1%), followed by inter-hospital transfer, with 59,571 patients
(12.4%). The most common patient background factor was need for nursing care, with 102,096 patients
(21.2%), followed by past history of psychiatric disease, with 19,634 patients (4.1%). The most common
medical condition during hospitalization was injury, poisoning and certain other consequences of
external causes, with 96,972 patients (20.1%), followed by cardiovascular disease (93,371 patients,
19.4%) and respiratory disease (69,966 patients, 14.5%).

Table 2 shows the results of the main analysis. Factors associated with the continuation of
hospitalization at 21 days after hospital admission were elderly (AOR: 1.767 [95% Cl: 1.730-1.805]), high
elderly (AOR: 2.233 [95% Cl: 2.191-2.276]), super elderly (AOR: 2.401 [95% CI: 2.337-2.466]) and female
(AOR: 1.027 [95% CI: 1.013-1.040]). Compared to April, January (AOR: 1.069 [95% CI: 1.036-1.102]),
February (AOR: 1.055 [95% CI: 1.022-1.089]), March (AOR: 1.066 [95% CI: 1.032-1.100]) and December
(AOR: 1.032 [95% CI: 1.001-1.064]) were associated with the continuation of hospitalization at 21 days
after hospital admission. Compared to Monday, Sunday (AOR: 0.844 [95% Cl: 0.824-0.865]), Wednesday
(AOR: 0.973 [95%Cl: 0.951-0.996]), Thursday (AOR: 0.966 [95% CI: 0.944-0.989)), Friday (AOR: 0.970
[95% Cl: 0.948-0.992]) and Saturday (AOR: 0.898 [95% CI: 0.877-0.920]) were inversely associated with
the continuation of hospitalization at 21 days after hospital admission. Among the reasons for an
ambulance call, traffic accident (AOR: 1.231 [95% Cl: 1.183-1.282]), other trauma (AOR: 1.672 [95% CI:
1.630-1.716]) and inter-hospital transfer (AOR: 1.158 [95% CI: 1.134-1.181]) were associated with the
continuation of hospitalization at 21 days after hospital admission. Among the patient background
factors, past history of psychiatric disease (AOR: 1.078 [95% CI: 1.041-1.116]), no fixed address (AOR:
4.494 [95% CI: 3.632-5.314]), need for nursing care (AOR: 1.420 [95% Cl: 1.397-1.443]), suicide attempt
(AOR: 1.495 [95% CI: 1.238-1.806)), living in a nursing faculty (AOR: 1.115 [95% CI: 1.080-1.150]) and
solitary person (AOR: 1.085 [95% CI: 1.050-1.120]) were associated with the continuation of
hospitalization at 21 days after hospital admission. Compared to cardiovascular disease, only neoplasm
(AOR: 1.301 [95% CI: 1.256—1.348]) was associated with the continuation of hospitalization at 21 days
after hospital admission, whereas all other medical conditions were inversely associated with this
outcome.

Discussion
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In this study, we revealed the factors associated with the continuation of hospitalization after emergency
transport using a population-based registry of emergency patients transported by ambulance. Several
factors have previously been elucidated regarding ambulance diversion, overcrowding in the ED and the
difficulty of hospital acceptance of patients transported by ambulance.”?'72% In our previous study, we
found that the elderly, foreigners, loss of consciousness, weekends and public holidays, and nighttime
were factors associated with the difficulty of hospital selection by EMS personnel at the scene.?! Thus,
factors associated with ambulance diversion, overcrowding in the ED and the difficulty of hospital
selection by EMS personnel at the scene do not necessarily coincide with the factors related to prolonged
hospitalization of patients transported by ambulance. Therefore, for smooth acceptance of emergency
patients transported by ambulance, it is important to take measures not only against ambulance
diversion and ED overcrowding but also against factors associated with the prolonged hospitalization of
emergency patients transported by ambulance. This study revealed the factors associated with prolonged
hospitalization after hospital admission, which can be useful in continuing to build and improve the EMS
system.

First, the elderly was associated with prolonged hospitalization in this study. In a single-center
retrospective study that compared patients hospitalized for more than 2 weeks with those hospitalized
for less than 2 weeks, the elderly and higher Charlson comorbidity index were associated with
hospitalization for more than 2 weeks.2® Pontiroli et al. also reported that low albumin levels, low
lymphocyte level, the elderly, increased platelets, male sex, and emergency hospitalization were
associated with prolonged hospitalization.?’ Because the elderly can be poorly nourished and have
comorbidities, these factors may additionally complicate their condition and prolong hospitalization,
especially as emergency patients transported by ambulance. In addition, the need for nursing care and
living in a nursing facility were patient background factors associated with prolonged hospitalization in
this study. Japan is one of the most aged nations in the world, with 5.97 million people receiving nursing
care annually.?® Because medical care is basically not provided with nursing care in Japan, once a person
is hospitalized, the patient cannot be transferred to a home where nursing care is provided or to a nursing
facility unless the patient’s condition has improved to the point that medical care is no longer needed.
Therefore, the patients receiving nursing care may have had prolonged hospitalization. However, in a
retrospective study at a single tertiary health care center in Mexico, young people, male sex, a lower
physician-to-patients rate, weekend hospitalization, presence of surgery, number of complications,
residence outside the city and lower socioeconomic status were associated with prolonged
hospitalization.?® According to a WHO (world health organization) report, there were 4.9 million deaths by
injury in 2016, of which 1.4 million patients died in road accidents worldwide, three quarters of whom
were men or boys.30 As this study was conducted in a developed country, the differences in health and
medical situations in developed and developing countries may affect the results.

Second, transport by ambulance on Sunday resulted in the lowest rate of prolonged hospitalization, and
Sunday and Saturday were inversely associated with prolonged hospitalization in the multivariable
logistic regression analysis. The reason for this result is unknown, but it may have been influenced by the
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overnight hospitalization of patients with minor illnesses for consultation on Monday, the next working
day, if they were transported to the ED on Saturday or Sunday. However, a study of the weekend effect on
patients visiting the emergency room reported higher mortality in patients who visited on Saturday and
Sunday than on weekdays.3" The cause or reason for the conflicting results of the present study and this
previous study is not known, but differences in the health care systems of the two countries regarding
ambulance transport and medical visits may have contributed to the difference. Further investigation into
the duration of hospitalization and mortality by day of the week would be necessary to clarify this
difference. Also, while trauma such as traffic accidents and other injury was associated with prolonged
hospitalization as the reason for the ambulance call, self-harm was inversely associated with prolonged
hospitalization. This may be due to the fact that patients injured by traffic accidents and other injuries
had fractures and required prolonged hospitalization due to the need for surgical treatment and
rehabilitation. In contrast, although some of the self-harm patients were those who were injured by a fall
from heights, the fact that many of the patients required only suturing, such as of wrist cuts, may indicate
an opposite relationship with prolonged hospitalization. This result would be consistent with the result
that the patient background factor of suicide attempt was associated with prolonged hospitalization.

Third, among the patient background factors, no fixed address and solitary person were also associated
with prolonged hospitalization. The universal insurance system in Japan allows Japanese people to
receive medical treatment at relatively low cost. However, patients with no fixed address may have unpaid
insurance premiums or may not be enrolled in a universal insurance system. It is thus necessary to check
the income of these patients, and they need to apply for welfare similar to Medicare in the United States.
Therefore, patients with no fixed address may have to be hospitalized for a longer period to check their
financial status and perform the necessary application procedure. A previous study also reported that low
socioeconomic status was associated with prolonged hospitalization.?? Because of the limitations of
inpatient bed availability, a system to temporarily evacuate patients who have completed treatment
would be necessary to accept new emergency patients transported by ambulance. Solitary persons were
also associated with prolonged hospitalization. For such people, it is necessary to coordinate with family
members and welfare professionals regarding arrangements for an appropriate living environment and
follow-up after discharge from hospital. As it is possible to receive medical treatment at a relatively low
cost with universal health insurance in Japan, the patient may continue to be hospitalized until the
environment is ready after discharge even if the in-hospital treatment is completed. Thus, although the
universal health insurance system is an essential system for people, it may be having a negative impact
on the emergency medical system, so further welfare measures may be needed to solve this problem.

Limitations

There are some limitations in this study. First, the ORION system obtains data on emergency medical
hospitals and critical care centers in Osaka Prefecture but cannot obtain data on clinics and non-
emergency medical hospitals or on patients transported to and from outside Osaka Prefecture because
the ORION system is operated only within Osaka Prefecture. We hope that a similar information system
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can be developed and introduced to enable data linkage in many areas of Japan in the future. In addition,
it is unclear whether the patients transferred to other medical hospitals underwent prolonged
hospitalization because such data were not collected. Also, no data was collected on detailed medical
history, such as medications, pregnancy, and growth and development history. There is a limit to the
amount of data that can be input individually by EMS personnel and the staff of medical institutions, and
it is necessary to link this data with the personal health record. Finally, as this study was a retrospective
observational study, it may have some unknown confounding factors.

Conclusion

In this study, the elderly, traffic accidents, other trauma, no fixed address, living in a nursing faculty, need
for nursing care, solitary person and neoplasms were associated with prolong hospitalization of patients
transported by ambulance. Measures to handle ambulance diversion and overcrowding in the ED, as well
as prolonged hospitalization, are important for the smooth hospital acceptance of emergency patients
transported by ambulance.
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Tables

Due to technical limitations, table 1, 2 is only available as a download in the Supplemental Files section.

Fi ure 1 Number of patients who were registered in ORION
g and whose data was cleaned between 2016 and 2018
1,390,147
Discharge to home from emergency department 798,154
Inter-hospital transfer from emergency department 17,370
Dead at emergency department 14,061
Not treated 141
Number of hospitalizations registered in ORION between 2016 and 2018
360,421
Exclusions
Dead at 21 davs 32 492
Inter-hospital transportation within21 days 31.068
Cases with inadequate data
~ | Missing data on prognosis at 21 days 2,788
Missing data on diagnosis at emergency department
or hospitalization 11,580
Inadequate data on diagnosis during hospitalization 336
Number of patients included in this study
481,957
Continue hospitalization at 21 days Discharge to home at 21 days
(Prolonged hospitalization cases)
158,576 323,381
Figure 1

Patient flow in this study
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