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Background:Ambulatory care sensitive conditions (ACSCs) are defined as clinical
conditions for which the risk of emergency hospital admission can be reduced by
timely and effective ambulatory care. However, the actual status of patients with ACSCs
who are transported by ambulance and their outcomes have not been fully elucidated.
The purpose of this study was to reveal characteristics and outcomes of patients with
ACSCs who were transported by ambulance using population-based registry data in
Osaka, Japan.

Methods: This descriptive epidemiological study was conducted in the 5-year period
from January 2016 to December 2020, and included patients who were transported by
ambulance due to sudden illness. In this study, ACSC was further classified into acute
ACSCs, chronic ACSCs, and preventable ACSCs based on the ICD-10. The number
of patients transported by ambulance for ACSCs per 100,000 population in each age
group was calculated for each year. In addition, Poisson regression models were used
to assess the trend in the number of ACSCs patients transported by ambulance.

Results: A total of 1,572,152 patients were included in this study (acute ACSCs,
n = 69,621; chronic ACSCs, n = 12,250; preventable ACSCs, n = 96,036; and
non-ACSCs, n = 1,394,245). The overall median age was 71 years (95% confidence
interval [Cl], 46-92). Patients with acute ACSCs (median age: 76 years [IQR: 60-84])
and chronic ACSCs (median age: 80 years [IQR: 72-87]) were older, while patients
with preventable ACSCs were younger (median age: 66 years [95%Cl: 3-81]) and
included a high proportion of children (33.3%, 32,002/96,036). Regarding the outcome
after treatment at the emergency department, 42.6% (670,392/1,572.152) of patients
were hospitalized, while 82.3% (10,079/12,250) of patients with chronic ACSCs were
hospitalized. No change was observed in adults (P = 0.001) or elderly (age >65
years) individuals (P = 0.376) with preventable ACSCs, however, among children, the
number increased until 2019 (732.5) and then decreased in 2020 (371.8) (P = 0.392).
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Conclusion:

In this study, patients with chronic ACSCs were predominantly elderly,

while patients with preventable ACSCs were polarized between children and the elderly.
Among patients with preventable ACSCs, there was no change over time in adults and
children, but there was a marked decrease among the elderly after 2020.

Keywords: ambulatory care sensitive condition, emergency medicine, public health, epidemiology, primary care

INTRODUCTION

Internationally, national health systems are facing the problem
of an increasing number of elderly individuals who require
nursing care (1). On the other hand, emergency medical systems
are public services that are used all over the world. As the
number of elderly individuals who require nursing care and
medical treatment increases, so does the demand for emergency
medical services (EMS) when the condition of elderly individuals
suddenly deteriorates. In Japan, the elderly population is
continuing to increase, and the number of ambulance dispatches
and number of patients transported by ambulance is continuing
to increase; at present, the number of patients transported by
ambulance amounts to 5.3 million per year (2). However, the
number of available hospital beds has not increased in order
control the ever-increasing medical costs (3). Consequently, the
number of hospital beds in emergency medical institutions is
always limited, and there is a social problem in relation to
difficulty in hospital acceptance of these emergency patients (4).

In the 1990s, ambulatory care sensitive conditions (ACSCs)
were defined as clinical conditions for which the risk of
emergency hospital admission can be reduced by timely and
effective ambulatory care (5). Ambulatory care mainly means
primary care community services, and outpatient care. These
conditions are used as indicators for local healthcare systems. For
example, if patients with chronic diseases and the elderly receive
appropriate treatment in a timely manner in outpatient clinics
and hospitals, there may be fewer ambulance transportations and
hospitalizations for these patients. However, the actual status of
patients with ACSCs who are transported by ambulance and their
outcomes have not been revealed in Japan.

In Osaka prefecture, a population-based patient registry
(ORION) for all patients transported by ambulance is in
operation, and data on all patients transported by ambulance in
Osaka Prefecture from ambulance dispatch to hospital discharge
have been continuously collected since 2015 (6, 7). The purpose
of this study was to reveal the characteristics and outcomes of
patients with ACSCs who are transported by ambulance using the
ORION registry data.

MATERIALS AND METHODS
Study Design, Settings

This descriptive epidemiological study was conducted in Osaka
Prefecture in the 5-year period from January 2016 to December
2020. Osaka Prefecture is the largest metropolitan area in western
Japan, with 8.8 million people living in an area of 1,905 km?
(8). This study included patients who were transported by

ambulance due to sudden illness. Patients who were transported
by ambulance due to non-sudden illness (e.g., traffic accidents or
industrial accidents), patients who were not transported to clinics
and hospitals, and patients who were transported to hospital
and clinics outside Osaka Prefecture were excluded from the
analysis. This study was approved by the ethics committees of
Osaka University Graduate School of Medicine (Approval No.
15003; Suita, Japan). Because the ORION data are anonymized
without specific personal data (e.g., patient name and address),
the requirement of informed consent was waived. This report was
written in accordance with the STROBE statement on cohort and
cross-sectional studies (9).

The ORION System

We previously described the ORION system in detail (6, 7).
EMS personnel at the scene operate the ORION smartphone
app in order to search for an appropriate hospital to admit for
emergency patients. All of the data input into the smartphone
app, such as systolic blood pressure, heart rate, and time of the
call to the hospital for acceptance, are recorded. The smartphone
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 smartphone app data. Then, the staff of each emergency
hospital also directly input or upload the patient’s data (e.g.,
the diagnosis and prognosis). The results of the data aggregated
in the ORION system are fed back to each fire department
and emergency hospital. The Department of Public Health of
Osaka Prefecture can also research the situation of the emergency
medical system and analyze the effects of health policy on the
emergency medical system using these data. The ORION system
has been in place in all fire departments and emergency hospitals
in Osaka Prefecture since January 2016.

ACSCs in This Study

ACSCs have already been defined in a previous study (5). In the
present study, ACSC was further classified into acute ACSCs,
chronic ACSCs, and preventable ACSCs based on the ICD-
10. Acute ACSCs were defined as acute diseases (e.g., volume
depletion and gastric ulcer) with the following ICD-10 codes:
A69, E40, E41, E42, E43, E55, E86, H66, H67, J02, J03, J06,
J31.2, K02, K03, K04, K05, K06, K08, K09.9, K12, K13, K25,
K26, K27, K28, K52.2-9, L03, L04, L08, L83, L98, N10, N11,
N12, N13.6, N39, N70, N73, and R02. Chronic ACSCs were
defined as chronically managed diseases (e.g., convulsions and
heart failure), with the following ICD-10 codes: D50, E10, E11,
E12, E13, E14, G40, G41, 110, 111, 120, 124, 150, J20, J41, J42,
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TABLE 1 | Patient characteristics among all cohorts and the propensity score-matched cohort.

Total Not ACSC Acute ACSC Chronic ACSC Preventable ACSC
(n =1,572,152) (n = 1,394,245) (n = 69,621) (n =12,250) (n = 96,036)
Age, year, median (IQR) 71 (46-82) 70 (46-81) 76 (60-84) 80 (72-87) 66 (3-81)
Age group, n (%)
Child (0-19 years) 1,30,886 (8.3) 96,408 6.9) 2,099 (3.0 377 (3.1) 32,002 (33.3)
Adult (20-64 years) 5,06,300 (32.2) 4,72,086 (33.9) 17,969 (25.8) 1,403 (11.5) 14,842 (15.5)
Elderly (=65 years) 9,34,966 (569.5) 8,25,751 (59.2) 49,553 (71.2) 10,470 (85.5) 49,192 (59.5)
Male, n (%) 7,93,382 (50.5) 7,01,103 (50.3) 35,244 (50.6) 7,338 (569.9) 49,697 (561.7)
Seasonality
January 1,49,757 (9.5) 1,32,703 9.5 5,047 (7.2) 1,986 (16.2) 10,021 (10.4)
February 1,25,758 (8.0) 1,11,591 8.0 4,348 6.2) 1,362 (11.1) 8,457 (8.8
March 1,23,678 (7.9 1,10,134 (7.9 4,505 (6.5) 1,055 (8.6) 7,984 8.3
April 1,18,228 (7.5) 1,05,285 (7.6) 4,590 (6.6) 900 (7.3 7,453 (7.8)
May 1,22,705 (7.8) 1,09,232 (7.8) 5,109 (7.3) 844 6.9) 7,520 (7.8)
June 1,22,922 (7.8) 1,08,447 (7.8) 5,887 (8.5) 719 (5.9 7,869 8.2
July 1,47,165 (9.4) 1,28,461 9.2) 9,672 (13.9) 853 (7.0) 8,179 (8.5)
August 1,49,983 (9.5) 1,31,546 9.4) 10,291 (14.8) 889 (7.3 7,257 (7.6)
September 1,25,687 (8.0) 1,11,764 8.0 6,117 (8.9) 822 6.7) 6,984 (7.3
October 1,26,163 (8.0) 1,12,525 8.1) 5,011 (7.2) 842 6.9 7,785 8.1)
November 1,23,697 (7.9) 1,10,735 7.9 4,321 6.2) 842 6.9) 7,799 ©9.1)
December 1,36,409 (8.7) 1,21,822 8.7) 4,723 6.8) 1,136 9.3 8,728 9.1)
Time zone
Daytime (9:00-17:59) 4,75,802 (30.3) 4,15,797 (29.8) 27,253 (39.1) 6,561 (53.6) 26,191 (27.3)
Night time (0:00-8:59, 18:00-23:59) 10,96,350 (69.7) 9,78,448 (70.2) 42,368 (60.9) 5,689 (46.4) 69,845 (72.7)
Outcome at emergency department
Hospitalization 6,70,392 (42.6) 5,82,641 (41.8) 33,508 (48.1) 10,079 (82.3) 44,164 (46.0)
Discharge home 8,59,540 (54.7) 7,71,145 (55.3) 35,301 (50.7) 1,959 (16.0) 51,135 (53.2)
Inter-hospital transfer 21,788 (1.4) 20,198 (1.4) 786 (1.1) 200 1.6 604 (2.8)
Dead 20,279 (1.3) 20,114 (1.4) 24 (0.0) 12 (1.2) 129 ©.1)
No visiting 153 0.0 147 0.0 2 (0.0) 0 ) 4 0.0

IQR, interquartile; ACSS.

J43, J44, J45, J46, J47, J81, and R56. Preventable ACSCs were
defined as vaccine-preventable infectious diseases (e.g., influenza
and mumps) with the following ICD-10 codes: A15, A16, A19,
A35, A36, A37, A80, BO5, B06, B169, B18, B26, G20, ]J10,]J11, J13,
J14, J15.3, J15.4, J15.7, J15.9, ]16.8, J18.1, and J18.8.

Statistical Analysis

Data were presented as the median and interquartile range (IQR)
for continuous variables, and the actual number and percentage
for categorical variables. Age groups were classified as follows:
child (0-19 years), adult (20-64 years), and elderly (>65 years).
The number of patients transported by ambulance for ACSCs per
100,000 population in each age group was calculated for each
year. Because we assumed that ACSC patients transported by
ambulance were rare, Poisson regression models were applied to
assess the trend in the number of ACSCs patients transported
by ambulance. The time of day when the ambulance was
requested was classified as daytime (9:00-17:59) or nighttime
(0:00-8:59, 18:00-23:59). All statistical analyses were performed

using the SPSS software program (ver.27.0 J, IBM Corp, Armonk,
New York).

RESULTS

A total of 1,572,152 patients were included in this study (acute
ACSCs, n = 69,621; chronic ACSCs, n = 12,250; preventable
ACSCs, n = 96,036; and non-ACSCs, n = 1,394,245). Table 1
shows the characteristics and outcomes of patients who were
transported by ambulance in this study. The overall median age
was 71 years [95% confidence interval (CI), 46-92]. Patients
with acute ACSCs [median age: 76 years (IQR: 60-84)] and
chronic ACSCs [median age: 80 years (IQR: 72-87)] were
older, while patients with preventable ACSCs were younger
[median age: 66 years (95%CIL: 3-81)] and included a high
proportion of children (33.3%, 32,002/96,036). The proportion
of males was 50.5% (793,382/1,572,152) overall, but that among
patients with chronic ACSCs was 59.9% (7,338/12,250). The
proportion of patients with acute ACSCs was higher in July
(9,672,13.9%) and August (10,291, 14.8%), while the proportions
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FIGURE 1 | (A), Trends over time in the number of acute ACSCs patients transported by ambulance per 100,000 population. (B), Trends over time in the number of
chronic ACSCs patients transported by ambulance per 100,000 population. (C), Trends over time in the number of preventable ACSCs patients transported by
ambulance per 100,000 population.
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of patients with chronic ACSCs (1,986, 16.2%) and preventable
ACSCs (10,021, 10.4%) were highest in January. As for the
time of day when patients were transported by ambulance,
the proportion of patients transported in daytime was small
(30.3%, 475,802/1,572,152) overall, but was larger among
patients with chronic ACSCs (53.6%, 6,561/12,250). Regarding
the outcome after treatment at the emergency department,
42.6% (670,392/1,572.152) of patients were hospitalized, while
82.3% (10,079/12,250) of patients with chronic ACSCs were
hospitalized. The most common disease in patients with acute
ACSCs was volume depletion [E86, 63.9% (n = 48,416)], followed
by acute tubule-interstitial nephritis [N10, 11.6% (n = 8,788)]
(Supplementary Table 1). The most common disease in patients
with chronic ACSCs was heart failure [150, 23.1% (n = 24,507)],
followed by essential hypertension [I10, 17.2% (n = 18,309)]
(Supplementary Table 2). The most common disease in patients
with preventable ACSCs was bacterial pneumonia [J15.9, 56.6%
(n = 8,217)], followed by pneumoniae due to Streptococcus
pneumoniae [J13, 11.3% (n = 1,647)] (Supplementary Table 3).

Figure 1A shows the trend in the number of patients with
acute ACSCs per 100,000 population by age group. No change
was observed in children (P = 0.092) or elderly individuals (P
= 0.305), while the number of these patients decreased among
adults (P = 0.028).

Figure 1B shows the trend in the number of patients with
chronic ACSCs per 100,000 population by age group. No change
was observed in adults (P = 0.756) or elderly individuals (P
= 0.236), but the number of these patients decreased among
children (P = 0.001).

Figure 1C shows the trend in the number of patients with
preventable ACSCs per 100,000 population by age group. No
change was observed in adults (P = 0.001) or elderly individuals
(P=0.376), but among children, the number increased until 2019
(732.5) and then decreased to 371.8 in 2020 (P = 0.392).

Table 2 shows the characteristics and outcomes of 670,392
hospitalized patients who were transported by ambulance. The
proportion of males was 53.7% (359,718/670,392) overall, but
was 60.5% (6,102/10,079) in patients with chronic ACSCs. The
proportion of patients with acute ACSCs was higher in July
(3,928, 11.7%) and August (4,150, 12.4%), while the proportions
of patients with chronic ACSCs (1,367, 13.6%) and preventable
ACSCs (4,894, 11.1%) were highest in January. Overall, fewer
patients were transported during the daytime (278,912, 41.6%),
but more were transported during the daytime among patients
with chronic ACSCs (5,856, 58.1%). In terms of the outcome
at 21 days after hospital admission, 26.5% (176,577/670,392)
of all hospitalized patients remained hospitalized and 7.0%
(46,504/670,392) had died, while 29.9% (3,009/10,079) of
patients with chronic ACSCs remained hospitalized and 8.7%
(871/10,079) had died.

DISCUSSION

In this study, we revealed the characteristics and outcomes
of patients with ACSCs using a population-based registry
for emergency patients transported by ambulance in Osaka,

Japan. Patients with chronic ACSCs were predominantly elderly,
while patients with preventable ACSCs were polarized between
children and the elderly. Patients with acute ACSCs were
more frequently transported in the summer, while those with
chronic ACSCs and preventable ACSCs were more frequently
transported in the winter. Although there was no change over
time in adults and children, there was a marked decrease among
the elderly with preventable ACSCs after 2020. An increase
in the number of patients transported by ambulance due to
ACSCs, which do not cause serious illness if the patients
properly manage their daily medications and physical condition,
would have a serious impact on the emergency medical system.
Therefore, it is necessary to reveal the actual status of patients
with ACSCs among those transported by ambulance. Japan is
one of the countries with high proportion of elderly people
in the world, and there has been no studies using population-
based data in Japan, which makes this study highly novel.
This study, which revealed the characteristics and outcomes
of patients with ACSCs using population-based data, is useful
not only for further understanding the reality of patients with
ACSCs, but also for considering health policies in relation
to ACSCs.

In this study, volume depletion and urinary tract infection
(e.g., acute pyelonephritis) were common among patients with
acute ACSCs. Regarding age group, the proportion of elderly
patients in this population was higher than that of emergency
patients due to sudden illness other than ACSCs. ACSCs have
been reported in many countries, mostly in European countries
and Brazil (10-20). However, the seasonality of acute ACSCs
has not been revealed thus far. In Japan, temperatures are rising
with global warming, especially in summer. Thus, deaths due
to heat stroke have been reported (21). Elderly individuals are
not only unable to adequately regulate their body temperature
due to aging, but also require strict fluid control due to existing
diseases, such as heart failure and renal failure. These factors
may make the elderly more susceptible to dehydration in
summer. Therefore, fluid control in the elderly is important
in daily practice and daily care, and appropriate fluid control
is required for the prevention of dehydration and urinary
tract infection.

Second, patients with chronic ACSCs included a higher
proportion of patients with heart failure and essential
hypertension, a higher proportion of elderly individuals,
and a higher proportion of males. An observational study
in Switzerland reported that heart failure and chronic
obstructive pulmonary disease (COPD) were the main
causes of hospitalization for elderly patients with ACSCs
(22). In an observational study in Finland, older age and
living alone were associated with hospitalization for patients
with ACSCs (23). In addition, an observational study in
Canada reported that COPD, diabetes mellitus (DM), and
higher comorbidity index were associated with frequent
ER visits in elderly patients with ACSCs (16). In chronic
diseases such as heart failure and COPD, daily management
of the disease is important to prevent the exacerbation of
symptoms. Some previous studies have shown that men have
higher medication adherence (24, 25). If men have better
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TABLE 2 | Unnecessary ambulance use with or without telephone triage service.

Total Not ACSS Acute ACSS Chronic ACSS Preventable ACSS
(n = 670,392) (n = 582,641) (n = 33,508) (n =10,079) (n = 44,164)
Age, years, median (IQR) 77 (64-84) 77 (64-84) 79 (70-86) 81 (74-87) 76 (565-85)
Age group, n (%)
Child (0-19 years) 19,306 2.9 12,065 (2.1) 163 (0.5 118 (1.2) 6,960 (15.8)
Adult (20-64 years) 7,913 (1.2) 7,335 (1.3 174 (0.5 56 (0.6) 348 (0.8)
Elderly (=65 years) 18,135 2.7) 17,048 (2.9 567 (1.7) 57 (0.6) 463 (1.0)
Male, n (%) 3,569,718 (53.7) 3,13,011 (63.7) 16,883 (50.4) 6,102 (60.5) 23,722 (63.7)
Seasonality
January 62,731 9.4) 53,947 9.3 2,523 (7.5) 1,367 (13.6) 4,894 (11.1)
February 52,878 (7.9 45,777 (7.9 2,191 (6.5) 943 (9.4) 3,967 (9.0)
March 53,475 (8.0) 46,577 (8.0) 2,323 6.9 871 (8.6) 3,704 (8.4)
April 51,485 (7.7) 44,831 (7.7) 2,408 (7.2) 782 (7.8) 3,464 (7.8)
May 52,782 (7.9 46,036 (7.9 2,536 (7.6) 745 (7.4) 3,465 (7.8)
June 52,398 (7.8) 45,518 (7.8) 2,871 (8.6) 645 (6.4) 3,364 (7.6)
July 59,946 (8.9 51,850 8.9 3,928 (11.7) 766 (7.6) 3,402 (7.7)
August 60,569 (9.0) 52,380 9.0) 4,150 (12.4) 798 (7.9) 3,241 (7.3)
September 53,715 (8.0 46,781 (8.0 3,077 9.2) 726 (7.2) 3,131 (7.1)
October 55,704 8.3 48,712 (8.4) 2,672 (8.0) 750 (7.4) 3,570 (8.1)
November 55,154 8.2) 48,274 8.3) 2,395 (7.1) 752 (7.5) 3,733 8.5)
December 59,555 8.9 51,958 8.9 2,434 (7.9) 934 (9.9 4,229 (9.6)
Time zone
Daytime (9:00-17:59) 2,78,912 (41.6) 2,38,766 (41.0) 16,462 (49.1) 5,856 (58.1) 17,828 (40.4)
Night time (0:00-8:59, 18:00-23:59) 3,91,480 (58.4) 3,43,875 (59.0) 17,046 (50.9) 4,223 (41.9) 26,336 (569.6)
Outcome at emergency department
Hospitalization 1,76,577 (26.5) 1,564,290 (26.6) 9,152 (27.4) 3,009 (29.9) 10,126 (23.0)
Discharge home 4,12,509 (61.8) 3,564,246 61.1) 21,579 (64.7) 5,753 (57.2) 30,931 (70.2)
Inter-hospital transfer 31,598 4.7 28,275 (4.9) 1,573 @.7) 425 (4.2) 1,325 3.0)
Dead 46,504 (7.0) 42,927 (7.4) 1,052 3.2) 871 ®.7) 1,654 3.8)
Unknown 3,204 0.0) 147 (0.0 2 (0.0) 0 ) 4 (0.0)

IQR, interquartile; ACSS.

medication compliance, other factors may be associated with
the finding that more male patients with chronic ACSCs were
transported to emergency departments in this study. This
may be related to socioeconomic factors, such as living alone
or poverty. Patients with chronic ACSCs were more likely
to be transported by ambulance during the daytime. Elderly
individuals tend to use ambulances as a means of visiting
emergency departments (26), and patients with chronic ACSCs
may be dependent on ambulance transportation as a means of
visiting hospitals. Ambulances should be used for emergency
situations (e.g., traffic accidents and cardiopulmonary arrest)
and it may be necessary to establish transportation service with
an inexpensive subsidized price as an alternative to ambulances
for elderly individuals.

In this study, the number of patients with preventable ACSCs
was high in both children and elderly individuals, and the
most common diseases were bacterial pneumonia, pneumococcal
pneumonia, and influenza. In Japan, the elderly individuals
can be vaccinated against these diseases free of charge under
the public health system; however, children are not covered

by the health system and their parents must pay the full cost
of vaccination (27). It is very important to prevent influenza
infection in children because complications of influenza-
induced encephalopathy have a significant neurological impact.
Therefore, if vaccination of children can be encouraged by
making influenza vaccination a part of the public health
system, as is the case with the elderly population, the number
of pediatric patients with influenza may decrease and the
number of emergency pediatric patients with influenza may
also decrease. In addition, no change was observed in adults
or elderly individuals over time, but there was a marked
decrease among children in 2020. The novel corona virus
confirmed in Wuhan, China, in 2019 had a profound impact
around the world (28), and people embraced new lifestyles,
including wearing masks and using alcohol to disinfect their
hands as measures to prevent infection. The acceptance of these
measures by many parents and children may have prevented
the spread of infectious diseases, including influenza, and
reduced the number of pediatric patients who were transported
by ambulance.
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Limitations

The present study was associated with some limitations. First,
it was no possible to assess the patients with ACSCs who
visited hospitals and clinics on their own, because this study
included patients transported by ambulance. Second, because
the patient transport by ambulance due to ACSCs is a rare
occurrence, a Poisson distribution was assumed and Poisson
regression analysis was performed in this study. On the
other hand, the Poisson assumption may cause overdispersion
problem because the variance is not able to determine in
the Poisson distribution. Third, the generalizability of this
study is high because we analyzed a dataset collected over
several years in metropolitan area of Japan including urban
and rural areas. However, this study was an analysis of data
from Japan and may lack validity outside of Japan. Next,
because this was a retrospective observational study, we were
not able to reveal other variables that were not collected in the
ORION system.

CONCLUSION

In this study, patients with chronic ACSCs were predominantly
elderly, while patients with preventable ACSCs were polarized
between children and the elderly. Among patients with
preventable ACSCs, there was no change over time in adults
and children, but there was a marked decrease among the
elderly after 2020. We will continue to evaluate the impact
of factors such as the increase of the elderly and the
COVID-19 pandemic on patient transport by ambulance due
to ACSCs.
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