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Abstract

Aim: The impact of the coronavirus disease (COVID-19) pandemic on the emer-
gency medical service system in Japan has not been fully revealed. The purpose of
this study was to determine the impact of the COVID-19 pandemic in 2021 on the
difficulty in hospital acceptance of patients and patient outcome in Osaka Prefecture.
Methods: This study was a descriptive epidemiological study with a 3-year study
period from January 2019 to December 2021. We included patients who were trans-
ported by ambulance and had registered in the Osaka Emergency Information
Research Intelligent Operation Network (ORION) system. The primary end-point
of this study was the difficulty in hospital acceptance by month, and the secondary
outcome was the mortality of patients who experience difficulty in hospital accept-
ance in each year.

Results: We included 1,302,646 cases in this study. The proportion of cases with
difficulty in hospital acceptance was 2.74% (12,829/468,709) in 2019, 3.74%
(15,527/414,987) in 2020, and 5.09% (21,311/418,950) in 2021. The crude odds ratio
for 2020 was 1.38 (95% confidence interval, 1.35-1.41) and for 2021 was 1.90 (95%
confidence interval, 1.86-1.95). In 2019, 218 patients with difficulty in hospital ac-
ceptance had died by 21 days after hospitalization, whereas the number increased to
405 in 2020 and 750 in 2021.

Conclusion: The number of patients experiencing difficulty in hospital acceptance
during the COVID-19 pandemic in Osaka Prefecture increased, and patient out-
comes were worse than before the pandemic.

KEYWORDS
COVID-19, difficulty in hospital acceptance, emergency medicine, excess deaths, public health

INTRODUCTION health-care insurance, and the emergency medical service
(EMS) system, which includes calling for an ambulance, is
a public service. After an ambulance is dispatched, the EMS
personnel at the scene evaluate the patient, search for an ap-
propriate medical institution for the patient with an infor-

mation system, and request the medical institution to accept

To improve the prognosis of patients with sudden illness
or trauma, it is necessary to transport them to appropriate
emergency medical institutions within a reasonable time.
In Japan, the health-care system is operated under public
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the patient, basically by telephone. The doctor at the medical
institution determines the patient's condition based on the
phone call from the EMS personnel and decides whether to
accept the patient. Until recently, the difficulty in hospital
acceptance has been a social problem in Japan due to the
increase in the elderly population,' but in recent years, this
problem has been improved using technology systems such
as cellphone applications (apps).”

The novel coronavirus disease (COVID-19) confirmed
in Wuhan, China, in December 2019 has spread not only
in China but throughout the world.**? In Japan, the num-
ber of patients with COVID-19 exceeded 1.7 million as of
December 31, 2021."% As the numbers increased, especially
in the United States and European countries, the number
of health-care workers infected with COVID-19 also in-
creased, leading to a crisis situation in health-care systems
such as emergency medicine and intensive care."*™” After
the spread of the COVID-19 pandemic in Japan, patients
with fever visited specific medical institutions that could
treat COVID-19 infection and received a diagnosis and
treatment for this infection. However, on holidays and at
night when these medical institutions are not fully staffed,
patients with a sudden onset of fever call for an ambulance
and are transported to selected emergency medical institu-
tions that provide treatment for COVID-19. Many of these
institutions to which the patients are transported include
critical care centers that treat severely ill patients, such as
those with severe trauma and out-of-hospital cardiac arrest.
As a result, an excessive burden was placed on emergency
medical institutions that treat highly urgent and severely ill
patients, but the impact on the difficulty in hospital accep-
tance in Japan is unclear.

Osaka Prefecture is the largest metropolitan area in west-
ern Japan, with a population of 8.8 million people and ap-
proximately 500,000 calls for ambulances each year.”® Since
the first patient with COVID-19 was identified in Osaka
Prefecture on January 23, 2020, the cumulative number of
COVID-19 patients in Osaka Prefecture as of December 31,
2021 was 203,790.' We have previously revealed the im-
pact of the spread of COVID-19 in 2020 on the EMS sys-
tem and outcome of patients transported by ambulance.***?
However, in Japan, there was a marked increase in the num-
ber of COVID-19 patients in 2021 compared to 2020, which
might have had a further impact. Therefore, the purpose of
this study was to determine the impact of the COVID-19
pandemic in 2021 on the difficulty in hospital acceptance
and patient outcome in Osaka Prefecture.

METHODS
Study design and settings

This was a retrospective observational study with a study
period from January 1, 2019 to December 31, 2021. We in-
cluded patients who were transported by ambulance using
the cleaned data that was recorded in the Osaka Emergency

Information Research Intelligent Operation Network
(ORION) system in this study. Therefore, we excluded pa-
tients who were not registered in the ORION system and
those with missing data.

In 2015, 8,839,469 people lived in the 1905km? area of
Osaka Prefecture.”” Of them, 4,256,049 people (48.2%) were
male and 2,278,324 people (25.8%) were elderly, aged 65 years
old or more.”® Because the ORION data is anonymized
without specific personal data, such as patient name, date
of birth, and address, the requirement of obtaining patient
informed consent was waived. This study was approved by
the Ethics Committee of Osaka University Graduate School
of Medicine. This manuscript was written based on the
STROBE statement to assess the reporting of cohort and
cross-sectional studies.** The EMS system and hospitals in
Osaka Prefecture and the ORION system are described in
File S1.

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 regis-
tered for each patient transported by an ambulance. The
registered data is cleaned by the Working Group to analyze
the EMS 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 registered
by the fire department did not match that registered by the
hospital or whose sex was missing. We also excluded pa-
tients whose age input by the fire department and that by
the hospital differed by 3years or more. When this differ-
ence was present, we defined the age input by the hospital as
the patient's true age.

End-point

The primary end-point of this study was the difficulty in
hospital acceptance for each month. Difficulty in hospital
acceptance was defined as cases for which the number of
phone calls required to determine which medical institu-
tion to transport the patient to was more than four and the
time interval from arrival at the scene to departure from the
scene was more than 30min, based on the national stand-
ards.”® The secondary outcome was the mortality of pa-
tients who experienced difficulty in hospital acceptance in
each year. The number of patients experiencing difficulty
in hospital acceptance and their mortality were calculated
using the ORION dataset. The primary diagnosis of the de-
ceased patients was classified according to the International
Classification of Diseases 10th Revision (ICD-10).
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Statistical analysis

First, the number of patients transported by ambulance
and the difficulty in hospital acceptance were calculated
on a monthly basis for each year. To evaluate the impact of
COVID-19 on the difficulty in hospital acceptance, we cal-
culated the crude odds ratio (OR) and 95% confidence in-
terval (CI) using the dataset in 2019 as the reference year.
We also assessed the difficulty in hospital acceptance in 2018
similarly with respect to 2019 in order to reveal prepandemic
trends.

Next, the mortality outcome was evaluated in terms of
death in the emergency department, and that among hos-
pitalized patients was evaluated at 21 days after admission.
In addition, subgroup analysis was carried out on patients
transported by ambulance due to “acute disease” or “traf-
fic accident” as the reason for the ambulance call. Crude
OR and 95% CI values were calculated in the same way.
Statistical analyses were implemented using Stata version
16.0MP (StataCorp).

RESULTS

Figure 1 shows the patient flow in this study. 2,411,552 cases
(2018: 616,748; 2019: 635,201; 2020: 583,321; 2021: 576,282)
were registered in the ORION database from 2019 to 2021.
After data cleaning and excluding interhospital transfer
cases, 1,797,351 (2018: 492,705; 2019: 468,709; 2020: 414,987;
2021: 418,950) cases were included in this study.

& SURGERY

Table 1 shows the number of patients experiencing diffi-
culty in hospital acceptance and the crude OR and 95% CI
values in 2018, 2019, 2020, and 2021. The proportion of dif-
ficulty in hospital acceptance was 2.97% (13,745/462,773) in
2018, 2.74% (12,829/468,709) in 2019, 3.74% (15,527/414,987)
in 2020, and 5.09% (21,311/418,950) in 2021. The crude OR
for 2018 was 1.09 (1.06-1.11), for 2020 was 1.38 (95% CI, 1.35—
1.41) and for 2021 was 1.90 (95% CI, 1.86-1.95). Figure S1
shows chronological change of number of patients and diffi-
culty in hospital acceptance during the study period.

Table 2 shows the number of patients experiencing diffi-
culty in hospital acceptance and the crude OR among them
due to “acute disease”. The proportion of difficulty in hos-
pital acceptance was 2.43% (8292/340,665) in 2019, 3.66%
(11,009/300,502) in 2020, and 5.10% (15,580/305,611) in
2021. The crude OR for 2020 was 1.52 (95% CI, 1.48-1.57)
and for 2021 was 2.15 (95% CI, 2.10-2.21). Figure S2 shows
the chronological change of number of patients and diffi-
culty in hospital acceptance among “acute disease” cases
during the study period.

Table 3 shows the number of patients experiencing diffi-
culty in hospital acceptance and the crude OR among them
due to “traffic accident” The proportion of difficulty in
hospital acceptance was 2.58% (935/36,199) in 2019, 2.85%
(888/31,134) in 2020, and 3.64% (1137/31,250) in 2021. The
crude OR for 2020 was 1.11 (95% CI, 1.04-1.22) and for 2021
was 1.42 (95% CI, 1.30-1.56). Figure S3 shows the chrono-
logical change of the number of patients and difficulty in
hospital acceptance among “traffic accident” cases during
the study period.

Registered patients on the ORION system
N=2,411,552 (2018, 616,748; 2019, 635,201; 2020,583,321; 2021, 576,282)

No transport
Transport to other than emergency medical hospitals in Osaka N = 134,522
No linked data between an ambulance and a hospital N=27,831
Only smartphone app data N = 4,952

N = 320,405

Y

Transport to the emergency medical hospitals in Osaka Prefecture
N =1,923,842 (2018, 503,092; 2019, 512,054; 2020, 451,524, 2021, 457,172)

Data on gender inconsistent between an ambulance and a hospital N =13,730

Data missing N=101
Matched information about gender between an ambulance and a hospital

N=1,910,011 (2018, 499,519; 2019, 508,245; 2020, 448,464; 2021, 453,783)

Age was >3-years apart between an ambulance and a hospital N=17,954
Confirmed data about gender and age

N =1,892,051 (2018, 494,567; 2019, 503,597; 2020, 444,690; 2021, 449,197)
Hospital type unknown N =1337
Inappropriate date (no input/out-of-period) N =51

| Diagnosis at first visit unknown and inappropriate N = 6,369

Outcome at first visit unknown N =20
Interhospital transfer N = 88,923

Eligible for analysis

N =1,795,351 (2018, 492,705; 2019, 468,709; 2020, 414,987; 2021, 418,950)

FIGURE 1 Patient flow in this study. ORION, Osaka Emergency Information Research Intelligent Operation Network.



A ET AL
YAM
KATA
DICINE
ME
TE Y
ACL:JRGER
- S
, WILEY&
f
o0 |

ients
patien s
of the atient
ses the p the
iagno ng fore
di mo be ncy
rimary ent a 2019, merge to
the p departm ce. In the e 0and
ows cy eptan ied in in 202 s the
2 sh rgen 1 acc die 19 in » wa i
igure me ita ients to tem feir
i T cused o 191 wsesolcir
in i . incr irato ise i20m0
ing i iculty mic, ber inc spirat t “dis diagn
dy h diffic ande num sof re 5),bu imary
s wit 19°p t the isease is (n= n pri who
I @ = COVID at, bu 19. “di iagnos Mmmo tients h
s = ull ! e 019, di co atien eac
B S Lo rtm 2 imar st ep n
288 5 2 depa 203 208, the mo 21). es of th onis In each
53¢ 2 -B H 39 in o 021 (n:diagnosrzed e, 218 paldayS
2 5 L S i = 2 co m in?2 itali c
e 3 T S e <E3 most syste din imary ospit deml’dalt2 405
28 a7 5 N S = 2 latory 8) an he pr the 9 pan dea d to
() A = N = fam_
8 2 S D e & = Sl SE Cu2020 (”3 shOWStamongoVIDlnce Wereincreasjeaths lﬁe
el - SR S o ° o in s ta r t
g 8 IE SHE S D = = i ioure 1day he ep be es, e
= Q == g - x = ) = Fig 2 et acc um 0s for d
S S ~"““‘°-N :ar'zﬁ ied at for ital en iagn be n
= ) = e it th dia e sa
5 ¢ QS ZS 22 AT d die 19, b hosp as of hos iou
n o\ il n = h n 2 IES ha 20 in here § t infecti ”, The
S q F 23 = In i w term d to inin .
= S F — e N e = T. . ultY ion, In re in em 0
g § ol 37T S 3S s yea iffic izatio 21. pared rta syst 202
o = Ta T al - o % ith di italiz in 20 com ce ry in
5§ g ORI = N it it ita 20, s for irato 18
S a = - % = i - = w hosp 750 ition ially spir as
~ G =y - b a = el ter d di Cla fre 19w
28 T a7 2 S 8 < aff an con spe o D-
58 S © o e < 2 - - 020 all ic, e iseases V1
4 < ! K S = N ; — in 2 in dem “dise: CcO
N Q) : s ) d n d to
5 8 8 RQ S N — = ase pa ” an due
= 5 3 S o — i o = re -19 S a .
Q S s SN — o @ 3 c 1D isease dying
ﬁ‘ﬁzﬁi’-* S cOV-cuse-ntsY
: Z 5 5 = ORI itic tie
e g & Lo g as f pa s
= = =) [ N — =) ar p €
°o‘ a S = S SI E RI E S ? Pumber 02021' d outcomce
F & e 4 ) S n in n
wm,ﬁNo.eosﬁ 59 ics an ta
S & S < I5 3 & = 3 = nd istic ccep of
S SI T 2 = ] s = g = a ON haracterﬁsspital aumber in
3] —~ g — (0] n
, ) e e 0 S | tc ; he ed
= Tq 2 s S E = SS ien n T as
= = 2y - ti Ity n. incre he
— 1= 1 =2 2 CU a icu a nc T
= S ] - e - s 2 ~ S thep iffic in Jap e 21.
®) 3 = = n )} S =) DI led di ic in nc in 20 ital
= : . C ta n it
;e 2 S F e N vea cing emi cep di hosp .
g B 2 o i a o re ien nd ital ac ase in it
< ) = = 29 = dy er a ta incre 1 nd
e 2 S - s = % = is stu Xp -19 p i tnereas Ity a
£ g S P E § % E This tients éOVID 1 in hosglrtherth difflcutments’rgency
a N = 2 2 . al ltY d i ar e _
= Amw«a\oe\oﬁ { patients o rgency dep B
= Amnl\,m«»o\oN O.t iffi 9 ient er.dP
2 =l g = B L o 5 g < during ith di to 201 patie genc}.’ ts aft italize nd
z = ey - 29 Q B SE es wi ared mongh emerd patien hospi tory a
2 N 8 3 o o = 2 z & PN i cas p hs a in the ize g ira ients
= S S s E < Q= I~ o) o com at n italiz on esp tie
on S 3 3B 2 3 =2 8 28 po 20 fde ed ita am ially r pa i
= ~ 2. R = S 0 S S 1 € 1
g gt 838 SRR S zumberoe increaong h°SF§ death At e h°sie
[ X o ® oy n C m o ions re icult t
E & Z S N acceptaneased anumber nditlo{lti;)n’ t}:difflcul };act Oftem
s = g © = > incr lco di i im N
o Z ) I x 1n The al ad it he SSY -
< o < < I X Iso t. for In S W dt M lan
= g 2 5 233 a or ed es. case ale ek in pla
S . € th 1np.
& = S [ S 8 = ransp. reas iseas the h rev: on ful
3 g B =9 S N t mc lard ng hic isease help
g8 e N s 8 ients cufa amo w dise ill be ce
& s 2 S g 3 < = ol t diovas ID-19 is study, tious t, will bulan
I n S “© < 2 = a :
£ g 2lg 2 g 3 S Bl - car COoV Thi infec ataset, by am com-
5 §8¢ 8 8§ 228 2 X ith ance. ing edd icies. ted sed I,
E 358 et B g B o ccept ulatiors bas d poli nspor decreaHoWeVe
2 i 5 % s @ = = S 8 s aj n io n ra d e
o) ¢ 3 o L 3 s 2 28 <~ ta ofa lat sa ts t an 19. tanc
= =3 523 2 %22 g read are system tents T ID- ep
= c > atien 2 \4 acc the
Iy = ) S E Z Q] + o Sp ha P re sy of p in CcO ital n
28 Iz a3 - throufeanh-caumbef to that riod of hospit StudY"e we
= =2 33 < ) . n . ic pe m ious ce,
2 = i/ © a3 R nlng st, the simllardemlc Pfﬁculty prevloil Cceptantients,
=i = Q i = =) Fir as n dl r . al pa . h
& S = - o 2 N 1w repa ith ou spita ign wit
5 e = e a8 =i 02 p w In in ho fore iated .
- 8 & e iR ¥ 3 in 2 the ses 021. n s lat ic in
T S @m&“&i% n d to f ca d 202! Ity ients, soc ic
|5 = ¥ - < o n ifficu ati as em d
3 § % B il = 3 are ber 0a ffi p re d e
o = o © = 02 ith di ly we an as
IS ~ = g ] @ 2 s 2 p um in 2 th lder ime 9p re
a2, = N A S = en in W1 e -tim -1 dec n
2 Aom—;O\mﬂ-w & th d iated as icht ID o ee
& % © = 5 8 F 3 BRI B ase ate ch ig \Y% als tw
< £ =N i g S B A & by 0 N . incre 0Cl1 su dn CO n be S
S I = 2 s 8 2 8 = Sa S nc Ss rs an e apa lers tor
= 3 g5 IR 2 8 ol e ~ 3 s a cto ds, th iting ele fac
2 S 3 g S ool [ *® = R s cto t fa ken fter isitin travi ient er
= v I S 9 NS L= « > fa tha ee LA V1S n atie ath
8 wamoawﬁN 2 nd ith wi e. .erS.s0 fp be r ith
= S =) = Q ] fou it nc 1gn iction t o ioht it
= N = & N 2 w ta reig cti C w
a. & A < bs e g = ; iday ep f fo tri impa 1g es
N < ® R I~ 1i acc o) (&) 1m € m as d
“5 — = = ﬁ A N Iy ) hO ) lt ber .Ct T the anc Of C bute
o Z $ 8= S > ifficu um stri re, ept ber ttribu d
8 g < - = e di he n to efo acc m nattr ite
=) S ) ) g t her ital nu bee lim
g o IR T & 5 20, due 7T it he 1 .
a9 X S I 3 12 0 sp. int ve as his
o ST o < S 3 ) el 2 dly ies. in ho n ha h ith t
—~ V) s 2 < g e 1e. e C h
: R 38°¢ 5 8 5 5 mark cou“iﬁculty lnincreasce CO“lﬁons’ ted wit
< D> - - ~ e 2 . . 'a
= 22 g 2 S 3% s = > g any di the tan titu oc1
E H IS ‘H I m d to less, ccep ins ass
£ —~ > ital a ical e
2, 2 ® 2 3 s I I R = 2= i 5 late the tal ica erl
2 °N Y o < ~ < o S\ £ 5 re er 1 ed S W
g ’Qo\q‘\lmﬂvoefmt\}m s 3 NeV,hoSP m tor
= = PR, 23 = = 24 ~ T = w. in to fac
X < g g = ) o 0 d
2 a § = 5 = > MR p s Lifficultys relate Several
~ O I A - . a
z =8 & 28 £ factorapaclty
= Aéxa(ﬁ“ g3 tOientc
b E N \n Rl = r: 3 pat
. H 5 4 3 s
[=} = = o
§ R ¥ o g “.
1) 1 N
& 5z 2
~ ) =
- o E
S <<
= =
= =
-
=]
<
e~



DIFFICULTY IN HOSPITAL ACCEPTANCE DURING COVID-19 PANDEMIC

ACUTE MEDICINE 50f9
& SURGERY WILEY

TABLE 2 Proportion of difficulty in hospital acceptance of patients with acute disease transported by ambulance in Osaka Prefecture, Japan, during

the study periods.
2019 2020

Month % (n/N) % (n/N)
Jan 4.20 (1437/34,249) 2.97 (915/30,857)
Feb 3.33 (858/25,757) 2.60 (666/25,663)
Mar 2.75 (730/26,544) 2.97 (719/24,224)
Apr 2.50 (660/26,370) 5.69 (1215/21,363)
May 2.31 (636/27,524) 4.77 (1037/21,760)
Jun 1.87 (506/27,131) 2.19 (508/23,247)
Jul 1.91 (564/29,555) 2.90 (743/25,619)
Aug 2.17 (714/32,882) 4.68 (1434/30,656)
Sep 1.86 (520/27,935) 3.28 (813/24,781)
Oct 1.84 (491/26,681) 2.81 (687/24,418)
Nov 2.00 (530/26,538) 3.94 (929/235,639
Dec 2.19 (646/29,499) 5.52 (1343/24,351)
Total 2.43 (8292/340,665) 3.66 (11,009/300,502)

2021

% (n/N)
6.98 (1764/25,283)
5.37 (1165/21,683)
4.21 (1052/25,002)
7.83 (1900/24,280)
7.51 (1774/23,620)
3.66 (888/24,286)
3.77 (1082/28,665)
5.60 (1613/28,821)
5.79 (1456/25,163)
3.83 (998/26,088)
3.55 (897/25,236)
3.61 (991/27,484)
5.10 (15,580/305,611)

OR (95% CI)

2019 vs. 2020

0.70 (0.64-0.76)
0.77 (0.70-0.86)
1.08 (0.97-1.20)
2.35 (2.13-2.59)
2.12 (1.91-2.34)
1.18 (1.04-1.33)
1.54 (1.37-1.72)
2.21 (2.02-2.42)
1.79 (1.60-2.00)
1.54 (1.37-1.74)
2.01 (1.81-2.25)
2.61 (2.37-2.87)
1.52 (1.48-1.57)

OR (95% CI)

2019 vs. 2021

1.71 (1.59-1.84)
1.65 (1.50-1.80)
1.55 (1.41-1.71)
3.31 (3.02-2.62)
3.43 (3.13-3.77)
2.00 (1.79-2.23)
2.02 (1.82-2.24)
2.67 (2.44-2.92)
3.24 (2.92-3.59)
2.12 (1.90-2.37)
1.81 (1.62-2.02)
1.67 (1.51-1.85)
2.15 (2.10-2.21)

Abbreviations: CI, confidence interval; OR, odds ratio.

TABLE 3 Proportion of difficulty in hospital acceptance of patients in traffic accidents transported by ambulance during the study periods.

2021

% (n/N)

4.20 (100/2379)
4.08 (94/2303)
3.28 (85/2590)
3.77 (92/2442)
3.79 (84/2219)
2.82 (74/2625)
3.02 (85/2814)
4.63 (116/2505)
4.40 (107/2432)
3.73 (110/2952)

OR (95% CI)
2019 vs. 2020

0.66 (0.48-0.91)
1.09 (0.76-1.56)
0.97 (0.70-1.33)
0.63 (0.42-0.94)
1.41 (0.98-2.04)
0.80 (0.56-1.32)
0.92 (0.64-1.32)
1.55 (1.12-2.16)
1.46 (1.02-2.08)

OR (95% CI)

2019 vs. 2021

1.09 (0.82-1.47)
1.68 (1.20-2.37)
1.10 (0.80-1.50)
1.25 (0.92-1.68)
1.79 (1.27-2.53)
1.04 (0.74-1.46)
1.33 (0.96-1.86)
2.11 (1.54-2.90)
2.27 (1.63-3.17)
1.69 (1.23-2.31)

2019 2020
Month % (n/N) % (n/N)
Jan 3.85 (101/2620) 2.58 (68/2635)
Feb 2.47 (62/2510) 2.68 (69/2578)
Mar 3.00 (90/2997) 2.91 (78/2679)
Apr 3.05 (99/3248) 1.96 (37/1891)
May 2.15(65/3024) 3.01 (64/2127)
Jun 2.71 (78/2878) 2.18 (58/2658)
Jul 2.28(73/3198) 2.11 (60/2843)
Aug 2.25 (69/3068) 3.45 (93/2695)
Sep 1.99 (61/3067) 2.88(77/2678)
Oct 2.25(72/3207) 2.38 (67/2820)
Nov 2.85(92/3223) 3.69 (100/2712)
Dec 2.31 (73/3159) 4.15 (117/2818)
Total 2.58 (935/36,199) 2.85(888/31,134)

3.06 (86/2812)
3.27 (104/3177)
3.64 (1137/31,250)

1.06 (0.75-1.51)
1.30 (0.97-1.76)
1.83 (1.35-2.50)
1.11 (1.01-1.22)

1.07 (0.79-1.46)
1.43 (1.05-1.97)
1.42 (1.30-1.56)

Abbreviations: CI, confidence interval; OR, odds ratio.

result. First, in the early stages of the COVID-19 pandemic,
the best possible infection control measures were taken be-
cause the toxicity of COVID-19 and the infection route were
unknown. In addition, there was not only a shortage of per-
sonal protective equipment to protect health-care workers,
but it was also necessary to secure specialized outpatient and
clinic space at medical institutions with extensive infection
prevention measures. Many of these institutions are public
medical institutions and university hospitals and also con-
stitute the emergency medical care system. As these medical
institutions were also responsible for COVID-19 care, many
of them might not have been able to adequately accept pa-
tients transported to emergency rooms.

Second, even at medical institutions with well-developed
infection prevention measures, when an outbreak of
COVID-19 infection occurred among medical staff or hos-
pitalized patients, the public health department requested
that medical care be suspended for a certain period. This
may have reduced the number of medical institutions that
could accept patients, resulting in yet more difficulty in
hospital acceptance. Furthermore, as of 2021, the availabil-
ity and quantity of COVID-19 vaccines were insufficient
in Japan compared to European countries and the United
States. In addition, because the vaccine was approved on an
emergency basis, there was insufficient understanding of the
vaccine among the public in Japan. In 2022, the COVID-19
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vaccine was sufficiently widespread in Japan, and we will
assess in the future whether the widespread use of these
vaccines contributed to improvement of the difficulty in
hospital acceptance.

Third, the level of difficulty in hospital acceptance
for acute disease did not return to the prepandemic level

COVID-19
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consequences of external causes
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Primary diagnoses of the patients who died in the emergency department among the patients with difficulty in hospital acceptance in
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Primary diagnoses of the patients who had died at 21 days among the hospitalized patients in each year in Osaka Prefecture, Japan.

before COVID-19, whereas that for traffic accident patients
did return to the prepandemic level of COVID-19 during
the period when the number of COVID-19 patients did not
increase in 2020-2021. In our previous study of the first
wave of the COVID-19 pandemic from January to April
in 2020, the number of patients with difficulty in hospital
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acceptance among those with acute disease increased but
that among traffic accident patients did not increase.”?
Several factors might have contributed to this result.
First, COVID-19 was designated as a category 2 infection
under the Infectious Disease Control Law in Japan,*® and
COVID-19 patients are now treated at special medical in-
stitutions. However, the chief complaints and symptoms
of COVID-19, such as fever and sore throat, are signs and
symptoms common to other diseases. The number of pa-
tients with these signs and symptoms in whom COVID-19
infection could not be ruled out were concentrated in spe-
cific medical institutions, which probably resulted in an
increase in the number of cases with difficulty in hospital
acceptance. As antigen tests and polymerase chain reac-
tion tests for COVID-19 became more widely available,
some medical institutions took action to carry out these
tests on patients in the ambulance prior to treatment, de-
nying admission of patients with COVID-19 and sending
them to other hospitals. However, this did not improve the
difficulty in hospital acceptance in 2021. In Japan, EMS
personnel at the scene select appropriate medical institu-
tions for patients and transport them. To solve this prob-
lem, it will be necessary to expand the activities of EMS
personnel so that they can undertake COVID-19 antigen
testing in the ambulance. Second, patients infected with
COVID-19 are restricted from going to work based on the
Infection Disease Control Law in Japan.*® Therefore, when
medical staff were infected with COVID-19, they were re-
stricted from working based not only on the Law but also
on each hospital's guidelines regarding COVID-19, which
resulted in many medical institutions being closed because
they could not secure the necessary medical staff. This
probably led to a decrease in the number of medical insti-
tutions that could accommodate patients and an increase
in the number of cases with difficulty in hospital accep-
tance. In contrast, the level of difficulty in hospital accep-
tance due to traffic accidents was similar to that before the
COVID-19 pandemic in some periods. In the early phase
of the COVID-19 pandemic, the number of cases with dif-
ficulty in hospital acceptance due to traffic accidents did
not increase despite the limitation of medical institutions,
probably because traffic accidents decreased due to limita-
tions on social activities caused by the urban lockdown.*
In 2021, the usual socioeconomic activities were not re-
stricted, which may have limited the medical services that
could be provided to patients in traffic accidents when the
number of patients with COVID-19 increased and medi-
cal institutions were under pressure. In Japan, the national
and local governments do not have the authority to compel
medical institutions to accept or treat patients. Therefore,
it is up to medical institutions to decide whether or not to
treat patients, which could have caused the difficulty in
hospital acceptance during the COVID-19 pandemic. In
order to prepare for future pandemics, it is necessary to
discuss legal authority over the medical system.

Finally, both the number of deaths in the emergency
department and that among the hospitalized patients were

& SURGERY

increased in the cases with difficulty in hospital accep-
tance. Several studies have reported that the COVID-19
pandemic affected patient outcome.'®**" Surek et al. re-
vealed that while hospitalizations for acute cholecystitis
and uncomplicated appendicitis were markedly reduced
during the COVID-19 pandemic, hospitalizations for
complicated appendicitis and acute mechanical intestinal
obstruction were increased, and the mortality from emer-
gency surgery also increased.’® A study of out-of-hospital
cardiopulmonary arrest (OHCA) in South Korea found
that the time from arrival at the scene to the start of activ-
ities by EMS personnel and transport time were increased
by the increased requirement for personal protective
equipment in the prehospital situation and by securing
isolation wards.”" A study in Japan also found that the rate
of bystander cardiopulmonary resuscitation was decreased
for OHCA patients during the COVID-19 pandemic.'®
Thus, factors such as delay in patient access to medical
care associated with the COVID-19 pandemic, decreased
treatment performance of health-care staff due to infec-
tion protection, and lower rates of prehospital first aid im-
plementation could have affected patient outcomes. In the
subgroup analysis there was an increase in deaths from all
conditions, but especially those of respiratory diseases and
infections. The Surviving Sepsis Campaign Guidelines in
2020 state that early intervention in the treatment of sep-
sis contributes to patient prognosis.** In addition, patients
with infectious diseases and respiratory diseases cannot
be distinguished from COVID-19 patients because they
are evaluated in the prehospital situation with chief com-
plaints such as fever and dyspnea. Therefore, it is likely
that transport requests for not only COVID-19 patients
but also patients with severe infections and respiratory
diseases were concentrated at medical institutions that
could treat COVID-19 patients. As a result, many of these
patients might have experienced a delay before treatment
intervention that could have affected their prognosis. In
Japan, emergency life-saving technicians (ELSTs) are not
legally allowed to use test kits to determine COVID-19 in-
fection. To prepare for the spread of unknown infectious
diseases in the future, ELSTs could be allowed to use test
kits for patients suspected of having infectious diseases
such as influenza and COVID-19.

Limitations

There are several limitations in this study. First, this study
was designed to evaluate the acceptance of patients by medi-
cal institutions and the selection of medical institutions by
the EMS personnel at the scene, so it was not possible to
evaluate the interhospital transfer cases. Second, because
the ORION registry we used in this study registers patient
data from all fire departments and medical institutions in
Osaka Prefecture, the prognosis of patients taken to medical
institutions outside Osaka Prefecture or transported by fire
departments outside Osaka Prefecture is unknown. Finally,
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because this is an observational study, there are unknown
confounding factors.

CONCLUSION

The number of patients with difficulty in hospital accept-
ance during the COVID-19 pandemic in Osaka Prefecture
increased, and patient outcomes were worse than before the
pandemic.
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