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Abstract
Introduction: The Nankai Trough, which marks the boundary between the Eurasian and
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Medical and Dental Sciences, Tokyo 30 years. The Japanese government believes that the number of casualties would be huge.
Medical and Dental Universi;y Tokyo However, the exact number of severely injured (SI) people who would need emergency and
Japan ’ ’ intensive care has not been identified.

Objective: This study, therefore, aimed to clarify the gap between medical supplies and
forecasted demand.

Methods: The official data estimating the number of injured people were collected, together
with the number of intensive care unit (ICU) and high care unit (HCU) beds from each
prefecture throughout Japan. The number of SI cases was recalculated based on official data.
The number of hospital beds was then compared with the number of SI people.
Results: The total number of hospitals in Japan is 8,493 with 893,970 beds, including 6,556
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ICU and HCU beds would be only 2,361. The Cabinet Office of Japan (Chiyoda City,
Tokyo, Japan) assumes that 60% of hospital beds would be unavailable in an area with
an upper six on the JSIS. The number of ICU and HCU beds that would be usable during
a disaster would thus further decrease. The beds needed for severe patients, therefore, would
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Abbreviations:

BCP: business continuity plan
DBH: disaster base hospital

HCU: high care unit Introduction
ICU: intensive care unit The Nankai Trough, marking the boundary between the Eurasian Plate and the
JSIS: Japanese Seismic Intensity Scale Philippine Sea Plate, is forecasted to create a catastrophic earthquake and tsunami with
Minl: minor injured case 70%-80% probability within 30 years. As far as can be identified, these plates have created
Modl: moderately injured case massive earthquakes and tsunami every 100-150 years since 1361. In 2012, the Cabinet
SCU: staging care unit Office of Japan (Chiyoda City, Tokyo, Japan) released a simulation report of the potential
SL: severely injured case damages of the next Nankai Trough earthquake, which included 323,000 deaths and
Received: June 26, 2019 652,630 injured people.! This number of injured people was calculated based on several
Revised: October 21, 2019 factors, such as population, type of dwelling (wooden or non-wooden house), and time
Accepted: November 02, 2019 of day.? Moreover, the number of injured people was categorized into severe and minor cases
only, and did not include moderate cases.® The Japanese government provides various mea-
doi:10.1017/S1049023X20000138 sures to reduce the death toll caused by disaster, but do not explicitly outline measures for the
© World Association for Disaster and care of injured people. This study hypothesizes that, by subdividing the severely injured (SI)
Emergency Medicine 2020. category, the number of SI people would decrease. Japan established over 700 disaster base

hospitals (DBHs) that are designed to be capable of resisting earthquakes, have power
generators, have a deployable medical team, and so on. However, Japan would face difficulty
in saving the lives of all SI people, even if the number of SI cases decreased, due to limitations
in the number of beds. This study aimed to determine the gap in available critical care beds
and facilities in Japan and potential demand in the event of a significant earthquake along the

Nankai Trough.
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Definitions
The following definitions are used within this text.

1. Severely Injured people (SI): These are people who need
emergency care and intensive care in the intensive care unit
(ICU) or high care unit (HCU).

2. Severely Injured people, the Cabinet Office definition
(SIcao): The Cabinet Office defines “severely injured people”
as people who need medical treatment for more than one
month.

3. Minor Injured people, the Cabinet Office definition
(MinIcao): The Cabinet Office defines “minor injured
people” as people who need medical treatment for less than
one month.

4. Moderately injured people (IModl): These are people who do
not need emergency care, but do require hospitalization.

5. Minor injured people (MinI): These are people who neither
need emergency care nor hospitalization.

6. Total number of injured people, the Cabinet Office defini-
tion (TIcao): This is the number of SIcao plus Minlcao.

7. Disaster Base Hospital (DBH): The Japanese Ministry
of Health, Labour, and Welfare (Chiyoda City, Tokyo,
Japan) has designated these as hospitals that have the quality
of being earthquake-resistant, store provisions, deployable
Disaster Medical Assistance Team (DMAT) and helipad,
and so on. These hospitals are expected to continue func-
tioning during a disaster situation.*

Methods
This study used an analytical observational design.

Collect Data on the Number of Injured People

The study accessed the open data source that estimates the
number of people injured due to the Nankai Trough earthquake
from the official website of the Cabinet Office and all prefectures
(47 prefectures) throughout Japan. The Cabinet Office and each
prefecture report the calculated number of injured people based
on their detailed data, such as population and residence in old
wooden houses. These simulated data have been provided since
2012 and the authors accessed them in June 2017. These official
simulation data consist of 11 cases which include a different time
of the day (e, day time, evening, or midnight); different locations
of the epicenter (ie, far and near the land); and different seasons
(ie, summer and winter). The included data were on the worst
scenario of each prefecture, and all other data were excluded as they
did not meet the criteria.

Recalculate the Number of Injured People

This study modified the category of “injured people” into three
more usable categories for planning mass treatment. Moreover,
the number of severe cases was recalculated, based on the ratio
of severe patients to the total number of patients admitted after
the Hanshin-Awaji earthquake of 1995. According to the
Cabinet Office simulation report of the Nankai Trough earth-
quake, 80% injury cases would be due to building damage and
not a tsunami. The simulation result is similar to the actual inju-
ries in the Hanshin-Awaji earthquake case. The Hanshin-Awaji
earthquake killed more than 6,400 people, having a maximum
intensity of seven on the Japanese Seismic Intensity Scale
(JSIS). This is still a key event considering the scale of earth-

quake impact in Japan. In previous research, the coefficient

of SI patients was 21% of all admitted patients, based on a ques-
tionnaire distributed by the Hyogo Prefecture.” However, Hyogo
Prefecture could not collect all the hospitals’ data, and the
response rate was 62.9%.° Osaka University (Suita, Osaka,
Japan) surveillance data are more useful because Osaka University
surveyed all patients admitted after the Hanshin-Awaji earthquake.
According to the report by Osaka University, a total of 6,107 patients
were admitted after to the earthquake, and 886 were admitted
to the ICU.”

This study adopted 15% as the coefficient to recalculate the
number of SI people in the Nankai Trough earthquake simula-
tion. The number of ModI and Minl people was recalculated
based on data from the recent experience of the Great East
Japan earthquake in 2011, because the Nankai Trough earth-
quake would create a similar tsunami disaster as the Great
East Japan earthquake.®

Number of ICU and HCU Beds

Data on the number of ICU and HCU beds in Japan were collected
from the Ministry of Health, Labour, and Welfare database. The
number of beds is the demand capacity for SI people in case of the
Nankai Trough earthquake. Moreover, multidimensional data,
such as population, prefecture, seismic intensity, and so on, were

analyzed.

Ratio of Beds to SI People
The ratio of the number of available beds to the number SI people
was calculated.

Results

Number of Injured People

The result of the total number of injured people from all prefec-
tures, as defined by the Cabinet Office (TIcao), was 661,604
people, with 179,049 being Slcao, who would need medical
treatment for more than one month, and with 482,555 being
Minlcao, who would need medical treatment for less than
one month.

Recalculate the Number of Injured People

The coefficient of SI patients was set at 15%, which was based on
the results of the Osaka University survey following the Hanshin-
Awaji earthquake of 1995. After recalculating the injured catego-
ries, the number of SI who would need intensive care was 26,857.
The calculation was as follows:

SI = Slcao x 0.15.

The number of SI was 152,192, which was less than the Slcao.
The Nankai Trough earthquake would create a massive tsunami
disaster as the Great East Japan earthquake did in 2011. The coef-
ficient of the ModI and Minl incidence in the Nankai Trough
earthquake was based on the case of the Great East Japan earth-
quake. The Ministry of Health, Labour, and Welfare reported
the number of casualties in the Great East Japan earthquake as
follows: SI =1,425; Modl = 3,947; and Minl = 10,046; with an
incident ratio of Modl:Minl being 3,947:10,046 =2:5. The
Cabinet Office assumed that the number of Minl were included
with the Modl; therefore, the number of ModI would be calculated

as follows:
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Cabinet Office Report Severe (Slcao) Minor (Minlcao) Total Number of Injured (Ticao)
Total 179,049 482,555 661,604
Recalculate the Injured Case Severe (SI) Moderate (Modl) Minor (Minl) Total Number of Injured (TI)
Total 26,857 290,065 344,682 661,604

Takada © 2020 Prehospital and Disaster Medicine

Table 1. Comparison between the Cabinet Office Report and Recalculating the Estimated Injured Cases on Nankai Trough

Earthquake

Damage Area (Number of Prefectures) (A) Total (B) Available ICU/HCH (C) Severe Injured (B)-(C)
ICU/HCU Beds Beds (B)=(A) * 0.2 People (Sl)
Non-Affected Area (17) 2,085 417 0 417
Possibly Affected Area (20) 8,203 1,641 6,805 -5,164
Affected Area (10) 1,516 303 20,052 -19,749
Total (47) 11,804 2,361 26,857 —24,496
Takada © 2020 Prehospital and Disaster Medicine
Table 2. Demand—Supply Balance
Abbreviations: HCU, high care unit; ICU, intensive care unit.
Prefecture Shizuoka Aichi Mie Wakayama Kagawa Tokushima Kochi Ehime Oita Miyazaki
Number of SCU 3 1 3 1 1 1 2 1 3 4
Total 20

Table 3. The Number of SCU in Each Affected Prefecture
Abbreviation: SCU, staging care unit.

ModI = (SIcao x 0.85) + (TIcao — Slcao) x 2/7.

The Minl would be calculated as follows:
Minl = (TIcao — Slcao) x 5/7.

After recalculating, there were 290,065 Modl cases and 344,682
Minl cases (Table 1).

The geographic distribution of injured people would be concen-
trated in Western Japan (Figure 1). Moreover, a more significant
number of SI people would be concentrated in prefectures with
high urban density, such as Shizuoka, Aichi, and Osaka. These
prefectures play a significant economic role in the export industry,
with international companies including Toyota, Yamaha, Suzuki,
and so on. Figure 2 shows the ratio of SI people to the population;
the areas with a high unavailability of beds were the local prefec-
tures of Kochi and Miyazaki.

Number of ICU and HCU Beds

As 0£2017, the total number of hospitals in Japan is 8,493 hospitals
with 893,970 beds; including 6,556 ICU beds and 5,248 HCU
beds (total =11,804 ICU/HCU beds). There are 723 DBHs
throughout Japan, which have 5,509 ICU beds. If 80% of the beds
were occupied during non-disaster times, the total number of
available ICU/HCU beds in a disaster would be 2,361 beds.
The difference between the 26,857 SI and available ICU/HCU
beds therefore becomes —24,496 (Table 2). The DBHs, however,
are concentrated in urban areas such as Ibaraki, Tokyo, Chiba,

Kanagawa, Shizuoka, Aichi, and Fukuoka (Figure 3).

Takada © 2020 Prehospital and Disaster Medicine
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Figure 1. Distribution of Injured People.

Wide-Area Medical Evacuation

The Japanese government is planning for a wide-area medical evac-
uation for SI from the affected to non-affected areas using military
aircraft transport. Each prefecture located in the affected area for
the Nankai Trough earthquake is planning to set up 20 staging care
units (SCUs) at the airport, or to provide enough space (such as a
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Military Transport Type Transport Capacity Fleet in Japan Total Transport
Aircraft for Sl (people) Capacity for Sl (people)
C-2 Fixed-Wing 16 10 160
C-1 Fixed-Wing 8 17 136
C-130H Fixed-Wing 8 17 136
CH47 Rotary Wing 4 71 284
Total 36 115 716
Takada © 2020 Prehospital and Disaster Medicine
Table 4. Medical Air Transport Capacity
Abbreviation: SI, severely injured cases.
4500 0.0050
W Severe
000 00045
Severe case to Population Ratio
0.0040
3500
00035 g
o
3000 (-4
=
=l
T
0.0030 é
L]
@ 2500 L2
o
E ‘9
7] 0.0025 u
-
@ 3
2000 v
| :
00020 L
vy
1500
. 00015
1000
00010
=0 0.0005
0 m IIHH nH - H . " [ T
O':U'E.ﬂ'lM‘Ujinﬂfﬂﬁoﬂ'lM‘UMSEOJNE!ﬂ'lONDNN':UMMEMGUENMEOMEGM
T o F o R = 2 E T E w EE X G 28 e 2 oW o g £ o = o = M 5 E E
SESEES 5855855053880 383533828¢8 853538 83A3808¢3
$3<° % EgEiSfeg "E£=2pF g2 3 T EPZZBEeVZ fE 388
= =3 2 -8 £ OE s =) ]
Takada © 2020 Prehospital and Disaster Medicine
Figure 2. Ratio of Severely Injured Cases to Population.

stadium) for landing the aircraft. The SCU is a temporary unit,
which would function to provide medical care to stabilize the con-
dition of SI people for long-distance air transportation (Table 3).

According to the Ministry of Defense (Shinjuku City, Tokyo,
Japan), Japan has 115 aircrafts, including helicopters. These
aircrafts could lift 716 SI people at once, if all aircrafts were
available”? (Table 4).

Discussion

If the Nankai Trough earthquake occurred, there would be
a shortage of 24,496 ICU/HCU beds for SI patients. The
Cabinet Office of Japan assumes that, in the event of the
Nankai Trough earthquake, 60% hospital beds would be unavail-
able in the area with the earthquake measured an upper six on the
JSIS of seven.! According to the Sadamitsu report, 187 DBHs

would be located in an area with an upper six on the JSIS;

additionally, 79 DBHs would be located in the tsunami inunda-
tion area, affecting a further 613 ICU beds.!! The number of
available beds during a disaster will thus further decrease. In this
situation, the designated DBHs located in the affected area would be
over-burdened due to the massive number of out-patients. Moreover,
all hospitals are required to continue their full in-patient care.
Hospitals located in the non-affected area would also have to con-
tinue in-patient care and prepare to receive SI people from the
affected areas. In any case, all hospitals must have a business continu-
ity plan (BCP) for correcting any medical imbalance. Even if any
backup hospitals could continue to operate in the non-affected areas,
those hospitals located in the affected area would face difficulty in
managing all severe patients in the first 72 hours from the onset of
the disaster. This is because, even if all 115 aircrafts lifted 716 SI each
and made three round trips per day, 13 days would be needed to
evacuate all SI individuals from affected areas.
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Figure 3. Distribution of Disaster Base Hospitals.

In this situation, Japan has prioritized people who are ModI
more than the most SI. Japan should also expand their intensive
care capacity by using emergency wards for all SI people and
in-patients. As the next step, Japan should consider how best to
use international medical assistance, such as after the Great East

Japan earthquake in 2011.

Limitations

This study did not calculate the possibility of the number of
affected hospitals and beds in the areas with an upper six on the
JSIS. This is because the Cabinet Office did not explain how to
calculate the 60% beds that would be unavailable when the
Nankai Trough earthquake occurs. Moreover, this study did not
examine the number of severe in-patients for the same reason.
It was also difficult to calculate how many SI in-patients should
be evacuated from the affected hospitals.

Conclusion

This study clearly shows the significant gaps between the number
of SI people and intensive care capacity in Japan in the anticipated
Nankai Trough earthquake scenario. All hospitals should have a
BCP for correcting this medical imbalance.
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