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More than 6,000 people died in the Great Hanshin (Kobe) Earthquake in 1995, and it was later reported
that there were around 500 preventable tratima deaths. In response, the Japanese government devel-
oped the helicopter emergency medical service in 2001, known jn Japan as the “Doctor-Heli” (DH),
which had 46 DHs and 2 private medical helicopters as of April 2016. DHs transport physicians and
nurses to provide pre-hospital medical care at the sceme of medical emergencies. Following lessons
learned in the Great East Japan Barthquake in 2011, a research group in the Ministry of Health, Labour
and Welfare developed a command and control system for the DH fleet as well as the Disaster Relief
Aircraft Management System Network (D-NET), which uses a satellite communications network to
monitor the location of the fleet and weather in real-time during disasters.

During the Kumamoto Barthguake disaster in April 2016, 75 patients were tlansported by 13 DHs and
1 private medical helicopter in the first 5 days. When medical demand for the DHs exceeded supply, 5
patients, B patients, and 1 patient were transported by Self-Defenise Force, Fire Department, and Coast
Guard helicopters, respectively. Of the 89 patients who were transported, 30 (34%) had trauma, 3 (3%)
had pulmonary embolisms caused by sleeping in vehicles, and 17 (19%) were pregnant women or new-
borns. This was the first time that the command and control system for aeromedical transport and D-
NET, established after the Great East Japan Farthquake in 2011, were operated in an actual large-scale
disaster. Aeromedical transport by DHs and helicopters belonging to several other organizations was
accomplished smoothly because the commanders of the involved organizations could communicate di-
rectly with each other in person within the Aviation Coordination Section of the prefectural government
office. :

However, ongoing challenges in the detailed operating methods for aeromedical transport were high-
lighted and include improving shared knowledge and training across the organizational {ramework.
These are particularly important issues to address given the Nankai Trough and Tokyo inland earth-
quakes that are predicted for the near future in Japan. (J Nippon Med Sch 2018; 85: 124-130)
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Introduction

In Japan, following evaluation of the disaster response ef-
forts after the 1995 Great Hanshin Earthquake, in which
there were over 6,000 fatalities, including more than an
estimated 500 preventable frauma deaths’, the Japanese
Ministry of Health, Labour and Welfare (MHLW) devel-
oped a “physician on-board” helicopter system, the
“Doctor-Heli” (DH} service. A DH is dispatched within 3
minutes of receiving a deployment request from the fire
department. It transpeorts physicians and nurses to pro-
vide pre-hospital medicine at the scene and then trans-
ports the patient to hospital immediately. As of April
2016, the DH network operated a total of 46 helicopters
(Fig. 1).

In 2001, the MHLW also established a disaster medicat
assistance team (DMAT) composed of mobile and trained
medical teams that can be rapidly deployed during the
acute phase {within 72 houss) of a disaster. As of 2016,
there were approximately 1,500 DMAT members in Ja-
pan. Since 2003, the DMAT Research Group has investi-
gated the ufilization and command of the DH fleet in
disaster situations. Later, after the 2011 Great East Japan
Barthquake, in efforts to address the lessons learned dur-
ing the disaster response efforts, an MHLW research
group developed a command and control system for the
DH fleet as well as the Disaster Relief Aircraft Manage-
ment System Network (D-NET), which uses a satellite
network to monitor in real-time the location of helicop-

ters operating during a disaster.

While it is known that medical transport using heli-
copters is often extremely wseful in earthquake disaster
situations', enabling patients to be transported across a
wide area despite roads being blocked, damaged, or de-
stroyed, coordinating systematic aeromedical operations
involving helicopters from multiple disaster response or-
ganizations is not easy. Moreover, although some reports
have described helicopter emergency medical service ac-
tivittes or aeromedical transport using army helicopters
in disaster situations™, there is currently not much infor-
mation available in the literature on the command and
control systems or methods of operation of aeromedical
transport that have been used.

This report describes in detail the benefits of and is-
sues found with the command and control system for
aeromedical transport that was used to deploy and con-
frol DHs and helicopters from multiple organizations |
during disaster response activities following the 2016 Ku-

mamoto Earthquakes in Japan.

Report

Agsembling the DHs, Implementing the Command
and Control System of DHs, and Collaborating with
Helicopters from Multiple Organizations

At 01:25 on April 16, 2016, the second and main earth-
quake (magnitude 7.3) hit Kumamoto Prefecture, causing
widespread damage to the island of Kyushu, western Ja-
pan. In total, 161 people died and 2,692 were injured
(1,087 severely and 1,605 moderately) in the main earth-

O : 50 km area from the base

Fig. 1 The 50-km circles are centeved on the base hospitals for the Doctor-Heli (DH) service in Ja-
pan. Forty-six DIs are in operation as of April 2016,
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Fig. 2 The command system for the DH network after they were assembled for
deployment in the disaster area. In the prefectural government offices of
the affected area, the DH Operations Station was set up in the DMAT pre-
fectural headquarters, In the command and control system, information
was shared by the ACS of Kumamoto Prefectural Government with the
SDF, FD, CG, and P,

MEILW: Ministry of Health, Labour and Welfare; DMAT: Disaster Medical
Assistance Tearn; Pref: Prefectural

DH: Doctor-Heli; HQ: headquarters; FD: Fire Department; CG: Coast
Guard; SDF: Seif-Defense Force; PD: Tolice Departraent

quake’. principal, demands for medical transport that cannot be
Figure 2 shows the overall command and control met in the local disaster area are collected and handled
stricture for aeromedical operations that was in opera- . by headquarters in the prefectural government office.
Hon for this disaster. Just after the earthquake, the Then, DOS arranged for the helicopters to refuel at Ku-
MHLW nominated special DMAT members, who were mamoto Airport in addition to the usual DH base hospi-
supervisory DMAT certification holders recognized by tal sites and to park at Kumamoto Ajrport and an athlet-
the MHLW and had sufficient knowledge and experience ics ground.
as commanders, from across Japan to serve as cominand- The headquarters of DMAT in the prefectural govern-
ers of several DMAT activity bases in the affected area. ment office requested aeromedical transport to DOS for
Following an order to establish a DH Operations Station cases where emergency treatment was required or loca-
(DOS), comamanders of the DH fleet immediately fraveled tions where land movement was difficult due to land-
to the DMAT headquarters of Kumamoto Prefectural slides or other damage. Other patients were transported
Government. In addition, national headquarters of the by ground ambulance or other vehicles. DOS decided
DH fleet, located in the DMAT Secretariat of MHLW, re- which helicopter to use depending on a patient’s medical
quested coordinating base hospitals in neighboring area condition. The use of a DH was deemed appropriate in
biockes {Kyushu, Chushikoka, and Kansai) to send some severe, urgent, or physiologically unstable patients where
of their DHs to the disaster area. n total, 13 DHs and 1 curative treatment in_hospitais outside the affected area
private medical helicopter were dispatched to the af- was needed immediately, and the DH Fleet Command
fected avea (Fig. 3). The DOS set up by Kumamoto Pre- (DFC), a subordinate arganization, was asked to arrange
fectural Government started to gather information about the DH. However, demands for aeromedical transport ex-
the DHs and helicopters from other organizations that ceeded the carrying capacity of the DHS. The prefecture
were to participate in medical transport. Tt also gathered is mandated to set up an Aviation Coordination Section
information on fuel and parking spaces available and (ACS) within the prefectural government and to coordi-
data on medical demand, receiving hospitals within and nate cooperation to optimize the aeromedical transport
outside the prefecture, and topography and climate. In resources of multiple organizations in the event of a
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Fig. 3 The areas and prefectures from which Doctor-Helis (IDHs) were dispatched. Thirteen DIs
and 1 private medical helicopter were assembled for deployment in the affected area and
provided aeromedical transport for 5 days,

Table 1 Details of patients transported using helicopters in the 2016 Kumamoto Earthquake disaster

Patients transported Destination
Internal Total
PWNs Trauma Unknown Tngided Outsicer
Disease PEE
FDe 1 b 0 1 4 1 7 8
CGa 0 1 ) 0 0 1 0 1
SDFk 0 5 0 0 0 ] 5 B
bHp 14 25 3 29 2 18 57 7b
Total 17 37 3 0 2 20 64 89
aCpast Guard
YDoctor-Heli service
Fire Department
dIn the affected area
=Cutside the affected area
Pulmonary embolism
gP’regnant women or newborns
blapan Self-Defense Forces

large-scale disaster requiring a multi-organization re-
sponse (Fig. 2}. The ACS meets regularly and participat-
ing organizations exchange information about the num-
ber of helicopters available for medical transport and
then pricritize. DMAT can request medical transport
from other organizations if necessary. DOS also consulted
with DMAT headquarters in the neighboring non-
disaster-affected prefectures and arranged for patients to
be transported to hospitals in those prefectures. DOS re-
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quested that these prefectures accept all patients trans-
ported by an individual DH at a single hospital in oxdex
to reduce burden on DOS or DEC by having to coordi-
nate the DH’s movements to multiple hospitals.

For the deployment of DHs, DOS requested DEC to ar-
range the deployment. DFC was set up at Kumamoto
Red Cross Hospital, the base hospital for Kumamoto DH
service. In fotal, 13 of Japan's 46 operational Dis and 1
of 2 private medical helicopters located within 300 km of
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Fig. 4 The daily number of patients who received aermmedical trangport each by organi-
zafion.

DI Doctor-Heli; SDF: Self-Defense Forces; CG: Coast Guard; FI: Fire Depart-

ment

the affected area were assembled to the affected area ac-
cording to advance directives and were able to provide
aercmedical transport for 75 patients in the first 5 days
after the main earthquake {Table 1). From very early in
the disaster relief efforts, the ACS at Kumamoto Prefec-
tural Government told the DOS exactly how many heli-
copters from the other organizations were available. For
example, 80 helicopters including 3 large Boeing CH-47
Chinooks from the Self-Defense Forces (SDF), 16 from the
FD, and 4 from the CG were available at 1300 on the
second day of the disaster (April 17). The number of pa-
tients who received aeromedical transport using helicop-
ters was highest on the day of the earthquake and then
decreased daily thereafter (Fig. 4).

A total of 89 patients were successfully transported by
helicopters under the DH command system: 75 by DFs,
5 by SDF helicopters, 8 by FD helicopters, and 1 by a cG
helicopter (Table 1). Thirty of these patients (34%) had
trauma and were injured directly by thelea.rthquake, 17
(19%) were pregnant women or newborns, and 3 (3%)
were patients with pulmonary embolism due to sleeping
in their vehicles. Sixty-nine patients (78%) were trans-
ported to outside of Kumamoto Prefecture.

Communications

Usual communication methods including mobile
phone and wireless internet networks were available ex-
cept for just several hours immediately after the earth-
quake. This meant that aeromedical transport informa-
tion could be shared via the internet-baged emergency
medical information system (EMIS) that was specifically
developed to share dlisaster-related information about
damage and medical demand in hospitals in the affected

128

areas and DMAT activities.

The overall picture of damage and medical” demand
was determined from EMIS and then a request for
aeromedical transport was made by telephone or FAX to
DOS. Moreover, information about the real-time location
of DHs and FD helicopters was monitored using D-NET.
This satellite cormmunications network was developed by
Japan Aerospace Exploration Agency, Weathernews Inc.,
and DMAT after the 2011 Great Bast Japan Earthquake
(Fig. 5)°. During a disaster, geolocation data that are not
normally disclosed by the individual organizations are
shared among the relevant participating organizations by
D-NET. This enables data to be gathered using almost all
transmitters in Japan. Thas, D-NET enabled the com-
manders to know the Jocation of DHs and FD helicopters
and current weather conditions in real-timme using a lap-
top, which meant that operations could be managed effi-
ciently and safely by DOS and DFC.

Discussion
The literature contains few detailed reports on the com-
mand and control of aeromedical transport systems dur-
ing disaster response efforts. Japan has largely developed
its current system based on lessons leatned from disas-
ters it has had to face. In the aftermath of the 1995 Great
Hanshin Earthquake, it was estimated that, despite the
efforts of medical staff in the affected area, there were
500 preventable deaths. Only 1 severely injured patent
could be airlifted to hospital by FD helicopter on the first
day and only 17 in the first 72 hours™. This clearly high-
lighted the need for a DMAT and helicopter transport
system specialized for medicine that could begin opera-
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Fig. 5 Information displayed on a laptop by the Disaster Relief Aircraft Management System Network {(D-NET). The
location of Doctor-Helis and Fire Department helicopters were monitored and shared on this internet site in the
aftermath of the 2016 Kumamoto Earthquakes, D-NET helped the DH fleet commander to efficiently control the

helicopter operations.

tions in an affected area during the acute phase of a dis-
aster.

The DH system was developed in 2001 based on the
lessons learned from the 1995 disaster. DH medical teams
dispatched to the scene of emergency situations can sta-
bilize patients and send detailed medical information
ahead to the receiving hospital to allow for management
on arrival”™®, and they have been successfully deployed
in Japan in local disaster situations. The study of an effi-
cient method for controlling the DH f{leet in disaster situ-
ations was started in 2003 and training of DMAT mem-
bers started in 2005, DMAT training includes skills for
cormmand and control of medical staff activities, main-
taining safefy, establishing and maintaining communica-
tions using appropriate devices and methods, and pro-
viding appropriate transport and disaster medicine bath
in and oufside the affected areags during the acute phase
of a disaster. In the Greaf East Japan Barthquake disaster
of 2011, 383 DMATs were involved in activities for 12
days in and ouiside the affected Tohoku region. At that
time, 16 of the total 28 DHs in Japan were assembled in
the region and transported 150 patients, including some
in hospital evacuation missions, within the first 5 days.
Although it is clear that considerable knowledge and
new systems developed after the 1995 disaster were ex-
tremely useful in the disaster, other problems also be-

¥ Nippon Med Sch 2018; 85 (2}

came appatent’. These involved command and control of
the DH fleet. There was no comunander of the DH fleet
in the prefectural goverrunent building, and the fleet was
not able to share information readily with the SDE FD,
or CG or to officially request use of their helicopters for
the most efficient mobilization of aeromedical transport.
Also, because the mobile phone network was down as a
result of the tsunamd, the DH Fleet Commander was not
able to obtain enough information or grasp the precise
location of the DHs or where the DMAT activities were
required and being provided. Thus, it was difficult to ef-
ficiently deploy the DHs.

It was after 2011 that the new DH fleet command sys-
tem, which includes the setfting up of DOS in the prefec-
tural government in the affected area, and the multi-
agency D-NET system were infroduced. The research
group and DMAT then started national annual joint
training using this command and control system between
the DH network and the SDF, FD, CG, and Police De-
partment (PD). This resulted in the successful command
and confrol of aeromedical transpost using helicopters
across mulfiple organizations in the aftermath of the 2016
Kumamoto Hatthquake disaster.

D-NET was first used in an actual disaster situation
during the 2016 disaster. It was extremely useful for shar-
ing information about aeromedical transport, which
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helped to effectively control the deployment of the heli-
copters and maintain safety, by displaying real-time in-
formation on laptops about the weather and location of
helicopters.

In this siudy, details about patient outcome were not
available and it was not possible to darify the actual use-
fulness of the aeromedical transport using DH or heli-
copters belonging to other organizations. In this disaster,
DMAT, SDE FB, CG, and D could talk directly in per-
son within the ACS in the prefectural government office;
therefore, multiple organizations were able to cooperate
well. Proximity between commanders of multiple organi-
zations is extremely important for communication and
cooperation, but the comprehensive layout details of the
ACS are not stated in almost all prefectures.

Other ongoing challenges that xemain to be addressed
concern detailed operational methods to cantrol the use
of helicopters for aeromedical transpori; for example,
procedures and methods for the flow of information on
medical demand, information sharing, refueling, insur-
ance for aviation company staff who fly the DHs, and
procedures for wireless communication and air taffic
control at the air transport bases. It has also been vecog-
nized that exchanging the latest knowledge and more
training are needed among all of the parties involved in
disaster response. Also, other issues should be consid-
ered, such as handling limited resowrces. For example,
prioritizing patients for transport and matching patients
with the best mode of transport (e.g., DH or ground
transport) are difficult and important issues to address.

Such system improvements must be solved earlier
rather than later in Japan, before a Nankai Trough and
Tokyo inland earthquake occurs as expected in the near

future.

Conclusion
Aeromedical transport using helicopters in disaster situ-
ations was developed from 1995 in Japan and was util-
ized most recently in the 2016 Kumamoto Earthquake
disaster. Numerous successful deployments were made
in cooperation with helicopter resources of other orgari-
zations. DOS operating from the prefectural government
and D-NET developed after 2011 were particularly useful
for sharing information on patient transportation be-
tween DMAT members and with other organizations.
The involvement of national headquarters of the DH
fleet, located in the DMAT Secretariat, was also very im-
portant for coordination among multiple prefectures and

areas. In preparation for large-scale disasters to come, the
operations system for helicopters, which are rare and
precious resources, must be improved through cocpera-
tion between the various organizations that own helicop-
ters.

Canflict of Interest: No potential COI to disclose.
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