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Author Abstract

In this article, we described what was really going in the disaster medical care at the Great East Japan
Earthquake, mainly in Ishinomaki and Kesen-numa areas. As for exchange tools of the disaster information, in
contrast to the breakdown of fixed-line and mobile phone, MCA radio system, satellite mobiles and internet,
especially SNS, were greatly helpful. Learned from the disaster experiences, we are making the grand design
for “disaster-robust” regional healthcare IT systems, which are composed of (1) cloud center storing whole-
prefecture medical records, (2) SS-MIX based regional heaithcare information systems of “the second medical
care zones", (3) ASP/SaaS typed electronic medical record system for all clinics located at Pacific coastal
areas, and (4) wireless communication environment supporting comprehensive care of elderly for daily living
activities,

Key words

Great East Japan Earthquake, DMAT, Disaster.Medical Assistance Team, SS-MIX, Standardized Structured
Medical Information eXchange, cloud center, regional comprehensive care, regional healthcare information
system, Electronic Health Record, electronic record, healthcare [T, health information management
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1 earthquake of magnitude 9.0 occurred off the north-

cast coast of Japan at 2:46 p.m. (local time) on Friday, 11

March 2011, with the epicenter approximately 70 km

(43 mi) east of the Oshika Peninsula and the hypocen-

ter at a depth of approximately 32 km (20 mi) below

sea level [Figure 1{a)] [1]. The earthquake triggered

powerful tsunami waves, which reached heights of up to 40.5 m

(133 ft) in Miyako and traveled up to 10 km (6 mi) inland in the

Sendai area. As of 30 March 2012, a total of 18,897 people were
either dead or missing.

. Tohoku University Hos-
pital (TUH) is affiliated
I.ESSOHS Lea-mEd with the largest academic
i from the Incidents institute and serves as
i s the largest teaching and
i at TOhO!(U UmV?l’Slty referral hospital in the
HOSpﬂal Durlng affected area, with 1,308
H
. the F"'St 72 Hours beds and 2,500 staff mem

bers. TUH also serves as
one of three emergency
centers in Sendai (population of over 1 million), equivalent to
a level I trauma center in the United States, and it is one of 14

Digital Object Identifier 10.1109/MPUL.2013.2250851
Date of publication: XXXXXXXX

facilities designated as a disaster control hospital in Miyagi Pre-
fecture (population approximately 2.3 million). TUH is located
in central Sendai, about 10 km (6 mi) away from the seacoast
[Figure 1(b)].

‘Within 15 min, a headquarters for disaster control was estab-
lished at TUH following the end of the strong shaking caused by
the earthquake (Figure 2). Identification of damage to facilities
and casualties began, outpatient clinics were closed, and a triage
post was set up to manage the large number of expected inju-
ries. Bvent chronologies were recorded in two divisions of TUH,
and these recordings continued until 15 April. These chronolo-
gies served as important methods to share information under the
heavy restrictions of telecommunications (Figure 3) [2]-[4].

Business continuity plans are essential for being prepared to
deal with unexpected events, to mitigate and minimize dam-
age, and to maintain the functions of a disaster control hospi-
tal. Many unexpected events occurred during this disaster [5].
Meticulous analysis of the recorded chronologies using a multi-
disciplinary approach has provided many lessons to address such
problems in the future.

This study analyzes the chronologies of the first 72 h alter the
onset of the disaster, during which time mismatches occurred
between numerous needs (the rate of life saving significantly
decreases after 72 h, accelerating requests for medical attention
and the establishment of temporary organization<AU: Please
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check whether the edited sen-
tence conveys the intended mean-
ing.>); losses and damage caused total
or near-total dysfunction of various
infrastructures, including electricity,
gas, water, telecommunications, and
transportation; and difficulties occurred
in integrating and dispersing the correct
information. The issues related to events,
damage, resources, and unexpected
events have been separately analyzed
to facilitate the identification of critical
functions of a disaster control hospital.

First Day (11 March):
Up to 9 h After the Onset

Overview
The Disaster Information System (DIS),
established by the cabinet office of the
Japanese government, estimated 1,000
deaths, 2,000 critically injured, 50,000
building collapses, and 700.000 refu-
gees only 7 min after the onset of the
disaster (2:53 p.m.). After hearing this
DIS information, we expected that our
hospital would have to serve as a field
hospital with enormous numbers of
patients for at least two weeks. How-
ever, the number seemed to be an over-
estimate since we were working in a
cutting-edge, quake-proof building. But
as we saw the horrible damage caused
by the giant tsunami on television and
heard of several hundred deaths in the
Arahama district—a coastal residen-
tial and fishing port village in Waka-
bayashi, Sendai—at 10:00: pm.,: we
realized that these numbers were still
underestimates.

Because TUH does not have exclusive
space for disaster control headquarters,
we were supposed to set up this space

after the onset of any disaster. Our

FIGURE 1 (a) Location of Sendai, the Fukush|ma Datichi Nuclear Plant, and the area

disaster control headquarters was estab- by the giant

i in the Tohoku (northeast) District. The circle

lished within 15 min after the onset of lndrcates 80 km from the Fukushima Daiichi Nuclear Plant. (b) Location of the TUH.
the earthquake under the leadership of The hospital is located about 10 km away from the seacoast. The red area shows the

the chair of the hospital. The headquar-
ters had taken more than 1 h to set up
during the first drill two years ago, but the time was gradually
reduced by subsequent drills. We started recording chronologies
at two places, the disaster control headquarters and the emer-
gency center, around 3:30 p.m.

Damage
Numerous reports were sent to the disaster control headquarters
after the end of the long-lasting shaking, including evaluations

04mpul03-nakagawa-2250851.indd 3

districtinvaded by the tsunami.<AU: From where were these images obtained, and
do you have permission to use them?>

of the salety of patients and stalf and damage to the facilities.
Electricity, gas, and water supplies stopped immediately after
the onset of the earthquake. The electricity and gas companies
gave notice of an indefinite cease of supplies a few hours after
the earthquake. The hospital switched to an emergency electri-
cal source, but was limited to minimum usage until recovery
of the commercial supply on 12 March. Failure to recover the
electricity, gas, and water supplies would cause serious problems
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Unfortunately, the unexpected
limitations of our private power-gener-
ation facility prevented the use of four
computed tomography (CT) scanners,
including the one in the emergency
center, because of the potential risk for
blackout in the building complex and
emergency center. Fortunately, the CT
scanner in the positron emission tomog-
raphy (PET) center, which is approxi-
mately 100 m (109 yd)<AU: please
check that addition/conversion of/
to yards is OK as given.> away [rom
the emergency center, became available
at 10:00 p.m. (Figure 2).

Undesirable temperature rises in the
computer server room forced a manual

hutdown of the comp system,
including the image reference system,
ordering system, and part of the electri-
cal medical information system, about

FIGURE 2 Overview of the TUH. The green, yellow, red, and black circles show the triage
areas, classified according to the seriousness of the patients’ conditions. The year of con-

1'h after the onset of the disaster. The
computer server system was connected

struction of each building is shown in parentheses. The TUH had the capacity to generate 10 the emergency elcctricity supply, but
4,800 kW by private power supply in times of emergency. However, 2,000 kW supplied the associated air conditioning system
by gas was not available due to stoppage of the gas supply. In addition, private power was not, resulting in the undesirable

generation by stock diesel was limited to 50% of the maximum, so the whole facility had

to operate with 18.5% of the normal power on 11 March.

for continuing the hospital’s services, as the storage of water and
type A heavy oil (internationally categorized as diesel oil) for the
private electricity generator would only last only around 72 h.

FIGURE3 First chronology recorded in the emergency center on
11 March. We started recording within 30 min of the onset of the

increase in the temperature of the com-
puter system.

The Personal Handy-Phone System
for in-hospital communication had been restricted immediately
after the onset of the disaster, partly due to damage to the cir-
cuit board of the base station, caused by the abrupt termination
of the electricity supply and the explosive increase in the num-
ber of users. Laboratory and physiology tests were completely
unavailable, as they were located in a building with a potential
risk of collapse. Originally built in 1969 {Figure 2), the build-
ing was earthquake proof (comprising structures with seismic
force-resisting systems), but was not structurally equipped with
damping systems or seismically isolated, due to lower standards
of building codes at the time of construction.<AU: Kindly
check whether the edited sentence retains the intended
meaning.> The electricity, water, and gas supply stoppages also
contributed to the closing of the laboratory. Therefore, laboratory
tests for the entire hospital had 1o be performed using several
small instruments located in the dialysis center in the East Ward
(built in 2006) until the reestablishment of the laboratory in the
West Ward (built in 2000} on 20 March (Figure 2).

Surgeons and staff had difficulty deciding whether to con-
tinue or terminate operations. Although there are rules govern-
ing the termination of surgical operations as quickly as possible,
depending upon the severity of the disaster, it was difficult to
attain information on 11 March on the earthquake’s severity—
small-to medium-level earthquakes often occur, and a medium-
strength quake had occurred only two days earlier. <AU: Please
ensure that the edited sentence retains the intended
> Even after prompt termination of operations, none

earthquake.<AU: From where was this image obtained, and
do you have the permission to use it?>
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of the patients could return to their wards due to elevators

140313 4:28 AM

that were out of service; therefore, the 1
patients filled the intensive care unit on
the same floor. All suction systems in the
hospital, except for the independent sys-
tem in the operation room, were out of
service due to compressor failure caused
by the limited electricity supply.

Allocation of Material

and Human Resources

Numerous staff members spontaneously
reported to the hospital, abiding by the
rule that staff should come 1o the hospi-
1al if the seismic intensity level exceeds
5 in Miyagi Prefecture and nearly 5 in
Sendai. Three hundred staff members
reported for duty immediately after the
onset of the disaster, but these human
resources could not be allocated effi-
ciently due to difficulties in integrating
information for estimating the profile

of the disaster, including damage to the FIGURE4 (a) Stairs in the West Ward a few hours after the onset of the earthquake

hospital and in the local districts and Jjammed with staff, visitors, and patients. (b) Patients being carried on backboards

by four to six personnel because elevators had stopped. (c) Snow falling soon after

regions. . ) the onset of the earthquake (about 4:00 p.m. on 11 March). (d) Medical staff being

Supplies stopped coming from out- dispatched to most of the affected regions, about 50 staff per day at maximum
side the hospital, so we had to reallocate (14-17 March).<AU: From where were these images obtained, and do you have
available materials inside the hospital, ~ Permission to use them?>

Because of the occurrence of aftershocks

and potential risk for injury, all of the elevators in the hospital
complex {(more than 50 elevators), which had gone out of service
after the earthquake, could not be returned to service even by
the in-house authorized engineers on 11 March, Out-of-service
elevators in 17-story buildings caused difficulties in reallocating
materials to the required locations. The nonworking elévators
also affected transportation of patients: from both outside and
within the hospital. Since four to'six personnel had to carry a
single patient using the jammed naryow stairs [Figure 4(a) and
{b)], higher floors could not-be used to accommodate patients
from outside.

Unexpected Events
The first ambulance arrived at 4:35 p.m., nearly 2 h after the
onset of the disaster. Heavy traffic congestion due to the blackout
of traffic signals and limitation of access to fire departments due
to high demand might explain this unexpected delay. Only two
red-tagged patients and five green-tagged patients<AU: Please
clarify. What is the significance of red-tagged versus
green-tagged patients?> arrived at the hospital during the first
5 b, which completely contrasted with expectations. The same
trend was observed throughout the major secondary and tertiary
referral centers in Sendai.<AU: Kindly check whether the
edited sentence retains the intended meaning.>

Heavy snow began to fall around 4:00 p.m. [Figure 4{c)].
Stalf members manning the triage post located outside the
emergency center, and all other patients and staff, had to
remain inside the hospital building, where all the heating sys-
tems had stopped, causing considerable stress. Many chronic

04mpul03-nakagawa-2250851.indd 5

disease patients requiring home oxygen therapy and patients
with ventilators came to the hospital, not only because of the

- aggravation of their medical conditions but also because electric-

ity, oxygen, and water for their oxygen concentration devices
and ventilators were not available at their homes. We did not
expect such an inflow of chronic disease patients merely seek-
ing access to supportive medical instruments. Since it could not
be estimated when these resources would return, these extra
patients and visitors continually increased the burden on hos-
pital functions.<AU: Please check whether the edited sen-
tence conveys the intended meaning.> However, because
the electricity for the oxygen reservoir building was supplied
by solar panels, the amount left could be monitored remotely,
which helped to facilitate efficient liguid oxygen supply.<AU:
Please check whether the edited sentence conveys the
intended meaning.>

Second Day (12 March):
9~33 h After the Onset

Overview

Several large earthquakes struck the northern Nagane and Tokai
districts, in addition 1o numerous aftershocks in the Tohoku
region in the early morning of 12 March, which made us worry
about the delayed support to the Tohoku district. Fortunately,
the damage was relatively localized, and we tried to stabilize our
facility. Since medical supplies were extremely limited, seriously
injured patients were evacuated from the region for the first
time in Japan, under close cooperation between the Self Defense

MAY/JUNE 2613 % IEEEPULSE §

14/03/13 4:29 AM



Force (SDF), government, and members of the Miyagi disaster
medical care coordinator.

Damage

Water leakage was reported immediately after the onset of the
earthquake. Not only our hospital but all medical facilities con-
tinued to have problems with water leakage until the end of
March, and several hospitals had to close wards or even build-
ings. Buildings containing physician offices and laboratories
were closed because of the potential risk for collapse. Operations
were largely restricted due to prohibitions on entry to the build-
ing and restrictions for sterilization. During the most critical
period, sterilized medical items were supplied by neighboring
prefectures.

Allocation of Material and Human Resources

We requested medical and food supplies from nearby university
facilities on the morning of 12 March. Medical supplies were
expected to last for two days, so we had to limit their use and
reorganize the existing supply; this included collecting supplies
Tequiring refrigeration to prevent them from spoiling as a result
of the electricity blackout.<AU: Please check whether the
edited sentence conveys the intended meaning.> How-
ever, we were still at risk for supply shortages because suppli-
ers’ warehouses were critically damaged by the tsunami<AU:
Kindly check whether the edited sentence retains the
intended meaning.> Our hospital generally receives medical
gas supplies once a week; the last delivery had occurred two days
before the onset of the earthquake. The delivery trucks were also
destroyed by the tsunami, so the remaining amount was carefully
calculated. For inpatient emergency food, we had prepared one
meal per patient in each ward in case of elevator stoppages, and
enough for three days in the central facility. These emergency
food supplies included meals for babies with special diets and
patients with swallowing disturbances. We had just started pre-
paring 3,000 emergency meals for staff members in 2010 as part
of a program extending for a period of five years. Despite gener-

Therelfore, the administrative staff had to organize medical pre-
paredness for radiation exposure, which was also a huge burden.

Third Day {13 March):
33-59 h After the Onset

Overview

Internet connectivity was recovered at 2:45 p.m., and the hot-
line to the headquarters of Tohoku University was recovered
at 3:25 p.m., which accelerated the recovery process. The staff
members were well organized and did not have any specific
problems in dealing with the increasing transfers of in- and out-
patients and reliel materials by land and air transport.

Allocation of Material and Human Resources

Patients without medical records, especially the elderly, caused
many problems, especially with the SDF bringing them in large
numbers.<AU: Kindly check whether the edited sentence
retains the intended meaning.>

Unexpected Events

Many chronic disease patients lost their medications and medi-
cal records. The situation was even worse for elderly patients or
those with dementia. Some patients even presented difficulties

‘in determining their names.

Fourth Day (14 March):
59-72 h After the Onset

Overview

Following the recovery of Internet connectivity and telecom-
munications, as well as increased material and human support
from outside the affected area, the hospital began prepara-
tions for ing functions ly and taking care of
patients from other districts. The number of patients from the
Sendai arca decreased, and the number ol patients from the
worst-affected areas began to increase. The dispatch of medical

ous food contributions made by in-hospital shops, staff bers
staying in the hospital faced immediate food shortages.

Unexpected Events

The SDF requested that we accommodate seven patients with
accidental hypothermia at 6:35 p.m. We accepted the request
and immediately made room in the emergency center with the
help of extra staff members. However, the patients had already
been sent o Ishi ki Red Cross Hospital, Ishinomaki, Japan,
which cared for 1,200 new patients that day. This episode reaf-
firmed the importance of handling information correctly, widely,
and promptly, even in situations where most of the infrastruc-
ture is not working. Administrative staff also had to deal with
numerous other issues, such as requests for battery recharging in
the outpatient clinic and strangers cooking in a medical facility
where admittance is usually prohibited.

Our hospital is located over 80 km (49 mi) away from the
Fukushima Daiichi Nuclear Plant, Okuma, Japan [Figure
1{a)], but the accident grew more threatening day by day as
reports were made by the Japanese government and the media.
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stall and acc dation of all referred patients were two pri-
mary hospital policies announced by the chairman. More than
50 stall per day were dispatched [Figure 4(d)]. and more than
300 referral patients were accommodated during March. The
effort also began to reopen the outpatient clinic. The exchange of
information began to increase with Ishinomaki Red Cross Hos-
pital, which was almost completely isolated in the most severely
damaged region, and immediate support for psychological disor-
ders was requested.

Damage

Water leakages were reported occasionally, although the number
and severity of incidences had decreased. Numerous reports con-
cerned resuming the computer-based medical systems.

Allocation of Material and Human Resources

Following the recovery of telecommunications, transfer of stabi-
lized patients between neighboring hospitals was resumed, thus
allowing for the accommodation of new patients from the most
severely damaged areas.

140313 4:29 AM

Unexpected Events

The problems at the Fukushima Daiichi Nuclear Plant began to
be widely publicized. The lack of access to information caused
intense psychological stress for the staff members.<AU: Kindly
check whether the edited sentence retains the intended

the lack of heating systems [12], [13]. We have recognized this
influence of the environment, including temperature, but the
situation could have been even worse in the hot and humid sum-
mer with the occurrence of heat stroke and infectious disease.
The admission of patients due to loss of infrastructure,

meaning.>

Discussion

An analysis of the chronologies during the first 72 h after the
onset of the earthquake clearly demonstrated mismatches
between the problems caused by various medical requirements,
the loss of infrastructure, and dysfunction in resource supplies
and flow. Even in such a situation, decision making and action
clearly had to be far-reaching, prompt, and decisive. Various
issues related to the cause of mismatches during this disaster
may serve as lessons for alleviating such problems during future
disasters.

Profiles of the Casualties

Depend on the Specific Disaster

Government and administrative organizations did expect the
earthquake to generate a tsunami off the coast of Miyagi. The
prefectural government estimated 96-164 deaths, and 4,014-
6,170 injured, including 468-658 critically injured, mostly as a
direct result of the earthquake |6]. However, the actual casual-
ties were 9,512 dead, 1,688 missing (as of 11 March 2012), and

3,792 injured in the Miyagi Prefecture, with over 90% of the. .

deaths caused by the tsunami. Our preparations and drills were

based on the expectation of mainly trauma and crush syndrome -
injuries, as in the great Hanshin-Awaji earthquake [7]. However,

the number of patients was far lower than expected, especially
those with trauma or injuries caused extrinsically. Strict build-
ing regulations had been enforced based on'the prediction of a
large earthquake in Miyagi (over 99% probability over the next
30 years) [8], and these precautions resulted in fewer building
collapses, preventing further casualties.<AU: Please check
whether the edited sentence .conveys the intended
meaning.> In this disaster, the tsunami caused an overwhelm-
ing number of casualties, and most affected people either died
or were rescued with minimal injuries. This casualty prolile is
in contrast with that of the great Hanshin-Awaji earthquake,
a direct-hit earthquake characterized [9] by numerous acute
trauma injuries caused by building collapse, crush syndrome
[10], and burns due to fires [11]. The present disaster indicates
that the profiles of patients totally differ according to the type
of disaster. Therefore, it is important that all aspects of a disaster
are determined promptly and accurately, especially in the earli-
est period of the disaster.

The disaster occurred in early March, and the average tem-
perature often remained below 0 °C (32 °F) in the affected region.
Moreover, snowfall occurred, including a heavy fall immedi-
ately after the earthquake on 11 March. People affected by the
tsunami as well as refugees in evacuation shelters, and even
healthy staff members working in the hospital, greatly suffered
due to the Jow temperatures. It is not hard to imagine that many
patients and refugees suffered accidental hypothermia, resulting
in endogenous diseases such as pneumonia and infection due to
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including chronic renal failure patients who needed dialysis and
chronic respiratory disease patients who needed home oxygen
therapy or a ventilator, was also typical of the present disaster.
Since the entire Tohoku district lost its electricity supply (8 mil-
lion consumers) immediately after the earthquake, many chronic
respiratory disease patients with home oxygen therapy also vis-
ited the hospital due to the unavailability of oxygen concentra-
tors and interrupted oxygen delivery by the supplier. Chronic
tenal failure patients receiving dialysis in secondary referral
hospitals and clinics also visited tertiary referral hospitals due
to the unavailability of dialysis equipment. We did not expect
to have to deal with additional patients due to the unavailability
of resources.<AU: Kindly. check whether the edited sen-
tence retains the intended meaning.> Hospitals, especially
in the region directly affected by the tsunami, were also crowded
with chronic disease patients seeking medication, since supplies
of prescribed: drugs and local pharmacies were lost in the tsu-
nami. Networks (especially dialysis networks) efficiently worked
in this disaster to deal with such high numbers of new patients
Dy transferring them elsewhere, thereby creating space for new
patients and reducing the consumption of available resources.

“Business Continuity Plan

of the Disaster Control Hospital

As one of 14 designated hospitals for disaster control in the
Miyagi Prefecture, our hospital has an obligation to accom-
modate a sufficient number of patients. Hospital functions,
including accepting emergency patients, triage, and transferring
critically ill patients outside the affected region, are expected
to be maintained even during the shutdown of essential ser-
vices and interruption of material supplies. However, many
unexpected events occurred, such as the unavailability of CT
in the emergency center until the afternoon of 12 March, the
broken elevators, and the shutdown of the image reference
and ordering system, all of which impeded hospital Junctions
at TUH.<AU: Please check whether the edited sentence
conveys the intended meaning.> While the causes of some
problems were partially unavoidable, most issues were avoid-
able and could have been predicted. Hospitals no longer oper-
ate on simple systems, but rather function interactively with
numerous instruments and high-technology systems. Clearly,
emergency preparedness or the business continuity plan of a
disaster control hospital is beyond the capacity of any individual
department, as it requires a multidisciplinary-oriented organi-
zation that oversees all instruments, resources, and the entire
system.

The CT is now an essential tool for diagnosis, including for
trauma, even in times of disaster [14]. The loss of CT availability
was one of the issues that could have become critical if there had
been many trauma patjents in the hospital.<AU: Please check
whether the edited sentence conveys the intended
meaning,.> The university hospital complex normally consumes
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7,500-9,340 k_W

kW ¢ Private

Fortunately, the commercial electric-
ity supply resumed on 12 March. Although

10,000

limited access to CT did not become a critical

failure in this disaster, it could have been one
in the areas directly hit by an earthquake,

7,500 -

4,800 kW (65%)
Private (Diesel + Gas)
5,000 . T 8

- Commercial

erese,

... 1400 kW (18.5%)
Supply. .., Private (Diesel)

causing a large number of trauma injuries,
preventing prompt diagnosis, and requiring
the transfer of patients outside the affected
region<AU: Kindly check whether the
edited sentence retains the intended
meaning.> Meticulous planning to allow
for the use of the CT under limited availabil-
ity of electricity, as well as developing diag-
© nostic instruments that consume lower peak
voltage, will become important for solving

FIGURES The graph shows the source of electricity during (a) normal operation this problem.

and (b) immediately after the onset of the earthquake as planned before the
disaster. The electricity supply decreased below 20% of normal consumption Conclusion

after (c) stoppage of the gas supply. *Private power by stock diesel for ward use.

**Private power by stock diesel for central facility use.

around 7,500 kW (9,340 kW in peak time in summer), of which
9,250 kW is supplicd by Tohoku-Electric Power Co., Inc., Sendai,
Japan, and 1,000 kW by private power generation companies at
maximum. In case of an emergency, the power center can gener-
ate a maximum of 2,800 kW using heavy oil (1600 kW exclu-
sively for wards and the central common facility for surgery), in
addition to 2,000 kW generated by gas exclusively for wards, or
4,800 kW, amounting to a total coverage rate of 65% of normal
usage.

On 11 March, the electricity supply was transferred to the
emergency power source 3—4 min after the onset of the earth-
quake, but the supply of gas was terminated at 4:37 p.m.—
despite the fact that the gas line was seismic proof and there was
a contract specifying that every effort should be made before cut-
ting the gas supply—because of an explosion in the purification
facilities in Sendai Port caused by the tsunami. The electric-
ity coverage rate decreased to 37% after the stoppage of the
2,000-kW private power generation supplied by gas. The cov-
erage rate further decreased to-18.5% (1,400 kW) because we
had to run the power center at 50% of the maximum capacity,
as we did not know when the commercial energy supply would
resume (Figure 5).

The CT in the emergency center was not available because
it was connected to the emergency electrical source from the
private gas-powered generation system. The electrical source
could not be switched to the emergency electrical supply from
the power center due to the risk of causing a blackout of the
whole facility by the additional use of CTs under conditions of
Testricted electricity generation. The CT in the PET center could
be used because it was connected to the emergency outlet from
the power center and carried minimum risk of causing a black-
out since the total consumption of clectricity, including that in
the PET center, was low. Magnetic resonance imaging (MRI)
was also available since the unit was supplied electricity from the
power center, and the electricity unit, including the MR1 facility,
had low risk of blackout.
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An analysis of the event chronologies at TUH

during the first 72 h after the onset of the

Great Bast Japan Earthquake focused on dam-
age, human and material resources allocation, and unexpected
events, and discussed the business continuity plan of the disas-
ter control hospital. A disaster exceeding our expectations may
oceur in the future, so establishing a business continuity plan for
disaster control hospitals is critical. Analysis of the chronologies
providés important lessons in preparation for such disasters.
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Fig. 2 A: Postoperative patient transferred using a stretcher through the emergency stairway after stoppage of
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patient carried using a backboard after stoppage of the elevators. (All photographs were taken on March

11th)

I # %
1. FEARRERICHEIT T LA—2—ORR
Hih gm0 L N—5 -2 RET
Do 19954 (FHTE) O - REAEKES
V¥, 19984F X b FEAT S i [ - REMEREREL - M
TH#eet ] (1998 £ KT D BATHRS (HIFW B
&) SRS LAt 3248, 197848 (FEADS34E)
OEREFHEEZ, 198148 X VTSR
T RIREHC S LAt e tk, ThIRiob 0
AR L o )
LR ¥ - ORI LT LR — 5 — AR
BENrBEYOBELHBERICI-oTREZS
5, UBETH, BRFRELCLSEIFEEELL
Jro BUADBEMIT s ol. FERARIMITSEILS
B SHEBOESE Y ST, XHIKROTER
HERd oo, HEEE  THEOBMLH Y, H
EOFESBRALT 5 2 LT EF, BIHCEY

BAMICEREIT R E S 2o . HIEEH

VEZEESY, HARCE12BEE 68) X
Y PERIC R B Z LATRE L. MWFT BIEF
LLTH, ARTEY, ~AUHE—F QTHEL)
~ADEFR, BT, BERRBBOIETT

BAMARERFREE 2013 18:009-017

bh, FHIEGHITAYK— FERIBE, Fo
BEAS ) R — PR E Y, UR16SERE
LI BIE L. KB ZPTYI RS E
SHLCTOERE B olze ¥4 FL—VoO#ES, A
4 ro—7FsmBEEFNICERZ L EED
ELFRLED LN, HE ETH, HHED
EREED S holz. BHBOLLR—%—
OEEFSEHECHRLAORBEIS 1IHZEDS
B2HTHho7
TLR—F—OEBRELRICLY, BERE, ~
yoR— MER, BRI, AKBERRE~OP
I ERTH o7 (Fig. 2)o

1) BEfeX

ZEYCAH A b o L & — D B AER D SEF A%
HELA3H 2B LRSS ECICARLERSE
Bix40%, O b1EOHMHLY F—~DAREET
2C, EHENLDIEDD LEBHOBEIIX42
£THot GHI5E (D HICUIER), 4M1%,
spE1048 (NBH), eREsE (BER), TRE24A,
gME 14, OME3E, 1IRF14, 12M14%, 1302
&, 15148). Yo AIRmIRIE (L,
3L ICU20 R, CCUIOK, TOMMBRAEEM2
BRI T RRELRLE B oA BT R EE RRIRIC

11

B OB -

A TEBRO—HRBMEAR) 2S5 17THLE-T
BY, ZREARBEEZTANORISEE
TTChHb. Bk, BEFICEENICAREES
BT AND FECTho7-hs, EEEE, EERICRE
53, FELIZIZASOARGRHIE bRz, 3
BEIC D D EMEIILE MEOFEHEEEFED
L3, REMEBISKTEY, BEBRLGFD
FHEITo TVice FRICIZSHRBPRE TR
HOBCHREE L, FARCHZEPERECA
BT Z0NERNTH oz W, IBWLIMIRE
LABERIZ74T BAH TR, #5 (7)),
HHE (108) 37X Ly Fv—ToHE
& BREAICRE L A, IBEE (120 34
D3 B 1BITIBHRBEICTIRAOBE L o Tze
AZIXICUND AR E 72 o 729, ICUREIE
RAHRERoTce FMEDD D PREBFME
ICUDH 33 ERT HEVETORESEIN K
HERid, ALy Fr— 2 EBETER
L, BBRZERLCOMBBE L 2ok (Fig
24), BWEMOBE, ELBEREEEIBE
HERE D 7= DI ABE LRI CIi— 8 CE L TBE
L72=25, FRBATTC, BHENCRM T 5HF
BENyIFR—F, AbbyFr—, EFTFEH
HTERT S, LR BEoTOBELMNEE
&< gih—flo

2) ~NYHK— hMER

B S HIR T IR T iR BRI AYE D TIRE
WE b, ERERYAEHRTIEERS
R S HIRS I W T B T & o e BAREGIC
R PRARE D & B IRIR SO R I iR B R 4K
DY, EREREERI—FT 4 F—F
BRI —F 47— —, BBETRERKERE
F2r & —~ fEIARR, B EREE
AR Tole ¥ELLEFZ Y-V EHWT
AU H— F > S EANANDOBRIAEEFITo /2o
LE=eiX, 38 11 BRECIKBBSRREE R, &
BORBLMYIEWEIP TR, =V
R— 5 —OEEEIRI12H 6L LED, IR
BN E—FPHZLR—F—DFH, 138
1B E GEISME) ofBiicz €2 k. 38
HE»SABD4BETUROMMYTDY, #
AKRBLTIR3IAFHI0LOFITAREANY O
Ty —TCiTo 70

3) IR

Wh T 31T B A OFHER A, BEOS
Bt GHIBIRIC X BBEEOY A 2B, EEA
R ADPIR) 1T X BEEOHIR, W AT L
ORFIIC X D EEREE,LBALTET L2HHAO
B, 1~15BH TR TE 2R & o T

12

fotd, BEBICII38HE Ro T, ¥/, 8
KAIBTHY, FERIHICEERHOEER
FHEEL, 010EEDIRPO1RATTORE
BEESE,SIFU LR LA A THo
M, SMHCLEE S ABE I COIHSOE
HHEFEALY PELTHEBICHEVHTZ &I
HoTHBY, BWHLEBEOEMNAOEE T 1IES
LTFEhoTwWim, #HREZFIHLTIT) 1S
HOEREBRECEN THoARNELRY, &
REZROEEROWERIIMIBHBETH o2,
&5, U7 DEBORELICH D EMOB
By, BWHEAORMERICMLZT, BAOKFORE
SEELLNR—F—EILTT, §XTAHILD
ITh&5% 2T, BkL, 4KETiE, EREM
HE ETHHRPFu2BELTCHREREL
RERMEERS GESEMEGE LTHR LS
695 H) ¥—BRMBLTV KB M) T—
VLTI, BRYBLLRIZAOEHE CIZ,
5004 % BA B REBEORKESFHEN, EES
ARSI, BRI, BEOHEENH
LThY, REBIIRSOEREET ZIMEEE
Do, COBBOMNGEES4E (B
184, #1384, Fi6%k, B24) THyH, TR
DIOFDIREICL EF o2 mh b, BEERTE
CREL DT

FEETIE, HREEFORMOEALEEEE
F22Ag TR, THELEE, TV YORBRPR
KLUHORFBE LRI L ) RBUSE B EHOZER
BRI ARICBIb Lz SHICH LT, EA
Yy FOYUYVHRL, BAETIIETCHEBLA
2%, BRI TR CER TSI LITRER
HBEERo/l, T, BHOKEMBIZHEST,
ERHBAOEFARBFCER SN TV RVIED
WL, SERALESE PR, B, By
b —B LU ERRICRE ST ARG
#i, G-CSF#H), 4 ¥ —Txu y8H, YA
uRAf F B ETRTORFREERER T
FEEHBRICEHKLAI5AOBEICHG LA
A5, BE, »5VEEREETLIHMERL, K
X 2RI S hot. FO—HT, B
Y, BER, HEVIEREETLMROBRIC
BE L TikEsz Lize

4) ARBERRS

WEECHEEAS T A ARBERILIRD /) F
3419 kg (348.1~461.9kg) (FH8B0R) TH 5B,
BREUH L~y —2EIEET, ARBRER

AR OB ISR LTI RS &

L. BB 53 HHIXHRICH D RETEEITH
FLTWHRRERH L. SROFRE, &

1.3, Disast. Med. 2013 ; 18 : 000-017



AR RFBEOFRRBEO R4 5 57 1 L~ — & — OFUR & B~ HA AR AR R i~

BATOEBCTHIETE AT E0b, KERRBE
BEATERREREEACE D, BA
PHOMNBCEETHI ENTE A, ZBEORM
EEEEAITERISECEFRCEBLTNS
A, BT LOEBLERL, LB¥oOBRMINEL
D LR B BRI TELIREFT TH S,
—%, HRECHDREETREMEOIRTOHE
i, BETORREIRC, WEREREME
HAEShETAEN TR CHRER 65T
DYHTHE Y, APRUERICOHERBERHEEOE
f, 74 ARAEER HYYH, FrY, TILLRE
L HbETHEML TV, S OMEED KES
ERAIC & o TEDBOSFEE IR T HE
2 E3 v a T ASEEShTEY, TLN—
& —2EIE LTV o 2 BERHO AT, B
B b N T, SHICERS hicb 00,
L R—F —ORFIRICE, FRUEE, KE%
BELR CHRHEL XA

2. ERESERAFRRICBUZIILN—4—0

wiR

[ 43 R S DIREL TRGFATE o T Ve v LR
DAL 13RS 618 6N, BEEEOLER
ETFONERSBETRAET ST LR—F —id&
12688 Tdp o 7oo UBEMAHE3~10RERRR TH -
Fro BIRETF OEERRIC BV TEROANY R
bR TSR3 MR, BUbNORRESEE
HET 5L ONRERT, TOMITNESEDT
BL2ERET2b 0 CTHol, HIHWELNE,
EEE A UHORBEETBOb DRER
Zh, 748 4248, 108 THY, BREGER
P Lo B URADERGED SRR Ao,
MRABIE LR 2 R, 128 GRmrRZkdk 10
8, FnBEoOnREEM), 2B ICHIEBLE
MR 7H6ER, 3HHORBATHEIEL 2o/
ik A MRy, BRI O D& LA 2/
B & A, TR X AHIESRICBIL TH,
B o RERBY bR (Fig.3). TV
~—y — BT TOARERIL0~300ET, A
BN TRESISHICRE SR, £
DI TIXCHEHREEH TH o o

V. % B

BCP i 440 13 B 38 2> SRR 72 L DAFE OB
RTOIY AT LTV, RETRES
A AREGLED, STEFILRRCEN
CTHATHEY, HEAKRIEEITIZE ST
FRTWVD, 8, H5W5HIERICH LR

HAMENEEESE 2013 ;18:009-017

o+ < - . N
"38118 38128 38138 3A14H 3HAt% 4ALE

Fig. 3 Chronology of elevator restoration in Disas-

ter Base Hospitals in Miyagi Prefecture
Diamond: elevators meeting old quake-resistance standards,
R le: el ing new quak: i dards (re-
vised in 1981), Triangle: el ing current quak
tance standards (revised in 1998).

FE BT LR AN D FKERSHREICT L
Tid, BCPREDHEAMERIEI-oTLHbD
LEbhD, KEWAREOEMGEER S UNCH
MEEE LT, TRR0%CEBRRERZIC
BRENTV S, FEBRITER LT3 ki
FLIKSBLEABTORVOIERTHS, T
7z, BIE, BCP##EE L TV 5 K FHIFBES
BT, EREEEICBVTHBCPOMESIRE
LTwa EixBwikd, 4%, BCPIZHT HER
PEDLEL DI, LU, BEMLEHEE
gL B ROONB bDLBDNE,
BCPOBANGILN—F —%ERDE, DYF
Bz B 5 BRIER T, BRILShIERNIS
d, TVLR—F—EFATITAVENBTTOLN
BH0THY, SEOTPE,LSDS, HFICBTS
HEE L FHE O BREE, WEOHFEMIIAS Y
WMERITTZEHPUDTERERY Lhole TV
Ny — B LB A OB BN R THR
LA TH L LDD, FELAEHEOEE
£F - Ao, ERORROFERS %
CELoTLTHIMBTHI L BB TR,
LR R LASEONRIGCEETHS &
Eibhb,

1. TLAN—4—ORBEHEORR
R RS B ¥ B R AR I,
BAOILEEICE CTRE) O THEEELL,
BB FEE BB £y FERITISETE
HEECERTIRRGE L, FRMERO LB,
&I L=y — R EBURET, SBEAL R R

13

F BE -

THHSIFTTOND, MOBR (BEIHLAR
BESERLLE) ZBAM L TR LI LAR—F —iX
I AT —WBH A FL— N b@&BE LT WA
B b BBz, EEBARILESEKET oL L
5, —~EHUEORBAERA LABEICRTFEOR
CRERICIY) T LR~ ¥ 7 P ROREHTE
BaEnd T GREKRIET S L) [HhERREHE
BB o uss a0 L, Fof gk
E2b, o, BEKRIESSDEIBIZDOWT
13, v —EoBREREODLR—F —
a7 PAKMABAY, I LICKRo CTHE¥ET S
WEHFHBZ LG, EOBRELES, BYE
M L 3 HIERITb RV, T, BFSHT
LICHEMIC SR T L_—F —HERBENT
By, REEESOREMAIITbO TRV
®, Bk crittor L N— 5 —-0F LIRS
DM EFHHEI L 26, HIEERICS
Wik, ¥E, SFHBEEFROBERCERBET
B OB LIC X s 0E - R 2 EIEERNO
BEHMEMONBIC L RPHAERIL L Lo
Tn5D, Y%7 PRZHFICERLRVEIZR
KErRo TR D Y, BERMICHRBR
BRI TORNBITREYTCE2L, L
R—y —FHSHOBEFMBONE LR E5 %
AV EEZ LIRS,

2. TLAX—#—ROBENBL I N—2a
(innovation) '

Tl R—F -5, EETILEIRDSLA
IR~ a YOEFL LT, @REOR L E
—kdTbhd, RENICE, A FL—-OH
1k, FEERARICT 2 BEOMILTH S, #HT
OHEEANREVFETITERT DT, TLR—
ik, BEOBRE LTOEEESEE ) FATR
BRMEROTEAT DL, HRIEICLSE
iRk S DB ORELSE LB ITOoN S,
BBz o T, BEWBEENEETHLT L
R ICEEY L ICRER OB 2R T 5
FHgER, BRTFROBRARC X ST EBNICRE
HY 2 AT L0RBELEHATHLLEDN
57,

3. WRICKROShZR/NMBOFE (minimum

‘investment)

BT BT, T L & — ESSENEAL A
wh o FGEEHE, ~UR— MR, RkBEAR
B, WOTHRMA) »oEIETIMIRDIC
B0 T, RBIHL P TORECLILILD
Thold, TO—HFT, BEIrL1EEOEHR

4

EFTIIBHMULEAEL TS, L X—%F—
DWBEERLL A7 —BHMTRELIDBOTR
B, BEMOMEEL LY FE25LDTH
Bo LIcHtoT, AVYKE— bANERT BT LR~
7 —% ERERBO LA SBEEIED TR
bR—-5 - LT, BEWBEAORREOR
LELEBLEEDD. EAOERMRICSHEOT
LR—F — 2 LTIk, BCPORALS, Wiy
DOWBHLEY Mo LD bR— 7 — DO B
BOBRO/-DOBANROLNDLIDOLEZS
A A

4. BRICKROS NI EEEMBLRIEOILE
(meticulous planning) .

WERAREICBV TR, T1L— & —dRak
ICERET LR E LWL OD, BRTK,
L= 7 —OFBICR—EORMEZETI b0 L
Bbhb, BEAWXRICELTOYRTOND
AdE, TLR—F— DR L LCRTEOSE
BL—FITHB LBDbI, 2RO L R—F—
oEEICEh e e OFNSELRETSEILE
BRI Lo k2 IRLTHB L T LARD
biLs EHEZ b,

BEBZCHLTE, BMLKBRTOX
Ly r—, HECEIHET~8LZDOARE
L, BEEfloRtidEOTERTHLI LS
FRDNEND D, WEROEE (—HET% L8
OB, BEBORKERLEBROT RN
BRPRERCOWTREZIEEEEL, B
BRI 4 LERARICED A EHETIY
ENDLbDLEILNRI, TRy
Fr—DXHiT, HECHERLELETHET S
ZUBREATOUBRLERT X THDLEL
rQﬂfCo'

WERIL, RIFEANBT 5 BILRACOEE
FEOWRBTEBRAI DD, TR
HADIBAIERAE T LV 010, SRS IR
LTk, ") a7y —QEBRSLETY, TOK
RS HEORRKETHIEH S A9, KE
WARBEOEREEO 2 S~ H— b OMEER
AIRRE, L IRARBROREIZEE LY, &
ENTV 3, BREROBEIGIE, ~NYHR—b
PELECHRBENTVAMRTE, T1LR—%—
HHEEORL T CNADDOIRTETHE EE
ZHNBH, LL_—F—PMERETERZVEROE
BleownTb#HPILETHLLDEELLR
72o FANBHIIBBE T, HOMBERLOBEIE
BE LSBT EHFERE K> & — %~ )R- &
L CBIE LCVva7zat, #ic X 58K LS80

J.J. Disast. Med. 2013 ; 18 : 009-017



REPBE OB D Rt 5 Al T L~ — 2 — DB & B ORAR KRR KB ARRRE—

Fod, BHEHAMERTE R Rolk/zd, HREY
WIIRBED & Sk BE N7 AR A RSN Y K~
b e Zolz. S0BL EDBEDOWB AT > 7298
ZLOFHEBELTE YD, T REICEBAIC
AYR— FPFERCEXLEELT A LR L
we Bbhlz,
FHIWRICH LT, BEBOLL -5 —&
IEEET Y, EEPYHEILEHET - T, RROE
ROBAEEY ERICIT) LEIE LD LS
T e o oo BRSBTS L T
0%, BAS S OWMALSOTEREETOREIK
X<, RNEEICHLTH»EEZETIALRD
nizs

V. bW

HHAKBRICHBITD 4k, ZOUCERERET
PEW SR 4R, ERBEFREMRICBT
rruyud—gHcmi, SRERSHEICH
T58E TV TELER, TLNR—F—K
BRd AT OWT, RFEICHFET 2EMNER
L7 R—ay, REWT) NERNROEE
HIRD V—AE TERLILLR—y—D2H
IR R AT & LA R BHE LRI, KER
ERBREOEBEREOBR L SERET o7

&%, RAFEHBMORLEEIRISZ LIRS,
WEBIC Lo TEFEE 2 [BEN] o4 x>}
MR DI EDFREND, e LT3R
29 F ] AELBEPICBNT S KERSRRED
¥BETRT AL REET, BRCEVALVT
SEH ARSI T 2 BRI R B R T T kA
BELEZOLND.

B OB
B CITo /o2 1) O — BT IC BV THIE
HEVEEBAERBESENER TRRNER
B 1AMER (MR TEE AR FEREBHENS
Bt > 7 —, AVMERSHE, 0 LEEH
ivEks, ATHILRE, BLAERE, BERE
MR, MOTTBUE A S EE B
WAL, EEEESHRE, MEERAR
RIEABSTRARE, NETERRE, REHL
mErhsEk BXRTILEKHRAE, A%t
Tk, SAUBTHILRES), Anna Caballero B E,
Richard McCarthy RBLF, # VU 7+ L= 7 MR
REBESHREBR, BY V75 YV ATEEE
REMEAE OMABRICE (B L ETE Y. X
Fo, BEZIRAY P EWAEWASEEREE
(BEBISF b)), B /MESE4 (Imperial College

AR EEFEE 2013;18:009-017

London), #¥ER‘E4 (MEEMM), Hikkz
FEAREEE MMEZHRLERE, B8
B-RH-RE ETHBE - FEER
Richard Aghababian 55 £ (President, New England
Medical Society), Mike VanRooyen%G4E, Stephanie
Kayden 55 £, Barry Wante I (Harvard University,
Brigham and Womans' Hospital), Eric Weiss 45 42
(Stanford University), Geoffrey Manley 5645, Alisa
Gean % &, Mary Vassar £ (University of Califor-
nia, San Francisco) % & US\CRAEEARL Y 9 —F
TFIZA ML — - REWHER, FRIAAHER
BB Y ¥ BRI T VX ¥~ ME
R - RKIFHERTZ I LOSEL OF 4 ICBEsE L
FiFET,

TS0 VE T RR 23 47 BE Sh IR B R e SR AN HY R 2
HE (GEERRBNBSFEEER IOV b
HE) BB [HRS] B, FILkEKER
ZERIEFEE O b A, SHEMELE
BER, ANFTHRANVAS THE, BREREE
B, SGERPRE R SR SIRET R
&, SE}RERENFAMGESS, XHHNEEAR
S FF 0B Bk ¥R B0 U5 3F 24659794 DI & FV oo
BUICHT AHIE - EEBRENOXRE WAL
72 Manoa DNA ({3 Lloyd Kawakami K<), #)I1F&
# IS, Japanese Cultural and Community Center of
Northern California (JCCCNO) W R # B L L7 ¥
T

X
1) BR# : MBEARKBEN—HACKERBEOR Y 4 &
BLRHIN. BERARESMIE 2011 12K
) WIS < 1-8. .
2) B K SBHRGRSEIIRS  EREAMRE
HAEEWIIC I 2IELE. 2004,
bttp://www.pref.miyagi.jp/kikitaisaku/jishin_

PP TIPSTI hioaitop. htm

3) BE, BB REFARKBKEROME
HE ThASERRI O/ OV RL0ER 5F
BEMEFR 20125 11 ¢ 108-14.

D ORIBE, HNE, TRAS, b B AKENEE
R BMORILKRERE : 70/ aV-RiFP o
560, HRBERSESME 201224 24
31

5) T AHEE, (EWOTHSE M MHAKR
KRBV BEFMOMR. FibAEMREBRRER
ZH&W WMHAKRBERILASLMBEGR
2012, ppl42-54.

6) MAMEF. HPTEE MILRFERRLGRIBRE
A&E. REAANRKHICRFER RS 2012,

15

BN BGE -

16

ppl71-4.

7) HESRARFERZBESHNXBEDSHE - Ny
MRS T L R—F - ORI R ORI
W, ERR1844H 188,
http//www.mlit.go.jp/singikai/infra/arch Jaccid
images/060418.pdf

8) Kuwagata Y, Oda J, Tanaka H, et al: Analysis of 2,702
traumatized patients in the 1995 Hanshin-Awaji earth-
quake. J Trauma 1997;43:427-32. .

9) Tanaka H, Iwai A, Oda J, et al: Overview of evacuation

and transport of patients following the 1995 Hanshin-
Awaji earthquake. J Emerg Med'1998;16:439-44.

10) Tanaka H, Oda J, Iwai A, et al: Morbidity and mortality
of hospitalized patients after the 1995 Hanshin-Awaji

earthquake. Am J Emerg Med 1999;17:186-91.
11) Yamanouchi S, Kobayashi M, Abe Y, et al: Preparation
for medical transportation to be provided for the Miyagik-

en-oki Bartt

guake - Can we’ ish a Staging Care Unit

(8CU), and can wid dical transp ion be real-
ized with the use of Self Defense Force aircraft? JJ Disast
Med 2010;15:165-70.
12) W LER, WibERE BIE—, 64 KEEAR
ST BV B BAENB SRR SR EmRE (S
- HEERRAER) B Y AR REMESR S Y-
2011 : 20 : 904-12.
13) BEUFE, HWOLAH  ARKTHL P IZ 2o LRE
ML LT OWRBE RSB HER. B
FATALEESE 2012 174 5-7.

1. . Disast. Med. 2013 ; 18 : 009-017



FEHREEOWRREO Rdhr b Az L1~ — 2 — OBV & FUE—H B AKE K S IRE S E A A

Abstract

Importance of elevators in business continvity planning at Disaster Base Hospitals: Analysis of the expe-
rience of 14 Disaster Base Hospitals in Miyagi Prefecture after the Great East J apan Earthquake

~ Atsuhiro Nakagawa'-2, Hajime Furukawa?, Daisuke Kudo?, Yoshiko Abe? ,Takashi Matsumura?, Hiromasa Tanno!,
“Tomoko Okamoto®, Masahiko Hisamichi*, Satoshi Yamanouchi?,Shigeki Kushimoto?, Teiji Tominaga!

'Department of Neurosusgery, Tohoku University Graduate School of Medicine
*Department of Emergency and Critical Care Medicine/Emergency Center, Tohoku University Hospital
3Nutrition Office, Tohoku University Hospital
*Pharmacy Office, Tohoku University Hospital

Object

Establishment of a business continuity plan is essential to maintain the functions, to minimize damage, and to maximize treat-
ment at a Disaster Control Hospital, despite the unavoidable occurrence of “mismatches” and “unexpécted” events during cata-
strophic disasters. Elevators are among the important facilities required for effective functioning as a disaster base hospital. The
present study investigated the problems related to elevators during the Great East Japan Earthquake.

Materials and Methods

Issues related to the operation of elevators were identified from the event chronologies recorded at all 14 Disaster Base Hospi-

tals designated by Miyagi Pr and the cc ity health division of the Miyagi Prefectural Government. The functions
and problems of elevators were analyzed after additional surveys and interviews.
Results

All 126 elevators had stopped immediately after the onset of the earthquake in all hospitals, and only 12 elevators (2 facilities)
were operating on March 11th. The functioning of any elevators could not be restored at 3 days after the disaster in 4 hospitals.
Transfer of patients to anothér floor, transfer of patients to the heliport, transfer of medicines, especially intravenous fluid, and
transfer of patients’ meals were greatly affected by the stoppage of the elevators.

Discussions
Despite massive breakdowns in regional infrastructure and diverse resource demands, Disaster Base Hospitals are expected to
accept and triage patients, to provide i diate tr to transfer critical patients outside the affected area, and to provide

medical support to the most severely damaged area immediately after the onset of the disaster. Since hospitals are usually located
in high buildings with multiple stories in Japan, the effective functioning of elevators is extremely important for all these respon-
sibilities. Improvement of earthquake proofing and minimization of the time to restart elevators should be important targets in
terms of technical innovation by the elevator industry. Equipping cutting edge earthquake proof elevators to maintain important
functions should be considered as a priority investment by the hospital authorities. Meticulous planning, especially. for patient
transfer and accommodation, operation of the helicopter pad, and transfer of medicines and patients’ meals, will be essential to
cope with the total stoppage of elevators.

Key ds: di dicine, industry-academia-government collaboration, operation research, business continuity plan
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