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Abstract 

Background  After a disaster, it is essential to maintain the health care supply levels to minimize the health impact 
on vulnerable populations. During the 2011 Fukushima Daiichi Nuclear Power Plant accident, hospitals within a 20 km 
radius were forced to make an immediate evacuation, causing a wide range of short- and long-term health problems. 
However, there is limited information on how the disaster disrupted the continuity of health care for hospitalized 
patients in the acute phase of the disaster.

Case presentation  An 86-year-old Japanese man who needed central venous nutrition, oxygen administration, care 
to prevent pressure ulcers, skin and suctioning care of the trachea, and full assistance in the basic activities of daily 
living had been admitted to a hospital within 5 km radius of Fukushima Daiichi Nuclear Power Plant and experienced 
Fukushima Daiichi Nuclear Power Plant accident. After the accident, the hospital faced a manpower shortage associ-
ated with hospital evacuation, environmental changes caused by infrastructure and medical supply disruptions, and 
the difficulty of evacuating seriously ill patients. As a result, antibiotics and suction care for aspiration pneumonia 
could not be appropriately provided to the patient due to lack of caregivers and infrastructure shortages. The patient 
died before his evacuation was initiated, in the process of hospital evacuation.

Conclusions  This case illustrates that decline in health care supply levels to hospitalized patients before evacuation 
during the acute phase of a radiation-released disaster may lead to patient fatalities. It is important to maintain the 
health care supply level even in such situations as the radiation-released disaster; otherwise, patients may experience 
negative health effects.
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Background
Disasters cause a wide range of short- and long-term 
health problems. Short-term impacts include problems 
related to supplies and lifelines [1, 2], medium-term 
impacts include problems related to physical and mental 
functional decline while living in shelters [3, 4], and long-
term impacts include problems related to the rebuilding 
of communities in the affected areas [5–10]. Although 
risk management efforts, risk reduction frameworks, 
and relevant policies continue to address disasters and 
strengthen disaster management efforts, minimizing the 
impact of disasters remains challenging [11]. In the light 
of the increasing scale and frequency of disasters [12], 
further discussions are needed on the challenges and 
risks that arise during disasters [11].

In the acute phase of a disaster, it is essential to main-
tain the health care supply level to minimize the health 
impact on vulnerable populations [13–15]. Difficulty in 
delivering health care after a disaster can be caused by 
water and power outages [1, 16], loss of medical resources 
[3, 17], and problems with evacuation [3]. For example, in 
the acute phase of a disaster, there are problems related 
to securing insulin for patients with diabetes [3], continu-
ing treatment for dialysis patients [3, 8, 18–20], and acute 
exacerbation of chronic diseases due to stress after evac-
uation [21]. The presence of chronic diseases and use of 
steroids may worsen the prognosis of ill patients [22, 23]. 
Furthermore, health care supply levels change depending 
on the disaster situation, such as the collapse of Emer-
gency Medical Service due to a decrease in health care 
supply levels and an increase in the number of injured 
and ill patients in the acute phase of a disaster [3]. If the 
health care supply levels decline during the acute phase 
of a disaster, hospitalized patients may be significantly 
affected [24, 25]. Conversely, there is limited information 
on how to maintain the health care supply level for hospi-
talized patients in the acute phase of disasters.

The Great East Japan Earthquake (GEJE) on 11 March 
2011 and subsequent tsunami caused an accident at the 
Fukushima Daiichi Nuclear Power Plant (FDNPP) [26]. 
Due to this accident, hospitals within a 20  km radius 
were forced to make an immediate evacuation on 12 
March 2011. Analysis of emergency hospital evacuation 
procedures and evacuation-related deaths from a hospi-
tal within 5 km radius of FDNPP showed that insufficient 
health care resources, lack of coordination, command, 
and control, and lack of communication between exter-
nal bodies contributed to negative health impacts such as 
deaths and aftermaths [27, 28]. However, it has not been 
fully examined how the disruption caused by the acute 
phase of the disaster affected the continuity of health care 
for hospitalized patients, resulting in death and other 
negative health effects.

This study examined the case of a patient who died 
before his evacuation was initiated in a hospital within 
5  km of the Fukushima Daiichi Nuclear Power Plant in 
the process of hospital evacuation, where the hospital 
initiated the evacuation, but his evacuation had not been 
implemented. While fully acknowledging and respecting 
the employees who spared no effort in treating patients 
and conducting the  evacuation during this extremely dif-
ficult and unprecedented emergency, this study is con-
sidered necessary to reveal factors that contributed to 
the decline in the level of health care delivery in hospitals 
within 5 km of the FDNPP, to minimize the health impact 
on vulnerable populations in future disasters (Additional 
file 1).

Case presentation
An 86-year-old Japanese man was admitted to a hospital 
on 27 May 2010, with anorexia, habitual temporoman-
dibular joint (TMJ) dislocation, hypertension, and sus-
pected lung cancer. He had history of dementia before 
hospitalization and had recurrent symptoms of TMJ dis-
location and constipation. He had also been under obser-
vation every 3 months since a chest X-ray on 5 April 2010 
indicated suspicion of lung cancer in his right lung.

After being admitted to a hospital mainly because of 
anorexia following TMJ dislocation repair, he took his 
food orally and was given suction care when phlegm was 
observed. However, he often swallowed even Jell-O meals 
after 20 July 2010. In August 2010, after a fever due to the 
onset of aspiration pneumonia, the patient was withheld 
from oral feeding and medications, and later given anti-
biotics. After the symptoms subsided and oral intake was 
resumed, the patient again developed fever due to aspira-
tion and was treated similarly (oral feeding and medica-
tion were withheld, and antibiotics were administered). 
From August 2010 to March 2011, he repeatedly had 
these symptoms 14 times.

Before the FDNPP accident, his condition was stable, 
but he needed full assistance in basic activities of daily 
living (moving, excreting, and eating). His communica-
tion level was just enough to understand the conver-
sation. Medical interventions included central venous 
nutrition and oxygen administration. Moreover, care 
was provided to prevent pressure ulcers, such as stretch-
ing wrinkles in clothing and sheets and changing posi-
tions every 2 h, skincare, and secretion suctioning from 
the trachea several times a day. On 4 March 2011, he 
had another episode of fever, decreased breath sounds, 
and increased sputum, which was considered a flare-
up of pneumonia, so antibiotics were administered, and 
endotracheal suctioning was continued. His condition 
subsequently stabilized. On the morning of 11 March 
2011, the patient’s temperature rose to 38.0 °C, and there 
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was an increase in sputum production, but after suction 
care was provided, the fever improved in the afternoon 
when the GEJE occurred.

The FDNPP accident that accompanied the GEJE on 
11 March 2011 caused power, gas, water, and telephone 
outages at a hospital. Because of the power outage, they 
had to manually adjust the intravenous drip rate, as well 
as perform manual suctioning with a syringe attached 
to the tube that resulted in cases where phlegm could 
not be removed; the required suctioning frequency was 
once every 30–60 minutes. On the morning of 12 March 
2011, an area within a 10  km radius from the FDNPP 
was designated as an evacuation zone, and the hospital 
received orders for immediate evacuation. Details on the 
processes of the hospital evacuation and those who died 
during the evacuation process were described in previous 
literature [27–30].

After 12 March, when the first evacuation was imple-
mented, the hospital contained up to 129 seriously ill 
patients who could not move independently. However, 
most of the medical staff accompanied the patients, and 
only a few people could provide health care in the A 
Hospital from 12 March to 15 and 16 March 2011, until 
the arrival of subsequent evacuation by the Japan Self-
Defense Force (JSDF). The Fukushima Prefecture Nuclear 
Emergency Response Center (Off-Site Center), which 
was supposed to take the lead in on-site response to dis-
asters, was damaged and was not fully functional. The 
Fukushima Prefecture Disaster Task Force was also busy 
dealing with the earthquake and tsunami damage [30].

On 14 March 2011, before his evacuation was imple-
mented, he died of lung cancer, according to his death 
certificate. In contrast, a reexamination of the medical 
records revealed that besides lung cancer, the effects of 
non-use of antibiotics for aspiration pneumonia and lack 
of suction care due to lack of caregivers might have been 
related to the death.

Discussion and conclusions
This case illustrates the decline in the health care supply 
levels for hospitalized patients before evacuation during 
the acute phase of a radiation-released disaster, which 
resulted in the patient’s death. Factors that contributed to 
the decline in the level of health care delivery included 
manpower shortage associated with hospital evacua-
tion, the changes and disruptions that occurred during 
the acute phase of the disaster represented by infrastruc-
ture outages, and the difficulty of evacuating seriously 
ill patients. This case suggests that in post-disaster hos-
pital evacuation, even before the evacuation was imple-
mented, a shortage of medical resources may occur, 

causing death and other negative health effects in vulner-
able populations.

The manpower shortage after the accident was fatal, 
considering that the patient needed a lot of health care, 
such as pressure ulcers care, skincare, and aspiration 
pneumonia care. After the first evacuation was imple-
mented at the hospital after the FDNPP accident, some 
patients who needed health care, represented by this 
patient, were retained in the hospital. After 12 March, 
there were 129 seriously ill patients who could not move 
independently in the hospital, while only a few people 
could provide health care. This was mainly because the 
staff of the hospital had to accompany the first emer-
gency hospital evacuation, as well as the delay in assisting 
with subsequent evacuations due to lack of proper com-
munication and immediate post-disaster confusion [27]. 
As a result, the hospital was seriously lacking in human 
resources, and it may have been difficult to provide 
nutritional support to patients requiring central intrave-
nous nutrition and tube feeding, and to properly manage 
newly emerging diseases, such as aspiration pneumonia 
[31]. Past studies have shown that shortages of human 
resources in hospitals can easily occur in the acute phase 
of a disaster. Many factors have been identified as being 
involved, for example, due to the rapid increase in the 
number of injured and ill patients [32], and due to the 
damage and disruption caused to the medical staff them-
selves and to the hospital [33]. Therefore, during the 
acute phase of a disaster it is important to secure human 
and medical resources in the hospital even before the 
evacuation starts, to maintain a sufficient health care 
supply level. Collaboration with external bodies may be 
one effective solution to this problem [28]. It may be nec-
essary to establish cooperation with external bodies and 
to take measures to prevent communication errors even 
in the disruption.

Post-disaster infrastructure (electricity, water, and gas) 
outages significantly impacted the continuity of health 
care service for the patients, as they increased the time 
interval and frequency of patients’ health care in the 
context of manpower shortage. In this case, the outage 
of infrastructure made it difficult to continue various 
types of health care, as exemplified by the need to manu-
ally adjust the rate of intravenous drips due to the power 
outage and the increased frequency of care required 
due to manual suction care, in addition to the lack of 
human resources before waiting for subsequent evacua-
tion. Other studies have reported that the water outage 
at the hospital may have prevented adequate toilet care 
and cleanliness [19], and the unavailability of telephone 
service may have made it difficult to communicate with 
the external bodies and delays in receiving assistance 
[27, 31]. Prior studies have reported that post-disaster 
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infrastructure outages can cause lack of oxygen care [34], 
lack of heat stroke care due to air conditioning outages 
[35], lack of temperature control due to lack of heating 
equipment [29, 30], problems related to securing drink-
ing water and using toilets [36, 37], and lack of care for 
dialysis patients [38]. Infrastructure outages also occur 
inside and outside hospitals. It is important to take meas-
ures to prevent infrastructure outages. It is also necessary 
to take measures to minimize the deterioration of the 
health of residents and patients within the limited man-
power and infrastructure. As suggested, it is important 
to develop disaster and evacuation plans for hospitals 
operating near disaster prone areas, including prioritiz-
ing issues around goals of care and the importance of pal-
liative care [39].

It is important for continuing health care to note the 
varying supply levels and level of care needed, depend-
ing on the disease and severity of the illness, as well as 
the type of health care that could be provided depending 
on the disaster conditions. Our patient had a wide range 
of illnesses, and the severity was high. At the time of the 
FDNPP accident, the patient had dementia, lung can-
cer, and poor swallowing function, and his communica-
tion level was just enough to understand conversations. 
Unfortunately, the lack of human resources and the infra-
structure outages meant that, even before the evacua-
tion was implemented, the health care supply level in the 
hospital was very limited. Therefore, immediate evacua-
tion might have been necessary for this patient. Hospitals 
tend to avoid evacuation as much as possible because the 
physical and mental burden on patients that are forcibly 
and urgently evacuated from the hospital can be enor-
mous [40]. However, if adequate health care cannot be 
provided in the hospital, they might have no other option 
but to evacuate because not evacuating such patient will 
worsen the patient’s condition. To reduce the patient 
census, the current mainstream was to evacuate patients 
who could move independently first [27]. If, as in this 
case, the evacuation is delayed and there is a shortage of 
human resources and infrastructure outages, the health 
care supply level will not be sufficient for the critically 
ill patients waiting for evacuation. This would inevitably 
have a serious impact on their health. In such situations, 
a change in treatment strategy, such as a change from 
usual care to palliative care, might be necessary, consid-
ering the severity of the patient’s illness and the ethical 
issues involved. This means that if evacuation is chosen, 
the balance between the health care needed by patients 
and the health care supply levels must be assessed at any 
stage after the disaster. It was suggested that the exist-
ing one-directional evacuation order from the agency 
supervising evacuation was insufficient. To implement 

more on-site level radiation-released disaster counter-
measures, it may be important to establish a system to 
promote evacuation while continuously monitoring the 
on-site health care supply level and the disaster situation. 
Such systems for disasters might allow for continuity of 
health care, such as intensive and palliative care, for those 
with severe illnesses, as typified by this case.

This case illustrates that the decline in the health care 
supply levels to hospitalized patients before evacua-
tion during the acute phase of a radiation-released dis-
aster may lead to patient fatalities, and described the 
mechanisms that caused it. Hospitals within 5  km of 
the FDNPP that implemented emergency evacuation 
had difficulty continuing to provide sufficient health 
care to hospitalized patients before the evacuation, 
as represented by this case, due to the lack of medical 
resources and infrastructure outages. If hospital evacu-
ation is implemented, evacuation may be delayed for 
some reason, but hospitals need to maintain the health 
care supply level even in such a situation; otherwise, 
patients may experience negative health effects. Thus, 
hospital managers and stakeholders should make use of 
this information for future disaster preparedness.
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