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Assessment of Critical Care Surge Capacity
During the COVID-19 Pandemic in Japan
Takanori Yamamoto, Masayuki Ozaki, Daisuke Kasugai, and Gilbert Burnham

Japan has the highest proportion of older adults worldwide but has fewer critical care beds than most high-income
countries. Although the COVID-19 infection rate in Japan is low compared with Europe and the United States, by the
end of 2020, several infected people died in ambulances because they could not find hospitals to accept them. Our study
aimed to examine the Japanese healthcare system’s capacity to accommodate critically ill COVID-19 patients during the
pandemic. We created a model to estimate bed and staff capacity at 3 levels of pandemic response (conventional,
contingency, and crisis), as defined by the US National Academy of Medicine, and the function of Japan’s healthcare
system at each level. We then compared our estimates of the number of COVID-19 patients requiring intensive care at
peak times with the national health system capacity using expert panel data. Our findings suggest that Japan’s healthcare
system currently can accommodate only a limited number of critically ill COVID-19 patients. It could accommodate the
surge of pandemic demands by converting nonintensive care unit beds to critical care beds and using nonintensive care
unit staff for critical care. However, bed and staff capacity should not be expanded uniformly, so that the limited number
of physicians and nurses are allocated efficiently and so staffing does not become the bottleneck of the expansion.
Training and deploying physicians and nurses to provide immediate intensive care is essential. The key is to introduce
and implement the concept and mechanism of tiered staffing in the Japanese healthcare system. More importantly, most
intensive care facilities in Japanese hospitals are small-scaled and thinly distributed in each region. The government needs
to introduce an efficient system for smooth dispatching of medical personnel among hospitals regardless of their founding
institutions.
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Introduction

J

apan has the highest proportion of older adults in
the world but has fewer critical care beds per capita than
other high-income countries.1,2 Despite the surge in demand to accommodate critically ill patients during the
COVID-19 pandemic, there has been no policy discussion
on the allocation of critical care resources.3
As the demand for critical care beds increases, fatality
rates may also increase.4,5 When COVID-19 infection rates
increased in Japan, especially in Tokyo in the winter of
2020, the government declared a state of emergency for the
second time during the pandemic on January 7, 2021.
Although the infection rate in Japan is lower than in Europe
and the United States, dozens of infected people died at
home or went into cardiac arrest after ambulances waited
for several hours to find a receiving hospital.6,7 The number
of new infections decreased after a state of emergency was
declared, but the vaccination administration process has
been slow and there are concerns that the infection rate will
increase at an unprecedented pace if variants spread. Japan
faced a shortage of critical care beds across the country for
the first time, and no solution has yet been reached. Estimating the critical care capacity of Japan’s healthcare system is vital to accommodate future surges in demand for
critical care.
Critical care must be provided to severely ill individuals
to minimize mortality during the COVID-19 pandemic.8
The US National Academy of Medicine classified the
medical surge capacity at 3 distinct levels: conventional,
contingency, and crisis.9 In our study, we examined how
many critically ill patients the Japanese healthcare system
can accommodate at each surge level.

Methods

Quantification of Healthcare
Capacity
We assessed the Japanese healthcare system’s capacity to
accommodate critically ill COVID-19 patients at different
surge levels—conventional, contingency, and crisis. Each
level is defined below:
Conventional level – Space, staff, and supplies used are
consistent with daily practices within the institution. These
spaces and practices are used during the COVID-19 pandemic.
Contingency level – Space, staff, and supplies used are not
consistent with daily practices but maintain or have
minimal impact on usual patient care. These spaces or
practices may be used temporarily during the COVID-19
pandemic.
Crisis level – Adaptive spaces, staff, and supplies are not
consistent with usual standards of care but provide sufficiency of care during the COVID-19 pandemic.
2

These levels represent a continuum of patient care delivered during the pandemic.10 As the imbalance between
resource availability and demand increases, the healthcare
system first maximizes conventional capacity, then moves
into a contingency level, and finally reaches the crisis level.
In this study, we used 4 previously identified factors—
adequate space, staff, supplies, and system—as vital components for the healthcare system to provide critical care for
COVID-19 patients.11 We categorized critical care beds as
‘‘space’’; physicians, nurses, and respiratory therapists as
‘‘staff’’; and ventilators as ‘‘supplies.’’ We also examined the
Japanese healthcare system and how it enables efficient use
of these vital components. The estimates of space, staff, and
supplies at each surge level were compared with the projected increase in the number of severe COVID-19 cases
presented by the Japanese government’s expert panel.

Hospital Bed Capacity
We obtained data on the number of beds available from the
Ministry of Health, Labour, and Welfare reports.12,13 We
estimated the number of staffed beds available to handle a
surge of COVID-19 patients requiring critical care at each
capacity level. At the conventional capacity level, we assumed that staffed, vacant intensive care unit (ICU) beds
would be available for critically ill COVID-19 patients.
The contingency level includes ICU beds at the previous
level in addition to staffed, vacant high-care unit (HCU)
beds—these are intermediate-care beds such as step-down,
postoperative care, and emergency care beds. The crisis
level includes the previous bed types in addition to staffed,
vacant general ward beds in acute care hospitals. The Japanese Ministry of Health, Labour, and Welfare indicated an
annual average occupancy rate of 73.3% for ICU beds,
71.3% for HCU beds, and approximately 80.0% for general ward beds as of 2018.14,15 Accordingly, staffed, vacant
beds were allocated to critically ill COVID-19 patients.
The best way to reserve beds for critically ill patients is to
postpone or cancel elective surgeries that require ICU or
HCU beds.16,17 Emergency surgery is estimated to comprise only 10% to 20% of all surgeries. Postoperative patients occupy 33% of ICU beds and 24% of HCU beds.18
At the contingency and crisis levels, our estimate assumed
that 50% and 80% of elective surgeries were postponed or
canceled, respectively.
In general wards of acute care hospitals, 20% of beds are
occupied by patients who require neither medical treatment
nor nursing care, and 20% are occupied by patients who
require only nursing care.19 Our plan estimates a reduction
in the workload of physicians, nurses, and respiratory
therapists by suggesting discharging patients who require
minimal medical treatment or nursing care at the contingency level and patients who require only nursing care at
the crisis level. At the crisis level, a general hospital ward
would be used as a critical care ward. In this case, 4 general
hospital beds would be converted into 1 critical care bed,
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The ratio of critically ill COVID-19 patients per medical professional.
c
The percentage of hospital beds and medical staff that can be mobilized for critically ill COVID-19 patients.
d
The number of critically ill COVID-19 patients that can be treated at a given time, per 100,000 people, based on an assumed 60 hours worked per week, with about 35.7% of providers working at any given time.
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which requires additional space and the reconfiguration of
electricity and medical gas delivery for a single bed.
Based on these assumptions, 26.7% of beds would be
available at the conventional level, 36.9% at the contingency level, and 57.2% at the crisis level (Table 1). We then
projected the number of beds that would be available at the
peak of the COVID-19 pandemic for the 3 capacity levels.

Medical Staff Capacity
We estimated the number of staff that might be necessary to
cope with a sharp increase in patients requiring critical care.
Management of critically ill COVID-19 patients requires a
team of personnel including critical care physicians, critical
care nurses, and respiratory therapists. Medical staff capacity could be enhanced at the contingency and crisis
capacity levels by increasing the provider-to-patient ratios
and raising the critical care personnel capacity with noncritical care personnel by using a tiered staffing model. In a
tiered staffing model, noncritical care personnel provide
critical care under the supervision of experienced critical
care personnel (Figure 1).9,16,17 We assumed that healthcare providers work a total of 60 hours a week (12 hours a
day, 5 days a week), with about 35.7% of providers
working at any given time.11
At the conventional level, healthcare providers for critically ill COVID-19 patients were limited to experienced
personnel such as critical care physicians, critical care
nurses, and respiratory therapists. We assumed a physicianto-patient ratio of 1 to 10, critical care nurse-to-patient
ratio of 1 to 1 and 1 to 2, and respiratory therapist-topatient ratio of 1 to 5. As we estimate to use 26.7% of the
critical care beds at a maximum, 30% of each medical
profession needs to be mobilized. With respect to the
quality of care, it is ideal to have 1 nurse for each critically
ill patient; however, when the number of patients increases,
each nurse will have to be assigned to 2 critically ill patients.
At the contingency level, we expanded the staff category
to include acute care physicians such as anesthesiologists,
emergency care physicians, cardiothoracic surgeons, neurosurgeons, general surgeons, cardiologists, and pulmonologists. Although acute care physicians are nonintensivists,
many of them have experience in providing intensive care.
We adopted the tiered staffing model as shown in
Figure 1A, with 5 acute care physicians work under 1 intensivist. Each acute care physician treats 5 critically ill
patients, meaning that 1 intensivist indirectly treats 25
critically ill patients. We did not adopt the tiered staffing
model for nurses at the contingency level because HCU
nurses are to some extent skilled in treating critically ill
patients. Nurses may not be familiar with the care of critically ill COVID-19 patients in the early stages, however,
so hospitals start with 1 nurse per patient under the guidance of an ICU nurse. If there is an increase in the number
of patients, the system changes to 1 nurse for 2 patients.
The number of patients served by 1 respiratory therapist
increases from 5 to 8. We expect to mobilize about 40% of
3
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At the crisis level (Figure 1B), we would expand the
tiered staffing model for physicians and nurses. For every
acute care physician mobilized at the contingency level, 5
nonacute care physicians from various departments with
little experience in intensive care are assigned to 2 critically
ill COVID-19 patients. In this way, 1 intensivist indirectly
cares for 50 critically ill COVID-19 patients.
As for nurses (Figure 1C), 3 general ward hospital bed
nurses would be assigned to each ICU or HCU nurse at the
crisis level. Initially, each general ward hospital bed nurse
would be responsible for 1 critically ill COVID-19 patient;
once they are fully oriented, each nurse will take charge of 2
patients. In this way, 1 ICU or HCU nurse could indirectly
lead the care of 3 to 6 critically ill patients. This also increases the number of critically ill COVID-19 patients that
1 respiratory therapist is responsible for from 8 to 12. At the
crisis level, we expect to use 40% to 60% of the ICU,
HCU, and general ward beds and mobilize 50% of the
physicians, nurses, and respiratory therapists, respectively.

Assessment of Ventilator Supplies
We obtained the number of available ventilators from the
Japanese Society of Respiratory Care Medicine and the
Japan Association of Clinical Engineers.20 We also estimated the number of available anesthesia apparatuses,
which medical staff could use as mechanical ventilators in
case of emergencies.21

Assessment of System
We used data from the Japanese Ministry of Health, Labour, and Welfare; previous surveys; and news reports to
examine the extent to which Japan effectively uses its
medical resources in the current pandemic. We analyzed
the legal aspects, success or failure of the system in terms of
disaster response functionality, differences between urban
and rural medical institutions, differences in the size
of medical institutions and ICUs, and aspects related to
finances of medical institutions and salaries of medical
personnel.

Estimated Number of Critically Ill
COVID-19 Patients at Peak

Figure 1. (A) Contingency-level tiered staffing model for physicians; (B) crisis-level tiered staffing model for physicians; and
(C) crisis-level tiered staffing model for nurses. Abbreviations:
HCU, high-care unit; ICU, intensive care unit.

physicians, nurses, and respiratory therapists at the contingency level and have about 40% of ICU, HCU, and
general ward hospital beds available. However, general
ward hospital beds would not be allocated to critical
COVID-19 patients.
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According to government data, as of mid-March 2020,
Tokyo’s reproduction number was estimated to be around
1.7.22,23 We used the government’s projections with reproduction numbers of 1.4, 1.7, and 2. Data for the estimated number of critically ill patients at peak pandemic
were extracted from the official website of the Japanese
Ministry of Health, Labour, and Welfare.22 The ministry
states that the range of reproduction numbers depends on
how quickly the government and society take nonpharmacological action to control the situation. We compared the estimated number of patients with 3 different
reproduction numbers and constraining factors at the 3
capacity levels.
Health Security

YAMAMOTO ET AL

Results

Estimated COVID-19 Patient Bed
and Staff Capacity
Table 1 shows how many critically ill COVID-19 patients
can be absorbed per 100,000 people at the conventional,
contingency, and crisis levels by indicating each value of
number of bed and staff, employed provider-to-patient
ratio, and employed percentage available. The number of
critically ill COVID-19 patients that can be treated is
summarized below.
The smallest number at the conventional, contingency,
and crisis levels, as calculated in Table 1, defines the number
of critically ill COVID-19 patients that can be accommodated at a given time per 100,000 people. At the conventional
level, the number of intensive care beds and intensivists
(critical care physicians) determines the maximum number of
critically ill patients that could be treated. At this level, critical
care physicians would treat 1.5 patients per 100,000 people,
nurses would care for 2.1 to 4.1 patients per 100,000 people,
and respiratory therapists would ventilate 18.1 patients per
100,000 people. At the contingency capacity level, critical
care physicians would treat 5.0 patients per 100,000 people,
nurses would care for 4.7 to 9.5 patients per 100,000 people,
and respiratory therapists would ventilate 38.5 patients per
100,000 people. At the crisis capacity level, critical care
physicians would treat 12.5 patients per 100,000 people,
nurses would care for 17.8 to 35.6 patients per 100,000
people, and respiratory therapists would ventilate 72.2 patients per 100,000 people.

Assessment of Ventilator Supplies
According to an emergency survey conducted by the
Japanese Society of Respiratory Care Medicine and the
Japan Association of Clinical Engineers, acute care hospitals
in Japan have 45,293 full-featured mechanical ventilators.20 At the time of the survey, 15,202 (33.6%) ventilators were allocated to pediatric and neonatal patients,
leaving 30,091 (66.4%) available for adults, which would
be adequate for 24.1 patients per 100,000 people. As stated
previously, medical staff can use anesthesia apparatuses as
mechanical ventilators in emergencies. According to private
estimates in 2019, the number of anesthetic machines
purchased annually in Japan was about 1,300.21 Given the
10-year upgrade cycle, approximately 13,000 (10.3 ventilators per 100,000 people) anesthesia apparatuses could be
allocated to patients with COVID-19.
At the contingency and crisis levels, we assumed the
postponement or cancellation of 60% and 80% of elective
surgeries, respectively. With this assumption, operating
rooms could be converted into ICUs and the anesthesia
machines could be used as ventilators. Theoretically,
37,800 (30.2 per 100,000 people) ventilators can be used at
the contingency level and 40,400 (32.3 per 100,000 people) at the crisis level. These ventilators are used not only for
Volume 19, Number 5, 2021

patients with severe COVID-19 but also for respiratory
management of patients with respiratory failure and severe
illnesses from other diseases and general anesthesia for
surgical patients. Even considering these factors, however, it
is unlikely that a shortage of ventilators will affect the care
of critically ill COVID-19 patients if the ventilators are
properly distributed.

Assessment of System
The Japanese healthcare system has a large number of acute
care beds but a small number of ICU and HCU beds,
compared with other high-income countries.24,25 However,
only a fraction of acute care beds are used by patients requiring acute medical care. The number of acute care beds
per 1,000 people is 3.3 in Japan, 6.0 in Germany, 3.0 in
France, 2.6 in Italy, 2.5 in the United States, and 2.0 in the
United Kingdom.14,24 The number of ICU beds in Japan is
5.6 per 100,000 people—even less than in the United
Kingdom (8.9 per 100,000 people), which has been rated as
having relatively few ICU beds compared with other highincome countries.26 Japan has the lowest number of physicians and nurses per bed because it has more long-term
care beds compared with other Organisation for Economic
Co-operation and Development countries.
Another characteristic of the Japanese healthcare system
is the small size of hospitals. In particular, private hospitals
are very small and account for 55.2% of the total number of
hospital beds. In Japan, only 51.6% of public hospitals and
6.9% of private hospitals have more than 400 beds.27 ICUs
and HCUs are also small in Japan: only 22.8% of ICUs and
23.8% of HCUs have more than 11 beds.14
Japan’s Act on Special Measures for Pandemic Influenza
and New Infectious Diseases Preparedness and Response
(The Special Measures Act)28 clearly states that state and
local prefectures can request all medical personnel to attend
to COVID-19 patients, and if they do not respond to the
request without a valid reason, the prefecture can direct the
medical personnel to provide such care. However, there
have been few cases where the local prefectures have directed medical institutions to accept COVID-19 patients.
On February 3, 2021, the Special Measures Act was
amended to allow prefectures to recommend rather than
direct medical institutions, and to publicize the names of
those institutions that do not follow their recommendations without a valid reason.28
During the pandemic, the Japanese government has
heavily subsidized medical institutions and substantially
increased their medical payments. The income of medical
institutions has fallen across the board following the pandemic, however, especially among hospitals treating
COVID-19 patients. In addition, the salaries of medical
personnel have declined substantially.29 Hospitals designated to treat only COVID-19 patients have seen several
physicians and nurses leave their jobs.30
Even at the conventional level, the Japanese healthcare
system should be able to accommodate 1.5 critically ill
5
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COVID-19 patients per 100,000 people. Tokyo has 14
million people and 1,100 ICU beds, but it could not accommodate 105 critically ill COVID-19 patients (0.75 per
100,000 people). Instead, patients had to be transferred to
hospitals in neighboring prefectures in April and May
2020.31
The Japanese medical system currently can accommodate only a limited number of critically ill COVID-19
patients. We point out 3 possible reasons the system does
not work.32 The first is the absence of an efficient system to
use the dispersed medical resources in an integrated manner. The second is the lack of an appropriate strategy for a
pandemic, resulting in medical care not being provided to
patients who truly need it. The third is inadequate public
funding for medical institutions and personnel that cope
with the pandemic.

Estimated Number of Critically Ill
COVID-19 Patients
The number of critically ill COVID-19 patients at the peak
of the pandemic was estimated at 1.2 to 2.03, 2.16 to 4.53,
and 3.95 to 10.95 (per 100,000 people) with reproduction
numbers of 1.4, 1.7, and 2.0 (per 100,000 people), respectively. If the system worked well, it would, theoretically, work as follows—at the conventional level, the
healthcare system would likely not be able to accommodate
critically ill COVID-19 patients even with a reproduction
number of 1.4 if there were delays in nonpharmacologic
interventions. In contrast, the Japanese healthcare system
could accommodate critically ill COVID-19 patients at the
contingency level even if the reproduction number is 1.7. If
the reproduction number is 2 and nonpharmacological
measures are too slow, the Japanese healthcare system could
accommodate critically ill COVID-19 patients only at the
crisis level of response.

Discussion
Japan is known to have citizens with the longest life expectancy in the world and an excellent healthcare system in
terms of accessibility and quality.33 It has the highest
number of hospital beds based on the population among
Organisation for Economic Co-operation and Development countries,24 and small private hospitals and clinics
support the health of the local population.
Japan is also known for its disaster resilience. In particular, after the Great Hanshin–Awaji Earthquake and the
sarin gas incident on the subway, acute care providers in
Japan learned the concept of triage to save the lives of
those who can be saved.34 The Disaster Medical Assistance
Team (DMAT) was created as a mechanism to immediately rush to the disaster area from all over Japan, leaving
the routine emergency and intensive care work to their
colleagues.35
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However, Japan’s healthcare system and disaster response capabilities have not functioned well in the face of
the COVID-19 pandemic. Despite having fewer critically
ill COVID-19 patients than Western countries, the Japanese medical system is overwhelmed.7 Why has Japan fallen
into this situation?
The first reason is the small size of medical institutions in
Japan. Large ICUs with many beds are common in Europe
and the United States, but most ICUs in Japan have less
than 10 beds.36 Smaller ICUs make it difficult to be flexible
in accepting critically ill patients.
The second reason is the lack of cooperation among
various medical institutions. In Japan, each small medical
institution focuses on protecting the health of local residents. Although hospitals rush assistance to local areas affected by disasters, there is no system in place for medical
institutions to work together to confront a pandemic.32
Japan should establish a policy that unites small hospitals
and complements functions to continue medical services in
each local area, regardless of their organizational type (eg,
national, municipal, private).
The third reason is that many medical institutions have
a weak financial base due to their small size. The number
of patients receiving treatment for diseases other than
COVID-19 has decreased due to the pandemic, resulting in
the inability of individual medical institutions to generate
sufficient operating income with current government subsidies alone. 32 Salaries for healthcare workers are therefore
relatively low.37 Healthcare workers, especially nurses,
nursing assistants, and caregivers, work in difficult environments under high stress.30
However, these problems can be solved. People in Japan
have always tended to prefer mutual help to competition.
First, the government needs to design an integrated and
efficient way of using Japan’s dispersed medical resources.
The government should remind healthcare providers that a
pandemic is a disaster for all Japanese people and use this
theme to build a cooperative system.
The everchanging situation during COVID-19 pandemic requires a functional command and control system
with effective communications.38 In Japan, the DMAT
prioritizes the C3: command, control, and communication.
DMAT headquarters or similar offices should be established in each prefecture across Japan to coordinate the
strategic use of local medical resources and engage in a wide
range of activities.39,40 For example, the flexible operation
of hospital beds and tiered staffing models need to be introduced in medical institutions.41 Additionally, the criteria for admission, discharge, and transfer of COVID-19
infected patients need to be harmonized for the effective
use of acute care hospitals. Japan also needs to create a
system that would immediately recognize sudden changes
occurring in patients with mild COVID-19 who are
staying at home or in institutions. Further, they need to
provide guidance on infection prevention measures for
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nursing homes and specify steps to be taken in the event of
disease outbreak. This can be achieved only by flexibly
using the medical resources of the community. Thus, a
series of commands and controls would be essential to
control disease outbreaks. The redistribution of medical
resources would be more feasible if medical institutions and
medical personnel are not forced to worry about financial
concerns.
Furthermore, as Japan experiences many natural disasters, the country needs to be prepared to respond simultaneously to a pandemic and a natural disaster. In
particular, evacuation centers need to be managed while
preventing the spread of infection.
The Japanese government should guarantee the operation of all healthcare institutions and continuously augment the salaries of healthcare workers, especially nurses,
nursing assistants, and caregivers, with heavy workloads
during the pandemic.42,43 If the number of COVID-19
cases increases substantially and a contingency- or crisislevel response becomes necessary, establishing temporary
medical facilities and consolidating medical personnel to
use resources in a more integrated and efficient manner
would be necessary. Although its current medical structure
is vulnerable to a pandemic, with proper government
leadership, financial support, and effective use of medical
resources through DMAT, Japan could effectively respond
to the pandemic even now.
This assessment has some potential limitations. The assumptions and data used in our estimate at the contingency
and crisis capacity levels are largely untested. Furthermore,
we made simplified model assumptions to approximate
surge capacity predictions. We also recognized that rising
numbers of COVID-19 hospitalizations will not affect the
country evenly, which could push some hospitals quickly
into crisis-level care while leaving other locations relatively
unaffected, at least initially. The pandemic also affects
healthcare workers and their families, potentially reducing
the availability of critical hospital staff, which we have not
included in our estimates.

Conclusion
Japan has demonstrated that it has a responsive disaster
medicine and medical healthcare system. Due to its dispersed
medical resources, however, Japan has failed to cope with the
rapid increase of critically ill COVID-19 patients. The Japanese government should view the pandemic as a disaster
rather than a medical emergency, and it should exercise
leadership to strengthen the DMAT headquarters’ function,
flexibly operate hospital beds, adopt a tiered staffing model,
integrate and efficiently operate local medical resources, establish a common financial base, and increase salaries to
compensate nurses and other medical personnel. By doing so,
Japan will be able to greatly enhance the capabilities of its
healthcare system to cope with the pandemic.
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