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Abstract

Background

Maintaining critical care for non-Coronavirus-disease-2019 (non-COVID-19) patients is a

key pillar of tackling the impact of the COVID-19 pandemic. This study aimed to reveal the

medium-term impacts of the COVID-19 epidemic on case volumes and quality of intensive

care for critically ill non-COVID-19 patients.

Methods

Administrative data were used to investigate the trends in case volumes of admissions to

intensive care units (ICUs) compared with the previous years. Standardized mortality ratios

(SMRs) of non-COVID-19 ICU patients were calculated in each wave of the COVID-19 epi-

demic in Japan.

Results

The ratios of new ICU admissions of non-COVID-19 patients to those in the corresponding

months before the epidemic: 21% in May 2020, 8% in August 2020, 9% in February 2021,

and 14% in May 2021, approximately concurrent with the peaks in COVID-19 infections.

The decrease was greatest for new ICU admissions of non-COVID patients receiving inva-

sive mechanical ventilation (IMV) on the first day of ICU admission: 26%, 15%, 19%, and

19% in the first, second, third, and fourth waves, respectively. No statistically significant

change in SMR was observed in any wave of the epidemic; SMRs were 0.990 (95% uncer-

tainty interval (UI), 0.962–1.019), 0.979 (95% UI, 0.953–1.006), 0.996 (95% UI, 0.980–

1.013), and 0.989 (95% UI, 0.964–1.014), in the first, second, third, and fourth waves of the

epidemic, respectively.
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Conclusions

Compared to the previous years, the number of non-COVID-19 ICU patients continuously

decreased over the medium term during the COVID-19 epidemic. The decrease in case vol-

umes was larger in non-COVID-19 ICU patients initially receiving IMV than those undergo-

ing other initial treatments. The standardized in-hospital mortality of non-COVID-19 ICU

patients did not change in any waves of the epidemic.

Introduction

Coronavirus disease 2019 (COVID-19) has had wide-ranging impacts on society globally,

including many excess deaths [1]. Since most countries have experienced repeated waves of

COVID-19 [2], it remains a global health concern after first emerging more than two years ago.

As in other countries, Japan has experienced repeating waves of COVID-19 [3]. Referring

to the number of newly detected COVID-19 patients [4], the peaks of the four waves occurred

in April 2020, August 2020, January 2021, and May 2021. The Japanese government declared

the first state of emergency on April 7th, 2020 [5]. This declaration was based on recognizing

that COVID-19 could have severe impacts on public health and the national economy. Conse-

quently, public health interventions were enabled to suppress infections, such as requesting

the public to self-quarantine [5]. The first state of emergency was lifted on May 25th, 2020 [5],

but another state of emergency was declared from January 7th, 2021, to March 18th, 2021, and

from April 23rd, 2021 to September 28th, 2021 [5].

Maintaining treatments for non-COVID-19 critically ill patients is recognized as one of the

key pillars of tackling the impact of the pandemic. Many countries have applied resource allo-

cation policies for emergency treatments [6] to ensure sufficient capacity to deal with COVID-

19 patients, and triaging admissions to intensive care units (ICUs) has been recommended [7].

However, there remain non-COVID-19 patients requiring critical care, and Japanese national

policies against COVID-19 stress the importance of concurrently maintaining health systems

for non-COVID-19 patients [8].

Since the start of the pandemic, there have been various impacts on critical care for non-

COVID-19 patients [9–17]. Reduced ICU utilization during the waves of COVID-19 infec-

tions and changes in patient characteristics, such as diagnosis patterns, severity, and admission

process, have been reported [9–11]. Furthermore, stresses on the medical staff caring for

COVID-19 patients have been reported [12,13], potentially impacting the level of care for

non-COVID-19 patients. Some studies examined the impacts on quality of critical care for

non-COIVID-19 patients, but conclusion is not in agreement [14–17].

Although the short-term and volume impacts of the COVID-19 pandemic have been

reported, impacts on quality over the medium term remain unclear. In addition, while

COVID-19 originally emerged in Asia, research in Asia about its impact is scarce. We analyzed

a large nationwide claims database in Japan that contained data until approximately one year

after the emergence of the COVID-19 pandemic, aiming to clarify the medium-term impacts

of COVID-19 on critical care for non-COVID-19 patients. The medium-term impacts are

defined as impacts during several waves of the COVID-19 in this study.

Methods

Data source

This study utilized data from the Diagnosis Procedure Combination / Per-Diem Payment Sys-

tem (DPC/PDPS) obtained from the Quality Indicator/Improvement Project’s (QIP) database.
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The QIP database is administered by the Department of Healthcare Economics and Quality

Management, Kyoto University School of Public Health [18–21]. The hospitals participating

in the QIP regularly provide the DPC/PDPS data, which are the same data submitted to the

Ministry of Health, Labour and Welfare for reimbursement claims. The participating hospitals

primarily provide acute care and represent various sizes and geographical areas. The list of the

hospitals participating QIP that have agreed to be made public in advance is offered on the

QIP website (http://med-econ.umin.ac.jp/QIP/sanka_byouin.html).

Reimbursement claims in the DPC/PDPS data include the patient’s clinical characteristics

and records of clinical services. The clinical characteristics recorded in Form 1 include age,

sex, admission date, discharge date, primary diagnosis, and other data. Clinical services are

recorded in Files E and F. Major diagnosis categories (MDCs), which are the most medically

resource-intensive, are recorded in File D.

Study population and setting of the time period

From the QIP participating hospitals, those continuously providing DPC/PDPS data from April

2018 to September 2021 were included in our study. Among the patients admitted to these hos-

pitals, ICU admissions from April 2018 to July 2021, aged 18 years or older, were included.

In this study, an ICU was defined as per international standards as the wards which can at

least provide oxygen, noninvasive monitoring, and more intensive nursing care than usual

beds [22]. Within the general bed reimbursement categories, which are not beds for specified

diagnoses (such as stroke) in Japan, three categories meet the ICU criteria as below (the sum-

mary description in each category refers to the minimum requirements for reimbursement).

• Specialized-care ICU (sICU): require the most intensive resourcing, including a 1:2 patient-

nurse ratio and constant placement of a doctor.

• Emergency-care ICU (eICU): require the facility to deal with emergency patients, a 1:4

patient-nurse ratio, and constant placement of a doctor.

• High care units (HCU): require a 1:5 patient-nurse ratio and constant placement of a doctor.

In this study, based on COVID-19 patient trends, April 2020 was set as the start of the

COVID-19 epidemic in Japan, and the first, second, third, and fourth waves were set from

April to June 2020, July to September 2020, and October 2020 to March 2021, and April 2021

onwards, respectively.

Descriptive analysis of ICU admissions for non-COVID-19 patients

The primary outcome of interest was case volumes of non-COVID-19 patients admitted to

ICUs. The case volume in each wave of COVID-19 infections was analyzed. To take seasonality

into account, a trend of the ratio of the case volume in each month to the case volume in the

corresponding month before the pandemic was analyzed. More specifically, monthly case vol-

umes until March 2021 were compared with those in corresponding months one year before,

and monthly case volumes from April 2021 to July 2021 were compared with those in corre-

sponding months two years before. Additionally, the ratios of case volumes of non-COVID-19

patients initially admitted to an sICU (admitted to an sICU on the first day of ICU admis-

sions), of non-COVID-19 ICU patients initially undergoing invasive mechanical ventilation

(IMV), of non-COVID-19 ICU patients initially administered vasopressors, and of all ICU

patients, the ratios of the total case numbers (patients times days) of all ICU patients, and the

absolute numbers of COVID-19 ICU patients were described. The classification of COVID-19

patients was based on the diagnoses recorded in the DPC/PDPS data. For diagnoses, the
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International Statistical Classification of Diseases and Related Health Problems, 10th Revision

(ICD-10) was applied, and patients with diagnoses of B34.2 and U07.1, except for suspected

diagnoses, were classified as COVID-19 patients [23].

In addition, the association between hospitals’ acceptance of COVID-19 ICU patients and

impacts on non-COVID-19 ICU patient volumes was investigated. Specifically, the included

hospitals were classified into three categories described below, which were used to stratify the

ratios of case volumes of non-COVID-19 patients to before the epidemic (hereinafter, referred

as the main criteria).

• Hospitals that were continuously accepting COVID-19 ICU patients: more than ten patient

days of COVID-19 patients in every wave of COVID-19.

• Hospitals that were accepting few COVID-19 ICU patients: less than ten patient days of

COVID-19 patients in total in the study period.

• Hospitals that were intermediately accepting COVID-19 ICU patients: hospitals meeting nei-

ther of the categories above. This category includes hospitals that accepted 10 or more COVID-

19 ICU patient-days but did not accept 10 COVID-19 patient-days in every of the waves.

Moreover, another type of hospital classification was employed as a sensitivity analysis as

below (hereinafter, referred as the month criteria).

• Hospitals that were continuously accepting COVID-19 ICU patients: at least one COVID-19

ICU patient in every month in the study period.

• Hospitals that were accepting non COVID-19 ICU patients: non COVID-19 ICU patient in

the study period.

• Hospitals that were intermediately accepting COVID-19 ICU patients: hospitals meeting

neither of the categories above.

To account for regional variation in the COVID-19 epidemic, the restricted analysis above

was performed in limited areas where the impact of COVID-19 was considered to be the larg-

est. These areas included Hokkaido, Tochigi, Saitama, Chiba, Tokyo, Kanagawa, Gifu, Aichi,

Osaka, Kyoto, Hyogo, Okayama, Hiroshima, Fukuoka, and Okinawa, where the duration of

the first or second states of emergency was longer than other areas of Japan [5].

Changes in initial treatments for non-COVID-19 ICU patients at the start

of the epidemic

We investigated changes in the initial treatments for non-COVID-19 ICU patients at the start

of the epidemic. Specifically, the proportion of initial treatments that were distinctive for ICU

patients, such as extracorporeal membrane oxygenation (ECMO), IMV, noninvasive positive

pressure ventilation or nasal high-flow therapy (NIPPV/NHF), renal replacement therapy

(RRT), and vasopressors [18,19], were examined. Initial treatments were defined as treatments

received on the day of admission to the ICU. The proportion of initial treatments in each wave

of the COVID-19 epidemic in Japan was compared with those in the corresponding months in

the years before the epidemic—from April 2018 to March 2020.

Standardized mortality ratios of non-COVID-19 ICU patients during the

COVID-19 epidemic

We investigated the change in the standardized mortality ratio of non-COVID-19 ICU

patients from the beginning of the epidemic, based on indirect standardization. First, a
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prediction model for the in-hospital mortality of non-COVID-19 patients was developed

based on observations before the epidemic. Second, based on observations after the COVID-

19 epidemic began, the ratio of observed in-hospital deaths to expected in-hospital deaths

from the prediction model was calculated as a standardized mortality ratio (SMR). The SMR

was calculated in each wave of COVID-19 infections, stratified into the categories of hospitals

based on acceptance of COVID-19 patients in the ICU.

Although the DPC/PDPS data from the target population of this study did not include

risk scores for ICU patients (such as a sequential organ failure assessment (SOFA) score and

acute physiology and chronic health evaluation (APACHE) II scores), the available data had

an acceptable performance with regards to risk adjustment for ICU patients [18,19]. In this

study, sex, age, smoking history, body mass index (BMI), major diagnosis category (MDC),

ICU category of initial admission (sICU, eICU, or HCU), initial treatment in ICU (ECMO,

IMV, NIPPV/NHF, RRT, and vasopressors), admission process (post-emergency operation,

post elective operation, or medical indication), months of admissions to ICUs, e.g., January or

February, were used as predictors for the analysis.

Statistical analysis

A chi-square test was performed to compare the proportion of initial treatments of non-

COVID-19 ICU patients before and after the epidemic. The ratios of volumes of non-COVID-

19 ICU patients during the epidemic to those before the epidemic for were compared between

hospital categories, and a chi-square test was employed for statistical analysis. A statistical sig-

nificance level of 5% (p-value < 0.05) was set.

A multivariable logistic regression model was employed to develop the prediction model of

in-hospital mortality among non-COVID-19 ICU patients. The predictors listed in the former

subsection were used for adjustment. To account for potential clustering by hospitals, a multi-

level model with random intercepts for each hospital was applied [24]. For point estimates and

uncertainty intervals of the SMRs, bootstrap methods were employed [24]. In the bootstrap

method, resampling with replacement from the observed data was repeated 1,000 times, and

percentiles (2.5% and 97.5%) from the distribution of SMRs were calculated as the lower and

upper limits of the uncertainty intervals. The fiftieth percentile of the distribution was calcu-

lated as the point estimate of the SMRs.

SAS software version 9.4 (SAS Institute Inc., Cary, NC) was used for all statistical analyses;

PROC GLIMMIX was used for the multilevel logistic regressions.

This study was conducted in accordance with the principles of the Declaration of Helsinki

and the study was approved by the Ethics Committee, Kyoto University Graduate School and

Faculty of Medicine (approval number: R0135) with a waiver of informed consent prior to

data collection.

Results

Patient characteristics

From April 2018 to September 2021, 242 hospitals continuously provided DPC/PDPS data to

the QIP. In total, 529,834 patients meeting the criteria were identified in the study, as shown in

S1 Fig. Among these patients, 10,357 were diagnosed with COVID-19, with the remaining

519,477 patients classified as non-COVID-19 ICU patients. Table 1 shows the characteristics

of non-COVID-19 patients admitted to ICUs. Patient demographics and diagnoses were fairly

persistent over the start of the COVID-19 epidemic. Within typical treatments, IMV (12.7%)

and vasopressors (26.4%) were relatively frequent.
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Trends in case volumes of admissions to ICUs

Fig 1 and S1 Table show the trends in the ratios of case volumes of admissions to ICUs in each

month to before the epidemic. The trends in case numbers of COVID-19 patients admitted to

Table 1. Patient characteristics of the non-COVID-19 ICU patients.

All (n = 519,477) Before April 2020 (24 months) (n = 320,111) After April 2020 (12 months) (n = 199,366)

Demographics

Age, years� 74.00 [64.00, 83.00] 74.00 [64.00, 83.00] 75.00 [65.00, 83.00]

Sex (female), n (%) 217400 (41.8) 134320 (42.0) 83080 (41.7)

Major Diagnosis Category

Nervous system, n (%) 80099 (15.4) 49978 (15.6) 30121 (15.1)

Eye, n (%) 82 (0.0) 49 (0.0) 33 (0.0)

Ear, nose, mouth, and throat, n (%) 2847 (0.5) 1711 (0.5) 1136 (0.6)

Respiratory system, n (%) 57959 (11.2) 36391 (11.4) 21568 (10.8)

Circulatory system, n (%) 132489 (25.5) 81855 (25.6) 50634 (25.4)

Digestive system, n (%) 98061 (18.9) 59544 (18.6) 38517 (19.3)

Musculoskeletal system, n (%) 13082 (2.5) 8038 (2.5) 5044 (2.5)

Skin and subcutaneous tissue, n (%) 1573 (0.3) 893 (0.3) 680 (0.3)

Breast, n (%) 1153 (0.2) 661 (0.2) 492 (0.2)

Endocrine and metabolic system, n (%) 11317 (2.2) 6649 (2.1) 4668 (2.3)

Kidney and urinary system, n (%) 22557 (4.3) 13655 (4.3) 8902 (4.5)

Female reproductive system, n (%) 7064 (1.4) 4531 (1.4) 2533 (1.3)

Blood and immunological disorders, n (%) 6763 (1.3) 4136 (1.3) 2627 (1.3)

Congenital disease, n (%) 692 (0.1) 409 (0.1) 283 (0.1)

Pediatric disease, n (%) 13 (0.0) 7 (0.0) 6 (0.0)

Injuries, burns, and poisoning, n (%) 42330 (8.1) 26475 (8.3) 15855 (8.0)

Psychiatry, n (%) 1223 (0.2) 802 (0.3) 421 (0.2)

Others, n (%) 15290 (2.9) 9364 (2.9) 5926 (3.0)

Treatment process

Duration of admission to ICU, days, mean (SD) 3.38 (3.86) 3.45 (3.94) 3.27 (3.73)

ICU categories of initial admission

sICU, n (%) 177855 (34.2) 110143 (34.4) 67712 (34.0)

eICU, n (%) 162323 (31.2) 103788 (32.4) 58535 (29.4)

HCU, n (%) 179299 (34.5) 106180 (33.2) 73119 (36.7)

Initial treatment in ICU

Mechanical ventilation

IMV, n (%) 66016 (12.7) 42052 (13.1) 23964 (12.0)

NIPPV or NHF, n (%) 6558 (1.3) 4287 (1.3) 2271 (1.1)

RRT, n(%) 11781 (2.3) 7320 (2.3) 4461 (2.2)

Vasopressors, n (%) 137356 (26.4) 83433 (26.1) 53923 (27.0)

ECMO, n (%)s 2273 (0.4) 1366 (0.4) 907 (0.5)

Admission process

Post emergency operations, n (%) 96978 (18.7) 59099 (18.5) 37879 (19.0)

Post elective operations, n(%) 165723 (31.9) 101329 (31.7) 64394 (32.3)

Medical indication, n (%) 256776 (49.4) 159683 (49.9) 97093 (48.7)

� Indicates that values that are medians [1st quartile, 3rd quartile].

ICU, intensive care unit; sICU, COVID-19, Coronavirus disease 2019; specialized-care ICU; eICU, emergency-care ICU; HCU, high care unit; IMV, invasive

mechanical ventilation; NIPPV, noninvasive positive pressure ventilation; NHF, nasal high flow; ECMO, extracorporeal membrane oxygenation; RRT, renal

replacement therapy.

https://doi.org/10.1371/journal.pone.0273952.t001
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ICUs were similar to the national trends in confirmed COVID-19 cases in Japan, shown in S2

Fig [4]; the first peak was in April 2020, the second peak was in August 2020, the third peak

was in January 2021, and the fourth peak was in May 2021. The third and fourth peaks were

larger in size.

The ratios of new ICU admissions of non-COVID-19 patients declined around the same

time as the four peaks in the number of COVID-19 patient admissions to ICUs: a 21% decrease

in May 2020, an 8% decrease in August 2020, an 9% decrease in February 2021, and a 14%

decrease in May 2021. Similarly, the ratios of new ICU admissions of non-COVID-19 patients

initially receiving IMV decreased in the same months, but to a greater degree: a 26% decrease

in May 2020, a 15% decrease in August 2020, an 19% decrease in February 2021, and 19%

decrease in May 2021. Detailed data are shown in the S1 Table.

Fig 2 and S2 Table show the ratios of non-COVID-19 ICU patients, stratified by hospitals’

acceptance of COVID-19 ICU patients. The decreases in case volumes of non-COVID-19 ICU

patients were larger in hospitals continuously accepting COVID-19 ICU patients compared

with other categories of hospitals. S3 Fig and S3 Table show the same data, limited to the areas

where the impact of the COVID-19 epidemic was largest. A similar difference in case volumes

of non-COVID-19 patients can be observed between hospital categories. S4 Fig and S4 Table

show the same data based on the hospital classification of the month criteria. The same trend

of the difference of the impact by the degree of acceptance of COVID-19 ICU patients was

observed. S5 Table shows the statistical analysis to compare hospital categories with the year-

over-year changes in non-COVID-19 ICU patients.

Fig 1. The trends in the ratios of case volumes of admissions to ICUs in each month to the same month before the epidemic. ICU, intensive care

unit; COVID-19, Coronavirus disease 2019; sIUC, specialized-care ICU; IMV, invasive mechanical ventilation. � Indicates new admissions to ICU.

https://doi.org/10.1371/journal.pone.0273952.g001
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Changes in initial treatments for non-COVID-19 ICU patients at the start

of the COVID-19 epidemic

Fig 3 (IMV and vasopressor) and S5 Fig (NIPPV/NHF, RRT, and ECMO) show the changes in

initial treatments for non-COVID-19 ICU patients. The proportion of patients receiving IMV

decreased significantly in all waves of the epidemic: 12.7% to 12.2% (p = .0301) in the first

wave, 12.0% to 10.8% (p< .0001) in the second wave, 13.9% to 12.7% (p< .0001) in the third

wave, and 12.4% to 11.8% (p = .0006) in the fourth wave. On the other hand, the proportion of

patients administered vasopressors increased significantly in all waves of the epidemic: 25.8%

to 27.5% (p< .0001) in the first wave, 25.1% to 26.1% (p = .0032) in the second wave, 26.6% to

27.1% (p = .0168) in the third wave, and 25.7% to 27.2% (p< .0001) in the fourth wave.

Standardized mortality ratios of non-COVID-19 ICU patients during the

COVID-19 epidemic

The c-statistic of the prediction model for in-hospital mortality of ICU patients was 0.8776

(95% uncertainty interval, 0.8756–0.87895). The odds ratios of the model’s predictors are

shown in S6 Table.

Table 2 shows the standardized mortality ratios of ICU patients admitted in each wave of

the epidemic. The uncertainty intervals of SMRs included one in all waves of the epidemic. S7

Table shows the SMRs stratified into the hospital categories. There was no statistically signifi-

cant increase in SMRs, in any of the categories of hospitals, and in any of the waves.

Fig 2. The trends in the ratios of case volumes of admissions of non-COVID-19 ICU patients in each month to the same month before the

epidemic, stratified by hospitals. ICU, intensive care unit; COVID-19, Coronavirus disease 2019; � Indicates new admissions to ICU.

https://doi.org/10.1371/journal.pone.0273952.g002
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Discussion

Our study investigated a large claims database in Japan and revealed the medium-term impact

of waves of the COVID-19 epidemic on the case volumes, initial treatments, and in-hospital

mortality ratios of non-COVID-19 patients admitted to ICUs.

Descriptive analysis revealed that the waves of the COVID-19 epidemic negatively impacted

the volume of non-COVID-19 ICU admissions. A previous study [9] suggested that the

reduced volume of ICU patients was due to patients’ hesitancy to visit hospitals. In fact, a

reduction in case volumes has been observed in many areas, including acute coronary syn-

drome [20], pneumonia [21], and surgeries [25]. However, the reasons behind the reduction

in admissions have not been clarified. In addition to patient hesitancy, another potential mech-

anism of reduced case volumes is the postponement of non-emergency treatments or tests to

reserve capacity for critically ill COVID-19 patients. Postponing non-essential procedures was

implemented in various countries around the world [6,7], and the Japanese government also

requested health care providers to postpone non-emergency medical procedures during waves

of COVID-19 infections [26]. We observed that the decrease in non-COVID-19 ICU patient

admissions was greater for hospitals continuously accepting COVID-19 ICU patients, results

that are consistent with the latter mechanism of postponement of non-emergency procedures.

This study observed that the impact on case volumes was most prominent in the first wave

compared to subsequent waves. In other countries, decreased patient volumes during subse-

quent waves of COVID-19 have been reported, but comparisons with the impact of the first

wave are not in agreement with the present study [27,28]. One potential explanation for the

smaller impact in subsequent waves is the more organized management of ICU beds. For

Fig 3. Changes in the proportion of initial treatments received by non-COVID-19 ICU patients (IMV and vasopressors). COVID-19, Coronavirus

disease 2019; ICU, intensive care unit; IMV, invasive mechanical ventilation. � Indicates a statistically significant difference.

https://doi.org/10.1371/journal.pone.0273952.g003

Table 2. Standardized mortality ratios of non-COVID-19 ICU patients in each wave of the epidemic.

SMR of non-COVID-19 ICU patients (95% UI)

First wave (Apr—Jun 2020) 0.990(0.962–1.019)

Second wave (Jul—Sep 2020) 0.979(0.953–1.006)

Third wave (Oct 2020—Mar 2021) 0.996(0.980–1.013)

Fourth wave (Apr 2021—Jul 2021) 0.989(0.964–1.014)

SMR, standardized mortality ratio; COVID-19, Coronavirus disease 2019; ICU, intensive care unit; UI, uncertainty

interval.

https://doi.org/10.1371/journal.pone.0273952.t002
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instance, during subsequent waves, health professionals might take advantage of lessons

learned during the first wave. Another possible explanation is less hesitancy to visit hospitals

during subsequent waves. Residents may have gradually become accustomed to the COVID-

19 epidemic. In fact, reduced mobility in public spaces in Japan was reported to be smaller in

subsequent waves than in the first wave [29].

The impact of the COVID-19 epidemic on volumes of non-COVID-19 ICU patients receiv-

ing IMV was larger than for other treatments. In addition, the proportion of patients receiving

IMV decreased in all waves of the epidemic. Since the treatment of COVID-19 patients is con-

sidered to exhaust the capacity to undertake IMV [7], IMVs are supposed to have been sup-

pressed more than other treatments. However, changes in patient volumes have been reported

in various areas, including acute coronary syndrome [20], pneumonia [21], and surgeries [25];

the influence of these changes cannot be denied. In addition, volumes themselves of respira-

tory infection diseases were suggested to decrease due to infection prevention measures

employed by residents during the epidemic of the COVID-19 [21,30].

Our finding that the uncertainty intervals of SMRs included one in all waves of the epi-

demic implies that treatment quality for non-COVID-19 ICU patients was maintained in

Japan. The findings that the proportion of patients receiving IMVs was smaller and that the

proportion of patients administered vasopressors was larger in the period of the epidemic sug-

gested that the characteristics of patients changed. Since SMRs were adjusted for these initial

treatments, the unchanged SMRs implied maintained healthcare quality despite the shifted

characteristics of ICU patients. Global evidence has been inconsistent about the quality of

intensive care during the COVID-19 pandemic [10,11,15–17]. Many factors influence the epi-

demic’s impact on the quality of intensive care. Confirmed COVID-19 patient numbers were

smaller in Japan than in other high-income countries [31], which might explain our findings.

Our findings highlight the importance of maintaining treatment capacity for critically ill

patients. Although the quality of ICU treatments was not observed to change, treatment vol-

umes for non-COVID-19 patients decreased substantially during the epidemic waves. This

result justified triage for ICU patients during the surges, which has been suggested in the previ-

ous papers [7]. Moreover, the importance of maintaining capacity for IMV was implied since

the degree of decrease in volumes of non-COVID-19 ICU patients receiving IMV was larger

than that in other treatments.

This study has several limitations. First, although the characteristics of the data-providing

hospitals were varied, the data collection relied on the voluntary participation of the hospitals.

This may introduce selection bias and limit the generalizability of our findings. Second, the

DPC/PDPS data of the study population did not include risk scores of ICU patient severity,

such as SOFA or APACHE II scores. Although the prediction performance was good in our

study, the risk was adjusted in different ways compared to other studies [10,11]. Third, data

about the demand for treatments is not available. As mentioned in the previous section, it is

difficult to distinguish between the suppression of required treatments and a decline in the

demand for treatments. Further research is warranted, including an investigation of the trend

in disease volumes in the general population.

Conclusion

We revealed that the number of non-COVID-19 ICU patients continuously decreased over

the medium term during the COVID-19 epidemic, compared to the previous year. The

decrease in case volumes was larger among non-COVID-19 ICU patients initially receiving

IMV than those undergoing other initial treatments. The standardized in-hospital mortality of

non-COVID-19 ICU patients did not change in any waves of the epidemic.
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