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Abstract 

Background Japan has four types of intensive care units (ICUs) that are divided into two categories according 
to the management fee charged per day: ICU management fees 1 and 2 (ICU1/2) (equivalent to high-intensity staff-
ing) and 3 and 4 (ICU3/4) (equivalent to low-intensity staffing). Although ICU1/2 charges a higher rate than ICU3/4, 
no cost-effectiveness analysis has been performed for ICU1/2. This study evaluated the clinical outcomes and cost-
effectiveness of ICU1/2 compared with those of ICU3/4.

Methods This retrospective observational study used a nationwide Japanese administrative database to identify 
patients admitted to ICUs between April 2020 and March 2021 and divided them into the ICU1/2 and ICU3/4 groups. 
The ICU mortality rates and in-hospital mortality rates were determined, and the incremental cost-effectiveness ratio 
(ICER) (Japanese Yen (JPY)/QALY), defined as the difference between quality-adjusted life year (QALY) and medical 
costs, was compared between ICU1/2 and ICU3/4. Data analysis was performed using the Chi-squared test; an ICER 
of < 5 million JPY/QALY was considered cost-effective.

Results The ICU1/2 group (n = 71,412; 60.7%) had lower ICU mortality rates (ICU 1/2: 2.6% vs. ICU 3/4: 4.3%, p < 0.001) 
and lower in-hospital mortality rates (ICU 1/2: 6.1% vs. ICU 3/4: 8.9%, p < 0.001) than the ICU3/4 group (n = 46,330; 
39.3%). The average cost per patient of ICU1/2 and ICU3/4 was 2,249,270 ± 1,955,953 JPY and 1,682,546 ± 1,588,928 
JPY, respectively, with a difference of 566,724. The ICER was 718,659 JPY/QALY, which was below the cost-effectiveness 
threshold.

Conclusions ICU1/2 is associated with lower ICU patient mortality than ICU3/4. Treatments under ICU1/2 are more 
cost-effective than those under ICU3/4, with an ICER of < 5 million JPY/QALY.
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Background
The observed effects of intensive care unit (ICU) staff-
ing on patient outcomes are contradictory. Wilcox et al. 
suggested that high-intensity staffing was associated 
with lower ICU and in-hospital mortality, whereas 24-h 
in-hospital intensivist placement compared with day-
time-only placement did not reduce ICU or in-hospital 
mortality [1]. In contrast, Costa et  al. suggested that 
high-intensity daytime staffing and closed ICUs did not 
reduce in-hospital mortality [2]. The European and North 
American guidelines recommend high-intensity staffing 
and closed ICUs; however, further research is required 
to determine the optimal provision of scarce medical 
resources due to the current constraints on the availabil-
ity and cost of intensivists on a 24-h basis [3].

The universal health insurance system in Japan cov-
ers all citizens through the public healthcare insurance 
scheme [4]. The public healthcare insurance scheme clas-
sifies ICUs into four types that can be divided into two 
categories according to the management fee charged 
per day: (1) ICU management fees 1 and 2 (ICU1/2) 
(equivalent to high-intensity staffing), which require at 
least two full-time ICU specialists, certified nurses, and 
clinical engineers, and (2) ICU management fees 3 and 
4 (ICU3/4) (equivalent to low-intensity staffing), which 
require only a full-time physician (not necessarily an ICU 
specialist), with no requirement of certified nurses or 
clinical engineers (Additional file 1). The accreditation for 
calculating the management fees is conducted on a hos-
pital basis, and hospitals must satisfy the medical staffing 
and facility criteria to receive the certification. Whether 
the patient receives treatments in ICU1/2/3 or 4 is deter-
mined by the facility at which the patient is admitted, 
regardless of the disease or the severity of the illness [4]. 
ICU1/2, which is introduced in 2014, charges at a higher 
rate than ICU3/4. Although cost-effectiveness analyses 
of an emergency department-based ICU have been pre-
viously reported [5], no cost-effectiveness analysis on 
ICU1/2 (high-intensity staffing) has been conducted.

The Diagnosis Procedure Combination (DPC) data-
base is a large Japanese database of inpatient records 
collected for designated acute-care hospitals [6, 7]. The 
Sequential Organ Failure Assessment (SOFA) score is 
a standard severity score used to assess organ damage, 
with a total score of 0–24 to indicate severity. The SOFA 
score is based on physiological parameters (respiration, 
coagulation, circulation, kidney, liver, and central nerv-
ous system) and is an accepted clinical indicator when 
assessing patient care [8]. As a requirement for calcu-
lating management fees, the Japanese public insurance 
payment scheme has mandated that SOFA scores be 
reported in the DPC Database with ICU1/2 claims from 
April 2018 onwards and with ICU3/4 claims from April 

2020 onwards. Fujimori et  al. suggested that the SOFA 
score may support a more accurate physiological sever-
ity-based analysis of treatment effects, which had not 
been possible in the past [9]. However, there have been 
no previous reports of physiological severity-based anal-
ysis comparisons performed using the SOFA score for 
patients treated under the ICU management fees. There-
fore, this study aimed to compare the clinical outcomes 
between ICU1/2 and ICU3/4 and evaluate the cost-effec-
tiveness of ICU1/2 compared with that of ICU3/4, using 
1 year of DPC data.

Methods
Ethics approval
This study was exempt from requiring ethical approval 
from the Institutional Review Board of the University of 
Tohoku (reference no. 2022-1-444). The requirement for 
informed patient consent was also waived because of the 
anonymized nature of the data. This study was reported 
in accordance with the Consolidate Health Economic 
Evaluation Reporting Standards 2022 (CHEERS 2022) 
checklists [10].

Study design and data source
This retrospective observational study analyzed inpatient 
data from the DPC database in Japan. The DPC database 
contains the clinical and medical expenditure informa-
tion of over seven million patients admitted annually to 
the hospital, collected from nearly 1100 healthcare facili-
ties. The database includes the following data for all inpa-
tients: age; sex; diagnostic record with the International 
Classification of Diagnosis, 10th Revision (ICD-10) code, 
admission type (emergency or elective), daily procedures 
recorded using Japanese medical procedure codes, SOFA 
score during ICU admission, and discharge status.

Patient selection
ICU patients enrolled in the DPC database between 
April 2020 and March 2021 were included in this study. 
Patients with ICU management fees 1, 2, 3, or 4 were eli-
gible. The exclusion criteria were as follows: (1) require-
ment of multiple intensive care treatments under ICU1, 
2, 3, and/or 4 in the same admission period; (2) readmis-
sion to the ICU after having previously been discharged; 
(3) age < 15 years; (4) ICU admission > 14 days; (5) miss-
ing or unclear SOFA score data; and (6) the surgery date 
did not correspond with the recorded anesthesia date. 
The selected patients were categorized into two groups: 
patients who received ICU management fees 1 or 2 
(ICU1/2 group) and those who received ICU manage-
ment fees 3 or 4 (ICU3/4 group). The following base-
line patient information was collected: age at admission, 
sex, information on surgery, admission type, academic 
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hospital or non-academic hospital, and usage of blood 
transfusion therapy.

Outcomes
Clinical outcomes
The following clinical outcomes were compared between 
the ICU1/2 and 3/4 groups: ICU all-cause mortality, 
in-hospital all-cause mortality, length of ICU stay, and 
length of hospital stay. Patients who were discharged 
alive and those who died in the ICU or hospital were 
included in the evaluation of the length of hospital stay.

Cost
The medical costs for each patient from the day of ICU 
admission to the day of ICU discharge were obtained 
from the DPC data. The medical costs covered proce-
dures, surgeries, anesthesia, blood transfusion, drugs, 
and hospital fees but excluded service fees of meals, 
transportation, and family care. The costs (which does 
not include the cost of surgery and anesthesia) and the 
total costs (which include the cost of surgery and anes-
thesia) were determined. The difference in the total costs 
between the ICU1/2 and ICU3/4 groups was used to 
analyze cost-effectiveness. Cost-effectiveness was deter-
mined based on the total costs, because the intention was 
to be close to real-world settings. All costs were obtained 
in Japanese Yen (JPY).

Evaluation of cost‑effectiveness
For patients who were alive at hospital discharge, the 
expected life expectancy after hospital discharge was 
calculated using the life expectancy table obtained from 
the Japanese Ministry of Health, Labour and Welfare 
[11]. Patients who died during their hospital stay were 
recorded as having zero life expectancy. The life expec-
tancy of the ICU-discharged population was estimated 
to be shorter than that of the general population of the 
same age [12–14]. Based on previous reports, the reduc-
tion rates according to the age group (≤ 51, 52–63, 
64–74, ≥ 75 years) for patients who were discharged from 
the ICU were set to 0.66, 0.67, 0.56, and 0.71, respectively 
[15, 16]. The value of 0.65 was used as the overall reduc-
tion rate for patients who were discharged from the ICU. 
This value was calculated using a weighted average of the 
respective reduction rates in the percentage of the popu-
lation by age in the present study. These reduction rates 
were used to calculate the life-year gained (LYG) by mul-
tiplying the life expectancy by reduction rates, as shown 
in the following formula [17]:

Although a decline in the quality of life (QOL) of the 
patients after discharge from the ICU was expected, 

LYG = life expectancy after ICU discharge× reduction rates.

QOL cannot be assessed directly with the DPC data 
[18–25]. Therefore, LYG was multiplied with utility val-
ues (derived from the EuroQol 5-dimensions [EQ-5D]) to 
estimate quality-adjusted life-year (QALY), as shown in 
the following formula [26]:

A systematic review and previous literature reported 
that the utility values of patients admitted to the ICU 
ranged from 0.63 to 0.81 (Additional file 2) [18–25]. In this 
study, the utility values for ICU stay, emergency surgery, 
elective surgery, and non-surgical settings were 0.63, 0.70, 
0.71, and 0.61, respectively [25]. Although several studies 
reported utility values classified by ICU stay, emergency 
surgery, elective surgery, and non-surgery, the lowest util-
ity values reported were used in this study [19, 25].

The incremental cost-effectiveness ratio (ICER) was 
calculated as the difference in the total costs of ICU stay 
divided by QALY, as shown in the following formula:

The cost-effectiveness cutoff was specified as an ICER 
value of < 5 million JPY/QALY, according to previous 
studies conducted in Japan [27, 28]. The cost-effective-
ness of ICU1/2 compared with that of ICU3/4 was ana-
lyzed from a health policy perspective.

Discount
Costs were not discounted as only the intensive care 
expenses were considered. Similarly, the time point was 
not considered, as only intensive care can be objective.

Subgroup analysis
Subgroup analyses of clinical outcomes and costs were 
conducted. Patients were stratified into subgroups by 
(1) age (≦  51, 52–63, 64–74, and ≥ 75 years); (2) type of 
admission (elective admission, emergency admission); (3) 
type of surgery (emergency surgery, elective surgery, and 
non-surgery); and (4) SOFA scores (0–2, 3–5, 6–8, 9–11, 
12–14, 15–24). The ICU mortality rates, in-hospital mor-
tality rates, and cost-effectiveness for ICU1/2 and ICU3/4 
were then compared according to these subgroups. The 
SOFA scores were calculated to determine the impact of 
the severity of organ damage [9, 29]. A surgery was selec-
tively defined as a surgical operation performed on the 
same day with anesthesia (including general, intravenous, 
epidural, and spinal anesthesia). Emergency surgery was 
defined as emergency admission and surgery. Elective 

QALY = LYG× utility values.

ICER = the average cost of ICU stay of ICU1/2 group

−the average cost of ICU stay of ICU3/4 group

/ the average QALY of ICU1/2 group

−the average QALY of ICU3/4 group .
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surgery was defined as elective admission and surgery. 
The category of non-surgical operation was used when a 
patient was not registered for surgery. The SOFA scores 
on the first day of ICU admission were used.

Sensitivity analysis
Several sensitivity analyses were conducted to investi-
gate the validity of the main analysis. The adjustments 
mentioned above that were used for the calculation of 
LYG and QALY (0.65 and 0.63) were obtained from the 
published literature; however, they were based on old 
studies; hence, the values were likely to be inaccurate. 
The sensitivity analysis was performed to investigate this 
uncertainty for the calculated factors of LYG and QALY. 
In this scenario, the variation of ICERs was examined 
when the adjustment factors were changed. In the worst 
case, a sensitivity analysis was performed when reduc-
tion rates were 0.5 for the LYG calculation and 0.5 for 
the QALY calculation. In the best case, a sensitivity 
analysis was also performed when reduction rates were 
0.8 for the LYG calculation and 0.9 for the QALY calcu-
lation. The sensitivity analysis set values to a range cov-
ering previously reported utility values for ICU stay of 
0.63 to 0.81 (Additional file 2) [18–25]. The results were 
compared with the values obtained under the standard 
condition (basic case).

Statistical analysis
All analyses were performed using Python (version 
3.7.13) software. Continuous variables are expressed as 
means and standard deviations, while categorical varia-
bles are expressed as numbers and percentages. The Chi-
squared test and Wilcoxon rank-sum test were used to 
compare the two groups. For all analyses, statistical sig-
nificance was defined as p < 0.05.

Results
Patients
In total, 7,100,883 patients were enrolled in the DPC 
database between April 2020 and March 2021. Among 
these, 265,197 patients were admitted to the ICU under 
ICU management fees 1, 2, 3, and/or 4 during the study 
period. Thus, a total of 117,742 patients from 495 differ-
ent hospitals were included in the analysis, with 71,412 
patients (60.7%) in the ICU1/2 group and 46,330 (39.3%) 
in the ICU3/4 group (Fig. 1). Compared with the ICU3/4 
group, the ICU1/2 group was younger (68.1  years vs. 
70.3  years, p < 0.001), underwent a higher proportion 
of surgery (85.0% vs. 75.6%, p < 0.001), were more likely 
to be admitted in academic hospitals (42.8% vs. 12.2%, 
p < 0.001), had a lower proportion of emergency admis-
sion (36.3% vs. 46.8%, p < 0.001), and had higher SOFA 
scores (4.4 vs. 3.9, p < 0.001) (Table 1).

Inpatients admitted to the ICU registered for DPC payment (n=265,197)

Surgical 
(n=60,704)

Non-surgical 
(n=10,708)

Non-surgical 
(n=11,295)

Inpatients registered in the database (n=7,100,883)

ICU1/2 group 
(n=71,412)

n=117,742

ICU3/4 group 
(n=46,330)

• Patients treated in both the ICU1/2 and ICU3/4 were excluded 
(n=1,551)

• Patients readmitted to the ICU were excluded (n=10,064 )
• Patients aged under 15 years were excluded (n=7,391)
• Patients who were charged ICU management fee for more than 

14 days were excluded (n=679)
• Cases with missing or uncertain SOFA scores were excluded

(n=109,392)
• Cases in which the surgery date did not match the anesthesia

date were excluded (n=18,378)

Surgical 
(n=35,035)

Fig. 1 Flowchart of patient selection. ICU intensive care unit, DPC diagnostic procedure combination, SOFA Sequential Organ Failure Assessment
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Clinical outcomes
Table  2 presents the comparison of the clinical out-
comes between the ICU1/2 and ICU3/4 groups. 
The ICU mortality rates were 2.6% and 4.3% in the 
ICU1/2 and ICU3/4 groups, respectively (p < 0.001). 

The in-hospital mortality rates were 6.1% and 8.9% 
(p < 0.001), and the length of ICU stay was 2.8 days and 
2.7  days in the ICU1/2 and ICU3/4 groups (p < 0.001), 
respectively. The length of hospital stay was longer in 
the ICU1/2 group (27.0 days vs. 23.6 days, p < 0.001).

Table 1 Baseline patient characteristics

Data are presented as the number (frequency), or mean (SD)

SD standard deviation; ICU, intensive care unit; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment

Overall ICU1/2 group ICU3/4 group p value

(n = 117,742) % (n = 71,412, 60.7%) % (n = 46,330, 39.3%) %

Hospital 495 186 37.6 309 62.4

Age (years) 69.0 (14.6) 68.1 (14.8) 70.3 (14.2)  < 0.001

 ≦51 14,990 12.7 9862 13.8 5128 11.1  < 0.001

 52–63 17,921 15.2 11,321 15.9 6600 14.2  < 0.001

 64–74 37,492 31.8 23,067 32.3 14,425 31.1  < 0.001

 ≧75 47,339 40.2 27,162 38.0 20,177 43.6  < 0.001

Male sex 70,369 59.8 42,951 60.1 27,418 59.2  < 0.001

Emergency hospital admission 47,602 40.4 25,917 36.3 21,685 46.8  < 0.001

Academic hospital 36,255 30.8 30,596 42.8 5659 12.2  < 0.001

Surgery 95,739 81.3 60,704 85.0 35,035 75.6  < 0.001

SOFA score 4.2 (3.7) 4.4 (3.7) 3.9 (3.8)  < 0.001

Blood transfusion therapy

 RBC transfusion 37,765 32.1 25,045 35.1 12,720 27.5  < 0.001

 Plasma transfusion 23,451 19.9 15,982 22.4 7469 16.1  < 0.001

 Platelet transfusions 14,706 12.5 10,283 14.4 4423 9.5  < 0.001

Table 2 Clinical outcomes and costs

Data represent number (frequency), or mean (SD). Costs are expressed in JPY

SD standard deviation, ICU intensive care unit, LYG life year gained, QALY quality-adjusted life-year, ICER incremental cost-effectiveness

ICU1/2 group ICU3/4 group Difference p value
n = 71,412 n = 46,330

Clinical outcomes

 ICU mortality rates 1870 (2.6%) 1983 (4.3%)  < 0.001

 In-hospital mortality rates 4316 (6.1%) 4102 (8.9%)  < 0.001

 Length of ICU stay, days 2.8 (3.1) 2.7 (3.0)  < 0.001

 Length of hospital stay, days 27.0 (28.2) 23.6 (23.3)  < 0.001

Cost

 Cost (excluding surgery and anesthesia), 
JPY

571,106 (763,141) 397,756 (507,567) 173,350  < 0.001

 Total cost, JPY 2,249,270 (1,955,953) 1,682,546 (1,588,928) 566,724  < 0.001

 Life expectancy, years 19.29 17.35 1.93

 LYG, years 12.50 11.25 1.25

 QALY, years 7.87 7.08 0.79

 ICER, JPY/QALY 718,659
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Cost‑effectiveness ratio
Table  2 presents the calculation results of the average 
medical costs from the day of ICU admission to the day 
of ICU discharge. The costs per patient, excluding the 
costs of surgery and anesthesia, was 571,106 ± 763,141 
JPY in the ICU1/2 group and 397,756 ± 507,756 JPY in the 
ICU3/4 group. The total costs per patient in the ICU1/2 
group was 2,249,270 ± 1,955,953 JPY, whereas that in the 
ICU3/4 group was 1,682,546 ± 1,588,928 JPY. The dif-
ference of 566,724 JPY indicated that the ICU1/2 group 
had higher total medical costs than the ICU3/4 group. 
Table  2 also presents comparisons of life expectancy, 
LYG, and QALY. The life expectancy was 19.29 years and 
17.35  years in the ICU1/2 and ICU3/4 groups, respec-
tively, 1.93 years longer in the ICU1/2 group. LYG, which 
was calculated by multiplying life expectancy by 0.65, 
was 1.25  years longer in the ICU1/2 group than that in 
the ICU3/4 group. QALY, which was calculated by multi-
plying LYG by 0.63, was 0.79 years longer in the ICU1/2 
group. The ICER obtained from the differences in cost 
and QALY was 718,659 JPY/QALY.

Subgroup analysis
The results of the subgroup analysis of age, type of admis-
sion, type of surgery, and SOFA scores are shown in 
Table  3. The ICU mortality rates in ICU1/2 were lower 
than those in ICU3/4 for all age subgroups: ≤ 51  years 
(1.8% vs. 2.8%, p < 0.001), 52–63  years (1.9% vs. 3.1%, 
p < 0.001), 64–74  years (2.1% vs. 3.3%, p < 0.001), 
and ≥ 75 years (3.6% vs. 5.7%, p < 0.001). For all age sub-
groups, in-hospital mortality was also lower in ICU1/2 
than in ICU3/4. Both the ICU mortality rates and in-
hospital mortality rates in ICU1/2 were lower than those 
in ICU3/4 for emergency admission (ICU mortality rates: 
6.3% vs. 8.4%, p < 0.001, in-hospital mortality rates: 14.1% 
vs. 17.1%, p < 0.001) subgroups but not for the elective 
admission subgroup. Meanwhile, the ICU mortality rates 
and in-hospital mortality rates in ICU1/2 were lower 
than those in ICU3/4 for the emergency surgery (ICU 
mortality rates; 3.1% vs. 3.9%, p < 0.001, in-hospital mor-
tality rates; 9.6% vs. 11.2%, p < 0.001) and non-surgery 
(ICU mortality rates; 11.6% vs. 13.0%, p < 0.001, in-hospi-
tal mortality rates; 21.6% vs. 23.1%, p < 0.001) subgroups 
but not for the elective surgery subgroup. Further, for 
emergency surgery patients, the in-hospital mortality 
rates were lower for ICU1/2 than those for ICU3/4 in the 
subgroup of patients with SOFA scores of 0–2, 3–5, 6–8, 
and 9–11. For non-surgery patients, the in-hospital mor-
tality rates were lower for ICU1/2 than those for ICU3/4 
in the SOFA scores of 0–2, 3–5, 6–8, 9–11, and 12–14 
subgroups. Among patients with SOFA scores of 0–2, in-
hospital mortality rates was lower in the ICU1/2 than in 
the ICU3/4 in the emergency surgery and non-surgery 

subgroups, but there was no difference in the elective 
surgery subgroup. In the age subgroups, the lowest and 
highest ICERs were observed in the age ≤ 51  years sub-
group (850,693 JPY/QALY) and in the age 64–74  years 
subgroup (4,584,021 JPY/QALY), respectively. In the 
admission type subgroups, ICER was higher in the elec-
tive admission subgroup (824,716 JPY/QALY) than in the 
emergency admission subgroup (782,439 JPY/QALY). 
In the surgery type subgroups, ICER was higher in the 
emergency surgery subgroup (776,991 JPY/QALY) than 
in the elective surgery subgroup (736,932 JPY/QALY). 
The ICER in the non-surgery subgroup was 432,369 JPY/
QALY.

Sensitivity analysis
Sensitivity analyses were performed to examine the 
impact of changing the adjustment factors used to esti-
mate LYG and QALY from the life expectancy years. The 
results of the sensitivity analysis are presented in Table 4. 
The ICER was 407,480 JPY/QALY for the combination 
of 0.8 reduction rate and 0.9 utility value. The ICER for 
the combination of 0.5 reduction rate and 0.5 utility value 
was 1,173,541 JPY/QALY.

Discussion
A systematic review concluded that providing higher 
intensive care in the ICU significantly reduces the mortal-
ity of emergency patients [30–35]. Neuraz et al. reported 
that the number of intensivists in an ICU significantly 
reduced the mortality of patients [31]. Endo et  al. also 
suggested that the intensivists’ skills were associated with 
the mortality of ICU patients in acute-care situations 
[32]. The results of our study are consistent with those 
of previous studies. The mortality rates of ICU patients 
in ICU1/2, where the number of engaged certified inten-
sivists was higher than that in ICU3/4, were significantly 
lower than that of patients in ICU3/4. Needleman et al. 
and Penoyer et al. also reported that the number of nurses 
was also associated with lower in-hospital mortality [33, 
34]. Although the staffing criteria (nurse-to-patient ratio) 
is the same for ICU1/2 and ICU3/4 in our DPC system, 
ICU1/2 requires certified nurses. Our findings indicate 
that the skill level, as well as the number, of nurses may 
impact the reduction of ICU mortality rates. Although 
this factor has not been thoroughly investigated in previ-
ous studies, our result indicates that the presence of clini-
cal engineers may also contribute to lower mortality rates 
as evidenced by the lower ICU and in-hospital mortality 
rates in ICU1/2, which employs clinical engineers, than 
in ICU3/4, which does not.

Our finding of lower ICU and in-hospital mortality 
rate in ICU1/2 than in ICU3/4 in the emergency sur-
gery subgroup aligns with that of a previous study [35]. 
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In the current study, the emergency surgery patients with 
SOFA scores of 0–2, 3–5, 6–8, and 9–11 had lower in-
hospital mortality when admitted to ICU1/2. There was 
no significant difference in ICU and in-hospital mortality 
among elective surgery patients with SOFA scores of 0–2. 
As most postsurgical patients with mild general condi-
tions are admitted to the ICU only for intensive monitor-
ing without active intervention, a low-intensity model or 
high-dependency care unit may be sufficient for elective 
postsurgical patients with SOFA scores of 0–2 [3]. There 
are no cost-effectiveness studies comparing the effect 
between high- and low-intensity staffing on the ICU 
management fees. Shiroiwa et  al. reported that medi-
cal interventions were cost-effective, with ICER values 
of < 5 million JPY/QALY gained [27, 28]. Based on this 
criterion, our research finding suggests that treatments 
in ICU1/2 are more cost-effective than those in ICU3/4 
(718,659 JPY/QALY). ICU1/2 is associated with a higher 
fee than ICU3/4 because of its medical staffing and facili-
ties requirements. In this study, the ICER was < 5 mil-
lion JPY/QALY in the comparison between ICU1/2 and 
ICU3/4, suggesting that, from a health policy perspec-
tive, the cost-effectiveness criteria are satisfied. However, 
the Japanese Society of Intensive Care Medicine Board 
reports that more than 80% of hospitals accredited for 
ICU management fees (ICU1/2 and ICU3/4) have a gen-
erous nurse-to-patient ratio of 1:1.5, even if the staffing 
criterion is 1:2 [36]. More medical staff may be assigned 
in ICU1/2 than in ICU3/4, which may result in higher 
labor costs. From a hospital perspective, it could possibly 
mean that the medical fee for ICU 1/2 is not adequately 
proportionate, and cost-effectiveness is established with 
the disadvantage of a large medical expenditure in the 
hospital.

ICU survivors have a shorter life expectancy after dis-
charge than healthy individuals. To account for this, 
LYG and QALY were calculated using reduction rates 
and utility values, based on previous studies. A sensitiv-
ity analysis was performed to determine the effect of this 
uncertainty on the values. The ICERs calculated for cases 
with higher values (0.8 and 0.9) and lower values (0.5 and 
0.5) were 407,480 JPY/QALY and 1,173,541 JPY/QALY, 
respectively. These ICERs are below the acceptable 

threshold of ICER even in the worst case. With regard to 
subgroup analyses according to age, type of admission, 
type of surgery, and SOFA scores, ICERs were confirmed 
to be below the acceptable threshold in all subgroups. In 
ICU1/2- and ICU3/4-certified facilities, all patients are 
charged the same ICU management fees per day. Dif-
ferentiating management fees according to patient back-
grounds, such as the type of surgery (emergency, elective, 
or non-surgery) and SOFA score, is theoretically rational 
with respect to health economics. Further, it encour-
ages hospitals to redistribute healthcare resources based 
on necessity. Although the assessment of QOL in ICU 
patients varies from discharge to a longer time point of 
6 months to 12 years after ICU treatment [19, 22–25, 37–
39], the timing of ICER assessment was set to a shorter 
time point setting from ICU admission to hospital dis-
charge in this study. This approach could also be used to 
evaluate claims data from other countries and applied to 
international comparisons of healthcare economics. The 
long-term clinical outcomes, including QOL, of patients 
discharged from ICUs must be further investigated to 
determine cost-effectiveness in the intensive care setting.

Our study had several limitations. First, although 
a subgroup analysis was conducted, the presence of 
unadjusted confounding factors could not be elimi-
nated. No adjustment for facility or region was per-
formed. Second, patients with missing or unknown 
SOFA scores were excluded from the study, and 
unregistered or undeclared SOFA scores were more 
prevalent in the ICU3/4 group. Patients with ICU 
stay > 14  days were also excluded; thus, the possibility 
of a selection bias cannot be excluded. Under the Japa-
nese insurance system, the base period for which the 
ICU management fee can be calculated is ≤ 14  days. 
Patients with severe burns, organ transplantations, and 
extracorporeal membrane oxygenation were excluded 
because, as an exception, ICU management fees can 
be calculated for > 14 days for these patients, and their 
conditions are highly specific. This may have resulted 
in a shorter length of ICU stay in both groups. Third, 
although the effectiveness assessment of ICU man-
agement should include mid- to long-term mortality 
rates and QOL information, ICU mortality rates and 

Table 4 Sensitivity analysis

LYG life year gained, QALY quality-adjusted life-year, ICER incremental cost-effectiveness ratio, JPY Japanese Yen

Reduction 
rate for LYG 
estimation

Utility value for 
QALY estimation

Difference 
in cost (JPY)

Difference in life 
expectancy (years)

Difference in 
LYG (years)

Difference in 
QALY (years)

ICER (JPY/QALY)

Case 1 (Basic case) 0.65 0.63 566,724 1.93 1.25 0.79 718,659

Case 2 (Best case) 0.8 0.9 566,724 1.93 1.55 1.39 407,480

Case 3 (Worst case) 0.5 0.5 566,724 1.93 0.97 0.48 1,173,541
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in-hospital mortality rates were evaluated as the main 
clinical outcome in this study because the DPC data-
base only included outcomes at discharge. The ICU and 
in-hospital mortality rates are important as short-term 
parameters for evaluating the effectiveness of ICU man-
agement. Finally, this study of QALYs was performed 
with several adjustments based on the methods of ear-
lier studies [17, 18]. The adjustments for life expectan-
cies were performed based on information for patients 
with acute respiratory failure; therefore, life expectancy 
was adjusted to be shorter. Although the utility value 
for QALY ranges from 0.63 to 0.81, it was set to 0.63 
in this study, and this may have resulted in an under-
estimation of the QOL. Such adjustments did not 
adversely affect the interpretation of the results of cost-
effectiveness. However, there is a risk that we may have 
over-adjusted the results, although a sensitivity analy-
sis was performed to minimize this effect. For a more 
accurate assessment of QALY, it is necessary to conduct 
a follow-up evaluation of the mid- to long-term QOL 
of patients admitted to the ICU. Outpatient visits for 
patients discharged from the ICU may be a useful fol-
low-up indicator to clarify which staffing models and/
or organizational structures improve cost-effectiveness.

Conclusions
In this observational study covering nationwide acute-
care hospitals in Japan, ICU1/2 was associated with 
lower ICU mortality and in-hospital mortality than 
ICU3/4. The ICER was < 5 million JPY/QALY; therefore, 
ICU1/2 is cost-effective. Further investigations are nec-
essary to identify the ICU outcomes and cost-effective-
ness with respect to management fees.

Abbreviations
CHEERS  Consolidated Health Economic Evaluation Reporting Standards
DPC  Diagnosis procedure combination
EQ-5D  EuroQol 5-dimensions
ICD-10  International Classification of Diagnosis, 10th Revision
ICER  Incremental cost-effectiveness ratio
ICU  Intensive care unit
JPY  Japanese Yen
QALY  Quality-adjusted life-year
QOL  Quality of life
SOFA  Sequential Organ Failure Assessment

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40560- 023- 00708-w.

Additional file 1: Classification of acute care beds in Japan.

Additional file 2: Utility values reported for the EQ-5D score for ICU 
patients.

Acknowledgements
We would like to thank Editage (www. edita ge. com) for English language 
editing. We would like to thank Sinya Sonobe for technical assistance with the 
analysis.

Author contributions
Concept and design: SI, TS, KT, YI, KF. Acquisition of data: KF, KF. Analysis and 
interpretation of data: SI, TS, ET, YI, YK, KT. Drafting of the manuscript: SI, TS, 
YI. Critical revision of the paper for important intellectual content: YI, YK, KT, 
YI, TU, KF, MY. Statistical analysis: SI, TS, YI, YK, ET. Obtaining funding: TS, KF, KF. 
Administrative, technical, or logistic support: TS, TU, ET, KF, MY. Supervision: TU, 
MY. All authors read and approved the final manuscript.

Funding
The study was supported by Grants from the Ministry of Health, Labor and 
Welfare, Japan (20AA2005), and JSPS KAKENHI Grant Number JP19K18311. The 
publication of the study results was not contingent on the sponsor’s approval 
or censorship of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was exempt from requiring ethical approval from the Institu-
tional Review Board of the University of Tohoku (reference no. 2022-1-444), 
which waived the requirement for informed patient consent because of 
the anonymized nature of the data. This study was reported in accordance 
with the Consolidate Health Economic Evaluation Reporting Standards 2022 
(CHEERS 2022) checklists.

Consent for publication
Not applicable.

Competing interests
TS received a research grant from the Japan Society for the Promotion of Sci-
ence (Tokyo, Japan). KF and KF received the grant from the Ministry of Health, 
Labour and Welfare (Tokyo, Japan). The other authors declare that they have 
no conflicts of interest to disclose.

Author details
1 Department of Anesthesiology and Perioperative Medicine, Tohoku 
University Graduate School of Medicine, Sendai, Japan. 2 AI Lab, Tohoku 
University Hospital, Sendai, Japan. 3 Experience Design and Alliance Section, 
Tohoku University Hospital, Sendai, Japan. 4 Department of Biodesign, Center 
for Research, Education, and Innovation, Tohoku University Hospital, Sendai, 
Japan. 5 Department of Intensive Care Unit, Tohoku University Hospital, Sendai, 
Japan. 6 Department of Clinical Imaging, Tohoku University Graduate School 
of Medicine, Sendai, Japan. 7 Department of Health Administration and Policy, 
Tohoku University Graduate School of Medicine, Sendai, Japan. 8 Depart-
ment of Health Policy and Informatics, Tokyo Medical and Dental University 
Graduate School of Medicine, Tokyo, Japan. 9 College of Policy Studies, Tsuda 
University, Tokyo, Japan. 

Received: 24 August 2023   Accepted: 21 November 2023

References
 1. Wilcox ME, Chong CA, Niven DJ, Rubenfeld GD, Rowan KM, Wunsch H, 

et al. Do intensivist staffing patterns influence hospital mortality follow-
ing ICU admission? A systematic review and meta-analyses. Crit Care 
Med. 2013;41:2253–74. https:// doi. org/ 10. 1097/ CCM. 0b013 e3182 92313a.

 2. Costa DK, Wallace DJ, Kahn JM. The association between daytime 
intensivist physician staffing and mortality in the context of other ICU 

https://doi.org/10.1186/s40560-023-00708-w
https://doi.org/10.1186/s40560-023-00708-w
http://www.editage.com
https://doi.org/10.1097/CCM.0b013e318292313a


Page 11 of 11Ikumi et al. Journal of Intensive Care           (2023) 11:60  

organizational practices: a multicenter cohort study. Crit Care Med. 
2015;43:2275–82. https:// doi. org/ 10. 1097/ CCM. 00000 00000 001259.

 3. Nates JL, Nunnally M, Kleinpell R, Blosser S, Goldner J, Birriel B, et al. ICU 
admission, discharge, and triage guidelines: a framework to enhance clinical 
operations, development of institutional policies, and further research. Crit 
Care Med. 2016;44:1553–602. https:// doi. org/ 10. 1097/ CCM. 00000 00000 
001856.

 4. Ministry of Health, Labour and Welfare. Overview of medical service regime 
in Japan. https:// www. mhlw. go. jp/ bunya/ iryou hoken/ iryou hoken 01/ dl/ 01_ 
eng. pdf. Accessed 14 Apr 2023.

 5. Bassin BS, Haas NL, Sefa N, Medlin R, Peterson TA, Gunnerson K, et al. Cost-
effectiveness of an emergency department-based intensive care unit. JAMA 
Netw Open. 2022;5: e2233649. https:// doi. org/ 10. 1001/ jaman etwor kopen. 
2022. 33649.

 6. Matsuda S, Fujimori K, Fushimi K. Development of casemix based evaluation 
system in Japan. Asian Pac J Dis Manag. 2010;4:55–66. https:// doi. org/ 10. 
7223/ apjdm.4. 55.

 7. Murata A, Matsuda S, Kuwabara K, Ichimiya Y, Fujino Y, Kubo T, et al. 
Equivalent clinical outcomes of bleeding peptic ulcers in teaching and non-
teaching hospitals: evidence for standardization of medical care in Japan. 
Tohoku J Exp Med. 2011;223:1–7. https:// doi. org/ 10. 1620/ tjem. 223.1.

 8. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H, et al. 
The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ 
dysfunction/failure. On behalf of the Working Group on Sepsis-Related 
Problems of the European Society of Intensive Care Medicine. Intensive Care 
Med. 1996;22:707–10. https:// doi. org/ 10. 1007/ BF017 09751.

 9. Fujimori K, Tarasawa K, Fushimi K. Effectiveness of polymyxin B hemoperfu-
sion for sepsis depends on the baseline SOFA score: a nationwide obser-
vational study. Ann Intensive Care. 2021;11:141. https:// doi. org/ 10. 1186/ 
s13613- 021- 00928-z.

 10. Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH, 
Carswell C, et al. Consolidated health economic evaluation reporting stand-
ards 2022 (CHEERS 2022) statement: updated reporting guidance for health 
economic evaluations. Value Health. 2022;25:3–9. https:// doi. org/ 10. 1016/j. 
jval. 2021. 11. 1351.

 11. Ministry of Health, Labour and Welfare. [Overview of 2020 simplified life 
tables]. https:// www. mhlw. go. jp/ toukei/ saikin/ hw/ life/ life20/ index. html. 
Accessed 14 Apr 2023 [in Japanese].

 12. Ridley S, Plenderleith L. Survival after intensive care. Comparison with a 
matched normal population as an indicator of effectiveness. Anaesthesia. 
1994;49:933–5. https:// doi. org/ 10. 1111/j. 1365- 2044. 1994. tb043 06.x.

 13. Djaiani G, Ridley S. Outcome of intensive care in the elderly. Anaesthesia. 
1997;52:1130–6. https:// doi. org/ 10. 1111/j. 1365- 2044. 1997. 237- az0369.x.

 14. Andersen FH, Flaatten H, Klepstad P, Romild U, Kvåle R. Long-term survival 
and quality of life after intensive care for patients 80 years of age or older. 
Ann Intensive Care. 2015;5:53. https:// doi. org/ 10. 1186/ s13613- 015- 0053-0.

 15. Linko R, Suojaranta-Ylinen R, Karlsson S, Ruokonen E, Varpula T, Pettilä V, et al. 
One-year mortality, quality of life and predicted life-time cost–utility in criti-
cally ill patients with acute respiratory failure. Crit Care. 2010;14:R60. https:// 
doi. org/ 10. 1186/ cc8957.

 16. Statistics Finland. [Number of deaths 2007 and 2008]. https:// www. stat. fi/ 
til/ ksyyt/ 2008/ ksyyt_ 2008_ 2009- 12- 18_ tau_ 001_ en. html. Accessed 14 Apr 
2023.

 17. Fujimori K, Tarasawa K, Fushimi K. Cost-effectiveness of polymyxin B 
hemoperfusion for septic shock: an observational study using a Japanese 
nationwide administrative database. J Anesth Analg Crit Care. 2023;3:4. 
https:// doi. org/ 10. 1186/ s44158- 023- 00087-6.

 18. Oeyen SG, Vandijck DM, Benoit DD, Annemans L, Decruyenaere JM. Quality 
of life after intensive care: a systematic review of the literature. Crit Care Med. 
2010;38:2386–400. https:// doi. org/ 10. 1097/ CCM. 0b013 e3181 f3dec5.

 19. Granja C, Teixeira-Pinto A, Costa-Pereira A. Quality of life after inten-
sive care—evaluation with EQ-5D questionnaire. Intensive Care Med. 
2002;28:898–907. https:// doi. org/ 10. 1007/ s00134- 002- 1345-z.

 20. Badia X, Diaz-Prieto A, Gorriz MT, Herdman M, Torrado H, Farrero E, et al. 
Using the euroqol-5d to measure changes in quality of life 12 months after 
discharge from an intensive care unit. Intensive Care Med. 2001;27:1901–7. 
https:// doi. org/ 10. 1007/ s00134- 001- 1137-x.

 21. Cuthbertson BH, Roughton S, Jenkinson D, MacLennan G, Vale L. Quality of 
life in the five years after intensive care: a cohort study. Crit Care. 2010;14:R6. 
https:// doi. org/ 10. 1186/ cc8848.

 22. Ahlström A, Tallgren M, Peltonen S, Räsänen P, Pettilä V. Survival and quality 
of life of patients requiring acute renal replacement therapy. Intensive Care 
Med. 2005;31:1222–8. https:// doi. org/ 10. 1007/ s00134- 005- 2681-6.

 23. Ylipalosaari P, Ala-Kokko TI, Laurila J, Ohtonen P, Syrjälä H. Intensive care unit 
acquired infection has no impact on long-term survival or quality of life: a 
prospective cohort study. Crit Care. 2007;11:R35. https:// doi. org/ 10. 1186/ 
cc5718.

 24. Unoki T, Sakuramoto H, Uemura S, Tsujimoto T, Yamaguchi T, Shiba Y, et al. 
Prevalence of and risk factors for post-intensive care syndrome: multicenter 
study of patients living at home after treatment in 12 Japanese intensive 
care units, SMAP-HoPe study. PLoS ONE. 2021;16:e0252167. https:// doi. org/ 
10. 1371/ journ al. pone. 02521 67.

 25. Sznajder M, Aegerter P, Launois R, Merliere Y, Guidet B. CubRea: A cost-
effectiveness analysis of stays in intensive care units. Intensive Care Med. 
2001;27:146–53. https:// doi. org/ 10. 1007/ s0013 40000 760.

 26. Brooks R, de Charro F. EuroQol: the current state of play. Health Policy. 
1996;37:53–72. https:// doi. org/ 10. 1016/ 0168- 8510(96) 00822-6.

 27. Shiroiwa T, Fukuda T, Ikeda S, Takura T, Moriwaki K. Development of an 
official guideline for the economic evaluation of drugs/medical devices in 
Japan. Value Health. 2017;20:372–8. https:// doi. org/ 10. 1016/j. jval. 2016. 08. 
726.

 28. Shiroiwa T, Sung YK, Fukuda T, Lang HC, Bae SC, Tsutani K. International 
survey on willingness-to-pay (WTP) for one additional QALY gained: what 
is the threshold of cost effectiveness? Health Econ. 2010;19:422–37. https:// 
doi. org/ 10. 1002/ hec. 1481.

 29. Yamakawa K, Umemura Y, Hayakawa M, Kudo D, Sanui M, Takahashi H, et al. 
Benefit profile of anticoagulant therapy in sepsis: a nationwide multi-
centre registry in Japan. Crit Care. 2016;20:229. https:// doi. org/ 10. 1186/ 
s13054- 016- 1415-1.

 30. Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov TT, Young TL. 
Physician staffing patterns and clinical outcomes in critically ill patients: a 
systematic review. JAMA. 2002;288:2151–62. https:// doi. org/ 10. 1001/ jama. 
288. 17. 2151.

 31. Neuraz A, Guérin C, Payet C, Polazzi S, Aubrun F, Dailler F, et al. Patient 
mortality is associated with staff resources and workload in the ICU: a multi-
center observational study. Crit Care Med. 2015;43:1587–94. https:// doi. org/ 
10. 1097/ CCM. 00000 00000 001015.

 32. Endo K, Mizuno K, Seki T, Joo WJ, Takeda C, Takeuchi M, et al. Intensive care 
unit versus high-dependency care unit admission on mortality in patients 
with septic shock: a retrospective cohort study using Japanese claims data. 
J Intensive Care. 2022;10:35. https:// doi. org/ 10. 1186/ s40560- 022- 00627-2.

 33. Needleman J, Buerhaus P, Pankratz VS, Leibson CL, Stevens SR, Har-
ris M. Nurse staffing and inpatient hospital mortality. N Engl J Med. 
2011;364:1037–45. https:// doi. org/ 10. 1056/ NEJMs a1001 025.

 34. Penoyer DA. Nurse staffing and patient outcomes in critical care: a concise 
review. Crit Care Med. 2010;38:1521–8. https:// doi. org/ 10. 1097/ CCM. 0b013 
e3181 e47888. (quiz 1529).

 35. Ozdemir BA, Sinha S, Karthikesalingam A, Poloniecki JD, Pearse RM, Grocott 
MP, et al. Mortality of emergency general surgical patients and associa-
tions with hospital structures and processes. Br J Anaesth. 2016;116:54–62. 
https:// doi. org/ 10. 1093/ bja/ aev372.

 36. Recommendations for resilient intensive care providing system in Japan 
Executive Board. Taskforce for developing a highly resilient medical care 
provision system. J Jpn Soc Intensive Care Med. 2022;29:485–92. https:// doi. 
org/ 10. 3918/ jsicm. 29_ 485.

 37. Hofhuis JG, Spronk PE, van Stel HF, Schrijvers GJ, Rommes JH, Bakker J. The 
impact of critical illness on perceived health-related quality of life during ICU 
treatment, hospital stay, and after hospital discharge: a long-term follow-up 
study. Chest. 2008;133:377–85. https:// doi. org/ 10. 1378/ chest. 07- 1217.

 38. Kaarlola A, Pettilä V, Kekki P. Quality of life six years after intensive care. Inten-
sive Care Med. 2003;29:1294–9. https:// doi. org/ 10. 1007/ s00134- 003- 1849-1.

 39. Flaatten H, Kvåle R. Survival and quality of life 12 years after ICU. A 
comparison with the general Norwegian population. Intensive Care Med. 
2001;27:1005–11. https:// doi. org/ 10. 1007/ s0013 40100 960.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1097/CCM.0000000000001259
https://doi.org/10.1097/CCM.0000000000001856
https://doi.org/10.1097/CCM.0000000000001856
https://www.mhlw.go.jp/bunya/iryouhoken/iryouhoken01/dl/01_eng.pdf
https://www.mhlw.go.jp/bunya/iryouhoken/iryouhoken01/dl/01_eng.pdf
https://doi.org/10.1001/jamanetworkopen.2022.33649
https://doi.org/10.1001/jamanetworkopen.2022.33649
https://doi.org/10.7223/apjdm.4.55
https://doi.org/10.7223/apjdm.4.55
https://doi.org/10.1620/tjem.223.1
https://doi.org/10.1007/BF01709751
https://doi.org/10.1186/s13613-021-00928-z
https://doi.org/10.1186/s13613-021-00928-z
https://doi.org/10.1016/j.jval.2021.11.1351
https://doi.org/10.1016/j.jval.2021.11.1351
https://www.mhlw.go.jp/toukei/saikin/hw/life/life20/index.html
https://doi.org/10.1111/j.1365-2044.1994.tb04306.x
https://doi.org/10.1111/j.1365-2044.1997.237-az0369.x
https://doi.org/10.1186/s13613-015-0053-0
https://doi.org/10.1186/cc8957
https://doi.org/10.1186/cc8957
https://www.stat.fi/til/ksyyt/2008/ksyyt_2008_2009-12-18_tau_001_en.html
https://www.stat.fi/til/ksyyt/2008/ksyyt_2008_2009-12-18_tau_001_en.html
https://doi.org/10.1186/s44158-023-00087-6
https://doi.org/10.1097/CCM.0b013e3181f3dec5
https://doi.org/10.1007/s00134-002-1345-z
https://doi.org/10.1007/s00134-001-1137-x
https://doi.org/10.1186/cc8848
https://doi.org/10.1007/s00134-005-2681-6
https://doi.org/10.1186/cc5718
https://doi.org/10.1186/cc5718
https://doi.org/10.1371/journal.pone.0252167
https://doi.org/10.1371/journal.pone.0252167
https://doi.org/10.1007/s001340000760
https://doi.org/10.1016/0168-8510(96)00822-6
https://doi.org/10.1016/j.jval.2016.08.726
https://doi.org/10.1016/j.jval.2016.08.726
https://doi.org/10.1002/hec.1481
https://doi.org/10.1002/hec.1481
https://doi.org/10.1186/s13054-016-1415-1
https://doi.org/10.1186/s13054-016-1415-1
https://doi.org/10.1001/jama.288.17.2151
https://doi.org/10.1001/jama.288.17.2151
https://doi.org/10.1097/CCM.0000000000001015
https://doi.org/10.1097/CCM.0000000000001015
https://doi.org/10.1186/s40560-022-00627-2
https://doi.org/10.1056/NEJMsa1001025
https://doi.org/10.1097/CCM.0b013e3181e47888
https://doi.org/10.1097/CCM.0b013e3181e47888
https://doi.org/10.1093/bja/aev372
https://doi.org/10.3918/jsicm.29_485
https://doi.org/10.3918/jsicm.29_485
https://doi.org/10.1378/chest.07-1217
https://doi.org/10.1007/s00134-003-1849-1
https://doi.org/10.1007/s001340100960

	Intensive care unit mortality and cost-effectiveness associated with intensivist staffing: a Japanese nationwide observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Ethics approval
	Study design and data source
	Patient selection
	Outcomes
	Clinical outcomes
	Cost
	Evaluation of cost-effectiveness
	Discount
	Subgroup analysis

	Sensitivity analysis
	Statistical analysis

	Results
	Patients
	Clinical outcomes
	Cost-effectiveness ratio
	Subgroup analysis
	Sensitivity analysis

	Discussion
	Conclusions
	Anchor 28
	Acknowledgements
	References


