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Abstract 

Background The clinical and economic impacts of intermediate care units (IMCUs) on intensive care unit (ICU)-
discharged patients remain unclear due to inconsistent outcomes in previous studies. Under Japan’s National Health 
Insurance Scheme, ICUs are categorized by staffing intensity (high or low). Using a nationwide inpatient database 
in Japan, we evaluated the clinical outcomes and cost-effectiveness of IMCUs for ICU-discharged patients.

Methods This retrospective observational study used a Japanese administrative database to identify patients admit-
ted to the high-intensity ICU in hospitals with IMCUs between April 2020 and March 2023. Patients were categorized 
into the IMCU (IMCU group) and general ward (non-IMCU) groups. Propensity scores were estimated using a logistic 
regression model incorporating 14 variables, including patient demographics, and treatments received during ICU 
stay. One-to-one propensity score matching balanced baseline characteristics of each group. Clinical outcomes were 
compared between both groups, including in-hospital mortality, ICU readmission, length of ICU stay, length of hos-
pital stay, and total medical costs. Surgical status and surgical area (e.g., cardiovascular) were considered in subgroup 
analyses. Data analyses were conducted using the chi-square test for categorical variables and t-test for continuous 
variables.

Results Overall, 162,243 eligible patients were categorized into the IMCU (n = 21,548) and non-IMCU (n = 140,695) 
groups. Propensity score matching generated 18,220 pairs. The IMCU group had lower in-hospital mortality and ICU 
readmission rates than the non-IMCU group. However, total costs were higher in the IMCU group. Subgroup analyses 
revealed the IMCU group had significantly lower mortality and lower total costs than the non-IMCU group in the car-
diovascular [open thoracotomy] surgery subgroup.

Conclusions Discharge to an IMCU is associated with lower in-hospital mortality and ICU readmission rates com-
pared to general ward discharge. High-risk subgroups, such as cardiovascular surgery patients, experienced cost-
effective benefits from IMCU care. These findings highlight an association between IMCU admission and improved 
patient outcomes, suggesting a potential role in optimizing resource use in intensive care. Given the likelihood 
of selection bias in admission allocation, these findings should be interpretation with caution.
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Background
Intensive care units (ICUs) provide the highest level 
of care in a hospital setting regarding staff and facility 
resources [1, 2]. Intermediate care units (IMCUs) offer 
frequent nursing interventions for patients who do not 
require full ICU care but cannot be adequately managed 
in the general ward [3, 4]. Guidelines recommend dis-
charge to an IMCU rather than a general ward, especially 
for patients at high risk of death or ICU readmission, 
once they no longer require ICU-level observation and 
treatment [5, 6]. Despite these recommendations, the 
impact of IMCU transfer on patient outcomes remains 
inconsistent.

Lekwijit et al. suggested that patients discharged from 
ICUs to IMCUs had lower in-hospital mortality and 
shorter stay length than those discharged to general 
wards [7, 8]. In contrast, Ranzani et al. found no signifi-
cant prognostic differences between these groups [9]. 
Moreover, a recent systematic review noted the diverse 
benefits of IMCUs, including material resources, human 
resources, continuity of care, and patient benefits, while 
emphasizing their increasing relevance in hospital care 
[10–17]. Given this context, further research is needed to 
clarify the direct impact of IMCUs on patient outcomes 
and healthcare costs. Specifically, studies should focus on 
optimizing ICU resource allocation amid high demand 
and limited medical capacity and evaluating the cost-
effectiveness of IMCUs in managing high-risk patients 
efficiently.

Previous large-scale multicenter studies compared 
hospitals with IMCUs to those without, demonstrating 

that the benefits of IMCUs extend even to patients who 
never directly received IMCU care [8, 18, 19]. However, 
studies that directly compared patients discharged to 
IMCUs with those discharged to general wards were 
conducted at a smaller scale, limiting their generaliz-
ability [7, 9]. To address these gaps, our study directly 
examines in-hospital mortality, ICU readmissions, and 
total costs between patients discharged to IMCUs and 
those discharged to general wards.

This study aimed to evaluate whether transfer to an 
IMCU affects the outcomes and costs for ICU-dis-
charged patients using a large-scale Japanese inpatient 
database. We hypothesized that transfer to IMCUs, 
rather than general wards, would have a positive impact 
on in-hospital outcomes. Specifically, it examined 
whether such transfers reduced in-hospital mortality, 
ICU readmissions, lengths of stay in both the ICU and 
hospital, and total hospital costs.

Methods
Ethics approval and consent to participate
The research utilized a retrospective cohort design 
based on routinely gathered data, and our research fol-
lows the RECORD (Reporting of studies Conducted 
using Observational Routinely-collected health Data) 
guidelines [20]. This study was exempt from ethical 
approval by the Institutional Review Board of Tohoku 
University (reference no. 2022-1-444). A waiver for 
written consent was issued due to the anonymized 
nature of the data.

Keywords Intensive care unit, Intermediate care unit, Cost-effectiveness, Diagnosis procedure combination, 
Administrative database
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Study design and data source
This retrospective observational study analyzed data 
from the Japanese Diagnosis Procedure Combination 
(DPC) inpatients database [21]. The DPC is a nation-
wide database comprising administrative claims data 
and discharge abstracts of over seven million annual 
hospital admissions collected from nearly 1100 acute 
care hospitals. The DPC database covers approximately 
90% of tertiary-care emergency hospitals in Japan, mak-
ing it highly representative of acute inpatient care in the 
country due to its large scale. The database includes the 
following information: age, sex, body weight and height, 
smoking history, diagnostic record with the International 
Classification of Diagnosis, 10th Revision (ICD-10) code, 
admission type (emergency or elective), hospital type 
(academic hospital or not), drugs and devices used, sur-
gical procedures, discharge status, and total hospitaliza-
tion costs. The severity of organ damage was assessed 
using the Sequential Organ Failure Assessment (SOFA) 
score for patients admitted to the ICU. The SOFA score 
is based on physiological parameters (respiration, coag-
ulation, circulation, kidney, liver, and central nervous 
system), with a total score of 0–24 [22]. In the DPC data-
base, SOFA scores are recorded at three time points: ICU 
admission day, the day after ICU admission, and ICU dis-
charge day. For this study, the SOFA scores at ICU admis-
sion and ICU discharge were included as variables in the 
propensity score matching (PSM) to adjust for patient 
severity at the time of ICU admission and discharge. Fur-
thermore, we performed a stratified analysis based on the 
SOFA score at ICU discharge to better account for dis-
ease severity at the time of ICU discharge.

Study population
Patients admitted to the high-intensity ICU in hospitals 
with IMCUs and enrolled in the DPC database between 
April 2020 and March 2023 were included. The inclu-
sion criterion was ICU admission during the observa-
tion period. The exclusion criteria were as follows: (1) 
age < 15 years; (2) ICU stay > 14 days; (3) organ transplan-
tation; (4) death in the ICU; and (5) missing or unknown 
SOFA score data on ICU admission and discharged day. 
ICU patients who stayed > 14 days were excluded because 
ICU management fees under the Japanese insurance 
system were not reimbursable beyond 14  days. Conse-
quently, it was not possible to determine their exact ICU 
mortality status, ICU length of stay, or discharge destina-
tion (IMCU or non-IMCU). There were no restrictions 
on the length of stay in the pre-ICU. Only the first ICU 
admission was included in the analysis for patients with 
multiple ICU admissions during the same hospitaliza-
tion. After applying these criteria, eligible patients were 

categorized into two groups: those discharged to the 
IMCU (IMCU group) and those discharged directly to 
the general ward (non-IMCU group).

Data collection and variables definition
This study utilized data from the DPC database, includ-
ing patient demographics, comorbidities, treatment 
interventions, clinical outcomes, and costs. A full list 
of collected variables is provided in Additional File 1. 
Body mass index (BMI) was categorized according to the 
World Health Organization (WHO) criteria for Asian 
populations: < 18.5, 18.5–22.9, 23.0–24.9, 25.0–29.9, 
30 ≤  kg/m2, and missing data [23]. In patients with miss-
ing BMI values, the mean BMI of the study population 
was determined. The Charlson Comorbidity Index (CCI) 
was calculated using a validated coding algorithm and 
classified into four groups (0, 1, 2, and 3 ≤) [24, 25]. Surgi-
cal patients were those undergoing procedures requiring 
general anesthesia, while non-surgical patients had inter-
ventions that did not require general anesthesia or those 
who did not undergo any procedures. The surgical areas 
were defined and classified according to the Japanese 
medical procedure codes into nine groups (intracranial, 
cardiovascular [open thoracotomy], cardiovascular [per-
cutaneous or transvenous], renal and urinary tract, mus-
culoskeletal, pulmonary and thoracic, upper abdominal, 
lower abdominal, and others.). The severity of organ dam-
age was assessed using the SOFA score, and patients were 
classified into six subgroups based on the SOFA score 
(0–2, 3–5, 6–8, 9–11, 12–14, and 15–24) [26, 27]. ICU 
(Japanese medical procedure codes A 3011 to A3014) is 
a specialized facility that provides critical care services. 
Under Japan’s public healthcare insurance scheme, the 
ICU must have a nurse-to-patient ratio of 1:2 and the 
equipment necessary to care for critically ill patients. The 
DPC system in the Japanese National Health Insurance 
Scheme classifies ICUs into two types according to clini-
cal staffing: (1) equivalent to high-intensity staffed ICUs, 
and (2) equivalent to low-intensity staffed ICU [28]. The 
definition of IMCU in this study corresponds to a high-
dependency unit (HDU; code A301-2) because the Japa-
nese National Health Insurance System classifies HDUs 
as general adult intermediate units. IMCUs do not need 
to be staffed by intensivists, and a nurse-to-patient ratio 
of 1:4–5 is sufficient. The criteria and requirements for 
and ICUs and IMCUs, including necessary equipment, 
treatment capabilities, and patient management stand-
ards, are summarized in Additional File 2. The nurse-to-
patient ratio in the general wards is 1:7-10.

Outcomes
The primary outcomes of this study were all-cause hos-
pital mortality and total costs. The secondary outcomes 
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included ICU readmission, length of ICU stay, and 
length of hospital stay. The post hoc analyses assessed 
the combined length of stay in high-intensity care set-
tings (ICU + IMCU) and readmissions to the IMCU 
and combined ICU + IMCU to examine their asso-
ciation with patient outcomes. For the IMCU group, 
IMCU readmission included readmissions to the IMCU 
following the initial discharge from the IMCU. For the 
non-IMCU group, readmissions to the IMCU were 
defined as transfers from the general ward to the IMCU 
following discharge from the ICU.

Statistical analysis
Patients were divided into two groups according 
to their discharge destinations: the IMCU (IMCU 
group) or the general ward (non-IMCU group). Since 
discharge was not randomized, PSM was used to 
minimize selection bias and create a well-balanced 
comparison of outcomes between the two groups. A 
logistic regression model was employed to estimate 
propensity scores, incorporating patient characteris-
tics as potential confounders (age, sex, BMI, CCI, use 
of emergency ambulance, type of admission, general 
anesthesia, area of surgery, blood transfusion therapy, 
CRRT, plasma exchange therapy, invasive ventilatory 
support, and SOFA scores on the day of ICU admission 
and discharge).

One-to-one nearest-neighbor matching without 
replacement was performed using the estimated pro-
pensity scores for each patient. Covariate balance 
between the two groups before and after matching was 
assessed using standardized mean differences (SMD) 
[29]. After matching, both groups were further catego-
rized into six subgroups based on the SOFA scores on 
the day of ICU discharge (0–2, 3–5, 6–8, 9–11, 12–14, 
and 15–24).

To compare categorical variables between the IMCU 
and non-IMCU groups, chi-squared tests were used, and 
odds ratios (ORs) and risk ratios (RRs) were calculated 
with 95% confidence intervals (CI). Continuous vari-
ables were analyzed using Student’s t-test, and the mean 
difference with 95% CI was estimated using bootstrap 
resampling. A total of 10,000 bootstrap samples were 
generated, and 2.5th and 97.5th percentiles of the mean 
differences were used to construct the CI.

Continuous and categorical variables are presented 
as mean (standard deviation) and number (percentage), 
respectively. Costs are reported in US dollars (USD), 
with a conversion rate of 123 Japanese yen (JPY) per 1 
USD based on the average exchange rate from 2020 to 
2023. All analyses were conducted using Python (version 
3.7.13).

Subgroup analysis
Several subgroup analyses were performed. Patients were 
stratified into subgroups based on (1) surgical status (sur-
gery and non-surgery), and (2) surgical area, focusing on 
the top four surgical categories: intracranial, cardiovas-
cular (open thoracotomy), cardiovascular (percutaneous 
or transvenous), and upper abdominal. The outcomes of 
the IMCU and non-IMCU groups were compared within 
these subgroups.

Sensitivity analysis
Sensitivity analyses were conducted to assess the 
robustness of our findings and evaluate the impact of 
missing data and excluded patient groups. The follow-
ing approaches were applied: (1) multivariable analy-
sis, (2) missing or unknown SOFA scores, and (3) ICU 
stays > 14  days. We performed multivariable logistic 
regression and linear regression models to assess the 
impact of potential confounders on all-cause hospital 
mortality, ICU readmission, length of ICU stay, length of 
hospital stay, and total costs. Given that 33.3% of patients 
had missing or unknown SOFA scores, we compared 
the baseline characteristics between the included and 
excluded patient groups using SMD. No imputation was 
performed, and these patients were excluded from the 
primary analysis. Patients with ICU stays over 14  days 
were excluded from the primary analysis due to data 
limitations in the DPC database. To evaluate potential 
bias, we analyzed the baseline characteristics and clinical 
outcomes (in-hospital mortality, ICU readmission, and 
length of hospital stay) of these patients separately.

Results
A total of 270,727 patients were enrolled during the 
observation period. The all-cause in-hospital mortality 
rate for the entire patient population before exclusion was 
8.6% (n = 270,727). After applying the exclusion criteria, 
162,243 patients were deemed eligible and categorized 
into IMCU (n = 21,548) and non-IMCU (n = 140,695) 
groups. After applying the exclusion criteria, this resulted 
in an overall mortality rate of 5.3% (n = 162,243). Propen-
sity score matching generated 18,220 pairs for compari-
son (Fig. 1).

Baseline characteristics
Table  1 summarizes the baseline characteristics of 
patients before and after PSM. Significant differences 
were observed between the unmatched groups (e.g., 
emergency admission, area of surgery [cardiovascular, 
pulmonary and thoracic], blood transfusion therapy, 
invasive ventilatory support, and SOFA score). After 
matching, these differences were reduced between the 



Page 5 of 14Ikumi et al. Critical Care          (2025) 29:157  

groups, with most SMDs below 0.1, though some vari-
ables still showed SMDs up to 0.15. The distribution of 
propensity scores before and after matching is shown in 
Additional File 3.

Clinical outcomes
All‑cause hospital mortality rate
In the propensity score-matched population (n = 36,440), 
the overall in-hospital mortality rate was 5.3%. The 
IMCU group demonstrated statistically lower mortality 
(4.9% versus 5.7%; OR: 0.85, 95% CI: 0.78–0.94), particu-
larly in SOFA score subgroups of 6–8, 9–11, 12–14, and 
15–24 (Fig. 2A, Additional File 4). No significant differ-
ences were observed for the SOFA score subgroup of 0–2 
and 3–5.

ICU readmission rate
The ICU readmission rates were consistently lower in the 
IMCU group across all SOFA score categories (0.1% ver-
sus 0.8%; OR: 0.19; 95% CI: 0.13–0.29; Fig. 2B, Additional 
File 4). In contrast, IMCU readmission rates were higher 
in the IMCU group (483 [2.7%] versus 318 [1.7%]; OR: 
1.53; 95% CI: 1.33–1.77). No significant difference was 
observed in the combined ICU and IMCU readmission 
rates between the IMCU and non-IMCU groups (510 
[2.8%] versus 456 [2.5%]; OR: 1.12; 95% CI: 0.99–1.28).

Length of ICU stay and hospital stay
The IMCU group had shorter ICU stays overall than 
the non-IMCU group (Fig.  2C, Additional File 4). This 

trend was consistent across most SOFA score sub-
groups. In contrast, the length of hospital stay was 
longer in the IMCU group than in the non-IMCU group 
(Fig. 2D, Additional File 4). While the length of hospital 
stay tended to increase as the SOFA score rose in both 
groups, it was shorter in the SOFA 15–24 subgroup of 
the IMCU group and in the SOFA 12–14 and 15–24 sub-
groups of the non-IMCU group. Furthermore, the com-
bined duration of ICU and IMCU stays was significantly 
longer in the IMCU group than the ICU stay alone in the 
non-IMCU group (Additional File 4, 5).

Total costs
The total costs were higher in the IMCU group than in 
the non-IMCU group (mean difference: $2,715, 95% CI: 
2,233 to 3,193; Fig.  2E, Additional File 4). However, the 
cost difference decreased as SOFA scores increased and 
gradually decreased in the SOFA 6–14 subgroups. In the 
highest SOFA score subgroup (15–24), total costs were 
lower in the IMCU group (mean difference: -$13,884, 
95% CI: -24,926 to -3,446). A detailed breakdown of cost 
differences across SOFA subgroups is provided in Addi-
tional File 4.

Subgroup analysis
The results of the subgroup analysis based on (1) surgi-
cal status (surgical and non-surgical), and (2) area of sur-
gery (intracranial, cardiovascular [open thoracotomy/
percutaneous or transvenous], and upper abdominal) are 
presented in Tables 2 and 3, and Additional Files 6, 7, 8. 

Inpatients admitted to the ICU registered for DPC payment (n= 270,727)

Inpatients registered in the database (n=21,442,617)

IMCU group (n=21,548) Non-IMCU group (n= 140,695)

n= 162,243

• Patients aged under 15 years were excluded (n=9206)

• Patients who were charged ICU management fee for more than 14 days 

were excluded (n=1749)

• Patients who died in the ICU were excluded (n=6001)

• Case under organ transplantation (n=1353)
• Cases with missing or uncertain SOFA scores were excluded (n=90,175)

Propensity score matching

IMCU group (n= 18,220) Non-IMCU group (n= 18,220)

Fig. 1 Flowchart of patient selection. ICU, intensive care unit; DPC, diagnostic procedure combination; SOFA, sequential organ failure assessment
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Table 1 Baseline characteristics of the IMCU and non-IMCU groups before and after propensity score matching

Overall Unmatched group Matched group

(n = 162,243) IMCU group 
(n = 21,548)

Non-IMCU 
group 
(n = 140,695)

SMD IMCU group 
(n = 18,220)

Non-IMCU 
group 
(n = 18,220)

SMD

Age 68.5 (14.9) 69.2 (14.0) 69.4 (14.2) 0.05 69.0 (14.0) 69.0 (14.2)  < 0.01

Male 99,341 (61.8%) 13,657 (63.4%) 85,684 (60.9%) 0.05 11,576 (63.5%) 11,839 (65.0%) 0.03

BMI (kg/m2) 0.03  < 0.01

 < 18.5 19,673 (12.1%) 2772 (12.9%) 16,901 (12.0%) 2308 (12.7%) 1748 (9.6%)

18.5–22.9 69,578 (42.9%) 9354 (43.4%) 60,224 (42.8%) 7890 (43.3%) 8723 (47.9%)

23.0–24.9 30,076 (18.5%) 3946 (18.3%) 26,130 (18.6%) 3362 (18.5%) 3270 (17.9%)

25.0–29.9 34,011 (21.0%) 4337 (20.1%) 29,674 (21.1%) 3703 (20.3%) 3786 (20.8%)

30 ≤ 8905 (5.5%) 1139 (5.3%) 7766 (5.5%) 957 (5.3%) 693 (3.8%)

CCI 0.03  < 0.01

0 61,823 (38.1%) 7816 (36.3%) 54,007 (38.4%) 6756 (37.1%) 6566 (36.0%)

1 47,646 (29.4%) 6641 41,005 (29.1%) 5541 (30.4%) 5776 (31.7%)

2 29,094 (17.9%) 3903 (18.1%) 25,191 (17.9%) 3249 (17.8%) 3377 (18.5%)

3 < 23,680 (14.6%) 3188 (14.8%) 20,492 (14.6%) 2674 (14.7%) 2501 (13.7%)

Ambulance transporta-
tion

48,841 (30.1%) 8127 (37.7%) 40,714 (28.9%) 0.19 6585 (36.1%) 6859 (37.6%) 0.03

Emergency admission 62,176 (38.3%) 9640 (44.7%) 52,536 (37.3%) 0.15 7899 (43.4%) 8174 (44.9%) 0.03

General anesthesia 111,969 (69.0%) 14,038 (65.1%) 97,931 (69.6%) 0.10 12,160 (66.7%) 11,642 (63.9%) 0.06

Area of surgery

Intracranial 13,543 (8.3%) 1276 (5.9%) 12,267 (8.7%) 0.11 1073 (5.9%) 1037 (5.7%)  < 0.01

Cardiovascular (open 
thoracotomy)

30,255 (18.6%) 7407 (34.4%) 22,848 (16.2%) 0.43 6391 (35.1%) 5324 (29.2%) 0.13

Cardiovascular (percuta-
neous or transvenous)

20,795 (12.8%) 1822 (8.5%) 18,973 (13.5%) 0.16 1485 (8.2%) 1759 (9.7%) 0.05

Renal and urinary tract 3655 (2.3%) 160 (0.7%) 3495 (2.5%) 0.14 136 (0.7%) 152 (0.8%)  < 0.01

Musculoskeletal 7433 (4.6%) 452 (2.1%) 6981 (5.0%) 0.16 341 (1.9%) 386 (2.1%) 0.02

Pulmonary and thoracic 9365 (5.8%) 498 (2.3%) 8867 (6.3%) 0.20 443 (2.4%) 525 (2.9%) 0.03

Upper abdominal 17,395 (10.7%) 2232 (10.4%) 15,163 (10.8%) 0.01 2016 (11.1%) 1690 (9.3%) 0.06

Lower abdominal 12,118 (7.5%) 1123 (5.2%) 10,995 (7.8%) 0.11 984 (5.4%) 846 (4.6%) 0.03

Blood transfusion 
therapy

RBC transfusion 57,048 (35.2%) 10,664 (49.5%) 46,384 (33.0%) 0.34 9084 (49.9%) 8044 (44.1%) 0.11

Plasma transfusion 35,324 (21.8%) 7883 (36.6%) 27,441 (19.5%) 0.39 6770 (37.2%) 5551 (30.5%) 0.14

Platelet transfusion 22,923 (14.1%) 5020 (23.3%) 17,903 (12.7%) 0.28 4315 (23.7%) 3614 (19.8%) 0.09

Continuous renal 
replacement therapy

12,028 (7.4%) 1832 (8.5%) 10,196 (7.2%) 0.05 1534 (8.4%) 1339 (7.3%) 0.04

Plasma exchange therapy 648 (0.4%) 85 (0.4%) 563 (0.4%)  < 0.01 74 (0.4%) 28 (0.2%) 0.05

Invasive ventilatory 
support

51,023 (31.4%) 10,743 (49.9%) 40,280 (28.6%) 0.45 9089 (49.9%) 8140 (44.7%) 0.10

SOFA score at ICU admis-
sion day

0.45 0.15

Subgroup 1 (0–2) 81,018 (49.9%) 6660 (30.9%) 74,358 (52.9%) 5699 (31.3%) 6628 (36.4%)

Subgroup 2 (3–5) 38,856 (23.9%) 5729 (26.6%) 33,127 (23.5%) 4775 (26.2%) 5009 (27.5%)

Subgroup 3 (6–8) 23,736 (14.6%) 4870 (22.6%) 18,866 (13.4%) 4098 (22.5%) 3776 (20.7%)

Subgroup 4 (9–11) 13,026 (8.0%) 3044 (14.1%) 9982 (7.1%) 2636 (14.5%) 2137 (11.7%)

Subgroup 5 (12–14) 4447 (2.7%) 1042 (4.8%) 3405 (2.4%) 861 (4.7%) 577 (3.2%)

Subgroup 6 (15 -24) 1160 (0.7%) 203 (0.9%) 957 (0.7%) 151 (0.8%) 93 (0.5%)

SOFA score at ICU dis-
charge day

0.32 0.15

Subgroup 1 (0–2) 103,785 (64.0%) 10,143 (47.1%) 93,642 (66.6%) 8759 (48.1%) 10,016 (55.0%)
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The IMCU group had lower all-cause mortality rates than 
the non-IMCU group in the non-surgical subgroup and 
the cardiovascular (open thoracotomy) subgroup, while 
no significant differences were observed in other surgi-
cal subgroups. ICU readmission rates were consistently 
lower in the IMCU group across all subgroups, including 
surgical, non-surgical, and cardiovascular (open thora-
cotomy) patients. ICU length of stay was shorter in the 
IMCU group in the non-surgical and cardiovascular 
(open thoracotomy) subgroups, with consistent trends 
across all SOFA score categories. No significant differ-
ences in ICU length of stay were observed in other surgi-
cal subgroups. Hospital length of stay was longer in the 
IMCU group across most subgroups, including surgical, 
non-surgical, and other surgery categories. In contrast, 
within the cardiovascular (open thoracotomy) sub-
group, there was no significant difference in hospital stay 
between the IMCU and non-IMCU groups. Total costs 
differed by subgroup. In the cardiovascular (open thora-
cotomy) subgroup, costs were lower in the IMCU group, 
whereas in the surgical, non-surgical, and other surgery 
subgroups, total costs were higher in the IMCU group 
than in the non-IMCU group. 

Sensitivity analysis
Sensitivity analyses confirmed the robustness of our pri-
mary findings. Multivariable regression analyses showed 
that the IMCU group had lower all-cause hospital mor-
tality and ICU readmission rates compared to the non-
IMCU group, along with shorter ICU stays (Additional 
File 9). The analysis of patients with missing or unknown 
SOFA scores revealed no substantial differences in base-
line characteristics, except for cardiovascular surgery and 
general anesthesia (Additional File 10). Patients with ICU 
stays > 14 days had higher rates of emergency admission 

and invasive ventilatory support, as well as significantly 
higher in-hospital mortality and ICU readmission rates 
(Additional File 11). Total costs were lower in the IMCU 
group than in the non-IMCU group (Additional File 9).

Discussion
Previous studies have reported inconsistent findings 
regarding the impact of IMCUs on ICU-discharged 
patients. Some multicenter studies have found an asso-
ciation between IMCU admission and reduced mortal-
ity, while others, particularly in resource-limited settings, 
reported no significant benefit [7–9]. These differences 
likely reflect variations in study design, resource avail-
ability, and patient selection. Our study, based on a 
large-scale nationwide dataset, suggests an associa-
tion between IMCU admission and improved outcomes 
among ICU survivors. This effect was particularly evident 
in patients with higher SOFA scores and high-risk surgi-
cal populations.

The mortality rate in this study exceeded 70% in the 
non-IMCU group among patients with SOFA scores of 
12–14 and 15–24. In Japan, patients requiring mechani-
cal circulatory support (MCS), often subject to withhold-
ing and/or withdrawal decisions, tended to be transferred 
to general wards while continuing MCS and catechola-
mine administration rather than being downgraded to 
an IMCU. Patients with ICU discharge SOFA scores of 
12–14 and 15–24 were likely considered unsuitable for 
IMCU transfer due to their poor prognosis. However, the 
DPC database does not capture variables related to treat-
ment withholding or withdrawal, making it impossible to 
directly assess this factor in our analysis. Consequently, 
these patients were more likely to remain in the ICU or 
be directly transferred to general wards, contributing to 
the high mortality rate observed in the non-IMCU group. 

Table 1 (continued)

Overall Unmatched group Matched group

(n = 162,243) IMCU group 
(n = 21,548)

Non-IMCU 
group 
(n = 140,695)

SMD IMCU group 
(n = 18,220)

Non-IMCU 
group 
(n = 18,220)

SMD

Subgroup 2 (3–5) 40,196 (24.8%) 7309 (33.9%) 32,887 (23.4%) 6104 (33.5%) 5748 (31.5%)

Subgroup 3 (6–8) 12,271 (7.6%) 3040 (14.1%) 9231 (6.6%) 2530 (13.9%) 1851 (10.2%)

Subgroup 4 (9–11) 3252 (2.0%) 761 (3.5%) 2491 (1.8%) 607 (3.3%) 418 (2.3%)

Subgroup 5 (12–14) 1340 (0.8%) 218 (1.0%) 1122 (0.8%) 167 (0.9%) 112 (0.6%)

Subgroup 6 (15–24) 1399 (0.9%) 77 (0.4%) 1322 (0.9%) 53 (0.3%) 75 (0.4%)

All values are reported as n (%)

Patient demographics (age, sex, and BMI), clinical severity indicators (CCI, SOFA scores at ICU admission and discharge day), and treatment-related factors (ambulance 
transportation, area of surgery, invasive ventilation support, continuous renal replacement therapy, and blood transfusion therapy) were included. Continuous 
variables are expressed as mean ± standard deviation (SD), while categorical variables are reported as frequencies and percentages (%). Standardized mean 
differences (SMDs) were used to evaluate the balance between the groups before and after propensity score matching. Missing BMI values were imputed using 
population means
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Moreover, patients with SOFA scores of 6–8 and 9–11 in 
the IMCU group had significantly lower mortality rates 
than those in the non-IMCU group. Interestingly, in the 
SOFA 9–11 subgroup, there was no significant difference 
in total costs between the two groups. These findings 

suggest that for patients with ICU discharge SOFA scores 
of 6–8 and 9–11, IMCU admission may be associated 
with improved survival outcomes while maintaining 
cost-effectiveness.

Our study also found that patients in the IMCU group 
remained in high-intensity care settings (ICU and IMCU 
combined) for an average of 3.5 more days compared to 
those discharged directly to general wards. This extended 
stay may have allowed for enhanced monitoring and sup-
port, potentially reducing risks associated with prema-
ture ICU discharge. As Carlos et  al. suggested, IMCU 
may facilitate a more structured transition for patients 
recovering from severe illnesses, offering closer monitor-
ing and care before transfer to a general ward [10].

In the subgroup analysis by the surgical category, we 
found that while mortality was not significantly differ-
ent between the IMCU and non-IMCU groups for most 
types of surgery, patients undergoing cardiovascular sur-
gery (open thoracotomy) had lower all-cause mortality 
rates, reduced ICU readmission rates, shorter ICU and 
hospital stays, and lower total costs when discharged 
to an IMCU. Similarly, Carlos et  al. reported that after 
the establishment of an IMCU, cardiovascular surgery 
patients had shorter ICU and hospital stays. However, 
they found no significant differences in ICU readmis-
sion or in-hospital mortality [10]. These findings suggest 
that IMCUs may play an important role in optimiz-
ing resource use and improving outcomes for high-risk 
surgical patients. Well-resourced IMCUs can provide 
enhanced postoperative monitoring, which may help 
reduce ICU readmission and support cost-effective care. 
Standardizing IMCU discharge criteria based on patient 
severity, ICU resources, equipment availability, staffing 
levels, and regional intensive care demand may improve 
clinical outcomes and optimize resource allocation.

Our findings revealed that while ICU readmissions 
were significantly lower in the IMCU group, IMCU 
readmissions were higher, resulting in no significant dif-
ference in the combined ICU + IMCU readmission rates 
between the two groups. This suggests that IMCU utili-
zation was associated with a shift in readmissions from 
ICU to IMCU, potentially facilitating a more structured 
step-down process. IMCU utilization may support a 
more organized and strategic approach to ICU man-
agement by decreasing ICU readmissions and main-
taining flexibility in ICU bed availability. Ensuring ICU 
bed availability is critical for accommodating sudden 
changes in patient conditions, both within and outside 
the hospital. By reducing unplanned ICU readmissions, 
IMCU utilization may allow ICUs to prioritize newly 
deteriorating patients, leading to more efficient alloca-
tion of beds and staff. Additionally, the preference for 
IMCU readmission over ICU readmission may partially 

Fig. 2 Outcomes of patients discharged to the IMCU 
versus non-IMCU after propensity score matching. Outcomes 
included (A) all-cause in-hospital mortality, (B) ICU readmission rate, 
(C) length of ICU stay, (D) length of hospital stay, and (E) total hospital 
costs. Subgroup analyses were performed according to SOFA score 
categories at ICU discharge. Results are presented as odds ratios 
(ORs) with 95% confidence intervals (CIs) for categorical outcomes, 
and mean differences with 95% CIs for continuous outcomes. 
Group comparisons were conducted using the chi-square test 
for categorical variables and the t-test for continuous variables. Costs 
are reported in US dollars (USD), converted from Japanese yen (JPY) 
at a rate of 123 JPY/USD. ICU, intensive care unit; SOFA, sequential 
organ failure assessment
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Table 2 Subgroup analysis categorized by surgical status (surgical and nonsurgical subgroups)

Matched group

Surgical (n = 23,802)

Outcomes IMCU (n = 12,160) Non-IMCU (n = 11,642) Odds ratio or 
difference in means

95% CI

Hospital mortality (%)

Overall 221/12160 (1.8%) 229/11642 (2.0%) 0.92 0.77 to 1.11

Subgroup 1 (0–2) 27/4050 (0.7%) 26/4972 (0.5%) 1.28 0.71 to 2.19

Subgroup 2 (3–5) 64/4897 (1.3%) 54/4427 (1.2%) 1.07 0.74 to 1.54

Subgroup 3 (6–8) 55/2423 (2.3%) 55/1820 (3.0%) 0.75 0.51 to 1.09

Subgroup 4 (9–11) 41/634 (6.5%) 43/348 (12.4%) 0.49 0.31 to 0.77

Subgroup 5 (12–14) 21/116 (18.1%) 25/47 (53.2%) 0.19 0.09 to 0.41

Subgroup 6 (15–24) 13/40 (32.5%) 26/28 (92.9%) 0.04 0.01 to 0.18

ICU readmission (%)

Overall 16/12160 (0.1%) 82/11642 (0.7%) 0.19 0.11 to 0.32

Subgroup 1 (0–2) 9/4050 (0.2%) 21/4972 (0.4%) 0.53 0.24 to 1.15

Subgroup 2 (3–5) 6/4897 (0.1%) 34/4427 (0.8%) 0.16 0.07 to 0.38

Subgroup 3 (6–8) 1/2423 (0.0%) 24/1820 (1.3%) 0.03 0.00 to 0.23

Subgroup 4 (9–11) 0/634 (0.0%) 3/348 (0.9%) – –

Subgroup 5 (12–14) 0/116 (0.0%) 0/47 (0.0%) – –

Subgroup 6 (15–24) 0/40 (0.0%) 0/28 (0.0%) – –

Length of ICU stay (days)

Overall 2.9 (2.6) 3.0 (3.0)  − 0.05  − 0.12 to 0.02

Subgroup 1 (0–2) 2.5 (2.5) 2.4 (2.5) 0.19 0.09 to 0.30

Subgroup 2 (3–5) 3.0 (2.6) 3.2 (3.0)  − 0.17  − 0.29 to  − 0.06

Subgroup 3 (6–8) 3.2 (2.6) 3.6 (3.2)  − 0.48  − 0.67 to  − 0.30

Subgroup 4 (9–11) 3.4 (2.9) 4.6 (4.2)  − 1.22  − 1.72 to  − 0.73

Subgroup 5 (12–14) 4.1 (4.2) 6.7 (5.3)  − 2.65  − 4.35 to  − 1.01

Subgroup 6 (15–24) 4.5 (4.8) 9.5 (5.7)  − 5.00  − 7.47 to  − 2.43

Length of hospital stay (days)

Overall 30.1 (26.0) 27.7 (27.0) 2.45 1.78 to 3.13

Subgroup 1 (0–2) 27.8 (27.5) 24.4 (23.6) 3.39 2.34 to 4.47

Subgroup 2 (3–5) 30.2 (24.8) 28.7 (29.5) 1.52 0.37 to 2.62

Subgroup 3 (6–8) 32 (23.1) 32.4 (26.8)  − 0.40  − 1.93 to 1.14

Subgroup 4 (9–11) 35.4 (27.1) 36.5 (31.7)  − 1.09  − 5.09 to 2.77

Subgroup 5 (12–14) 43 (20.4) 32.0 (29.5) 11.03  − 1.08 to 23.82

Subgroup 6 (15–24) 25.9 (19.4) 30.3 (33.2)  − 4.40  − 18.50 to 8.21

Total costs (USD)

Overall 36,450 (21,544) 34,167 (22,562) 2283 1726 to 2849

Subgroup 1 (0–2) 29,840 (20,069) 27,262 (19,322) 2578 1770 to 3403

Subgroup 2 (3–5) 36,823 (19,729) 36,529 (21,707) 295  − 545 to 1145

Subgroup 3 (6–8) 42,727 (22,019) 42,746 (22,760)  − 18  − 1388 to 1354

Subgroup 4 (9–11) 47,447 (23,885) 49,893 (29,491)  − 2446  − 6071 to 1133

Subgroup 5 (12–14) 55,917 (35,559) 56,658 (35,786)  − 742  − 13,064 to 11,320

Subgroup 6 (15–24) 48,982 (26,002) 96,038 (50,507)  − 47,056  − 66,846 to  − 27,657

Non-surgical (n = 12,638)

IMCU (n = 6060) Non-IMCU (n = 6578) Odds ratio or 
difference in means

95% CI

Hospital mortality (%)

Overall 678/6060 (11.2%) 815/6578 (12.4%) 0.89 0.80 to 0.99
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explain the observed cost differences. Since IMCU care 
costs are significantly lower than ICU care (daily man-
agement cost in Japan: ICU versus IMCU; $1155 versus 
$557), shifting readmissions from ICU to IMCU may 

contribute to overall cost savings while maintaining 
high-quality patient care. These findings highlight the 
potential role of IMCUs in optimizing resource utiliza-
tion in intensive care settings.

Table 2 (continued)

Non-surgical (n = 12,638)

IMCU (n = 6060) Non-IMCU (n = 6578) Odds ratio or 
difference in means

95% CI

Subgroup 1 (0–2) 57/2076 (2.7%) 59/2680 (2.2%) 1.25 0.87 to 1.81

Subgroup 2 (3–5) 166/2188 (7.6%) 203/2278 (8.9%) 0.84 0.68 to 1.04

Subgroup 3 (6–8) 217/1239 (17.5%) 208/1067 (19.5%) 0.88 0.71 to 1.08

Subgroup 4 (9–11) 129/386 (33.4%) 169/337 (50.1%) 0.50 0.37 to 0.67

Subgroup 5 (12–14) 75/132 (56.8%) 102/132 (77.3%) 0.39 0.23 to 0.66

Subgroup 6 (15–24) 34/39 (87.2%) 74/84 (88.1%) 0.92 0.29 to 2.90

ICU readmission (%)

Overall 11/6060 (0.2%) 56/6578 (0.9%) 0.21 0.11 to 0.40

Subgroup 1 (0–2) 4/2076 (0.2%) 19/2680 (0.7%) 0.27 0.09 to 0.80

Subgroup 2 (3–5) 4/2188 (0.2%) 22/2278 (1.0%) 0.19 0.06 to 0.55

Subgroup 3 (6–8) 3/1239 (0.2%) 9/1067 (0.8%) 0.29 0.08 to 1.06

Subgroup 4 (9–11) 0/386 (0.0%) 5/337 (1.5%) – –

Subgroup 5 (12–14) 0/132 (0.0%) 0/132 (0.0%) – –

Subgroup 6 (15–24) 0/39 (0.0%) 1/84 (1.2%) – –

Length of ICU stay (days)

Overall 4.4 (3.6) 4.5 (4.0)  − 0.16  − 0.29 to  − 0.02

Subgroup 1 (0–2) 3.8 (3.3) 3.9 (3.4)  − 0.09  − 0.28 to 0.10

Subgroup 2 (3–5) 4.4 (3.6) 4.6 (3.9)  − 0.14  − 0.37 to 0.08

Subgroup 3 (6–8) 4.8 (3.7) 5.2 (4.3)  − 0.36  − 0.69 to  − 0.03

Subgroup 4 (9–11) 4.8 (3.9) 6.0 (4.9)  − 1.18  − 1.82 to  − 0.53

Subgroup 5 (12–14) 6.3 (4.4) 6.2 (5.3) 0.08  − 1.10 to 1.25

Subgroup 6 (15–24) 6.3 (4.9) 6.8 (5.2)  − 0.49  − 2.32 to 1.38

Length of hospital stay (days)

Overall 32.8 (33.7) 28.8 (31.6) 3.98 2.84 to 5.12

Subgroup 1 (0–2) 26.6 (26.2) 21.7 (22.4) 4.86 3.45 to 6.29

Subgroup 2 (3–5) 34.1 (32.6) 32.1 (33.3) 2.02 0.08 to 3.93

Subgroup 3 (6–8) 39.4 (43.1) 36.9 (36.6) 2.54  − 0.63 to 5.76

Subgroup 4 (9–11) 37.5 (38.2) 37.8 (49.6)  − 0.37  − 7.10 to 5.91

Subgroup 5 (12–14) 34.7 (29.0) 29.4 (31.4) 5.34  − 1.89 to 12.58

Subgroup 6 (15–24) 20.7 (16.7) 23.6 (24.5)  − 2.92  − 10.10 to 4.50

Total costs (USD)

Overall 26,626 (21,854) 23,921 (27,069) 2706 1850 to 3546

Subgroup 1 (0–2) 22,609 (17,841) 18,884 (16,763) 3726 2724 to 4728

Subgroup 2 (3–5) 27,022 (22,214) 24,672 (27,428) 2350 896 to 3802

Subgroup 3 (6–8) 30,299 (24,230) 29,514 (34,568) 785  − 1771 to 3178

Subgroup 4 (9–11) 31,621 (26,786) 32,547 (36,715)  − 926  − 5892 to 3707

Subgroup 5 (12–14) 33,915 (22,817) 37,241 (49,627)  − 3326  − 13,151 to 5437

Subgroup 6 (15–24) 27,457 (20,200) 37,640 (40,639)  − 10,183  − 21,174 to 235

Outcomes included all-cause in-hospital mortality, ICU readmission rates, length of ICU stay, length of hospital stay, and total hospital costs. Subgroup analyses were 
performed according to SOFA score categories at ICU discharge. Mortality and readmission rates are expressed as frequencies and percentages (%). The length of 
ICU stay, length of hospital stay, and total costs were reported as mean ± standard deviation (SD). The results were presented as odds ratios (OR) with 95% confidence 
intervals (CIs) for categorical outcomes and mean differences (95% CI) for continuous outcomes. Group comparisons were conducted using the chi-square test for 
categorical variables and the t-test for continuous variables
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Table 3 Clinical outcomes and costs for patients undergoing cardiovascular [open thoracotomy] surgery

Outcomes included all-cause in-hospital mortality, ICU readmission rates, length of ICU stay, length of hospital stay, and total hospital costs. Subgroup analyses were 
performed according to SOFA score categories at ICU discharge. Mortality and readmission rates are expressed as frequencies and percentages (%). The length of 
ICU stay, length of hospital stay, and total costs were reported as mean ± standard deviation (SD). The results were presented as odds ratios (OR) with 95% confidence 
intervals (CIs) for categorical outcomes and mean differences (95% CI) for continuous outcomes. Group comparisons were conducted using the chi-square test for 
categorical variables and the t-test for continuous variables

Matched group

Cardiovascular (Open thoracotomy; n = 11,715)

Outcome IMCU (n = 6391) Non-IMCU (n = 5324) Odds ratio or 
difference in means

95% CI

Hospital mortality (%)

Overall 41/6391 (0.6%) 85/5324 (1.6%) 0.40 0.27 to 0.58

Subgroup 1 (0–2) 1/1180 (0.1%) 3/1228 (0.2%) 0.35 0.04 to 3.33

Subgroup 2 (3–5) 7/2852 (0.2%) 12/2493 (0.5%) 0.51 0.20 to 1.29

Subgroup 3 (6–8) 7/1750 (0.4%) 23/1303 (1.8%) 0.22 0.10 to 0.52

Subgroup 4 (9–11) 14/494 (2.8%) 14/249 (5.6%) 0.49 0.23 to 1.04

Subgroup 5 (12–14) 5/86 (5.8%) 11/27 (40.7%) 0.09 0.0 to 0.29

Subgroup 6 (15–24) 7/29 (24.1%) 22/24 (91.7%) 0.03 0.01 to 0.16

ICU readmission (%)

Overall 2/6391 (0.0%) 40/5324 (0.8%) 0.04 0.01 to 0.17

Subgroup 1 (0–2) 1/1180 (0.1%) 4/1228 (0.3%) 0.26 0.03 to 2.33

Subgroup 2 (3–5) 1/2852 (0.0%) 21/2493 (0.8%) 0.04 0.01 to 0.32

Subgroup 3 (6–8) 0/1750 (0.0%) 14/1303 (1.1%)  –  – 

Subgroup 4 (9–11) 0/494 (0.0%) 1/249 (0.4%)  –  – 

Subgroup 5 (12–14) 0/86 (0.0%) 0/27 (0.0%)  –  – 

Subgroup 6 (15–24) 0/29 (0.0%) 0/24 (0.0%)  –  – 

Length of ICU stay (days)

Overall 3.2 (2.5) 4.0 (3.1)  − 0.76  − 0.87 to  − 0.66

Subgroup 1 (0–2) 3.5 (2.6) 4.3 (3.0)  − 0.80  − 1.02 to  − 0.57

Subgroup 2 (3–5) 3.2 (2.4) 3.8 (2.9)  − 0.61  − 0.75 to  − 0.46

Subgroup 3 (6–8) 3.1 (2.3) 3.8 (3.0)  − 0.70  − 0.89 to  − 0.51

Subgroup 4 (9–11) 3.1 (2.5) 4.5 (3.9)  − 1.41  − 1.95 to  − 0.88

Subgroup 5 (12–14) 3.6 (4.0) 6.0 (5.0)  − 2.46  − 4.53 to  − 1.45

Subgroup 6 (15–24) 3.8 (4.1) 9.8 (5.5)  − 6.03  − 8.49 to  − 3.34

Length of hospital stay (days)

Overall 27.4 (18.4) 27.7 (21.2)  − 0.28  − 1.00 to 0.44

Subgroup 1 (0–2) 24.8 (16.1) 25.7 (17.8)  − 0.94  − 2.32 to 0.43

Subgroup 2 (3–5) 26.5 (16.6) 26.4 (20.4) 0.14  − 0.86 to 1.13

Subgroup 3 (6–8) 28.7 (18.1) 30.4 (22.7)  − 1.72  − 3.26 to  − 0.26

Subgroup 4 (9–11) 32.1 (22.6) 35.4 (30.4)  − 3.23  − 7.80 to 0.74

Subgroup 5 (12–14) 41.5 (49.8) 33.1 (30.0) 8.45  − 7.34 to 24.07

Subgroup 6 (15–24) 22.8 (15.6) 31.8 (35.1)  − 9.01  − 24.65 to 5.07

Total costs (USD)

Overall 42,129 (18,326) 43,670 (22,044)  − 1542  − 2293 to  − 806

Subgroup 1 (0–2) 38,463 (16,851) 40,571 (21,256)  − 2108  − 3668 to  − 585

Subgroup 2 (3–5) 40,534 (17,117) 41,908 (20,006)  − 1374  − 2382 to  − 396

Subgroup 3 (6–8) 44,347 (16,628) 46,492 (21,239)  − 2145  − 3506 to  − 751

Subgroup 4 (9–11) 48,687 (23,507) 53,974 (28,759)  − 5287  − 9564 to  − 1278

Subgroup 5 (12–14) 61,018 (37,544) 66,211 (38,828)  − 5194  − 22,273 to 10,848

Subgroup 6 (15–24) 46,488 (23,754) 99,820 (49,943)  − 53,332  − 74,801 to  − 32,539
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Systematic reviews have noted that the cost-effective-
ness of IMCUs remains inconclusive, highlighting the 
need for further research in this area [11, 30]. López-
Jardón et al. emphasized the variability in cost-effective-
ness evaluation methods and recommended total hospital 
costs over the entire admission period as a standardized 
metric [11, 15, 17]. These observations highlight the chal-
lenges of achieving consistent economic evaluations of 
IMCUs across different studies and healthcare systems. 
In our study, total hospital costs were not reduced in the 
overall patient population. However, certain high-risk 
subgroups, such as patients with SOFA scores of 9–11 or 
higher and those recovering from cardiovascular surgery, 
were associated with lower total costs in the IMCU group 
compared to the non-IMCU group. One possible expla-
nation is that patients with higher SOFA scores at ICU 
discharge are at increased risk of complications such as 
sepsis, acute kidney injury, and post-intensive care unit 
(PICU) syndrome, which often result in prolonged hos-
pitalization and additional therapeutic interventions [31–
34]. Enhanced monitoring and timely interventions in the 
IMCU may help mitigate these risks, potentially reduc-
ing the need for extended treatment or ICU readmission. 
These findings suggest that IMCUs may play a crucial 
role in providing cost-effective care for selected high-risk 
patients by facilitating safer and more efficient transitions 
from the ICU, reducing unnecessary resource utilization, 
and optimizing care pathways. However, given the limita-
tions of our findings and the variability in prior research, 
further investigations using standardized cost-evaluation 
methods are necessary. Future studies should identify the 
most cost-effective strategies for IMCU utilization and 
explore how variations in healthcare systems, resource 
allocation, and patient demographics influence their eco-
nomic and clinical impact. Establishing evidence on the 
cost-effectiveness of IMCUs will enable more informed 
decision-making and support the development of tar-
geted policies to optimize intensive care resources across 
diverse healthcare settings.

Our study has limitations. First, we used PSM to mini-
mize selection bias and improve comparability between 
the IMCU and non-IMCU groups. However, as a retro-
spective observational study, it remains subject to certain 
limitations. Unlike randomized controlled trials, PSM 
cannot eliminate all biases due to the non-randomized 
treatment allocation. Moreover, PSM can only adjust 
for observed variables, meaning that unmeasured con-
founding factors may still exist, potentially leading to 
residual confounding. Second, the multivariable analysis 
suggested lower total costs in the IMCU group, differing 
from the higher costs observed in the primary analysis. 
This discrepancy underscores the influence of methodo-
logical differences in cost evaluations, highlighting the 

need for careful interpretation of cost-related findings. 
Despite these discrepancies, the primary conclusions 
remained consistent. Third, many patients with miss-
ing or unknown SOFA scores were excluded, account-
ing for 33.3% of the total population (90, 175/270, 727). 
Although a sensitivity analysis showed that the base-
line characteristics of the excluded group were compa-
rable to those included in the analysis based on SMDs, 
the potential impact of this exclusion cannot be entirely 
disregarded. Fourth, patients with an ICU stay exceed-
ing 14  days were excluded. While a sensitivity analysis 
was conducted, these patients exhibited larger SMDs and 
higher mortality rates compared to those included in the 
study. Their exclusion may affect overall findings; how-
ever, their high mortality and resource utilization sug-
gest that many underwent treatment withdrawal or died 
in the ICU, reinforcing their categorization as a unique 
subgroup. Fifth, care withdrawal was not accounted for 
in this analysis. Patients for whom withdrawal of care was 
decided were more likely to be transferred from the ICU 
to general wards, potentially contributing to the higher 
mortality rate observed in the non-IMCU group. Finally, 
multiple comparisons may have increased the risk of type 
I errors. Although rigorous statistical analyses were con-
ducted, adjustments for multiplicity were not applied due 
to the exploratory nature of the subgroup analyses. Thus, 
these findings should be interpreted with caution.

Conclusions
In this observational study of acute care hospitals across 
Japan, transfer to an IMCU was associated with lower 
in-hospital mortality and ICU readmission rates com-
pared to transfer to a non-IMCU. However, as this study 
is observational, residual confounding and unmeasured 
factors cannot be excluded. While IMCUs are not uni-
versally cost-saving, they improve clinical outcomes, and 
careful patient selection may optimize both outcomes 
and economic benefits. Given these limitations, further 
prospective studies or controlled trials should be con-
ducted to establish causality and refine patient selection 
criteria.

Abbreviations
ICU  Intensive care unit
IMCU  Intermediate care unit
HDU  High dependency unit
SOFA  Sequential organ failure assessment
DPC  Diagnosis procedure combination
ICD-10  International classification of diseases, 10th revision
PSM  Propensity score matching
RECORD  Reporting of studies conducted using observational routinely-

collected health data
BMI  Body mass index
CCI  Charlson comorbidity index
CRRT   Continuous renal replacement therapy
OR  Odds ratio
RR  Risk ratio



Page 13 of 14Ikumi et al. Critical Care          (2025) 29:157  

CI  Confidence interval
SMD  Standardized mean difference
USD  United States dollar
JPY  Japanese yen

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13054- 025- 05393-9.

Supplementary file1 (XLSX 9 KB) 

Supplementary file2 (XLSX 11 KB) 

Supplementary file3 (PNG 169 KB) 

Supplementary file4 (XLSX 14 KB) 

Supplementary file5 (XLSX 34 KB) 

Supplementary file6 (XLSX 10 KB) 

Supplementary file7 (XLSX 22 KB) 

Supplementary file8 (XLSX 11 KB) 

Supplementary file9 (XLSX 12 KB) 

Supplementary file10 (XLSX 13 KB) 

Supplementary file11 (XLSX 13 KB) 

Supplementary file12 (DOCX 17 KB)

Acknowledgements
We would like to thank Editage (www. edita ge. com) for the English language 
editing.

Author contributions
SI, KF and TS contributed to the study concept and design. KT, KF, and KF 
acquired the data. SI, KT, YK, TI, SY, YI, YW, and YI analyzed and interpreted the 
data. SI drafted the manuscript. TS, YK, TI, YI, YW, SY, ET, YI, KF, and MY critically 
revised the manuscript for important intellectual content. SI, TI, and YK per-
formed the statistical analysis. SI, KF, and KF obtained funding. TS, YK, TI, YI, SY, 
YW, ET, YI, KF and MY provided administrative, technical, and logistic support. 
MY supervised the study. All authors read and approved the final manuscript.

Funding
This study was supported by Grants from the Ministry of Health, Labor and 
Welfare, Japan (grant number 22AA2003) and JSPS KAKENHI (grant Number 
24K23481). The publication of the study results was not contingent on spon-
sor approval or censorship of the manuscript.

Availability of data and materials
The dataset analyzed in the current study is not publicly available because of 
contracts with the hospitals that provided the data to the database.

Declarations

Ethics approval and consent to participate
This study was exempt from ethical approval by the Institutional Review Board 
of the University of Tohoku (reference no. 2022-1-444), which waived the 
requirement for informed patient consent because of the anonymous nature 
of the data.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Anesthesiology and Perioperative Medicine, Tohoku Univer-
sity Graduate School of Medicine, Sendai, Miyagi, Japan. 2 AI Lab, Tohoku Uni-
versity Hospital, Sendai, Miyagi, Japan. 3 Department of Health Administration 

and Policy, Tohoku University Graduate School of Medicine, Sendai, Miyagi, 
Japan. 4 Experience Design and Alliance Section, Tohoku University Hospital, 
Sendai, Miyagi, Japan. 5 Department of Advanced Medicine, Nagoya University 
Hospital, Nagoya, Japan. 6 Department of Emergency Medicine and Critical 
Care Medicine, Tochigi Prefectural Emergency and Critical Care Centre, Impe-
rial Foundation Saiseikai Utsunomiya Hospital, Utsunomiya, Tochigi, Japan. 
7 Department of Health Policy and Informatics, Graduate School of Medical 
and Dental Sciences, Institute of Science Tokyo, Bunkyo-Ku, Tokyo, Japan. 8 Col-
lege of Policy Studies, Tsuda University, Shibuya, Tokyo, Japan. 

Received: 24 December 2024   Accepted: 28 March 2025

References
 1. Brilli RJ, Spevetz A, Branson RD, Campbell GM, Cohen H, Dasta JF, et al. 

Critical care delivery in the intensive care unit: defining clinical roles and 
the best practice model. Crit Care Med. 2001;29:2007–19.

 2. Stretch B, Shepherd SJ. Criteria for intensive care unit admission and 
severity of illness. Surgery. 2021;39:22–8.

 3. Mathews KS, Long EF. A conceptual framework for improving critical care 
patient flow and bed use. Ann Am Thorac Soc. 2015;12:886–94.

 4. Prin M, Wunsch H. The role of stepdown beds in hospital care. Am J 
Respir Crit Care Med. 2014;190:1210–6.

 5. 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.

 6. Nasraway SA, Cohen IL, Dennis RC, Howenstein MA, Nikas DK, Warren J, 
et al. Guidelines on admission and discharge for adult intermediate care 
units. American College of critical care medicine of the society of critical 
care medicine. Crit Care Med. 1998;26:607–10.

 7. Lekwijit S, Chan CW, Green LV, Liu VX, Escobar GJ. The impact of step-
down unit care on patient outcomes after ICU discharge. Crit Care Explor. 
2020;2: e0114.

 8. Capuzzo M, Volta C, Tassinati T, Moreno R, Valentin A, Guidet B, et al. 
Hospital mortality of adults admitted to Intensive care units in hospitals 
with and without intermediate care units: a multicentre European cohort 
study. Crit Care. 2014;18:551.

 9. Ranzani OT, Zampieri FG, Taniguchi LU, Forte DN, Azevedo LC, Park M. The 
effects of discharge to an intermediate care unit after a critical illness: a 
5-year cohort study. J Crit Care. 2014;29:230–5.

 10. Labata C, Oliveras T, Berastegui E, Ruyra X, Romero B, Camara ML, et al. 
Intermediate care unit after cardiac surgery: impact on length of stay and 
outcomes. Rev Esp Cardiol (Engl Ed). 2018;71:638–42.

 11. López-Jardón P, Martínez-Fernández MC, García-Fernández R, Martín-
Vázquez C, Verdeal-Dacal R. Utility of intermediate care units: a systematic 
review study. Healthcare (Basel). 2024;12:296.

 12. Heras A, Abizanda R, Belenguer A, Vidal B, Ferrándiz A, Micó ML, Álvaro R. 
Unidades de Cuidados Intermedios. Consecuencias Asistenciales En Un 
Hospital de Referencia. Med Intensiv. 2007;31:353–60.

 13. Lucena JF, Alegre F, Rodil R, Landecho MF, García-Mouriz A, Marqués M, 
et al. Results of a retrospective observational study of intermediate care 
staffed by hospitalists: impact on mortality, co-management, and teach-
ing. J Hosp Med. 2012;7:411–5.

 14. Suarez-Cuartin G, Gasa M, Bermudo G, Ruiz Y, Hernandez-Argudo M, 
Marin A, et al. Clinical outcomes of severe COVID-19 patients admitted to 
an intermediate respiratory care unit. Front Med. 2021;8: 711027.

 15. Confalonieri M, Trevisan R, Demsar M, Lattuada L, Longo C, Cifaldi R, et al. 
Opening of a respiratory intermediate care unit in a general hospital: 
impact on mortality and other outcomes. Respiration. 2015;90:235–42.

 16. Bertnum AB, Fragapane GI, Semini M, Strandhagen JO. Possibilities and 
benefits of intermediate care units in healthcare systems from a logistics 
perspective. In: Advances in Production Management Systems. Produc-
tion Management for Data-Driven, Intelligent, Collaborative, and Sustain-
able Manufacturing. APMS: IFIP International Conference on Advances in 
Production Management Systems. 2018; 535:271–8.

https://doi.org/10.1186/s13054-025-05393-9
https://doi.org/10.1186/s13054-025-05393-9
http://www.editage.com


Page 14 of 14Ikumi et al. Critical Care          (2025) 29:157 

 17. Eachempati SR, Hydo LJ, Barie PS. The Effect of an intermediate care unit 
on the demographics and outcomes of a surgical intensive care unit 
population. Arch Surg. 2004;139(3):315–9.

 18. Hamsen U, Lefering R, Fisahn C, Schildhauer TA, Waydhas C, Asso DGI. 
Workload and severity of illness of patients on intensive care units with 
available intermediate care units: a multicenter cohort study. Minerva 
Anestesiol. 2018;84:938–45. https:// doi. org/ 10. 23736/ S0375- 9393. 18. 
12516-8.

 19. Fox AJ, Owen-Smith O, Spiers P. The immediate impact of opening an 
adult high dependency unit on intensive care unit occupancy. Anaesthe-
sia. 1999;54:280–3.

 20. Benchimol EI, Smeeth L, Guttmann A, Harron K, Hemkens LG, Moher D, 
et al. The reporting of studies conducted using observational routinely-
collected health data (RECORD) statement. Z Evid Fortbild Qual Gesundh-
wes. 2016;115–116:33–48.

 21. Matsuda S, Fujimori K, Kuwabara K, Ishikawa KB, Fushimi K. Diagnosis 
procedure combination as an infrastructure for the clinical study. Asian 
Pac J Dis Manag. 2011;5:81–7.

 22. 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.

 23. WHO Expert Consultation. Appropriate body-mass index for Asian popu-
lations and its implications for policy and intervention strategies. Lancet. 
2004;363:157-63.

 24. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. 
Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 
administrative data. Med Care. 2005;43:1130–9.

 25. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and 
validating the Charlson comorbidity index and score for risk adjustment 
in hospital discharge abstracts using data from 6 countries. Am J Epide-
miol. 2011;173:676–82.

 26. Fujimori K, Tarasawa K, Fushimi K. Effectiveness of polymyxin B hemop-
erfusion for sepsis depends on the baseline SOFA score: a nationwide 
observational study. Ann Intensive Care. 2021;11:141.

 27. Yamakawa K, Umemura Y, Hayakawa M, Kudo D, Sanui M, Takahashi H, 
et al. Benefit profile of anticoagulant therapy in sepsis: a nationwide 
multicentre registry in Japan. Crit Care. 2016;20:229.

 28. Ikumi S, Shiga T, Ueda T, Takaya E, Iwasaki Y, Kaiho Y, et al. Intensive care 
unit mortality and cost-effectiveness associated with intensivist staffing: a 
Japanese nationwide observational study. J Intensive Care. 2023;11:60.

 29. Austin PC. The use of propensity score methods with survival or time-to-
event outcomes: Reporting measures of effect similar to those used in 
randomized experiments. Stat Med. 2014;33:1242–58.

 30. Solberg BC, Dirksen CD, Nieman FH, van Merode G, Ramsay G, Roekaerts 
P, et al. Introducing an integrated intermediate care unit improves ICU 
utilization: a prospective intervention study. BMC Anesthesiol. 2014;14:76.

 31. Arbous SM, Termorshuizen F, Brinkman S, de Lange DW, Bosman RJ, Dek-
kers OM, de Keizer NF. Three-year mortality of ICU survivors with sepsis, 
an infection or an inflammatory illness: an individually matched cohort 
study of ICU patients in the Netherlands from 2007 to 2019. Crit Care. 
2024;28:374.

 32. Mart MF, Gordon JI, González-Seguel F, Mayer KP, Brummel N. Muscle 
dysfunction and physical recovery after critical illness. J Intensive Care 
Med. 2025;0:0.

 33. Pérez-Granda MJ, Barrio JM, Cuerpo G, Valerio M, Muñoz P, Hortal J, Pinto 
AG, Bouza E. Cardiovascular infection study group infectious compli-
cations following major heart surgery from the day of the surgery to 
hospital discharge. BMC Infect Dis. 2024;24:73.

 34. Coutinho NFR, Libório AB. Short- and long-term outcomes in critically 
ill patients with primary glomerular disease: a case-control study. BMC 
Nephrol. 2024;25:336.

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

https://doi.org/10.23736/S0375-9393.18.12516-8
https://doi.org/10.23736/S0375-9393.18.12516-8

	Outcomes and cost-effectiveness of intermediate care units for patients discharged from the intensive care unit: a nationwide retrospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Ethics approval and consent to participate
	Study design and data source
	Study population
	Data collection and variables definition
	Outcomes
	Statistical analysis
	Subgroup analysis
	Sensitivity analysis

	Results
	Baseline characteristics
	Clinical outcomes
	All-cause hospital mortality rate
	ICU readmission rate
	Length of ICU stay and hospital stay
	Total costs
	Subgroup analysis
	Sensitivity analysis


	Discussion
	Conclusions
	Acknowledgements
	References


