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ABSTRACT
Objective The objective was to analyse the associations 
of intensive care unit (ICU) and high care unit (HCU) 
organisational structure on in- hospital mortality among 
patients with sepsis in Japan’s acute care hospitals.
Design Multicentre cross- sectional study.
Settings Patients with sepsis aged ≥18 years who 
received critical care in acute care hospitals throughout 
Japan between April 2018 and March 2019 were identified 
using the National Database of Health Insurance Claims 
and Specific Health Checkups of Japan (NDB).
Interventions None.
Participants 10 968 patients with sepsis were identified. 
ICUs were categorised into three groups: type 1 ICUs 
(fulfilling stringent staffing criteria such as experienced 
intensivists and high nurse- to- patient ratios), type 2 ICUs 
(less stringent criteria) and HCUs (least stringent criteria).
Primary outcome measure The study’s primary outcome 
measure was in- hospital mortality. Cox proportional 
hazards regression analysis was performed to examine the 
impact of ICU/HCU groups on in- hospital mortality.
Results We analysed 2411 patients (178 hospitals) in 
the type 1 ICU group, 3653 patients (422 hospitals) in the 
type 2 ICU group and 4904 patients (521 hospitals) in the 
HCU group. When compared with the type 1 ICU group, the 
adjusted HRs for in- hospital mortality were 1.12 (95% CI 
1.04 to 1.21) for the type 2 ICU group and 1.17 (95% CI 
1.08 to 1.26) for the HCU group.
Conclusion ICUs that fulfil more stringent staffing 
criteria were associated with lower in- hospital mortality 
among patients with sepsis than HCUs. Differences in 
organisational structure may have an association with 
outcomes in patients with sepsis, and this was observed 
by the NDB.

INTRODUCTION
Sepsis is a dysregulated host response to 
infection resulting in potentially fatal organ 
dysfunction1 and is associated with heavy clin-
ical and economic burdens.2 3 Due to the high 
risk of rapid deterioration, this syndrome 
requires prompt and intensive treatments 
such as antibiotic therapy, fluid resuscitation 

and supplemental oxygen.4 Optimal sepsis 
treatment is, therefore, dependent on the 
availability of an effective and rapid healthcare 
provision system with adequate resources.

Donabedian’s structure- process- outcome 
model is a well- established framework for 
assessing healthcare quality5 and has been 
widely applied in the fields of critical care and 
emergency care.6–10 The organisational char-
acteristics of intensive care units (ICUs) can 
be analysed as part of the ‘structure’ compo-
nent of Donabedian’s triad. Among Japan’s 
acute care hospitals, critical care is provided 
in ICUs and high care units (HCUs). While 
HCUs share some similarities in organisation 
and function with the high- dependency units 
of other countries, which are designed for 
critically ill patients who are less severe than 
those in ICUs, many Japanese hospitals that 
lack ICUs treat critically ill patients in HCUs. 
The definitions of ICUs and HCUs are set by 
Japan’s medical fee reimbursement system 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The cross- sectional study design enables an inves-
tigation into whether the organisational structure of 
intensive care units and high care units is associat-
ed with in- hospital mortality in patients with sepsis.

 ⇒ The data were collected through the use of stan-
dardised and validated procedures and instruments, 
which increases the internal validity of the data.

 ⇒ Data were obtained from the National Database 
of Health Insurance Claims and Specific Health 
Checkups of Japan.

 ⇒ One limitation of our study is the lack of informa-
tion on each patient’s physical and laboratory ex-
amination results and Sequential Organ Failure 
Assessment scores.

 ⇒ The large number of cases excluded from the analy-
sis should be treated with caution when interpreting 
the results.
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and are based on the units’ organisational structure, such 
as the availability and experience of medical staff, nurse- 
to- patient ratio and the evaluation criteria for medical 
and nursing care needs (table 1). Under this system, ICUs 
are divided into two types, with type 1 ICUs fulfilling more 
stringent staffing criteria and receiving higher reimburse-
ments than type 2 ICUs. Moreover, both ICU types are 
entitled to receive higher reimbursements than HCUs, 
which fulfil even less stringent criteria. Despite these 
differences in organisational structure, studies have yet to 
explore the differences in the quality of care provided to 
patients with sepsis among these units.

Insurance claims data comprise transactional records 
for episodes of care and are widely used in healthcare 
research. In 2009, Japan launched the National Data-
base of Health Insurance Claims and Specific Health 
Checkups of Japan (NDB) to collect and maintain claims 
data and medical data from throughout the country 
for the purpose of research. These data are formatted 
according to Japan’s Diagnosis Procedure Combination 
(DPC) casemix system, which dictates reimbursements 
for acute care hospitals. As of 2017, the NDB has covered 
over 95% of hospitals participating in Japan’s reimburse-
ment system.11 However, the NDB has yet to be applied 
in critical care research. Using data from the NDB, this 
study aimed to analyse the impact of the organisational 
structure of ICUs and HCUs on in- hospital mortality 
among patients with sepsis in Japan’s acute care hospitals.

METHODS
Study design and data source
We conducted a multicentre cross- sectional study of adult 
patients with sepsis who were admitted to an ICU or 
HCU in acute care hospitals throughout Japan between 
1 April 2018 and 31 March 2019. The patients were 
divided into three groups according to the unit in which 
they received critical care: type 1 ICUs as ICUs staffed by 

physicians with long intensive care experience (≥5 years) 
and high nursing density (minimum nurse- to- patient 
ratio of 1:2), type 2 ICUs as ICUs staffed by physicians 
regardless of their intensive care experience and high 
nursing density (minimum nurse- to- patient ratio of 1:2) 
and HCUs as HCUs staffed by physicians regardless of 
their intensive care experience and low nursing density 
(minimum nurse- to- patient ratio of 1:5). In addition to 
staffing criteria, these units are also categorised based on 
the monthly proportion of admitted patients who fulfil 
specific evaluation criteria for medical and nursing care 
needs (online supplemental appendix table 1). ICU and 
HCU lengths of stay were calculated for each case, and if 
an ICU stay was identified, the case was included in the 
ICU group. It was assumed that the initial treatment of 
sepsis would be initiated in the highest level of wards in 
each hospital. Priority was given to type 1 ICUs, followed 
by type 2 ICUs.

The data source was a DPC database extracted from the 
NDB. DPC data comprise clinical information and claims 
data and include patient demographics (eg, age, sex, 
height and weight), primary and secondary diagnoses, 
dates of admission and discharge, comorbidities, treat-
ments (eg, mechanical ventilation, renal replacement 
therapy and vasopressor administration) and discharge 
status. Information on ICU and HCU utilisation is also 
included.

Patient selection
Patients with sepsis were identified as those with the rele-
vant International Classification of Diseases, 10th Revi-
sion codes on admission (online supplemental appendix 
table 2). The dates of ICU/HCU admission were deter-
mined based on Japanese treatment codes provided in 
the claims data. We excluded patients who were admitted 
before the study period or who were not yet discharged 
from hospital during the study period, patients aged 
below 18 years and patients with missing age data.

Table 1 ICU and HCU classifications under Japan’s medical fee reimbursement system

Type 1 ICUs Type 2 ICUs HCUs

Two or more dedicated intensivists (each with ≥5 years 
of experience in critical care) always on duty in the ICU

Dedicated intensivist/physician 
always on duty in the ICU

Dedicated intensivist/physician 
always on duty in the HCU

Minimum nurse- to- patient ratio of 1:2 (each nurse is 
assigned ≤2 patients)

Minimum nurse- to- patient ratio 
of 1:2 (each nurse is assigned ≤2 
patients)

Minimum nurse- to- patient ratio 
of 1:5 (each nurse is assigned ≤5 
patients)

Dedicated nurse with ≥5 years of nursing experience in 
critical care or ≥600 hours of critical care training; Works 
in the ICU for ≥20 hours/week

Dedicated medical technologist always on duty in the 
hospital

Over 80% of admitted patients each month fulfil the 
evaluation criteria for medical and nursing care needs

Over 70% of admitted patients 
each month fulfil the evaluation 
criteria for medical and nursing 
care needs

Over 60% of admitted patients 
each month fulfil the evaluation 
criteria for medical and nursing 
care needs

HCU, high care unit; ICU, intensive care unit.
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Patient characteristics and treatments
We collected information on the following patient base-
line characteristics: age, sex, hospital admission course 
(emergency or non- emergency) and major diagnostic 
category. Age variables were stratified into four groups: 
18–59 years, 60–69 years, 70–79 years and 80+ years. Using 
Japanese procedural codes, we also identified the use of 
the following treatments: mechanical ventilation, nonin-
vasive positive pressure ventilation, high- flow oxygen 
therapy, renal replacement therapy, endotoxin adsorp-
tion, tracheotomy, vasopressors (epinephrine, norepi-
nephrine and vasopressin). Patients with acute respiratory 
distress syndrome were identified using the International 
Classification of Diseases, 10th Revision code J80.

Outcome measures
The study’s primary outcome measure was in- hospital 
mortality, and the secondary outcome measures were 
ICU/HCU stay (days) and overall hospital stay (days).

Statistical analysis
Continuous variables were calculated as means and SD, 
and categorical variables were calculated as frequencies 
and percentages. One- way analysis of variance and the χ2 
test were used to compare the continuous and categor-
ical variables, respectively, among the three ICU/HCU 
groups (type 1 ICUs, type 2 ICUs and HCUs). We plotted 
Kaplan- Meier survival curves to examine the differences 
in survival among the three groups.

Bivariate analyses were performed to identify patient 
characteristics and treatments that were significantly asso-
ciated (p<0.05) with in- hospital mortality. Our previous 
study used DPC data to develop a model for predicting 

in- hospital mortality in ICUs and showed that even a 
model with a small number of variables excluding the 
primary diagnosis was sufficient to predict in- hospital 
mortality.12 Referring to our previous study,12 age, vaso-
pressors, mechanical ventilation, renal replacement 
therapy and hospital admission (non- emergency or emer-
gency) as patient factors were included as covariates in a 
Cox proportional hazards regression model with in- hos-
pital mortality as the dependent variable and the ICU/
HCU groups as the main independent variable of interest. 
The HRs and 95% CIs were calculated for the indepen-
dent variables. The ICU/HCU groups were treated as a 
stratum of the hospital factor. In addition, subgroup anal-
yses were performed for patients with sepsis with blood, 
blood- forming organs and immunological disorders.

P values lower than 0.05 were considered to be statis-
tically significant. All analyses were performed by using 
SPSS V.26.0 (IBM).

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Figure 1 shows the flow chart of patient selection. From 
among 671 425 patients admitted to an ICU or HCU 
in 900 hospitals, we identified 32 690 patients with a 
recorded diagnosis of sepsis. Patients excluded were 3391 
patients whose date of admission and date of discharge 
did not both fall within the study period; 16 565 patients 

Figure 1 Flow chart of patient selection. HCU, high care unit; ICU, intensive care unit.
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who did not enter type 1, type 2 or HCU; 161 patients 
under 18 years of age and 1605 patients with missing age 
data. After applying the exclusion criteria, we obtained a 
final study population of 10 968 patients. Of these, 2411 
patients (178 hospitals) were treated in a type 1 ICU, 3653 
patients (422 hospitals) were treated in a type 2 ICU and 
4904 patients (521 hospitals) were treated in an HCU.

The patient characteristics and treatments are 
summarised in table 2. The mean ages of the patients in 
the type 1 ICU group, type 2 ICU group and HCU group 
were 72.1 years, 73.6 years and 76.8 years, respectively 
(p<0.001). There were also significant intergroup differ-
ences in sex and emergency admissions. In all groups, 
men accounted for the majority of patients (57%–61%), 
and emergency admissions comprised more than 80% 
of cases. Among the treatments, the use of mechanical 
ventilation was significantly higher (p<0.001) in the type 
1 ICU group (58.4%) and type 2 ICU group (55.0%) than 

in the HCU group (28.2%). Similarly, the use of renal 
replacement therapy was significantly higher (p<0.001) 
in the type 1 ICU group (36.3%) and type 2 ICU group 
(31.7%) than in the HCU group (14.4%). Vasopressors 
(norepinephrine, epinephrine or vasopressin) were 
administered to the majority of patients in the type 1 ICU 
group (78.0%) and the type 2 ICU group (72.2%), but to 
less than half of all patients in the HCU group (48.7%) 
(p<0.001).

Table 2 also presents the outcomes of each group. 
There was a statistically significant difference in unad-
justed in- hospital mortality (46.3% in the type 1 ICU 
group, 48.5% in the type 2 ICU group and 37.7% in 
the HCU group). There was no statistically signifi-
cant difference (p=0.05) in ICU/HCU stay among the 
groups. Similarly, there was no statistically significant 
difference (p=0.12) in overall hospital stay among the 
groups.

Table 2 Patient characteristics, treatments and outcomes (n=10 968)

Type 1 ICUs (n=2411) Type 2 ICUs (n=3653) HCUs (n=4904) P value

Number of hospitals 178 422 521 –

Patient characteristics

  Age (years) 72.1±13.8 73.6±13.2 76.8±12.7 <0.001

  Male 1469 (60.9) 2209 (60.5) 2795 (57.0) 0.001

Hospital admission course

  Emergency 2022 (83.9) 3168 (86.7) 4460 (90.9) <0.001

Treatments

  Mechanical ventilation 1409 (58.4) 2009 (55.0) 1381 (28.2) <0.001

  Mechanical ventilation duration (days) 6.3±5.9 6.1±5.9 6.6±6.5 0.11

  NPPV 46 (1.9) 81 (2.2) 61 (1.2) <0.01

  NPPV duration (days) 5.7±6.2 3.6±3.9 5.6±5.3 0.02

  High- flow oxygen therapy 186 (7.7) 227 (6.2) 174 (3.5) <0.001

  High- flow oxygen therapy duration (days) 3.4±3.3 3.7±3.5 4.1±3.7 0.17

  Renal replacement therapy 875 (36.3) 1159 (31.7) 707 (14.4) <0.001

  Renal replacement therapy duration (days) 5.9±4.5 5.6±4.3 5.2±4.1 <0.01

  Endotoxin adsorption 125 (5.2) 143 (3.9) 106 (2.2) <0.001

  Endotoxin adsorption (times) 1.6±0.7 1.7±0.8 1.6±0.6 0.33

  Tracheotomy 123 (5.1) 118 (3.2) 84 (1.7) <0.001

  Vasopressors (use of norepinephrine, 
epinephrine or vasopressin)

1880 (78.0) 2639 (72.2) 2390 (48.7) <0.001

Outcomes

  ICU/HCU length of stay (days) 4.5±3.5 4.2±3.4 4.3±3.9 0.05

  Survivors 3.7±2.8 3.4±2.8 3.7±3.3 <0.01

  Non- survivors 5.3±4.0 5.1±3.9 5.4±4.5 0.07

  Overall hospital length of stay (days) 23.1±23.8 22.3±21.9 22.0±21.3 0.12

  Survivors 25.2±22.6 24.3±19.9 22.9±20.3 <0.01

  Non- survivors 20.7±24.8 20.3±23.7 20.4±22.7 0.91

  In- hospital mortality 1116 (46.3) 1772 (48.5) 1847 (37.7) <0.001

Values are presented as mean±SD for continuous variables and frequency (percentage) for categorical variables.
HCU, high care unit; ICU, intensive care unit; NPPV, non- invasive positive pressure ventilation.
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The major diagnostic categories of the patients are 
presented in online supplemental appendix table 3. In all 
groups, the most prevalent category was ‘digestive system, 
hepatobiliary system and pancreas’. This was followed 
by ‘circulatory system’, ‘respiratory system’ and ‘blood, 
blood- forming organs and immunological disorders’.

Before statistical adjustment, the HCU group had the 
highest survival rate. However, the HCU group had the 
highest hazard of death after adjusting for the covariates 
using the Cox proportional hazards model (figure 2). 
The results of the Cox proportional hazards analysis of 
in- hospital mortality are summarised in table 3. The ICU/
HCU groups were significantly associated with in- hospital 
mortality after adjusting for the covariates (p<0.001). 

When compared with the type 1 ICU group, the HRs for 
in- hospital mortality were 1.12 (95% CI 1.04 to 1.21) for 
the type 2 ICU group and 1.17 (95% CI 1.08 to 1.26) for 
the HCU group.

The subgroup analysis results are provided in online 
supplemental appendix table 4. ICU/HCU groups 
remained a significant determinant of in- hospital 
mortality for cases of sepsis with blood, blood- forming 
organs and immunological disorders. The HRs for in- hos-
pital mortality were 1.19 (95% CI 0.89 to 1.58) for the 
type 2 ICU group and 1.58 (95% CI 1.19 to 2.10) for the 
HCU group, compared with the type 1 ICU group.

DISCUSSION
In this large- scale analysis of national- level claims data, we 
comparatively examined in- hospital mortality in patients 
with sepsis among ICUs and HCUs in Japan. The type 
2 ICUs and the HCUs were associated with significantly 
increased hazards of in- hospital mortality when compared 
with the type 1 ICUs, with HCUs (fulfilling more lenient 
criteria) demonstrating a higher hazard than type 2 ICUs. 
Previous studies have reported that health insurance 
systems are associated with patient outcomes.13 14 These 
studies demonstrate the relevance of telehealth within 
the health system for sepsis or critical care cases. Our 
study also suggests that the Japanese health insurance 
system’s staffing criteria for these units may affect patient 
prognosis.

There have been some reports on sepsis using ICD- 10 in 
Japan. The in- hospital mortality is definitely higher than 
in other previous studies (18%–35%).15 16 The ICD- 10 
codes used to identify sepsis in the previous study15 
included only codes for infectious diseases without the 
word ‘sepsis’, such as codes for ‘appendicitis- peritonitis’, 

Figure 2 Adjusted survival curves of the ICU and HCU groups using the Cox proportional hazards model. Type 1 ICU group 
(black line), type 2 ICU group (black dotted line) and HCU group (grey line). After adjusting for the covariates, the type 1 ICU 
group had the highest survival rate, followed by the type 2 ICU group. HCU, high care unit; ICU, intensive care unit.

Table 3 Results of the Cox proportional hazards analysis 
for in- hospital mortality (n=10 968)

Variables HR 95% CI P value

Group (reference: type 1 ICUs)

  Type 2 ICUs 1.12 1.04 to 1.21 <0.01

  HCUs 1.17 1.08 to 1.26 <0.001

Age category (reference: 18–59) (years)

  60–69 1.19 1.06 to 1.35 <0.01

  70–79 1.31 1.17 to 1.46 <0.001

  80+ 1.73 1.55 to 1.93 <0.001

Vasopressors 1.97 1.82 to 2.12 <0.001

Mechanical ventilation 2.12 1.98 to 2.26 <0.001

Renal replacement therapy 1.49 1.40 to 1.59 <0.001

Hospital admission 
(reference: non- emergency)

1.80 1.64 to 1.97 <0.001

HCU, high care unit; ICU, intensive care unit.
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‘infectious diarrhoea’, ‘chronic viral hepatitis’ and ‘haem-
orrhoidal fistula’. In our study, we only included codes 
that contained the word ‘sepsis’. Another study16 used 
a combination of codes for severe infection and organ 
dysfunction as sepsis. The database also included a large 
number of patients with sepsis who were not admitted to 
an ICU that met the criteria of the facility. We understand 
that obvious sepsis cases are coded as ‘sepsis’ containing 
words because the coding physician diagnoses them as 
sepsis. In this study, we believe that these sepsis cases 
entering the ICU/HUC are more likely to be captured 
as eligible and do not have a lower mortality rate. On the 
other hand, studies using other approaches still have the 
potential to include cases of infections that are not sepsis 
and are likely to capture a broader range of subjects and 
have lower mortality rates than our study. Therefore, we 
consider it acceptable that the case frequency is lower 
and the mortality rate is relatively higher than in previous 
studies.

In 2015, the American College of Critical Care Medi-
cine Task Force on Models of Critical Care recognised 
that improvements in ICU structure can lead to better 
patient outcomes and noted that a dedicated intensiv-
ist- led multidisciplinary team is integral to the effective 
delivery of critical care.17 ICUs can be categorised as 
‘open’ or ‘closed’, with the key difference being that only 
ICU intensivists can direct care and write medical orders 
in a closed ICU.18 19 A US study reported that closed 
ICUs were associated with lower mortality in patients 
with acute lung injury.20 Similarly, a Japanese study of 
patients with sepsis found that closed ICUs were associ-
ated with increased survival and shorter ICU stays when 
compared with open ICUs.21 A meta- analysis of open 
and closed ICUs also found that the former had signifi-
cantly higher mortality rates than the latter for a variety 
of health conditions.22 In our study, ICU/HCU organisa-
tional structure was mainly determined based on staffing 
criteria. However, while the criteria were met, we could 
not ascertain the actual staffing numbers or the authority 
of intensivists in each unit and were therefore unable to 
determine if each unit operated in an open or closed 
format. Nevertheless, the medical fee reimbursement 
system provides objective criteria that enable us to cate-
gorise the ICUs and HCUs according to organisational 
factors. These criteria include the availability and expe-
rience of medical staff, nurse- to- patient ratio and the 
evaluation criteria for medical and nursing care needs. 
Although previous studies reported that nurse staffing 
levels had no effect on in- hospital mortality,23 several 
studies subsequently reported that in- hospital mortality 
increased with each additional patient per nurse.24–26 In 
our study, the nurse- to- patient staffing ratio was included 
in the group criteria, but we could not identify the qual-
ifications of the nurses except in type 1 ICUs. Previous 
study has shown that structural measures including regis-
tered nurse care were associated with improved outcomes 
for patients with sepsis.27 Japan also has a system of more 
trained nurses, but it does not operate under the same 

standards as other countries, so it is difficult to compare 
the situation with other countries. The SEP- 1 Sepsis 
bundle, which targets processes including antibiotic 
administration, lactate measurement and fluid admin-
istration within 3 hours of sepsis onset; repeated lactate 
and vasopressor administration for hypotension within 6 
hours of sepsis onset, has been shown to improve prac-
tice process but not mortality.28 Adherence to the SEP- 1 
Sepsis bundle was not better for hospital- onset sepsis than 
for community- onset sepsis.29 However, nurse- to- patient 
staffing ratios have been shown to have a greater impact 
than bundle adherence,26 and nurse- to- patient staffing 
ratios, which have been evaluated in previous studies, may 
be an important factor in assessing patient outcomes.24–26 
Our analysis showed significant differences in in- hospital 
mortality among the unit types. These findings are consis-
tent with those of previous studies on the organisational 
structure of critical care.30 31

Our previous study showed that the prognosis of ICU 
patients was relatively well predicted by age, admission 
course, mechanical ventilation, dialysis and vasopressors.12 
Therefore, our study used these indicators to perform 
a multivariable analysis to adjust for severity of illness. 
Among our subjects, mortality was particularly high in 
patients with sepsis with blood, blood- forming organs and 
immunological disorders. This corroborates the results 
of a previous study where haematological malignancies 
were reported to be associated with an increased hazard 
for sepsis and 1 year mortality.32 Another study reported 
an association between haematological malignancies and 
higher 28- day mortality in patients with sepsis requiring 
ICU admission.33 Haematological malignancies had a 
strong prognostic impact in our previous study.12 There-
fore, we performed a subgroup analysis of patients with 
blood and immunological disorders. Our present study 
found that treatment in type 1 ICUs was associated with 
reduced in- hospital mortality for such patients, suggesting 
that higher staffing levels with more experienced special-
ists can affect outcomes even in severe cases with blood 
and immunological disorders.

Previous studies have shown that ICU structural factors 
are also associated with other processes and outcomes of 
care. For example, staffing characteristics (including the 
presence of expert intensivists and dedicated pharma-
cists) have been linked with shorter mechanical ventila-
tion durations.34 Furthermore, regular examinations by 
intensivists in ICUs were found to be associated with the 
achievement of lighter sedation goals.35 Another study 
determined that nurse- driven weaning from mechanical 
ventilation significantly reduced ventilation durations 
and ICU stay without adverse effects.36 In contrast to 
those previous studies, our analysis found no significant 
differences in mechanical ventilation duration among 
the ICU/HCU groups. This may be because our obser-
vational study was based on staffing criteria and did not 
account for the actual treatment strategies employed for 
each case. The presence and distribution of staff alone 
may not directly affect mechanical ventilation strategies 
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in Japan’s ICUs and HCUs, but further research is needed 
to explore this relationship.

This study has several limitations. First, there was a lack 
of information on each patient’s physical and laboratory 
examination results. Due to the absence of physiological 
data in the DPC database, we could not assess indicators 
such as leucocyte count, C reactive protein levels, oxygen-
ation levels and blood pressure. Second, we could not 
compare Sequential Organ Failure Assessment (SOFA) 
scores among the groups because these were only intro-
duced into the DPC system in 2018. At present, only type 
1 ICUs are required to record these scores, resulting in 
a lack of consistent data from type 2 ICUs and HCUs. 
In addition, we did not have access to patients’ comor-
bidities and were unable to account for their variations. 
And we could not distinguish between community- onset 
and hospital- onset sepsis, even though we should manage 
patients with hospital- onset and community- onset sepsis 
differently.29 Nevertheless, we were able to include major 
diagnostic categories in our analytical models. Third, our 
analysis was dependent on the accuracy of the DPC records, 
which may include cases of upcoding or miscoding. 
However, these claims are submitted to insurers for 
reimbursements and are, therefore, subject to stringent 
assessments for accuracy. Fourth, there is the problem 
of selection bias. In Japan, sepsis cases are concentrated 
in the ICU/HCU. Quick SOFA score is widely used. As a 
result, requests to the ICU/HCU have become common. 
In most cases, physicians are not involved in the choice of 
hospital for admission. This could reduce selection bias. 
Japanese hospitals rarely have all type 1 ICUs, type 2 ICUs 
and HCUs. The initial treatment of sepsis is assumed to 
begin in the highest level wards of each hospital. There 
might still be room for selection bias, but sorting by physi-
cians and medical staff is unlikely. Finally, our ICU/HCU 
groups were categorised based on the availability and 
experience of medical staff, nurse- to- patient ratio and the 
evaluation criteria for medical and nursing care needs, 
but we did not have any information on hospital size, 
staffing numbers or ICU/HCU bed numbers. As a result, 
we could not determine the physician- to- patient ratio 
in each unit. It has been reported that an intensivist- to- 
patient ratio below 1:14 can detrimentally affect medical 
education, staff well- being and patient care in ICUs.37

This nationwide study is, to the best of our knowledge, 
the first to observe that the organisational structure of 
ICUs and HCUs is associated with in- hospital mortality in 
patients with sepsis in Japan. Staffing criteria, even if they 
are defined by the medical fee reimbursement system, 
may affect patient prognoses. Analysing and optimising 
the organisational structure of critical care units could 
contribute to the improvement of patient outcomes.

Acknowledgements We are grateful to the National Database of Health Insurance 
Claims and Specific Health Checkups of Japan for providing the data.

Contributors TU, KN and TK conceptualised the study. TU and KN collected the 
data. TU performed data cleaning and statistical analysis. All authors interpreted 
the analytical results. TU and KN drafted the manuscript, and all authors critically 

revised the manuscript for important intellectual content. All authors read and 
approved the final version of the manuscript. TU served as guarantor and accepted 
full responsibility for the work and/or the conduct of the study, had access to the 
data and controlled the decision to publish.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The institutional review board of Kansai Medical University 
Hospital approved this study (Approval number: 2019078). The requirement for 
informed consent from patients was waived given the cross- sectional study and the 
use of anonymised patient and hospital data.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The data 
are provided from the National Database of Health Insurance Claims and Specific 
Health Checkups of Japan (NDB), included in the article or uploaded as online 
supplemental information and strictly regulated. The dataset used in this study is 
available from the corresponding author on reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Takeshi Umegaki http://orcid.org/0000-0001-6113-6444

REFERENCES
 1 Singer M, Deutschman CS, Seymour CW, et al. The third 

international consensus definitions for sepsis and septic shock 
(sepsis- 3). JAMA 2016;315:801–10. 

 2 Prest J, Sathananthan M, Jeganathan N. Current trends in 
sepsis- related mortality in the United States. Crit Care Med 
2021;49:1276–84. 

 3 Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and 
national sepsis incidence and mortality, 1990- 2017: analysis for the 
global burden of disease study. Lancet 2020;395:200–11. 

 4 Polat G, Ugan RA, Cadirci E, et al. Sepsis and septic shock: 
current treatment strategies and new approaches. Eurasian J Med 
2017;49:53–8. 

 5 Donabedian A. Evaluating the quality of medical care. Milbank Mem 
Fund Q 1966;44.

 6 Binder C, Torres RE, Elwell D. Use of the donabedian model as 
a framework for COVID- 19 response at a hospital in Suburban 
Westchester County, New York: a facility- level case report. J Emerg 
Nurs 2021;47:239–55. 

 7 Ssemugabo C, Nalinya S, Halage AA, et al. Doctors experiences 
on the quality of care for pesticide poisoning patients in hospitals 
in Kampala, Uganda: a qualitative exploration using donabedian’s 
model. BMC Health Serv Res 2020;20:30. 

 8 Algurén B, Jernberg T, Vasko P, et al. Content comparison and 
person- centeredness of standards for quality improvement in 
cardiovascular health care. PLoS One 2021;16:e0244874. 

 9 Tossaint- Schoenmakers R, Versluis A, Chavannes N, et al. The 
challenge of integrating ehealth into health care: systematic literature 
review of the donabedian model of structure, process, and outcome. 
J Med Internet Res 2021;23:e27180. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Ju

ly 2024. 
10.1136/b

m
jo

p
en

-2024-085763 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6113-6444
http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.1097/CCM.0000000000005017
http://dx.doi.org/10.1016/S0140-6736(19)32989-7
http://dx.doi.org/10.5152/eurasianjmed.2017.17062
https://pubmed.ncbi.nlm.nih.gov/5338568
https://pubmed.ncbi.nlm.nih.gov/5338568
http://dx.doi.org/10.1016/j.jen.2020.10.008
http://dx.doi.org/10.1016/j.jen.2020.10.008
http://dx.doi.org/10.1186/s12913-020-4891-6
http://dx.doi.org/10.1371/journal.pone.0244874
http://dx.doi.org/10.2196/27180
http://bmjopen.bmj.com/


8 Umegaki T, et al. BMJ Open 2024;14:e085763. doi:10.1136/bmjopen-2024-085763

Open access 

 10 Santry HP, Strassels SA, Ingraham AM, et al. Identifying the 
fundamental structures and processes of care contributing to 
emergency general surgery quality using a mixed- methods 
donabedian approach. BMC Med Res Methodol 2020;20:247. 

 11 Ministry of Health Labour and Welfare. NDB open data (in Japanese). 
n.d. Available: https://www.mhlw.go.jp/file/06-Seisakujouhou- 
12400000-Hokenkyoku/0000193322.pdf

 12 Umegaki T, Sekimoto M, Hayashida K, et al. An outcome prediction 
model for adult intensive care. Crit Care Resusc 2010;12:96–103.

 13 Eaton TL, Taylor SP. Health system approaches to providing 
posthospital care for survivors of sepsis and critical illness. Curr Opin 
Crit Care 2023;29:513–8. 

 14 Fortis S, Weinert C, Bushinski R, et al. A health system- based critical 
care program with A novel tele- ICU: implementation, cost, and 
structure details. J Am Coll Surg 2014;219:676–83. 

 15 Tonai M, Shiraishi A, Karumai T, et al. Hospital- onset sepsis 
and community- onset sepsis in critical care units in Japan: a 
retrospective cohort study based on a japanese administrative claims 
database. Crit Care 2022;26:136. 

 16 Imaeda T, Nakada T- A, Takahashi N, et al. Trends in the incidence 
and outcome of sepsis using data from a japanese nationwide 
medical claims database- the japan sepsis alliance (jasa) study group. 
Crit Care 2021;25:338. 

 17 Weled BJ, Adzhigirey LA, Hodgman TM, et al. Critical care delivery: 
the importance of process of care and ICU structure to improved 
outcomes: an update from the american college of critical care 
medicine task force on models of critical care. Crit Care Med 
2015;43:1520–5. 

 18 Brilli RJ, Spevetz A, Branson RD, 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. 

 19 Carlson RW, Weiland DE, Srivathsan K. Does a full- time, 24- 
hour intensivist improve care and efficiency? Crit Care Clin 
1996;12:525–51. 

 20 Treggiari MM, Martin DP, Yanez ND, et al. Effect of intensive care 
unit organizational model and structure on outcomes in patients with 
acute lung injury. Am J Respir Crit Care Med 2007;176:685–90. 

 21 Ogura T, Nakamura Y, Takahashi K, et al. Treatment of patients with 
sepsis in a closed intensive care unit is associated with improved 
survival: a nationwide observational study in Japan. J Intensive Care 
2018;6:57. 

 22 Yang Q, Du JL, Shao F. Mortality rate and other clinical features 
observed in open vs closed format intensive care units. Medicine 
(Baltimore) 2019;98:e16261. 

 23 Needleman J, Buerhaus P, Mattke S, et al. Nurse- staffing levels and 
the quality of care in hospitals. N Engl J Med 2002;346:1715–22. 

 24 Lasater KB, Sloane DM, McHugh MD, et al. Evaluation of hospital 
nurse- to- patient staffing ratios and sepsis bundles on patient 
outcomes. Am J Infect Control 2021;49:868–73. 

 25 Dierkes AM, Aiken LH, Sloane DM, et al. Hospital nurse staffing and 
sepsis protocol compliance and outcomes among patients with 
sepsis in the USA: a multistate cross- sectional analysis. BMJ Open 
2022;12:e056802. 

 26 Lasater KB, McHugh MD, Rosenbaum PR, et al. Evaluating the costs 
and outcomes of hospital nursing resources: a matched cohort study 
of patients with common medical conditions. J Gen Intern Med 
2021;36:84–91. 

 27 Cimiotti JP, Becker ER, Li Y, et al. Association of registered nurse 
staffing with mortality risk of medicare beneficiaries hospitalized with 
sepsis. JAMA Health Forum 2022;3:e221173. 

 28 Barbash IJ, Davis BS, Yabes JG, et al. Treatment patterns and 
clinical outcomes after the introduction of the medicare sepsis 
performance measure (SEP- 1). Ann Intern Med 2021;174:927–35. 

 29 Baghdadi JD, Wong MD, Uslan DZ, et al. Adherence to the SEP- 
1 sepsis bundle in hospital- onset v. community- onset sepsis: 
a multicenter retrospective cohort study. J Gen Intern Med 
2020;35:1153–60. 

 30 Endo K, Mizuno K, Seki T, 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. 

 31 Ohbe H, Matsui H, Kumazawa R, et al. Intensive care unit 
versus high dependency care unit admission after emergency 
surgery: a nationwide in- patient registry study. Br J Anaesth 
2022;129:527–35. 

 32 Van de Louw A, Cohrs A, Leslie D. Incidence of sepsis and 
associated mortality within the first year after cancer diagnosis 
in middle aged adults: A US population based study. PLoS ONE 
2020;15:e0243449. 

 33 Wang YG, Zhou JC, Wu KS. High 28- day mortality in critically ill 
patients with sepsis and concomitant active cancer. J Int Med Res 
2018;46:5030–9. 

 34 Zampieri FG, Salluh JIF, Azevedo LCP, et al. ICU staffing feature 
phenotypes and their relationship with patients’ outcomes: an 
unsupervised machine learning analysis. Intensive Care Med 
2019;45:1599–607. 

 35 Nassar AP Jr, Zampieri FG, Salluh JI, et al. Organizational factors 
associated with target sedation on the first 48 h of mechanical 
ventilation: an analysis of checklist- ICU database. Crit Care 
2019;23:34. 

 36 Danckers M, Grosu H, Jean R, et al. Nurse- driven, protocol- directed 
weaning from mechanical ventilation improves clinical outcomes 
and is well accepted by intensive care unit physicians. J Crit Care 
2013;28:433–41. 

 37 Ward NS, Afessa B, Kleinpell R, et al. Intensivist/patient ratios in 
closed icus: a statement from the society of critical care medicine 
taskforce on ICU staffing. Crit Care Med 2013;41:638–45. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
30 Ju

ly 2024. 
10.1136/b

m
jo

p
en

-2024-085763 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://dx.doi.org/10.1186/s12874-020-01096-7
https://www.mhlw.go.jp/file/06-Seisakujouhou-12400000-Hokenkyoku/0000193322.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-12400000-Hokenkyoku/0000193322.pdf
https://pubmed.ncbi.nlm.nih.gov/20513217
http://dx.doi.org/10.1097/MCC.0000000000001076
http://dx.doi.org/10.1097/MCC.0000000000001076
http://dx.doi.org/10.1016/j.jamcollsurg.2014.04.015
http://dx.doi.org/10.1186/s13054-022-04013-0
http://dx.doi.org/10.1186/s13054-021-03762-8
http://dx.doi.org/10.1097/CCM.0000000000000978
http://dx.doi.org/10.1097/00003246-200110000-00026
http://dx.doi.org/10.1016/s0749-0704(05)70260-8
http://dx.doi.org/10.1164/rccm.200701-165OC
http://dx.doi.org/10.1186/s40560-018-0322-8
http://dx.doi.org/10.1097/MD.0000000000016261
http://dx.doi.org/10.1097/MD.0000000000016261
http://dx.doi.org/10.1056/NEJMsa012247
http://dx.doi.org/10.1016/j.ajic.2020.12.002
http://dx.doi.org/10.1136/bmjopen-2021-056802
http://dx.doi.org/10.1007/s11606-020-06151-z
http://dx.doi.org/10.1001/jamahealthforum.2022.1173
http://dx.doi.org/10.7326/M20-5043
http://dx.doi.org/10.1007/s11606-020-05653-0
http://dx.doi.org/10.1186/s40560-022-00627-2
http://dx.doi.org/10.1186/s40560-022-00627-2
http://dx.doi.org/10.1016/j.bja.2022.06.030
http://dx.doi.org/10.1371/journal.pone.0243449
http://dx.doi.org/10.1177/0300060518789040
http://dx.doi.org/10.1007/s00134-019-05790-z
http://dx.doi.org/10.1186/s13054-019-2323-y
http://dx.doi.org/10.1016/j.jcrc.2012.10.012
http://dx.doi.org/10.1097/CCM.0b013e3182741478
http://bmjopen.bmj.com/


Table S1. Evaluation criteria for medical and nursing care needs 

 

Patients with ≥3 points from Section A and ≥3 points from Section B are considered to 

fulfill the evaluation criteria for medical and nursing care needs. 

A. Monitoring/procedure needs 0 points 1 point 2 points 

Electrocardiographic monitoring No Yes  

Infusion pump management No Yes  

Arterial pressure measurement No Yes  

Syringe pump management No Yes  

Central venous pressure measurement No Yes  

Mechanical ventilation No Yes  

Blood transfusion and blood product 

management 

No Yes 
 

Pulmonary arterial pressure 

measurement 

No Yes 
 

Use of continuous hemodiafiltration, 

intra-aortic balloon pumping, 

percutaneous cardiopulmonary 

support, intracranial pressure, and/or 

extracorporeal membrane oxygenation 

No Yes  

B. Patient status    

Able to turn over while lying down Yes 

Yes, if the patient 

can grasp 

something for 

support 

No 

Able to rise from a prone position  Yes No  

Able to maintain a sitting position Yes 
Yes, if the patient 

has some support 
No 

Able to transfer Yes 

Requires 

watching/some 

assistance  

No 

Able to maintain oral hygiene Yes No  
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Table S2. ICD-10 codes used for the identification of sepsis 

Condition ICD-10 code Condition ICD-10 code 

Sepsis due to 

streptococcus, group A 
A400 Bacillus cereus sepsis A418 

Sepsis due to 

streptococcus, group B 
A401 Anthrax sepsis A227 

Sepsis due to 

streptococcus, group C 
A408 Enterococcal sepsis A418 

Sepsis due to 

streptococcus, group D 
A402 

Streptococcus pneumoniae 

sepsis 
A403 

Sepsis due to 

streptococcus, group G 
A408 Sepsis  A419 

Methicillin-resistant 

coagulase-negative 

staphylococci 

A411 Septic pharyngitis  J020 

Methicillin-resistant 

Staphylococcus aureus 
A410 Septic bronchitis  J209 

Hospital-acquired sepsis A419 Septic osteomyelitis M8699 

Haemophilus influenzae 

sepsis 
A413 Septic shock A419 

Viral sepsis B349 Septic endocarditis I330 

Yersinia sepsis A282 Septic pericarditis I301 

Staphylococcus aureus 

sepsis 
A410 Septic abscess L029 

Catheter-related sepsis T814 Septic pneumonia A419 

Candida sepsis B377 Septic dermatitis L080 

Sepsis due to other gram-

negative organisms 
A415 Septic gangrene A419 

Gram-negative sepsis A415 Streptococcal sepsis A412 

Gram-positive sepsis A418 Sepsis during labor O753 

Anaerobic sepsis A414 Herpesviral sepsis B007 

Coagulase-negative 

staphylococcal sepsis 
A411 Actinomycotic sepsis A427 

Salmonella sepsis A021 Septicemic plague A207 

Obstetric septic embolism O883 Streptococcal sepsis A409 
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ICD-10 International Classification of Diseases, Tenth Revision 

 

 

 

Postpartum sepsis O85 Listerial sepsis A327 

Progressive septic 

granulomatosis 
D71 Gonococcal sepsis A548 

Postoperative sepsis T814 Erysipelothrix sepsis A267 

Meningococcal sepsis A394 Acute fulminant sepsis A241 
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Table S3. Major diagnostic categories of patients (n=10,968) 

Values are presented as frequency (percentage).  
ICU intensive care unit, HCU high care unit 

 

 
Type 1 ICUs 

(n=2,411) 

Type 2 ICUs 

(n=3,653) 

HCUs 

(n=4,904) 
P value 

Nervous system 48 (2.0) 71 (1.9) 110 (2.2) 

<0.001 

Respiratory system 180 (7.5) 300 (8.2) 459 (9.4) 

Circulatory system 299 (12.4) 432 (11.8) 394 (8.0) 

Digestive system, 

hepatobiliary system, and 

pancreas 

442 (18.3) 590 (16.2) 771 (15.7) 

Musculoskeletal system and 

connective tissue 
41 (1.7) 45 (1.2) 49 (1.0) 

Skin and subcutaneous tissue 14 (0.6) 15 (0.4) 26 (0.5) 

Endocrine, nutritional, and 

metabolic systems 
23 (1.0) 20 (0.5) 35 (0.7) 

Kidney, urinary tract, and male 

reproductive system 
136 (5.6) 187 (5.1) 352 (7.2) 

Female reproductive system, 

pregnancy, childbirth, and 

puerperium 

19 (0.8) 18 (0.5) 18 (0.4) 

Blood, blood-forming organs, 

and immunological disorders 
140 (5.8) 332 (9.1) 424 (8.6) 

Others 1,069 (44.3) 1,643 (45.0) 2,266 (46.2) 
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Table S4. Subgroup analysis results of the Cox proportional hazards analysis for in-hospital mortality 

 

 

 

 

CI confidence interval, ARDS acute respiratory distress syndrome, HCU high care unit, ICU intensive 
care unit, MRSA methicillin-resistant Staphylococcus aureus 

 

 

Variables 
Hazard 

ratio 
95% CI P value 

Sepsis due to blood, blood-forming organs, and 
immunological disorders (n=896) 

   

Group (reference: Type 1 ICUs)    
Type 2 ICUs 1.19 0.89-1.58 0.24 
HCUs 1.58 1.19-2.10 <0.01 
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