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Abstract

Background A substantial number of sepsis patients require specialized care, including multidisciplinary care, close
monitoring, and artificial organ support in the intensive care unit (ICU). However, the efficacy of ICU management on
clinical outcomes remains insufficiently researched. Therefore, we tested the hypothesis that ICU admission would
increase the survival rate among sepsis patients.

Methods We conducted a retrospective study using the nationwide medical claims database of sepsis patients

in Japan from 2010 to 2017 with propensity score matching to adjust for baseline imbalances. Patients aged over

20 years, with a combined diagnosis of presumed serious infection and organ failure, were included in this study. The
primary outcome studied was the in-hospital mortality among non-ICU and ICU patients. In addition to propensity
score matching, we performed a multivariable logistic regression analysis for the primary outcome. As the treatment
policy was not extracted from the database, we performed sensitivity analyses to determine mortality differences in
adults (20 < age < 64), independent patients, patients without malignant tumors, based on the assumption that treat-
ment intensity is likely to increase in those population.

Results Among 1,167,901 sepsis patients (974,289 in non-ICU and 193,612 in ICU settings), the unadjusted in-hospital
mortality was 22.5% among non-ICU patients and 26.2% among ICU patients (3.7% [95% Cl 3.5-3.9]). After propensity
score matching, the in-hospital mortality was 29.2% among non-ICU patients and 25.8% among ICU patients (— 3.4%
[95% Cl — 3.7 to — 3.1]). In-hospital mortality with a multivariable regression analysis (= 5.0% [95% Cl — 5.2 to —4.8])
was comparable with the results of the propensity score matching analysis. In the sensitivity analyses, the mortality
differences between non-ICU and ICU in adults, independent patients, and patients without malignant tumors were —
2.7%[95% Cl—3.3t0—2.2],—5.8% [95% Cl — 6.4 to — 5.2], and — 1.3% [95% Cl — 1.7 to — 1.0], respectively.
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Conclusions Herein, using the nationwide medical claims database, we demonstrated that ICU admission was
potentially associated with decreasing in-hospital mortality among sepsis patients. Further investigations are war-
ranted to validate these results and elucidate the mechanisms favoring ICU management on clinical outcomes.

Keywords Sepsis, Diagnosis procedure combination, Intensive care unit, Propensity score matching

Background

Sepsis presents dynamic changes in vital signs and life-
threatening organ dysfunction through dysregulated
inflammation caused by infection [1, 2]. Therefore, a sub-
stantial number of sepsis patients require specialized care
in the intensive care unit (ICU), including multidiscipli-
nary care, enhanced capacity for monitoring, and mul-
timodal artificial organ support [3, 4]. The concentrated
allocation of healthcare supplies in the ICU should be
justified based on the assumption that a greater amount
of medical resources, including critical care staff, special-
ized equipment, and medical costs, could improve clini-
cal outcomes in critically ill patients.

While the indication for ICU admission is determined
based on the severity of the illness and requirement
of life-sustaining interventions [3], some critically ill
patients are treated in general wards owing to overcapac-
ity of the ICU, lack of sufficient resources, or treatment
policies, such as withholding or withdrawal of intensive
therapy [5-7]. A high proportion of septic acute kidney
injury patients is treated with continuous renal replace-
ment therapy (RRT) in the ICU [8], whereas a certain
number of sepsis patients on mechanical ventilation or
vasopressor therapy could be managed in non-ICU set-
tings. Although critically ill patients might have better
outcomes if treated in the ICU, no clear recommenda-
tions for where sepsis patients should be managed have
been stated in the international guidelines [9].

Considering the growing number of patients with
sepsis globally [10-14], the potential demand for ICU
admission is expected to increase over the next decade.
Despite the urgent situation, a large proportion of Japa-
nese patients are on mechanical ventilation in non-ICU
settings due to a lower number of ICU beds per person
in Japan compared with other developed countries [15—
17]. Accordingly, we need to address the impact of ICU
admission on clinical consequences for patients with sep-
sis to develop efficient strategies to deal with the overflow
of patients resulting from insufficient ICU services. How-
ever, only a few studies have investigated the efficacy of
ICU management on clinical outcomes in sepsis patients.

Therefore, we hypothesized that ICU admission
increases the survival rate of patients with sepsis. The
aim of this study was to investigate the survival rate
among sepsis patients in and out of ICU in Japan, where
a number of ICU beds per person is comparably lower

among developed countries. We conducted a retrospec-
tive cohort study using the Japanese nationwide medical
claims database from 2010 to 2017.

Methods

Study setting and patients

We conducted a retrospective observational study using
the Japanese nationwide medical claims database, a Diag-
nosis Procedure Combination (DPC) system, from 2010
to 2017 [18, 19]. The DPC data were obtained from 1622
hospitals, which covered almost all of acute care facili-
ties, including teaching hospitals or critical care cent-
ers authorized ministry of health, in 2017. We selected
patients with sepsis along with a combined diagnosis
of presumed serious infection and organ dysfunction,
as described in a previous report [14]. Patients under
20 years of age were excluded in this study.

The Ethical Review Board of Chiba University Gradu-
ate School of Medicine approved this study (approval
number: 3429). The review board waived the require-
ment for written informed consent from the patients or
their guardians in accordance with the Ethical Guidelines
for Medical and Health Research Involving Human Sub-
jects in Japan.

Definition of sepsis

Sepsis patients were extracted based on records with
presumed serious infection and acute organ dysfunc-
tion according to previous literature [11, 14]. Presumed
serious infection was defined by the record of antibiotic
administration for at least 4 consecutive days. In such
cases, antibiotics needed to be administered 48 h before
or after the blood culture collection. If death or discharge
to other hospitals occurred before the 4 days elapsed,
patients with fewer than 4 days of antibiotic administra-
tion duration were included in the study. Because labo-
ratory data were unavailable in the database, ICD-10
codes or the records of medical procedures were used
for the extraction of organ dysfunction as follows: use of
vasopressors, mechanical ventilation or oxygen therapy,
initiation of RRT, or diagnostic codes related to kid-
ney dysfunction, hepatic disorder, thrombocytopenia/
coagulopathy, or metabolic acidosis (Additional file 1:
Table S1). We excluded patients with end-stage renal dis-
ease on maintenance dialysis.
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Data extraction and definition

We extracted the following information from the data-
base: age, sex, length of hospital stay, admission to the
ICU, primary diagnosis on admission, comorbidities,
complications during hospital stay, chronic diseases
(malignant tumor, hypertension, diabetes mellitus,
heart failure, cerebrovascular disease, ischemic heart
disease, chronic respiratory disease, and chronic renal
failure), physical function before admission measured
by the Barthel Index, site of infection, medical proce-
dures, therapeutic drugs, blood culture tests, medical
costs, and number of hospital beds. The average num-
ber of hospitalized patients per institution was used
as a substitute value indicating the number of hospital
beds. Primary diagnosis, comorbidities, and complica-
tions were coded based on the International Statistical
Classification of Diseases and Related Health Problems
10th revision (ICD-10). In this database, laboratory tests
were not available to calculate the Sequential Organ Fail-
ure Assessment (SOFA) score. The medical procedures
included mechanical ventilation, oxygen therapy, and
renal replacement therapy. Therapeutic drugs included
vasoactive agents and antibiotics. The site of infection
was extracted according to ICD-10 codes as follows: res-
piratory (mouth, throat, nasal cavity, neck, lung, lower
respiratory tract, chest cavity), urogenital (kidney, uri-
nary tract, uterus, genital organs), abdominal (liver, gall
bladder, intestine, peritoneal cavity, gastrointestinal sys-
tem), bone and soft tissue (skin and soft tissue, bone and
joint, lymph tissue, breast), meninge/brain/spinal cord,
heart, blood, and unknown. Patients with missing data
(n=787,261), only regarding the site of infection, were
excluded from the analysis. Multiple codes in the “site of
infection” were categorized with “Multiple” along with
the other infections sites. Community-acquired sep-
sis was defined as patients whose cultures or antibiotics
were initiated within 48 h of hospital admission. Repeat
admissions were excluded from the analysis.

The total medical cost per hospitalization was calcu-
lated from the fee for drugs, laboratory tests, radiologi-
cal examinations, and medical procedures during the
hospital stay based on reference prices in the Japanese
fee schedule, as described in a previous report [20]. The
value was adjusted for the admission year according to
the consumer price index and converted into U.S. dollars
using the latest exchange rate between U.S. dollars and
Japanese yen as of February 3rd, 2022 (115.25 yen=$1
USD).

Statistical analysis
The primary outcome that we studied was the in-hos-
pital mortality among non-ICU and ICU patients. The
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secondary outcomes were length of hospital stay, venti-
lator-free days, and total medical cost per hospitalization
between the two groups. Because baseline imbalances
are most likely observed in non-ICU and ICU patients,
we performed propensity score matching analysis. To
calculate the propensity scores, we conducted a logis-
tic regression analysis using the demographic variables,
comorbidities, and therapies listed in Table 1. Since the
indication for RRT in sepsis patients is, in general, deter-
mined after ICU admission, we removed RRT from the
variable list. Vasopressor administration and respiratory
support, including oxygen supplementation and mechan-
ical ventilation, could be initiated in advance of ICU
admission. To appropriately adjust severity of illness, we
used cardiovascular and respiratory dysfunction at the
time of sepsis onset as confounding variables accord-
ing to the previous reports [21, 22]. Because antibiotics
administration 48 h before or after the blood culture col-
lection was defined as a requirement for sepsis patients
in our study, we extracted patients with vasopressor
therapy, oxygen therapy, or mechanical ventilation within
2 days of the blood culture draw as variables for cardio-
vascular and respiratory dysfunction. As the incidence of
sepsis and the mortality rates in sepsis patients changed
year by year [14], we added admission year on the adjust-
ment variables to perform propensity matching. Near-
est-neighbor matching was conducted for non-ICU and
ICU patients (1:1 matching) according to the propensity
scores without replacement. The caliper width was set
at 20% of the standard deviation of the propensity scores
[23]. To assess the appropriateness of matching, we cal-
culated the absolute standardized mean differences in the
covariables and regarded <10% as a negligible imbalance
between the two groups [24]. Following the propensity
score matching analysis, we also performed a multivari-
able logistic regression analysis to adjust the same vari-
ables that we used to calculate the propensity scores.

As treatment policies, such as withholding or with-
drawal of life-sustaining interventions, could not be
collected using the database, they could serve as con-
founding factors for the analysis, despite propensity
score matching. Assuming that the intensity of treat-
ment is likely to decrease in older adults, patients
with low physical function, and patients with malig-
nant tumors due to the treatment policy [5, 6, 25], we
conducted sensitivity analyses according to the age of
enrolled patients, physical function, and the prevalence
of malignancy. As described in a previous publication
[14], we defined adults as 20 <age <64. In this study,
we were unable to determine who were initially admit-
ted to non-ICU but transferred to ICU after that or
patients who were transferred from another hospital.
As the transferred patients could potentially cause a
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Table 1 Clinical characteristics before and after propensity score matching

Before matching After matching
Non-ICU ICU SMD Non-ICU ICU SMD
(n=974,289) (n=193,612) (n=165,344) (n=165,344)
Age, year 78 (68-85) 73 (63-81) 0.31 74 (63-82) 74 (64-81) 0.009
Male, n (%) 557,742 (57.2) 121,713 (62.9) 0.1 102,969 (62.3) 102,560 (62.0) 0.005
Chronic diseases
Malignant tumor, n (%) 313,354 (32.2) 1,103 (26.4) 0.12 47,119 (28.5) 46,447 (28.1) 0.009
Hypertension, n (%) 242,149 (24.9) 48,790 (25.2) 0.01 42,079 (25.4) 4 (25.5) 0.001
Diabetes mellitus, n (%) 205,238 (21.1) 44,445 (23.0) 0.05 38,128 (23.1) 38,024 (23.0) 0.002
Heart failure, n (%) 171,188 (17.6) 46,266 (23.9) 0.16 38,060 (23.0) 37,754 (22.8) 0.004
Stroke, n (%) 132,835 (13.6) 27 (15.6) 0.05 26,254 (15.9) 25,797 (15.6) 0.008
Ischemic heart disease, n (%) 81,159 (8.3) 28,843 (14.9) 021 22,825(13.8) 22,812 (13.8) 0.0002
Chronic respiratory disease, n (%) 98,167 (10.1) 13,027 (6.7) 0.12 11,829 (7.2) 11,812 (7.1) 0.0004
Chronic renal failure, n (%) 34,043 (3.5) 9932 (5.1) 0.08 8113 (4.9) 8079 (4.9) 0.001
Barthel Index?, n (%)
0-60 304,088 (31.2) 47,251 (24.4) 0.15 41,792 (25.3) 41,958 (25.4) 0.002
1-99 104,276 (10.7) 11,909 (6.2) 0.16 10,742 (6.5) 11,003 (6.7) 0.006
100 243,304 (25.0) 47413 (24.5) 0.01 41,651 (25.2) 1,752 (25.3) 0.001
Community-acquired sepsis, n (%) 607,104 (62.3) 82,232 (42.5) 041 73,049 (44.2) 74,269 (44.9) 0.01
Infection site
Abdominal, n (%) 130,230 (134) 32,261 (16.7) 0.09 27,768 (16.8) 27459 (16.6) 0.005
Blood, n (%) 811(0.1) 97 (0.1) 0.01 94 (0.1) 93(0.1) 0.0003
Bone and soft tissue, n (%) 35,776 (3.7) 6,343 (3.3) 0.02 5699 (3.4) 5591 (3.4) 0.004
Heart, n (%) 4053 (04) 4203 (2.2) 0.16 2474 (1.5) 2562 (1.5) 0.004
Meninges/brain/spinal cord, n (%) 9963 (1.0) 4223 (2.2) 0.09 3696 (2.2) 3404 (2.1) 0.01
Respiratory, n (%) 355,171 (36.5) 52,847 (27.3) 0.20 45,676 (27.6) 46,551 (28.2) 0.003
Urogenital, n (%) 68,981 (7.1) 8752 (4.5) 0.11 8195 (5.0) 8195 (5.0) 0.01
Multiple, n (%) 274,869 (28.2) 58,962 (30.5) 0.05 50,516 (30.6) 50,193 (304) 0.004
Unknown, n (%) 94,435 (9.7) 25,924 (13.4) 0.11 1,226 (12.8) 21,296 (12.9) 0.001
Vasopressor therapy, n (%) 94,823 (9.7) 54,529 (28.2) 048 33,357 (20.2) 40,457 (24.5) 0.10
Vasopressor therapy at the time of sepsis onset, n (%) 218,928 (6.6) 50,686 (21.0) 042 27,278 (16.5) 28,132 (17.0) 0.01
Oxygen therapy, n (%) 804,712 (82.6) 169,436 (87.5) 0.14 127,632 (77.2) 147,090 (89.0) 0.31
Oxygen therapy at the time of sepsis onset, n (%) 543,503 (55.8) 77,219 (39.9) 0.32 69,738(42.2) 69,972 (42.3) 0.003
Mechanical ventilation, n (%) 103,265 (10.6) 114,689 (59.2) 1.19 53,504 (32.4) 87,179 (52.4) 042
Mechanical ventilation at the time of sepsis onset,n 56,919 (5.8) 69,375 (35.8) 0.79 41,940 (25.4) 43,647 (26.4) 0.02
(%)
Kidney dysfunction, n (%) 383,863 (39.4) 121,605 (62.8) 048 97,530 (59.0) 97,209 (58.8) 0.004
RRT, n (%) 37,653 (3.9) 44,553 (23.0) 0.58 17,403 (10.5) 33,026 (20.0) 027
Thrombocytopenia/coagulopathy, n (%) 105,106 (10.8) 39,705 (20.5) 027 30,141 (18.2) 30,171 (18.2) 0.0005
Hepatic disorder, n (%) 39,380 (4.0) 5882 (3.0) 0.05 4918 (3.0) 5071 (3.1) 0.005
Acidosis, n (%) 6933 (0.7) 2794 (1.4) 0.07 2039(1.2) 2057 (1.2) 0.001
Total number of hospital beds, n (%)
<272 beds 274,870 (28.2) 24,159 (12.5) 040 23,587 (14.3) 23,232 (14.1) 0.006
273-404 beds 251,498 (25.8) 42,156 (21.8) 0.10 37,657 (22.8) 37,898 (22.9) 0.003
405-587 beds 234,881 (24.1) 54,139 (28.0) 0.09 45,584 (27.6) 46,051 (27.9) 0.006
> 588 beds 213,040 (21.9) 73,158 (37.8) 035 58,516 (354) 58,163 (35.2) 0.005

Data are presented as mean (SD) or median (quartile)
ICU: intensive care unit; SD: standard deviation; SMD: standardized mean difference; RRT: renal replacement therapy
@ Number of patients missing Barthel index: non-ICU 322,621 and ICU 87,039 (before matching), non-ICU 71,159 and ICU 70,631 (after matching)
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bias in the clinical outcomes, we performed a sensitiv-
ity analysis excluding patients who were transferred to
other hospitals. As we removed RRT from the adjust-
ment variables to perform propensity matching, we
conducted an analysis without patients on RRT. Along
with those variables, we performed sensitivity analyses
with regard to vasopressor use, mechanical ventilation,
and combination of the interventions.

Continuous variables were expressed as means
(standard deviation) or medians (quartiles) and ana-
lyzed using the Student’s ¢ test or Mann—Whitney
U test, as deemed appropriate. Categorical variables
were presented as numbers and percentages and were
examined using Pearson’s chi-square test. The Kaplan—
Meier method was used to analyze survival differences
between the two groups. We used the Cox regres-
sion analysis to estimate the effect of the variable
on survival. Statistical significance was determined
if the two-tailed p value was<0.05. We conducted
data manipulation and statistical analysis using SQL
(mariadb v10.4.17), R version 4.1.2 (R Foundation for
Statistical Computing, Vienna, Austria, http://www.R-
roject.org/), and pandas (v1.0.5), scipy (v1.7.3), numpy
(v1.21.4), seaborn (v0.11.2), matplotlib (v3.5.1), and
statsmodels (v0.13.2) in Python (v3.9.0).
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Results

Clinical characteristics in the cohort

Among the 1,167,901 patients with sepsis enrolled in this
study, the numbers of non-ICU and ICU patients were
974,289 and 193,612, respectively (Additional file 2: Fig.
S1). The median age was 78 (68—85) among the non-ICU
patients and 73 (63-81) among the ICU patients. The
proportion of men was higher in ICU (62.9%) patients
than in non-ICU patients (57.2%). In terms of chronic
diseases, the proportion of heart failure and ischemic
heart disease was higher among ICU patients, whereas
the proportion of malignant tumor and chronic respira-
tory disease was higher among non-ICU patients. The
proportion of infection sites was comparable between
the two groups, except for that of respiratory infection. In
terms of artificial organ support, the proportions of vaso-
pressor therapy, mechanical ventilation, and RRT among
non-ICU and ICU patients were 9.7% and 28.2%, 10.6%
and 59.2%, and 3.9% and 23.0%, respectively (Table 1).
The number of patients on vasopressor, ventilator, and
RRT increased year by year (Additional file 3: Fig. S2).
The unadjusted in-hospital mortality was 22.5% among
non-ICU patients and 26.2% among ICU patients (3.7%
[95% CI 3.5-3.9]) (Table 2).

Table 2 Clinical outcomes before and after propensity score matching

Before matching

After matching

Non-ICU ICU
(n=974,289) (n=193,612)

Difference
(95% ClI)

Non-ICU ICU
(n=165,344) (n=165,344)

Difference (95% Cl)

In-hospital mortal- 218,928 (22.5) 50,686 (26.2) 37(3.5t039) 48,328 (29.2) 42,4701 (25.8) —34(—37t0o—3.1)
ity, n (%)
Length of hospitali- 14.1 (13.6t0 14.6) 29(221t036)
zation (day)

Mean (SD) 42.2 (100.8) 56.3 (66.7) 52.8(129.3) 55.7 (67.0)

Median (IQR) 26 (14-50) 40 (21-70) 34 (17-64) 39 (21-69)
Length of ICU stay NA NA
(day)

Mean (SD) NA 7.0 (6.0) NA 6.4 (5.6)

Median (IQR) NA 5(2-12) NA 5(2-10)
Ventilator-free days —42(—43t0— —12(—13t0—1.2)

4.2)

Mean (SD) 253(7.9) 21.0(10.1) 23.0(9.6) 21.7 (9.9)

Median (IQR) 28 (28-28) 27 (18-28) 28 (24-28) 28 (20-28)
Total medical cost 21,600 (21,500 to 11,520 (11,300 to
per hospitaliza- 21,700) 11,700)
tion ($)

Mean (SD) 16,891 (24,014) 38,489 (39,117) 24,910 (29,982) 36,426 (36,0736)

Median (IQR) 10,513 (5741 27,831 (15,808- 16,356 (8,685— 26,144 (14,867-

19,913) 48,673) 30,122) 16,040)

Data are presented as mean (SD) or median (quartile)

ICU: intensive care unit; Cl: confidence interval; SD: standard deviation; IQR: interquartile range; NA: not applicable
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Fig. 1 Kaplan-Meier curve for 30-day mortality between non-ICU and ICU patients after propensity score matching. The mortality of intensive care
unit (ICU) patients 30 days after admission was significantly lower than that of non-ICU patients after propensity score matching (hazard ratio 0.98
[95% confidence interval 0.97 to 0.99]). Discharged patients were excluded from the analysis

Clinical outcomes after propensity score matching

After propensity score matching, the number of non-
ICU and ICU patients was 165,344 in both groups
(Table 1, Additional file 4: Fig. S3). Patient background
was comparable between the two groups except for
RRT, with <10% absolute standardized mean differ-
ences in the covariables. The proportions of vaso-
pressor therapy, oxygen therapy, and mechanical
ventilation at the time of sepsis onset among non-ICU
and ICU patients were 16.5% and 17.0%, 42.2% and
42.3%, and 25.4% and 26.4%, respectively. The length
of hospitalization and ventilator-free days in the non-
ICU and ICU patients were 34 (17-64) days and 39
(21-69) days, 28 (24—28) and 28 (20-28), respectively.
Although the total medical cost per hospitalization
was higher among ICU patients ($26,144 [14,867-
16,040]) than that among non-ICU patients ($15,269
[7999-28,697]), the difference between the two groups
was smaller in the cohort after matching than that
before matching. In-hospital mortality was 29.2% and
25.8% among non-ICU and ICU patients, respectively
(—3.4% [95% CI — 3.7 to — 3.1]) (Table 2). The Kaplan-—
Meier curve also demonstrated a significantly lower
mortality at 30 days after hospital admission in ICU
patients (hazard ratio 0.98 [95% CI 0.97-0.99]) (Fig. 1).

Sensitivity analysis

In the subcohorts, which included adults, independent
patients, and patients without malignant tumors, the dif-
ference in adjusted in-hospital mortality after propen-
sity score matching was — 2.7% [95% CI — 3.3 to — 2.2],
—5.8% [95% CI — 6.4 to —5.2], and — 1.3% [95% CI — 1.7
to — 1.0], respectively. After excluding patients who were
transferred to other hospitals, the in-hospital mortal-
ity difference was — 1.5% [95% CI — 1.8 to — 1.1]. After
exclusion of patients on RRT, the mortality difference was
—6.2% [95% CI — 6.5 to — 5.9]. The mortality difference
in patients on vasopressor, ventilators, or combination
of the interventions was greater than that in the overall
cohort. In addition, the difference in adjusted in-hos-
pital mortality in the overall cohort with multivariable
regression analysis was — 5.0% [95% CI — 5.2 to — 4.8],
which was consistent with the results of propensity score
matching (Table 3).

Discussion

In this study, we demonstrated that sepsis patients
treated in the ICU exhibited decreased in-hospital mor-
tality compared with those out of the ICU using a pro-
pensity score matching analysis. Lower mortality among
sepsis patients admitted to the ICU was also presented
in the sensitivity analyses and other confounding adjust-
ment analyses, suggesting that the results were robust,



Oami et al. Journal of Intensive Care (2023) 11:2 Page 7 of 10
Table 3 Sensitivity analyses for in-hospital mortality between non-ICU and ICU patients
Number of patients Difference (95% Cl)
Non-ICU ICU
Overall cohort
Propensity score matching 165,344 165,344 — 34(—37t0o—3.1)
Multivariable logistic regression 974,289 193,612 —50(—=52t0—428)
Subcohort1: adults (20 < age < 64)
Propensity score matching 42,628 42,628 —27(—33t0—22)
Multivariable logistic regression 181,607 53,195 —26(—3.0t0o—23)
Subcohort2: independent patients (Barthel index 100)
Propensity score matching 40,488 40,488 —58(—64t0o—52)
Multivariable logistic regression 243,304 47,413 —57(—6.1t0o—54)
Subcohort3: excluding patients with malignant tumor
Propensity score matching 118,873 118,873 —13(—17t0o—1.0)
Multivariable logistic regression 660,935 142,509 —26(—28t0—23)
Subcohort4: excluding patients who were transferred to other hospi-
tals
Propensity score matching 118,680 118,680 —15(—18t0o—1.1)
Multivariable logistic regression 798,575 136,042 —32(—35t0—3.0)
Subcohort5: excluding patients on RRT
Propensity score matching 135,069 135,069 —6.2(—65t0—5.9)
Multivariable regression analysis 936,636 149,059 —77(=80to—75)
Subcohorté: patients on vasopressor
Propensity score matching 38,585 38,585 —28(—35t0—21)
Multivariable logistic regression 94,823 54,529 —37(=42t0—3.1)
Subcohort7: patients on ventilators
Propensity score matching 73123 73,123 —11.1(=11.6t0—106)
Multivariable logistic regression 114,689 103,265 —121(=125t0—11.7)
Subcohort8: patients on vasopressor and ventilators
Propensity score matching 11,958 11,958 —84(—95t0—723)
Multivariable logistic regression 65,666 12,133 —86(—94t0—78)

ICU: intensive care unit; Cl: confidence interval; RRT: renal replacement therapy

regardless of differences in patient backgrounds and
treatment intensity.

The advantages of ICU admission over hospitalization
in general wards for critically ill patients were consist-
ent with previous reports [17, 26—30]. In a comparative
observational study, mechanically ventilated patients
hospitalized in the ICU exhibited a higher in-hospital
survival rate than those in medical wards with fewer
endotracheal tube-related complications [29]. Another
study comparing critically ill patients on ventilator
support treated in the ICU and high-dependency care
units demonstrated decreased in-hospital mortality in
the ICU [30]. Although a superior survival rate attrib-
utable to ICU management has been demonstrated in
critically ill patients, few studies have focused on sepsis
patients with regard to the efficacy of ICU management
on clinical outcomes. To the best of our knowledge,
this study is the first to demonstrate the advantages of

ICU admission in patients with sepsis over non-ICU
management using confounding adjustment analyses.
Although we performed a propensity score matching
analysis to adjust for baseline imbalances, there might
be other confounding factors that could affect the
results. A potential confounder could be the treatment
policy, such as withholding or withdrawing from inten-
sive therapies. In the sensitivity analyses concerning
age, physical function, and malignancy, the significant
advantage in ICU settings over general wards was con-
sistent among all subcohorts. The sensitivity analysis in
adults strengthened the robustness that ICU treatment
contributed to decreasing mortality. Likewise, the con-
sistency of the decreased mortality among independent
and non-malignancy patients admitted to the ICU sup-
ports the plausibility of our hypothesis. Future studies
should address detailed information about treatment
policies in the database.
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The exact mechanisms of the advantages in ICU man-
agement can be attributed to several factors, including
sufficient medical resources and artificial organ support
[3, 4]. Mechanical ventilation could be performed in
general wards; however, close monitoring might be dif-
ficult owing to the lack of adequate resources, leading
to mechanical complications, such as accidental extuba-
tion and delayed recognition of equipment failures [29].
These errors may worsen clinical outcomes in critically ill
patients. In the present study, the differences in mortality
between the two groups were greater among patients on
mechanical ventilation than among overall cohort, sug-
gesting that sepsis patients on therapeutic interventions
have optimal indications for ICU management. Other
than artificial organ support, adequacy of antimicrobials,
time to antimicrobial initiation, initial fluid resuscitation,
and time to shock withdrawal potentially contributed to
improving the clinical outcomes in sepsis patients treated
in the ICU [31-34]. Future studies are expected to reveal
the contribution of those factors on outcomes in sepsis
patients managed in the ICU.

Not all sepsis patients are not managed in the ICU
due to treatment policies, severity of illness, or lack of
medical resources and staffs. Considering that some sep-
sis patients who were treated in general wards showed
favorable outcomes, a certain number of sepsis patients
without life-sustaining interventions could be man-
aged in non-ICU settings. As delayed ICU admission
was associated with increased in-hospital mortality in
the study of 12,380 ward patients [35], timely admission
to ICU should be delivered according to physiological
deterioration and indication for organ support. Taken
together, while sepsis patients without severe organ inju-
ries are possibly treated outside the ICU, those patients
need to be cautiously monitored with early warning signs
and applicable scoring systems [9, 36, 37].

To provide an appropriate environment where mechan-
ical organ support is performed without iatrogenic com-
plications, consistent ICU services by intensivists and
sufficient nurse staffing are warranted. Regarding their
optimal allocation, the lack of intensivists in the ICU or
lower patient-to-intensivist ratios reportedly increase
the mortality of critically ill patients [38, 39]. Although
a high-intensity ICU model or closed-ICU, where inten-
sivists are responsible for day-to-day management, is
recommended, the benefit of a 24-h service of intensiv-
ists remains controversial [3]. Furthermore, nurse staff-
ing also contributes to altering patient outcomes [40,
41]. In Japan, the nurse-to-patient ratio in general wards
is 1:7 or higher, whereas the ICU allocates one nurse to
two patients. While an appropriate nurse-to-patient ratio
is lacking owing to scarce evidence, inadequate nursing
staffing increases the in-hospital risk of death through
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insufficient delivery of basic care [42]. Accordingly, ICU
settings with a sufficient number of intensivists and
nurses for patients would be preferable for sepsis man-
agement, particularly for patients receiving mechanical
organ support. In this study, quality indicators such as
the availability and number of ICU physicians, nurse—
patient ratios, presence or absence of resident clinical
engineers and pharmacists, and availability and number
of advanced medical equipment were unavailable. There-
fore, we used the number of hospital beds implicating
the quality of the institution for confounding adjustment
[43-45]. Further investigations need to address qual-
ity indicators of hospitals to clarify the efficiency of ICU
management.

While the abundance of staffing and medical resources
in the ICU depends on governmental policies and medi-
cal systems in different countries, the number of ICU
beds per capita by country also varies widely. Compared
with other developed countries, Japan has fewer ICU
beds (five beds per 100,000 people). In western countries,
the number of ICU beds varies: 3.5 beds per 100,000
population in the U.K., 9.3 beds per 100,000 population
in France, 13.5 beds per 100,000 population in Canada,
and 20 beds per 100,000 population in the U.S. [16, 46,
47]. In addition to variations in the number of ICU beds,
the indications for ICU admission and critical care ser-
vices vary among these countries. In a demographic
study comparing critical care delivery between Japan
and the U.S,, the details of ICU utilization differed by age
population, proportion of postoperative ICU admissions,
and severity of the critical illness. In terms of severity,
the mean APACHE III score among Japanese patients
was higher than that among American patients. These
differences might be attributable to medical policies,
demographic characteristics, and cultural norms [15]. In
this context, our results should be interpreted cautiously
in accordance with the characteristics of the healthcare
system.

This study, however, has several limitations. First, the
medical claims database lacks laboratory data. As a cal-
culation of severity scores, such as the SOFA score, was
unavailable, we used organ dysfunctions and therapeu-
tic interventions to adjust imbalances. Although we fol-
lowed the validated methods using ICD-10 codes for
organ dysfunction [21], the results should be interpreted
with caution due to the possibility of remained con-
founding factors. Second, confounding by indication for
ICU admission was not adjusted. Discrete decisions by
responsible physicians potentially cause biased percep-
tions of disease severity and prognosis among medical
personnel. Third, long-term outcomes were not assessed
in this study. We should investigate a long-term effect of
ICU management on physical disabilities and cognitive
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impairment in future research. Fourth, the primary diag-
nosis for hospitalization in some patients was not sep-
sis, which indicates that the cause of death might not be
related to sepsis. Fifth, treatment policies, such as with-
holding or withdrawal of life-sustaining interventions,
were not recorded due to the study design, which could
have affected the mortality of non-ICU patients. As a
result, we performed sensitivity analyses by age, physi-
cal function, and malignancy to scrutinize the results
among populations who are unlikely to be withheld or
withdrawn from intensive care. Sixth, this study did not
distinguish between high intensity (closed) ICUs and low
intensity (open) ICUs in the mortality analysis. Future
investigations are warranted to collect detailed informa-
tion, including treatment policy and differences in ICU
management systems, and to elucidate the mechanisms
that favor ICU admission for clinical outcomes.

Conclusions

In this study, using the nationwide medical claims data-
base, we demonstrated that ICU admission was poten-
tially associated with decreased in-hospital mortality
among patients with sepsis. Further investigations are
still needed to validate these results and to elucidate the
mechanistic impact of ICU management.

Abbreviations

ICU Intensive care unit
DPC Diagnosis procedure combination
ICD-10 International Statistical Classification of Diseases and Related

Health Problems 10th revision

SOFA Sequential Organ Failure Assessment
RRT Renal replacement therapy
@] Confidence interval

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540560-023-00650-X.

Additional file 1: Table S1. Diagnostic categories with corresponding
ICD-10.

Additional file 2: Figure S1. Flowchart of study population.

Additional file 3: Figure S2. Temporal changes in the number and pro-
portion of sepsis patients on therapeutic interventions in the ICU between
2010 and 2017.

Additional file 4: Figure S3. Distribution of propensity score matching.

Acknowledgements
We thank all contributors of the Japan Sepsis Alliance (JaSA) Study.

Author contributions

TO, TI, TN, and NT: study concept and design; statistical analysis and interpreta-
tion of data; drafting of the manuscript; and critical revision of the manuscript
for important intellectual content. YY performed the computing process to
extract the necessary data. KF, data acquisition. All other authors interpreted
the data and critically revised the article for important intellectual content. All
authors read and approved the final manuscript.

Page 9 of 10

Funding

TN is the CEO of Smart119 Inc. and owns stock. YY owns stock of Smart119 Inc.
Smart119 Inc. had no role in the study design, data analysis, or preparation of
the manuscript. Other authors received no specific funding for this work.

Availability of data and materials
The data sets used and analyzed in our study are available from the corre-
sponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The Ethical Review Board of Chiba University Graduate School of Medicine
approved this study (approval number: 3429). The review board waived the
requirement for written informed consent from the patients or their guardians
in accordance with the Ethical Guidelines for Medical and Health Research
Involving Human Subjects in Japan.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest.

Author details

'Department of Emergency and Critical Care Medicine, Chiba University Grad-
uate School of Medicine, 1-8-1 Inohana, Chuo, Chiba 260-8677, Japan. “Health
Services Research and Development Center, University of Tsukuba, Tsukuba,
Japan. Department of Emergency and Critical Care Medicine, Tsukuba
Memorial Hospital, Tsukuba, Japan. *Department of Critical Care Medicine,
National Center for Child Health and Development, Tokyo, Japan. °Depart-
ment of Traumatology and Acute Critical Medicine, Osaka University Graduate
School of Medicine, Osaka, Japan. °Department of Fmergency and Critical
Care Medicine, Graduate School of Biomedical and Health Sciences, Hiroshima
University, Hiroshima, Japan. ’Department of Emergency and Critical Care,
Nagoya City University Graduate School of Medical Sciences, Aichi, Japan.
8Department of Health Policy and Informatics, Tokyo Medical and Dental
University Graduate School of Medical and Dental Sciences, Tokyo, Japan.

Received: 5 July 2022 Accepted: 30 December 2022
Published online: 07 January 2023

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA. 2016,315:801-10.

2. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, 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.

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

4. Marshall JC, Bosco L, Adhikari NK, Connolly B, Diaz JV, Dorman T, et al.
What is an intensive care unit? A report of the task force of the World
Federation of Societies of Intensive and Critical Care Medicine. J Crit Care.
2017;37:270-6.

5. PeigneV, Somme D, Guerot E, Lenain E, Chatellier G, Fagon JY, et al. Treat-
ment intensity, age and outcome in medical ICU patients: results of a
French administrative database. Ann Intensive Care. 2016,6:7.

6. Boumendil A, Aegerter P, Guidet B, Network CU-R. Treatment intensity
and outcome of patients aged 80 and older in intensive care units: a
multicenter matched-cohort study. J Am Geriatr Soc. 2005;53:88-93.

7. Sinuff T, Kahnamoui K, Cook DJ, Luce JM, Levy MM, Values E, et al.
Rationing critical care beds: a systematic review. Crit Care Med.
2004;32:1588-97.


https://doi.org/10.1186/s40560-023-00650-x
https://doi.org/10.1186/s40560-023-00650-x

Oami et al. Journal of Intensive Care

20.

21.

22.

23.

24.

25.

26.

27.

(2023) 11:2

Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M,
et al. Septic acute kidney injury in critically ill patients: clinical characteris-
tics and outcomes. Clin J Am Soc Nephrol. 2007;2:431-9.

Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French
C, et al. Surviving sepsis campaign: international guidelines for
management of sepsis and septic shock 2021. Intensive Care Med.
2021;47:1181-247.

Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T, Schlatt-
mann P, et al. Assessment of global incidence and mortality of hospital-
treated sepsis. Current estimates and limitations. Am J Respir Crit Care
Med. 2016;193:259-72.

. Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, lwashyna TJ, et al.

Incidence and trends of sepsis in US hospitals using clinical vs claims
data, 2009-2014. JAMA. 2017,318:1241-9.

Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini A, Rudd KE,
Schlattmann P, et al. Incidence and mortality of hospital- and ICU-treated
sepsis: results from an updated and expanded systematic review and
meta-analysis. Intensive Care Med. 2020;46:1552-62.

Bauer M, Gerlach H, Vogelmann T, Preissing F, Stiefel J, Adam D. Mortal-
ity in sepsis and septic shock in Europe, North America and Australia
between 2009 and 2019- results from a systematic review and meta-
analysis. Crit Care. 2020;24:239.

Imaeda T, Nakada TA, Takahashi N, Yamao Y, Nakagawa S, Ogura H,

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.

Sirio CA, Tajimi K, Taenaka N, Ujike Y, Okamoto K, Katsuya H. A cross-
cultural comparison of critical care delivery: Japan and the United States.
Chest. 2002;121:539-48.

Wunsch H, Angus DC, Harrison DA, Collange O, Fowler R, Hoste EA, et al.
Variation in critical care services across North America and Western
Europe. Crit Care Med. 2008;36(2787-93):e1-9.

Iwashita Y, Yamashita K, Ikai H, Sanui M, Imai H, Imanaka Y. Epidemiology
of mechanically ventilated patients treated in ICU and non-ICU settings in
Japan: a retrospective database study. Crit Care. 2018;22:329.

Yamana H, Moriwaki M, Horiguchi H, Kodan M, Fushimi K, Yasunaga H.
Validity of diagnoses, procedures, and laboratory data in Japanese admin-
istrative data. J Epidemiol. 2017,27:476-82.

Hayashida K, Murakami G, Matsuda S, Fushimi K. History and Profile

of Diagnosis Procedure Combination (DPC): development of a real

data collection system for acute inpatient care in Japan. J Epidemiol.
2021;31:1-11.

Endo A, Shiraishi A, Otomo Y, Fushimi K, Murata K. Volume-outcome
relationship on survival and cost benefits in severe burn injury: a retro-
spective analysis of a Japanese nationwide administrative database. J
Intensive Care. 2019;7:7.

SasabuchiY, Matsui H, Lefor AK, Fushimi K, Yasunaga H. Risks and benefits
of stress ulcer prophylaxis for patients with severe sepsis. Crit Care Med.
2016;44:e464-9.

Takahashi N, Imaeda T, Nakada TA, Oami T, Abe T, Yamao Y, et al. Short-
versus long-course antibiotic therapy for sepsis: a post hoc analysis of the
nationwide cohort study. J Intensive Care. 2022;10:49.

Rosenbaum PR, Rubin DB. Constructing a control group using multivari-
ate matched sampling methods that incorporate the propensity score.
Am Stat. 1985;39:33.

Austin PC. Balance diagnostics for comparing the distribution of baseline
covariates between treatment groups in propensity-score matched
samples. Stat Med. 2009;28:3083-107.

Tavares M, Neves |, Chacim S, Coelho F, Afonso O, Martins A, et al. With-
drawing and withholding life support in patients with cancer in an ICU
Setting: A 5-year experience at a european cancer center. J Intensive Care
Med. 2018;33:415-9.

Shum HP, Chan KC, Wong HY, Yan WW. Outcome of elderly patients who
receive intensive care at a regional hospital in Hong Kong. Hong Kong
Med J. 2015;21:490-8.

Lieberman D, Nachshon L, Miloslavsky O, Dvorkin V, Shimoni A, Zelinger
J, et al. Elderly patients undergoing mechanical ventilation in and out of
intensive care units: a comparative, prospective study of 579 ventilations.
Crit Care. 2010;14:R48.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 10 of 10

Basoulis D, Liatis S, Skouloudi M, Makrilakis K, Daikos GL, Sfikakis PR.
Survival predictors after intubation in medical wards: a prospective study
in 151 patients. PLoS ONE. 2020;15:0234181.

Hersch M, Sonnenblick M, Karlic A, Einav S, Sprung CL, Izbicki G. Mechani-
cal ventilation of patients hospitalized in medical wards vs the intensive
care unit—an observational, comparative study. J Crit Care. 2007;22:13-7.
Ohbe H, SasabuchiY, Yamana H, Matsui H, Yasunaga H. Intensive care unit
versus high-dependency care unit for mechanically ventilated patients
with pneumonia: a nationwide comparative effectiveness study. Lancet
Reg Health West Pac. 2021;13: 100185.

Garnacho-Montero J, Garcia-Garmendia JL, Barrero-Almodovar A,
Jimenez-Jimenez FJ, Perez-Paredes C, Ortiz-Leyba C. Impact of adequate
empirical antibiotic therapy on the outcome of patients admitted to the
intensive care unit with sepsis. Crit Care Med. 2003;31:2742-51.

Liu VX, Fielding-Singh V, Greene JD, Baker JM, Iwashyna TJ, Bhattacharya J,
et al. The timing of early antibiotics and hospital mortality in sepsis. Am J
Respir Crit Care Med. 2017;196:856-63.

Seymour CW, Gesten F, Prescott HC, Friedrich ME, lwashyna TJ, Phillips GS,
et al. Time to treatment and mortality during mandated emergency care
for sepsis. N Engl J Med. 2017,376:2235-44.

Pruinelli L, Westra BL, Yadav P, Hoff A, Steinbach M, KumarV, et al. Delay
within the 3-hour surviving sepsis campaign guideline on mortal-

ity for patients with severe sepsis and septic shock. Crit Care Med.
2018;46:500-5.

Harris S, Singer M, Sanderson C, Grieve R, Harrison D, Rowan K. Impact

on mortality of prompt admission to critical care for deteriorating ward
patients: an instrumental variable analysis using critical care bed strain.
Intensive Care Med. 2018;44:606—15.

Song JU, Sin CK, Park HK, Shim SR, Lee J. Performance of the quick
Sequential (sepsis-related) Organ Failure Assessment score as a prognos-
tic tool in infected patients outside the intensive care unit: a systematic
review and meta-analysis. Crit Care. 2018;22:28.

Luo J, Jiang W, Weng L, Peng J, Hu X, Wang C, et al. Usefulness of gSOFA
and SIRS scores for detection of incipient sepsis in general ward patients:
a prospective cohort study. J Crit Care. 2019;51:13-8.

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

et al. Do intensivist staffing patterns influence hospital mortality follow-
ing ICU admission? A systematic review and meta-analyses. Crit Care
Med. 2013;41:2253-74.

Gershengorn HB, Harrison DA, Garland A, Wilcox ME, Rowan KM, Wunsch
H. Association of intensive care unit patient-to-intensivist ratios with
hospital mortality. JAMA Intern Med. 2017;177:388-96.

Needleman J, Buerhaus P, Pankratz VS, Leibson CL, Stevens SR, Har-

ris M. Nurse staffing and inpatient hospital mortality. N Engl J Med.
2011;364:1037-45.

Penoyer DA. Nurse staffing and patient outcomes in critical care: a con-
cise review. Crit Care Med. 2010;38:1521-8 (quiz 9).

Schubert M, Clarke SP, Aiken LH, de Geest S. Associations between ration-
ing of nursing care and inpatient mortality in Swiss hospitals. Int J Qual
Health Care. 2012;24:230-8.

Lee KC, Sethuraman K, Yong J. On the hospital volume and outcome
relationship: does specialization matter more than volume? Health Serv
Res. 2015;50:2019-36.

Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL, Batista |, et al.
Hospital volume and surgical mortality in the United States. N Engl J Med.
2002;346:1128-37.

Gaieski DF, Edwards JM, Kallan MJ, Mikkelsen ME, Goyal M, Carr BG. The
relationship between hospital volume and mortality in severe sepsis. Am
J Respir Crit Care Med. 2014;190:665-74.

Rhodes A, Ferdinande P, Flaatten H, Guidet B, Metnitz PG, Moreno RP. The
variability of critical care bed numbers in Europe. Intensive Care Med.
2012;38:1647-53.

Phua J, Farug MO, Kulkarni AP, Redjeki IS, Detleuxay K, Mendsaikhan N,

et al. Critical care bed capacity in asian countries and regions. Crit Care
Med. 2020;48:654-62.

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



	Mortality analysis among sepsis patients in and out of intensive care units using the Japanese nationwide medical claims database: a study by the Japan Sepsis Alliance study group
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study setting and patients
	Definition of sepsis
	Data extraction and definition
	Statistical analysis

	Results
	Clinical characteristics in the cohort
	Clinical outcomes after propensity score matching
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


