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Abstract

Background: Sepsis is a leading cause of death and long-term disability in developed countries. A comprehensive
report on the incidence, clinical characteristics, and evolving management of sepsis is important. Thus, this study
aimed to evaluate the characteristics, management, and outcomes of patients with severe sepsis in Japan.

Methods: This is a cohort study of the Focused Outcomes Research in Emergency Care in Acute Respiratory
Distress Syndrome, Sepsis, and Trauma (FORECAST) study, which was a multicenter, prospective cohort study
conducted at 59 intensive care units (ICUs) from January 2016 to March 2017. We included adult patients with
severe sepsis based on the sepsis-2 criteria.

Results: In total, 1184 patients (median age 73 years, interquartile range (IQR) 64-81) with severe sepsis were
admitted to the ICU during the study period. The most common comorbidity was diabetes mellitus (23%).
Moreover, approximately 63% of patients had septic shock. The median Sepsis-related Organ Failure Assessment
(SOFA) score was 9 (IQR 6-11). The most common site of infection was the lung (31%). Approximately 54% of the
participants had positive blood cultures. The compliance rates for the entire 3-h bundle, measurement of central
venous pressure, and assessment of central venous oxygen saturation were 64%, 26%, and 7%, respectively. A
multilevel logistic regression model showed that closed ICUs and non-university hospitals were more compliant
with the entire 3-h bundle. The in-hospital mortality rate of patients with severe sepsis was 23% (21-26%). Older
age, multiple comorbidities, suspected site of infection, and increasing SOFA scores correlated with in-hospital
mortality, based on the generalized estimating equation model. The length of hospital stay was 24 (12-46) days.
Approximately 37% of the patients were discharged home after recovery.
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Conclusion: Our prospective study showed that sepsis management in Japan was characterized by a high compliance
rate for the 3-h bundle and low compliance rate for central venous catheter measurements. The in-hospital mortality
rate in Japan was comparable to that of other developed countries. Only one third of the patients were discharged
home, considering the aging population with multiple comorbidities in the ICUs in Japan.

Trial registration: UMIN-CTR, UMINO00019742. Registered on 16 November 2015.

Background

Sepsis is a leading cause of admission to intensive care
units (ICUs) and of death in developed countries [1, 2],
and survivors have long-term disabilities. Several devel-
oped countries are undergoing demographic alterations
due to aging, and changes in clinical practice and out-
comes have not been sufficiently evaluated.

The Barcelona Declaration, which was promoted in
the Surviving Sepsis Campaign (SSC) in 2002, aimed to
reduce the mortality rate from sepsis by 25% within
5 years [3]. However, the impact of the campaign, in-
cluding the utilization of care bundles and improving
outcomes, remains limited despite ongoing revisions
every 4 years. Relative to other high-profile diseases,
such as cancer, sepsis has remained in the backwater
despite a relatively long history of improvement in prac-
tice and research [4].

For optimal sepsis management, comprehensive treat-
ment guidelines, such as those provided by the SSC, and
information on local factors are essential. The Japanese
Association for Acute Medicine Sepsis Registry study
group investigated the epidemiology of severe sepsis in
patients admitted to 15 ICUs in Japan in 2011, and their
findings were reported in 2014 [5]. However, despite the
fact that Japan is a developed and high-income country,
larger, more comprehensive follow-up reports on the in-
cidence, clinical characteristics, and evolving manage-
ment of sepsis in Japan are not available. The World
Health Assembly has recommended monitoring this
progress, including the use of national registries, in an
effort towards improving outcomes for both patients
and survivors [4]. To increase awareness about sepsis
and to reduce the burden of sepsis management, we
established the Focused Outcomes Research in Emer-
gency Care in Acute Respiratory Distress Syndrome,
Sepsis, and Trauma (FORECAST) study to comprehen-
sively describe the epidemiology and outcomes associ-
ated with severe sepsis and to understand how clinicians
use guidelines in routine clinical practice in Japan.

Methods

Design and setting

A cohort of patients with severe sepsis was enrolled into
the FORECAST study, which was a multicenter, prospective

study on acutely ill patients, including those with acute
respiratory distress syndrome, sepsis, and trauma. The
FORECAST study used a consecutive sample of 59
ICUs in Japan, and it was conducted from January 2016
to March 2017. The FORECAST study was registered in
the University Hospital Medical Information Network
Clinical Trials Registry (UMIN-CTR ID: UMIN000019742).

Participants

We included adult patients (age > 16 years) with severe
sepsis based on the sepsis-2 criteria published in 2003
[6]. All patients were admitted to the ICU. The inclusion
criteria were as follows: patients suspected to have or
was diagnosed with new-onset infection based on the
history of the present illness; patients who met >2 sys-
temic inflammatory response syndrome criteria; and pa-
tients who had at least one organ dysfunction. The
sepsis-2 criteria also included the following: systolic
blood pressure <90 mmHg, mean arterial pressure
(MAP) <65 mmHg, or low blood pressure >40 mmHg;
serum creatinine > 2.0 mg/dL or diuresis (urine output
<0.5 mL/kg/h); total bilirubin >2.0 mg/dL; platelet
count < 100,000 cells/mm?; arterial lactate >2 mmoL/L;
international normalized ratio > 1.5; and arterial hypox-
emia (partial pressure of arterial oxygen (PaO2)/fraction
of inspired oxygen (FIO2)<200) with pneumonia or
PaO2/FIO2 < 250 without pneumonia) [6]. The exclusion
criteria included the limitation of sustained life care or
post-cardiopulmonary arrest resuscitation status at the
time of sepsis diagnosis.

Data collection

Data, which were compiled by FORECAST investigators,
were obtained from the FORECAST database. Patient
information included the demographic characteristics of
the patients, admission source, various comorbidities,
activities of daily living (ADL), suspected sites of infec-
tion, organ dysfunctions, sepsis-related severity scores,
microbiology test results, and details of antibiotic use. In
addition, we obtained data on compliance with estab-
lished sepsis care protocols, such as the measurement of
serum lactate within 3 h. Data collection was performed
as part of the routine clinical workup. The primary out-
come was in-hospital mortality. The secondary outcomes
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included status after discharge, ICU-free days, ventilator-
free days (VED), and length of hospital stay (LOS).

Data definitions

Septic shock was defined based on the sepsis-2 criteria
[6]. In individuals with organ dysfunction, hypotension
was defined as systolic blood pressure < 90 mmHg, MAP
<65 mmHg, or decreasing blood pressure >40 mmHg.
Acute lung injury included the presence of arterial hyp-
oxemia (PaO2/FIO2<200 with pneumonia or PaO2/
FIO2 < 250 without pneumonia). Regarding comorbidities,
cases of diabetes mellitus with and without end-organ
complications were reported. Malignancies included solid,
blood, and metastatic varieties, and cerebral vascular dis-
eases included stroke and hemiplegia. Details are pre-
sented in Table 2. The Charlson comorbidity index (CCI)
was classified into four previously defined grades: 0, none;
1-2, low; 3—4, moderate; and =5 points, high [7]. Based
on the results of the blood culture tests, we excluded con-
tamination if an investigator clinically confirmed contam-
ination. We also measured compliance with the bundles
proposed in the Surviving Sepsis Campaign Guidelines
(SSCG) 2012 [8]. We defined compliance as evidence that
all bundle elements were achieved within the appropriate
time frame (i.e, 3 h or 6 h), and that they adhered to the
indications (i.e., septic shock or lactate level >4 mmol/L).
In addition, VFD was defined as the number of days
within the first 28 days after enrolment during which a pa-
tient was able to breathe without a ventilator. VED in pa-
tients who died during the study period was assigned as 0.
ICU-free days were calculated in the same manner.

Analysis

Descriptive statistics included proportions for categorical
variables, and the medians (interquartile range (IQR)) of
the continuous variables were calculated because not all
variables had normal distributions. There were few miss-
ing data (except bundle data); however, no assumptions
were made about such data. Moreover, we analyzed the
compliance rates for each bundle element and for the
entire 3-h or 6-h bundles. Since data on the achievement
of central venous pressure (CVP) of 8 mmHg and cen-
tral venous oxygen saturation (ScvO2) of 70% in more
than half of the participants were missing, we excluded
these from the 6-h bundle analysis. To assess for compli-
ance with the 2018 updated guidelines on the 1-h SSCG
bundle of care [9], we calculated the compliance rates
for the entire 3-h bundle in addition to vasopressor use to
maintain MAP > 65 mmHg and lactate re-measurement.
To identify the factors correlated with compliance with
the entire 3-h bundle considered for clustering by the
ICUs, we developed a multilevel logistic regression model.
Because bundle compliance usually correlates with institu-
tional and service provider factors more than factors
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associated with the patients, we selected the following var-
iables: type of ICU (open or closed), number of ICU beds,
type of hospital (university hospital or other), number of
board-certified intensivists, nurse-to-patient ratio, and
number of ICU patients, after carefully examining clin-
ically plausible interactions and multicollinearity. We
did not evaluate the 6-h bundle because of several
missing data.

Survival analysis using the Kaplan—Meier approach
was performed to investigate the time from survival to
discharge in patients with severe sepsis. The survival
curve was drawn for 80 days, which showed that 88% of
the patients were discharged. To identify the effect of
the different epidemiological and treatment factors on
in-hospital mortality considered for clustering by ICUs,
we subsequently developed the generalized estimating
equation (GEE) model with exchangeable working-cor-
relation matrix. Age, sex, body mass index (BMI), ADL,
admission source (emergency department (ED) or trans-
ferred from another hospital or ICU), CCI, presence of
shock, suspected site of infection, Sepsis-related Organ
Failure Assessment (SOFA) score, bacteremia, use of the
fluid resuscitation protocol (the bundle in the SSCG
2012: administration of 30 mg/kg of crystalloid fluid
bolus), and use of broad-spectrum antibiotics (the bun-
dle in the SSCG 2012) were selected based on previous
reports and clinical importance.

Statistical analyses were performed using the Statistical
Package for Social Sciences software version 23.0 (IBM,
Armonk, NY, USA) and Stata software version 15.1
(StataCorp, Texas, USA).

Results

In total, 1184 patients with severe sepsis were included
in the FORECAST study. Table 1 shows the organizational
characteristics of the FORECAST study. It mainly con-
sisted of the following: open ICU (61.0%), mixed ICU
(94.9%), 11-20 ICU beds (44.1%), university hospitals
(49.2%), and high-volume centers (78.0%; number of hos-
pital beds >501). Table 2 presents the baseline charac-
teristics of the participants. The median age of the
participants was 73 years (IQR 64-81), and approxi-
mately 60.7% were men. The majority of the patients
were admitted to the ICU directly from the ED (57.2%).
Approximately 67.0% of the patients had at least one
comorbidity. The most common comorbidity was dia-
betes mellitus (23.0%), followed by malignancies
(17.7%), cerebrovascular diseases (11.8%), and congest-
ive heart failure (10.8%). Approximately 24.3% of pa-
tients were deemed to be dependent as evaluated by
ADL. The most common site of infection was the lung
(31.0%), followed by the abdomen (26.3%), urinary tract
(18.4%), and soft tissues (9.9%). Approximately 62.9% of
patients had septic shock. Hypotension (55.4%) and
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Table 1 Organizational characteristics in the FORECAST study
Number (%) of ICUs

Characteristics Number (%) of patients

59 1184
Facility
Type of ICU
Open 36 (61.0) 594 (50.2)
Closed 23 (39.0) 590 (49.8)
ICU specialty
Medical 3(.0) 78 (6.6)
Mixed 56 (94.9) 1106 (934)
Number of ICU beds
1-10 25 (42.4) 363 (30.7)
11-20 26 (44.1) 580 (50.0)
221 8(13.6) 241 (204)
Number of hospital beds
<500 13 (22.0) 185 (15.6)
501-900 31 (525) 637 (53.8)
2901 15 (254) 362 (30.6)
Type of hospital
Non-university 30 (50.8) 458 (38.7)
University 29 (49.2) 726 (61.3)
Staff
Number of board-certificated intensivists
0 14 (23.7) 211.(17.8)
1 16 (27.1) 243 (20.5)
22 29 (49.2) 730 (61.7)
Number of board certificated emergency physicians
0-4 17 (28.8) 167 (14.1)
5-8 22 (373) 321 (27.1)
29 20 (33.9) 696 (58.8)
Number of ICU nurses
<40 29 (49.2) 584 (49.3)
> 40 30 (50.8) 600 (50.7)
Nurse to bed ratio in each shift
12 50 (84.7) 1052 (88.9)
1:4 9(15.3) 132 (11.1)
Patients
Number of emergency patients (2014) (n = 50)
<4000 14 (28.0) 293 (28.8)
4001-18,000 23 (46.0) 509 (50.0)
218,001 13 (26.0) 216 (21.2)
Number of ambulance patients (2014) (n = 50)
<2000 15 (30.0) 313 (30.7)
2001-5000 20 (40.0) 295 (29.0)
25001 15 (30.0) 410 (40.3)
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Table 1 Organizational characteristics in the FORECAST study
(Continued)

Characteristics

Number (%) of ICUs Number (%) of patients

59 1184
Number of ICU patients (2013) (n =58)
<500 15 (25.9) 216 (18.2)
501-1000 28 (48.3) 642 (54.2)
21001 15 (25.9) 326 (27.5)

ICU intensive care unit

hyperlactatemia (67.3%) were frequently observed in in-
dividuals with organ failure. The median Acute Physio-
logic Assessment and Chronic Health Evaluation II
(APACHE II) score was 23 (IQR 17-29) and the SOFA
score was 9 (IQR 6-11). Fifty-four percent of patients
had positive blood cultures. In patients with positive
blood cultures, the most common causative microorgan-
ism was Escherichia coli (32.5%), followed by streptococci
(19.5%) and staphylococci (16.3%). With regard to the use
of antibiotics, carbapenem was most commonly used
(55.0%), followed by tazobactam/piperacillin (20.9%) and
vancomycin (17.8%) (Table 3).

The compliance rate for the entire 3-h bundle was
64.3% (Table 4). Moreover, the rate for each item in the
3-h bundle was high: 96.9% for obtaining serum lactate
levels and 76.3% for fluid resuscitation. The compliance
rate for the entire 6-h bundles was substantially lower at
3.5%. The compliance rates for vasopressor use and re-
peat lactate measurement were 88.6% and 90.0%, re-
spectively. However, the compliance rate for the 3-h
bundle plus vasopressor use and repeat lactate meas-
urement was 57.3%. A multilevel logistic regression
model showed that closed ICUs and non-university
hospitals were more compliant with the entire 3-h bundle
(Table 5).

The overall in-hospital mortality rate was 23.4%
(21.0-26.0) (Table 6). The mortality rate in patients
with septic shock was 27.9% (24.6—31.3). However, the
in-hospital mortality rate in patients with non-septic
shock was 16.0% (12.7-19.9). Among the survivors,
36.7% of patients were discharged home. The median
number of ICU-free days was 19 (IQR 11-24). The me-
dian number of VFD was 21 (IQR 0-28), and the LOS
was 24 (12-46) days. The mortality rate continued to
increase even after the acute phase of severe sepsis
(Fig. 1). Older age, multiple comorbidities (CCI), sus-
pected site of infection (the condition of patients with
intra-abdominal or urinary tract infection was less se-
vere than that of patients with pneumonia), and increas-
ing SOFA scores correlated with in-hospital mortality
based on the GEE model. However, gender, BMI, ADL,
admission source, presence of shock, bacteremia, uti-
lization of the fluid resuscitation protocol, and use of
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Table 2 Demographic, infection, and admission characteristics
of patients with severe sepsis (n=1184)
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Table 2 Demographic, infection, and admission characteristics
of patients with severe sepsis (n=1184) (Continued)

Characteristics

Characteristics

Age at admission, years 73 (64-81)
Male 719/1184 (60.7)
BMI, kg/m? 22 (19-25)
Admission source
ED 676 (57.2)
non-ED (hospital/department transfers) 457 (38.7)
ICU 49 (4.1)
Coexisting conditions
Myocardial infarction 58 (4.9)
Congestive heart failure 128 (10.8)
Peripheral vascular disease 29 (24)
Cerebrovascular disease 140 (11.8)
Dementia 97 (8.2)
COPD 82 (6.9)
Connective tissue disease 83 (7.0)
Peptic ulcer disease 32(27)
Diabetes mellitus without organ damage 197 (16.6)
Diabetes mellitus with organ damage 75 (6.3)
Chronic kidney disease 85 (7.2)
Hemiplegia 44 (3.7)
Malignancy (solid) 161 (13.6)
Malignancy (blood) 23 (1.9
Metastatic tumor 26 (2.2)
Mild liver disease 46 (3.9)
Moderate to severe liver disease 26 (2.2)
AIDS 1(0.1)
cd
0 391 (33.0)
1-2 542 (45.8)
3-4 182 (15.4)
>4 69 (5.8)
ADL
Dependent 288 (24.3)
Suspected site of infection
Lung 367 (31.0)
Abdomen 311 (26.3)
Urinary tract 218 (184)
Soft tissue 117 (9.9)
Central nervous system 23 (1.9)
IV catheter 22 (1.9
Osteoarticular 21 (1.8)
Endocardium 16 (1.4)
Wound 12 (1.0)

Implant device 8(0.7)
Other 69 (5.8)
Positive blood cultures 636 (54.0)

Septic shock
Yes 745 (62.9)
Organ dysfunction on arrival
Hypotension 656 (55.4)
Hyperlactatemia (> 2 mmol/L) 797 (67.3)
Acute kidney injury (Cre > 2 mg/dL) 455 (38.4)
Acute lung injury 442 (37.3)
Hyperbilirubinemia (> 2.0 mg/dL) 204 (17.2)
Thrombocytopenia (< 100,000/uL) 345 (29.1)
Coagulopathy (INR > 1.5) 225 (19.0)
ARDS® at 1st day 193 (18.0)
qSOFA score 2 (1-3)
gSOFA 22 800 (69.6)
APACHE Il score 23 (17-29)
SIRS score 3 (2-4)
SOFA score 9 (6-11)
SOFA score 2 2 987 (98.6)

Reported counts (proportions) for categorical variables and median (interquartile
range) for continuous variables

Missing data: body mass index (BMI) = 26, admission source = 2, insurance = 2,
activities of daily living (ADL) = 2, blood culture = 7, acute respiratory distress
syndrome (ARDS) = 112, quick Sepsis-related Organ Failure Assessment
(gSOFA) = 35, Acute Physiology and Chronic Health Evaluation (APACHE) Il = 162,
systemic inflammatory response syndrome (SIRS) = 43, SOFA =183

ED emergency department, CC/ Charlson Comorbidity Index, COPD chronic
obstructive pulmonary disease, AIDS acquired immune deficiency syndrome,
IV intravenous

2ARDS was defined by Berlin criteria

broad-spectrum antibiotics were not correlated with in-
hospital mortality in the model (Table 7).

Discussion

Summary

In this study, we described the epidemiology and out-
comes associated with severe sepsis in Japan to better
understand how clinicians adhere to guidelines in rou-
tine clinical practice. Our study population included eld-
erly individuals with various comorbidities, and this is
an accurate reflection of the super-aging society in
Japan. The in-hospital mortality rate in our study in
Japan was comparable to that of other developed coun-
tries. Sepsis management in our study was characterized
by high compliance with 3-h bundles and low compli-
ance with CVP and ScvO2 measurements. The mortality
rate continued to increase even after the acute phase of
severe sepsis, although one third of the survivors were
discharged home after recovery.
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Table 3 Microbiologic blood culture results and initial
antibiotics use among patients with severe sepsis

Microbiological results of blood cultures n=>560
Gram-negative
E. coli 182 (32.5)
Klebsiella 72 (12.9)
Pseudomonas 16 (2.9)
Gram-positive
Staphylococci 91 (16.3)
Streptococci 109 (19.5)
MRSA 16 (2.9)
Enterococcus 25 (4.5)
Anaerobic 24 (4.3)
Fungi 14 (2.5)
Antibiotics n=1140
Penicillin derivative (PCG, ABPC, ABPC/MCIPC) 30 (26)
Ampicillin/sulbactam 78 (6.8)
PIPC/TAZ 238 (209)
Sulbactam/cefoperazone 11 (1.0)
First-generation cephalosporin 28 (2.5)
Second-generation cephalosporin 32 (2.8)
(CTM, CMZ, FMOX)
Third-generation cephalosporin 99 (8.7)
(CTX, CPZ, CTRX)
Third-generation cephalosporin against pseudomonas 4(04)
Fourth generation cephalosporin 26 (2.3)
against pseudomonas
Carbapenem 627 (55.0)
Aminoglycoside 8(0.7)
Quinolone 19(1.7)
Tetracycline 7 (0.6)
Macrolide -
Metronidazole 12 (1.1)
CLDM 48 (4.2)
Vancomycin 203 (17.8)
Other anti-methicillin-resistant Staphylococcus 67 (5.9)
aureus drugs
Antifungals 50 (4.4)
Others 83 (7.3)

Reported counts (proportions). Missing data: microbiology data =76,
antibiotics = 44. There was no intravenous macrolide during the study period
in Japan

PCG penicillin G, ABPC ampicillin, ABPC/MCIPC ampicillin/cloxacillin, PIPC/TAZ
tazobactam/piperacillin, CTM cefotiam, CMZ cefmetazole, FMOX flomoxef, CTX
cefotaxime, CPZ cefoperazone, CTRX ceftriaxone, CLDM clindamycin, CNS
central nervous system

Observational (non-interventional) studies on severe
sepsis have been recently decreasing because of its chan-
ging definition. The age of study populations around the
world has been rapidly increasing in prospective
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multicenter cohort studies among patients with severe
sepsis (Additional file 1: Table S1). Additional file 1 shows
a summary of these studies. As an Asian comparison, a
nationwide epidemiological study on sepsis in Taiwan, an-
alyzed a similar aging cohort with sepsis [10], and their re-
sults showed that diabetes mellitus (with or without
complications) was the most common comorbidity, which
is consistent with that of our study. This likely reflects the
common characteristics of individuals in developed coun-
tries, although it remains controversial whether the se-
verity of diabetes mellitus itself is a risk factor for
sepsis [11, 12]. Previous studies have shown that aging
and multiple comorbidities were the risk factors associ-
ated with poor outcome due to sepsis [1, 7, 13-16];
however, a single comorbidity was not. The distribution
of suspected infection sites was similar to that in previ-
ous reports [13, 17]. This similarity suggests that our
results showing the effect of site of infection on out-
comes may be generalizable to other countries [13, 17].

In our study, blood culture tests were obtained in most
cases, and half of the patients were positive for blood cul-
ture tests. Although it remains unclear whether
bacteremia itself correlate with mortality in individuals
with sepsis [13, 16, 18], we believe that the relatively high
prevalence of bacteremia likely correlates with severity,
particularly considering the frequent occurrence of septic
shock. Otherwise, it suggests a higher bacterial load or
utilization of a more sensitive technique, although infor-
mation about the blood culture technique is not avail-
able. In the FORECAST study, we identified septic
shock based on blood pressure measurements and
vasopressor requirements, whereas clinical diagnosis
was used in our previous registry [5]. Though the defin-
ition of septic shock has not changed between these
studies, the prevalence of septic shock was significantly
higher in this study than that in the previous study,
which is irrespective of similar severities identified
using the SOFA and APACHE II scores or mortality.
Presumably, early recognition of septic shock has per-
sisted after the introduction of the SSC guidelines [8,
19].

Our current study showed a high compliance rate for
the entire 3-h bundle, but a low compliance rate for the
entire 6-h bundle. This discrepancy may have been influ-
enced by recent studies, such as those showing that high
compliance with the 3-h bundle is associated with lower
in-hospital mortality [20]. In our study, the low compli-
ance rate for the entire 6-h bundle was significantly in-
fluenced by the lack of central venous catheter (CVC)
measurements. This may be due to the fact that CVP
measurement has recently been considered as a subopti-
mal guide for fluid resuscitation in circulatory shock
[21]. Both systematic reviews [22] and guidelines [19]
suggest that CVP values alone should not be used to
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Table 4 Achievement of Surviving Sepsis Campaign bundle
targets in 59 ICUs, Japan (n=1184)

Compliance rate

Compliance with all applicable elements of sepsis 3-h bundle

543/844 (64.3)
1143/1180 (96.9)
985/1179 (83.5)
1084/1178 (92.0)

Entire 3-h resuscitation bundle®
B1. Serum lactate obtained
B2. Broad-spectrum antibiotic given

B3. Blood cultures obtained before
broad-spectrum antibiotic administration

B4. 30 mg/kg crystalloid fluid bolus
delivered (yes/cases with indication)®

645/845 (76.3)

Compliance with all applicable elements of sepsis 6-h bundle

41/688 (3.5)
625/752 (83.1)
745/841 (88.6)

Entire 6-h resuscitation bundle®
Vasopressors use + re-measured lactate

B5. Vasopressor use followed initial
fluid bolus if needed to maintain MAP
265 mmHg (yes/cases with indication)

B6. CVP measured (yes/cases with 225/856 (26.3)

indication)®

B7. CVP 8 mmHg achieved
(yes/cases with indication)®

181/227 (79.7)

B8. ScvO2 measured (yes/cases with 60/853 (7.0)

indication)?

B9. ScvO2 70% (or SvO2 65%) achieved
(yes/cases with indication)®

49/66 (74.2)

B10. Re-measured lactate if initial
lactate elevated (yes/cases with indication)

864/960 (90.0)

Entire 3-h resuscitation bundle + vasopressors 397/693 (57.3)

use + re-measured lactate

Entire 3-h resuscitation bundle +
Vasopressors use

449/750 (59.9)

Reported counts (proportions). Missing data: B1 =4, B2=5,B3=6,B4=9,
B5=7,B6=10,B7=757,B8=9,B9=899, B10=14

MAP mean arterial pressure, CVP central venous pressure, ScvO2 central venous
oxygen saturation, SvO2 mixed venous oxygen saturation, /CU intensive care unit
Septic shock or lactate >4 mmol/L

PExcluded the achievement of a CVP of 8 mmHg and a ScvO2 of 70% from the
entire 6-h bundle analysis

determine the prognosis of patients with septic shock.
The compliance rate of lactate measurement was high in
our study, so lactate measurement may be used as a sur-
rogate strategy for ScvO2 assessment in Japan, as some
guidelines weakly recommend this [9, 19]. Since the
SSCG has not been recommending the use of CVC to
monitor CVP and ScvO2 in patients with septic shock
since 2015 after obtaining the results of three trials
[23-25], the use of lactate levels as a marker of tissue
hypoperfusion may be more reasonable, in addition to
the fact that is easier to use in clinical settings. These
results highlight the importance of the 1-h bundle [9]
and may prevent the need for the 6-h bundle, although
some of its elements may remain.

Our previous observational study showed that the
in-hospital mortality of patients with severe sepsis corre-
lated with compliance with the bundles, despite the low
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Table 5 A multilevel logistic model for achievement of the
entire 3-h resuscitation bundle among ICUs in the FORECAST
study

Characteristics QOdds_(95%Cl)

Type of ICU
Closed 2.84_(1.28-6.28)
Number of ICU beds
1-10
11 to 20 0.88_(0.38-2.08)
221 1.57_(044-5.6)

Type of hospital

University 0.35_(0.15-0.78)
Number of board-certified intensivists

0

1 0.7_(0.25-1.95)

22 0.62_(0.24-1.64)
ICU nurse ratio

1:2 1.24_(041-3.75)
Number of ICU patients per year

0-500

501-1000 1.22_(048-3.14)

21001 2.18_(0.61-7.78)

ICU intensive care unit

compliance rates [26]. A global observational study in
2013 had supported this association [27]. Regarding ini-
tial resuscitation, bundle compliance in the current
study improved substantially [26, 27]. This may be cir-
cumstantial evidence about the awareness of and educa-
tion on sepsis, as well as the achievement of adequate
implementation of evidence-based guidelines [28]. This
result might have led to similar discussions about resusci-
tation in individuals with septic shock using the early goal
direct therapy (EGDT) [23, 24]. Moreover, 3-h bundles
may have simply increased the utilization of ICU

Table 6 Outcomes among patients with severe sepsis (n = 1184)

Outcomes

269/1148 (234 (21.0-26.0)%)
200/718 (27.9 (24.6-31.3)%)

In-hospital mortality
with shock (n = 745)

Survivor disposition

Home 323/879 (36.7)

Transfer 556/879 (63.3)
ICU-free days 19 (11-24)
Ventilator-free days 21 (0-28)
Length of hospital stay 24 (12-46)

Reported counts (proportions) for categorical and median (interquartile range)
for continuous variables

Missing data: in-hospital mortality=36, ICU free days=263, Ventilator

free days=47

ICU intensive care unit
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Fig. 1 Survival probability during the first 80 days for patients with severe sepsis (n = 1043)

resources like the routine implementation of EGDT [29].
Indeed, the bundles have become the cornerstone of im-
proving the quality of sepsis management, as stated in the
updated 2018 guidelines [9]. Our compliance with the 3-h
bundles plus vasopressor use and repeat lactate measure-
ment was a proper surrogate marker of the updated sepsis
bundle [9]; however, greater effort must be applied to con-
sistently achieve this within 1 h (1-h bundle).

The institutional and individual background on studies
that complied with sepsis bundles and factors related to
reduced mortality are varied [30]. Moreover, a previous
study on the compliance with sepsis bundles in Asia
[31], a sub-study in Korea from the same database [32],
and our results have shown different factors related to
favorable outcomes. Guideline compliance is always in-
fluenced by the social economic status of each country.
In fact, sufficient knowledge and attitude and elimin-
ation of external barriers would help improve compli-
ance with the bundles [33]. Performance improvement
programs and quality improvement initiatives (rather
than types of institution) would be useful to overcome
each country’s social and economic problems and to im-
prove the quality of sepsis management [30].

Regarding the outcomes, a quarter of patients with se-
vere sepsis died during hospitalization. Patients with se-
vere sepsis were intubated and admitted to the ICUs for
approximately 1 week. They were admitted to the hos-
pital for 3 weeks on average. The in-hospital mortality
rate in patients with septic shock was approximately
47% according to a systematic review [34]. However, in a
more recent meta-analysis of interventional studies com-
paring EGDT and conventional resuscitation in devel-
oped countries, the in-hospital mortality rate of patients
with septic shock was substantially lower at 23% [29].

We should be cautious in comparing our results with
those of previous interventional studies that excluded
complicated cases. The in-hospital mortality rate (ran-
ging from 28.0% to 55.7%) in patients with severe sepsis
in multicenter prospective non-interventional cohort
studies conducted since 2001 was more comparable to
that of the present study (Additional file 1: Table S1).
Additional file 1 shows this in more detail. The global
and population-level estimate of in-hospital mortality
among patients with severe sepsis in high-income coun-
tries was approximately 26% in a meta-analysis con-
ducted from 2003 to 2015 [35]. In addition, in developed
countries, the mortality rate of patients with severe sep-
sis has been gradually declining [35], although it is diffi-
cult to distinguish whether this trend reflects accurate
improvements in prognosis or the more frequent inclu-
sion of mild sepsis. However, the fact that the early recog-
nition of sepsis has improved patient outcomes worldwide
is not disputable.

This study showed that the different epidemiological
and treatment factors have effects on mortality. Our re-
sults confirmed the findings of previous studies showing
that older age [7], multiple comorbidities (CCI) [7], site
of infection [13], and SOFA score [36] correlate with
mortality. However, the relationship between admission
source [37], presence of shock or bacteremia [13], and
in-hospital mortality in patients with sepsis remains con-
troversial. Patients with shock had a high mortality rate.
By contrast, a potentially severe factor may not be shock
but a constitutive factor of shock, such as infection site
[13, 17, 38]. Although ADL was not correlated with
in-hospital mortality in this super-aging population
based on our results, future studies must be conducted
on conditions significantly associated with age,
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Table 7 Relationship between epidemiological and treatment
factors and in-hospital mortality among patients with severe
sepsis using a generalized estimating equation model (n =952)

Characteristics

Odds_(95%Cl)

Age at admission, years

Male sex

Body mass index

ADL

Admission source
ED
w/o ED (transfer or other department)
ICU

1.02_(1.01-1.04)
081_(0.57-1.14)
1_(0.97-1.04)

0.88_(0.58-1.32)

reference
1.12_(0.78-1.62)
1.99_(0.91-4.36)

ca 1.2_(1.09-1.32)
Septic shock
Yes 1.01_(0.63-1.62)
Suspected site of infection
Lung reference
Abdomen 0.54_(0.35-0.85)
Urinary tract 0.22_(0.12-041)
Soft tissue 0.73_(04-1.33)
Others 1.16_(0.7-1.89)
SOFA score 1.18_(1.12-1.24)
Positivity of blood cultures (bacteremia) 1.16_(0.82-1.64)

Fluid resuscitation protocol®

reference
1.14_(0.72-1.82)
1.06_(0.59-1.91)
1.04_(0.66-1.64)

Missing data: body mass index = 26, admission source =2, ADL = 2, positivity
of blood cultures =7, Sepsis-related Organ Failure Assessment (SOFA) =183,

fluid resuscitation protocol =9, broad-spectrum antibiotic use =5

ED emergency department, ICU intensive care unit, CC/ Charlson Comorbidity
Index, ADL activities of daily living

Crystalloid fluid bolus (30 mg/kg) delivered if it was indicated in the bundle
in Surviving Sepsis Campaign Guidelines 2012

Not achievement
Achievement
Not indicated

Broad-spectrum antibiotic use

comorbidities, and frailty. A previous study has shown
that being overweight or obese reduces the adjusted
mortality rate in patients with sepsis [39, 40]. Because
the number of overweight patients in our study was lim-
ited, we may focus on underweight patients as the Asian
population [41]. Regarding resuscitation and treatment,
the use of the fluid resuscitation protocol and
broad-spectrum antibiotics did not show favorable re-
sults. In fact, education about the implementation of the
sepsis bundle has been effective, as evidenced by a high
compliance rate. The efficacy of using fluid resuscitation
and broad-spectrum antibiotics alone for sepsis care may
be limited.

During hospitalization, intubation days and days in the
ICU may be better indicators of the prognosis of pa-
tients with severe sepsis. By contrast, the overall LOS
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usually reflects not only disease prognosis but also socio-
demographic and system-based factors. For example, a
patient may not be able to live alone even after recovery
from severe sepsis; indeed, only one third of our patients
were discharged home, and the mortality rates continued
to increase for 3 months after survival from acute sepsis.
This result is not surprising considering the super-aging
society of Japan; despite the decreasing in-hospital mortal-
ity rates, we expect that the mortality rate after acquiring
sepsis will remain high for quite some time [1, 42]. Unfor-
tunately, in this study we did not obtain data after
hospitalization, such as data on late mortality and quality
of life after sepsis. Whether sepsis itself correlates with late
mortality in individuals with sepsis or that the risk factors
for sepsis, such as aging and comorbidities, correlate with
late mortality remains controversial [1, 43]. Long-term
quality of life after developing sepsis is more important re-
gardless of the relationship.

Limitations

This study has several important limitations that warrant
discussion. First, there might be a selection bias because
the study only included patients admitted to the ICUs of
tertiary-level emergency care facilities, particularly in
hospitals of high complexity. A significant number of pa-
tients may have been treated outside of the ICU. Second,
the 59 ICUs included in the study only comprise one
fifth of the total tertiary emergency facilities in Japan,
and this may have introduced sampling bias. Nonethe-
less, the characteristics of the patients were similar to
those reported in other studies conducted in Japan and
other countries. Third, the descriptive nature of the
study could not fundamentally identify the causal relation-
ship between the observed characteristics and outcomes.
Fourth, we excluded the CVP and ScvO2 measurement
from the evaluation of SSCG bundles due to large num-
bers of missing data. CVP of 8 mmHg and ScvO2 of 70%
may have been alternatives, as these criteria were also the
targets of resuscitation at that time. Fifth, information in
our database about ICU stay and ventilator days were not
included because they could have been underestimated
compared with ICU-free days and VED. Finally, the pa-
tients were not followed (e.g., via phone calls) after their
discharge from the hospital, and such outcomes after dis-
charge are not properly assessed. However, most patients
in Japan usually return to the hospital after a previous ad-
mission, providing at least some confidence in assessing
long-term prognoses.

Conclusions

Our prospective study showed that sepsis management
in Japan was characterized by high compliance with the
3-h bundle and low compliance with CVC measurement
in the 6-h bundle. The in-hospital mortality in our study



Abe et al. Critical Care (2018) 22:322

was comparable to that of other studies in developed
countries. Only one third of the patients were discharged
home, given the aging population with comorbidities in
ICUs in Japan. International standard therapies should
be targeted toward elderly populations, and they must
be easily utilized. Efforts toward improving outcomes for
both patients and survivors by the national or global
registries must be further monitored.

Key messages

e Datients with severe sepsis in Japan were super-
elderly with comorbidities, with in-hospital mortality
comparable to other developed countries.

e Sepsis management in Japan was characterized by a
high compliance with the 3-h bundle and low
compliance with the CVC measurement in the 6-h
bundle.

e Mortality continued to increase even after an acute
phase of severe sepsis, although one third of
survivors were discharged to their homes after
recovery.
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