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Abstract

Purpose: Disseminated intravascular coagulations (DIC), acute respiratory distress
syndrome (ARDS), and acute kidney injury (AKI) are major organ dysfunctions that
occur in patients with sepsis. This study aimed to elucidate the impact of these organ
dysfunctions on mortality in patients with severe sepsis.

Material and Methods: A prospective observational study was performed in 10 ICUs to
obtain data from patients with severe sepsis. Multivariate analyses to examine in-
hospital mortality were performed.

Results: Data of 573 patients were analyzed. In-hospital mortality rate was 19.4%
(111/573). The incidences of DIC, ARDS, and AKI were 58.4%, 18.7%, and 41.7%,
while the associated mortality rates were 28.9%, 36.4%, and 31.8%, respectively. In
multiple regression model, DIC (odds ratio 2.71, 95% confidence interval [CI] 1.45-
5.27) and AKI stage 3 (odds ratio 1.98, 95%CI 1.07-3.63) were significantly associated
with higher in-hospital all-cause mortality. DIC (hazard ratio 2.58, 95%CI 1.53-4.55)
and AKI stage 3 (hazard ratio 1.73, 95%CI 1.07-2.80) were also significantly associated
with longer survival durations. However, severe ARDS was not associated with these
outcomes.

Conclusions: DIC and AKI are frequent complications in patients with severe sepsis. In

this study, DIC, and AKI stage 3 were independent risk factors of in-hospital mortality.
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Introduction

Organ dysfunctions, such as disseminated intravascular coagulations (DIC), acute
respiratory distress syndrome (ARDS), and acute kidney injury (AKI) are common
complications in patients with sepsis [1]. Although the incidences of these
complications varies depending on the clinical criteria, 30-50% of patients with severe
sepsis have DIC complications with mortality rates from 35-40%, which was twice as
high as compared with patients without DIC [2-6]. Reports have shown that 32.7% of
patients with severe sepsis (mortality rate, 41.2%) fulfilled the criteria of ARDS as
defined by the American—European Consensus Conference (AECC) in 1994 [7, 8].
However, the rate of sepsis patients with ARDS complications according to the Berlin
definition was not reported [9]. A recent report showed that the rates of AKI

complications in patients with severe sepsis were 72-88% while the mortality rates were



25-39% [10]. Although the incidences and mortality rates of these organ dysfunctions in
patients with sepsis were high, the reported incidences varied, and the differences have
not been fully clarified.

Sequential Organ Failure Assessment (SOFA) score is an assessment system for the
severity of organ dysfunctions, it creates scores for the respiratory, nervous, and
cardiovascular systems, as well as the liver, renal and coagulation functions [11]. SOFA
score has a good predictive ability for in-hospital mortality in patients with suspected
infections in intensive care units (ICU) [12]. In the updated definition of sepsis (Sepsis-
3), organ dysfunction is defined as an acute increase in SOFA score of 2 points or more
[13]. Although there are established conceptual and clinical definitions for DIC
(including Japanese Association of Acute Medicine (JAAM) criteria for DIC [14] and
International Society on Thrombosis and Hemostasis criteria for DIC [15]), ARDS (the
Berlin definition for ARDS [9]), and AKI classifications (Acute Kidney Injury Network
(AKIN) [16] and Kidney Disease: Improving Global Outcomes (KDIGO) [17] ), these
differ from their respective SOFA scores. Furthermore, the incidence and outcome of
organ dysfunctions complicating sepsis have not been fully elucidated whereas, septic
shock, has established definitions and has also been well examined [18].

The aim of the current study was to determine the impact of the individual organ

dysfunctions (DIC, ARDS and AKI) on mortality in patients with severe sepsis.



Materials and methods

All data were retrieved from a database named Tohoku Sepsis Registry
(UMIN000010297 [University hospital Medical Information Network Clinical Trials
Registry]). Data were collected using a prospective observational study design. The
study was conducted by 10 institutes, three university hospitals, and seven community
hospitals, in Tohoku District, northern part of Japan. The Institutional Review Board
(IRB) of each institution approved the study. All IRBs waived the need for informed
consent due to the observational study design requiring no treatments beyond the daily
clinical practice according to the Japanese guideline (Ministry of Education, Culture,
Sports, Science and Technology, and Ministry of Health, Labour and Welfare, Japan.
Ethical Guidelines for Medical and Health Research Involving Human Subjects. March

2015).

Patient selection and data collection

The Tohoku Sepsis Registry prospectively registered consecutive patients admitted
to ICUs with severe sepsis and patients having severe sepsis after admission to ICUs or
general wards from January to December 2015. Severe sepsis and septic shock were
defined according to the International Sepsis guidelines 2012 [19]. Patients aged < 18
years were excluded from the current analyses. Information were collected from the
registry and used in the current analyses. Such information includes age, sex, unit where

sepsis was diagnosed, pre-existing diseases, medications before admission, septic shock



or not. Further, information were also collected on Acute Physiology and Chronic
Health Evaluation (APACHE) II score [20], SOFA score [11] (upon admission),
primary infection site, blood culture findings, time from diagnosis to antimicrobial
administration, and interventions for source control. Others were, vital signs, results of
laboratory tests on day 1 and 4, and co-existing conditions (DIC, ARDS, and AKI).
Treatment information included, treatment for shock, treatment with drugs including
anticoagulants for DIC, immunoglobulins, and sivelestat, renal replacement therapy
(RRT), RRT for non-renal indications, polymyxin B-immobilized fiber column direct,
and hemoperfusion; data on durations of ICU and hospital stays, in-ICU and in-hospital

outcomes were also retrieved.

Definitions and measurements

The severity of DIC was assessed using the JAAM scoring algorithm for DIC [14].
Based on the JAAM criteria (JAAM-DIC), patients were considered as having DIC if
they had scores >4 on day 1 and/or day 4. ARDS was diagnosed on day | and/or day 4
by the Berlin definitions [9]. AKI was diagnosed using the AKIN criteria from day 1
through day 3 (AKIN criteria required, at the maximum, creatinine levels in three
consecutive days, or 24h urine output) [16]. The numbers of ICU- and hospital-free
days within a 28- and 90-day period were calculated by subtracting the duration of the
ICU- or hospital-stay from 28 and 90 days, respectively. If a patient died before

discharge from the ICU or hospital, the ICU- or hospital- free days were calculated as
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Z€10.

The main outcome measurement was all-cause in-hospital mortality.

Statistical analysis

Categorical and continuous variables were expressed as counts (%), or median
(interquartile range). Missing values were excluded from each analysis. Values were
compared using Pearson's chi-square test for the categorical variables, the Mann-
Whitney U test for the continuous variables between two groups and the Kruskal-Wallis
test among three groups. Independent factors associated with in-hospital mortality rate
and survival duration were examined using multivariate logistic regression analysis and
Cox hazard regression model, respectively. In the regression models, the following
confounders were adjusted for: age, gender, and several factors that showed significant
differences between survivors and non-survivors at univariate analysis. Data were
analyzed using JMP® Pro Version 11.0 software (SAS Institute Japan Ltd., Tokyo,
Japan). All statistical tests were two-sided and P < 0.05 was considered as having a

significant difference.

Results
Six hundred and sixteen patients were enrolled in the Tohoku Sepsis Registry.
Forty-three patients withdrew from the aggressive treatment within 4 days of the

diagnosis of sepsis and were thus excluded. The data for 573 patients were analyzed in



the current study (Figure 1).

Demographics, severity and mortality of the patients

The median age was 74 (64-83) years and 62% of the patients were male. Median
APACHE II and SOFA scores were 20 (15-26) and 8 (5-11), respectively. The
comparison of demographics and severity of sepsis in survivors and non-survivors are
shown in Table 1. The proportion of non-survivor patients diagnosed as severe sepsis in
the general wards and ICUs was higher than the emergency department. The
proportions of survivors and non-survivors with pre-existing diseases were similar. The
proportion of patients who took steroids and immunosuppressant drugs as daily
medications before admission was higher in non-survivors than survivors. The scores of
APACHE II, SOFA, and JAAM-DIC were higher in non-survivors than survivors. The
non-survivors were more likely to have had septic shock. Overall, patients’ 28-day
mortality was 12.4% (71/573) while the in-hospital all-cause mortality was 19.4%
(111/573) (Table 2). The data on infection management, circulation management (for
resuscitation), anticoagulant therapies, and other additional therapies are shown in

supplemental Tables 1, 2 and 3, respectively.

Organ dysfunctions
The incidences of DIC, ARDS, and AKI in patients with severe sepsis were

225/385 (58.4%, 188 cases were missing the values for both fibrin degradation products

10



and D-dimer required for calculating JAAM-DIC score), 107/573 (18.7%), and 239/573
(41.7%), respectively (Table 1). The non-survivors were more likely to have had organ
dysfunctions (DIC, ARDS and AKI), compared with the survivors. In-hospital mortality
rates of patients complicated with DIC, ARDS, and AKI were 28.9%, 36.4%, and
31.8%, respectively (Table 2). The patients with these organ dysfunctions had two- to
three-fold higher mortality rates than those without complications (P < 0.05 for DIC,
ARDS, and AKI). Patients with more severe stages of complications or organ
dysfunctions had higher mortality rates, 51.4% in patients with severe ARDS and
37.9% in patients with AKI stage 3 (there were no statistically significant differences

between severity levels with either ARDS or AKI).

Impact of organ dysfunctions on in-hospital mortality

In addition to age and gender, nine factors and covariates which showed significant
differences between the survivors and non-survivors in univariate analysis were
included in the multiple and Cox hazard regression models for in-hospital mortality.
Among the organ dysfunctions (including their severity levels), in the multiple
regression model, JAAM-DIC (odds ratio [OR] 2.71, 95% confidence interval [CI] 1.45
—5.27) and AKI stage 3 (OR 1.98, 95% CI 1.07 — 3.63) were significantly associated
with higher in-hospital all-cause mortality, while severe ARDS was not (Table 3). In
Cox hazard regression model, JAAM-DIC (hazard ratio [HR] 2.58, 95% CI 1.53 — 4.55)

and AKI stage 3 (HR 1.73, 95% CI 1.07 — 2.80) were also significantly associated with
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shorter survival duration, while severe ARDS was not (Table 4). When all ARDS
patients (mild, moderate, and severe ARDS) was included as an explanatory variable
instead of severe ARDS patients, the odds ratio of ARDS with in-hospital mortality was
not statistically significant, neither in the logistic regression model (OR 1.13, 95%CI
0.58-2.15) nor the Cox hazard regression model (HR 0.94, 95%CI1 0.57-1.53). Figure 2
shows the survival curves comparing the patients with and without DIC, severe ARDS,

and AKI stage 3 (P<0.001, <0.001, and <0.001 respectively, by log-rank test).

Discussion

In the present study, we determined the incidences of DIC, AKI, ARDS and
associated mortality rates in patients with severe sepsis. The incidences of DIC and AKI
were high while that of ARDS was low (58.4%, 41.7%, and 18.7%, respectively); the
associated mortality rates were high (28.9 %, 31.8% and 36.4%, respectively) In
addition, DIC and AKI stage 3 were significantly associated with worse in-hospital
mortality and survival duration. To the best of our knowledge, this is the first report
comparing the incidences and effects on mortality rate of organ dysfunctions in patients
with sepsis in the same cohort.

In the current study, the incidence of DIC was 58.4%. This was slightly higher than
that reported previously (30-50%) [2-6]. The mortality rate in patients with DIC was

28.9%, and was more than twice as high as those without DIC (11.9%) in the present
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study. However, the mortality rate in patients with DIC in the present study was lower
than that reported previously (35-40%) [2-6]. In the current cohort, 186/573 (32.5%) of
patients took anticoagulant therapy including thrombomodulin, antithrombin, protease
inhibitors, or the combination of these anticoagulants.

Incidences (42-78%) and mortality rates (30-70%) in septic patients with AKI
varied in previous reports [20-24]. One reason for this might be the severity of sepsis in
subjects in each study. Some studies focused on patients with sepsis based on the
definition by the International Sepsis Definitions Conference in 2001 [25] which
included sepsis without organ dysfunction, while other studies focused only on patients
with septic shock. Another reason might be the definitions and classifications of AKI.
In previous reports [20-24], the Risk, Injury, Failure, Loss of kidney function, End-
stage kidney disease (RIFLE) criteria [26] or original criteria other than RIFLE, AKIN,
and KDIGO were used. Recently, the incidence and mortality rates in patients with
severe sepsis complicating AKI classified by RIFLE, KDIGO, and AKIN were
compared [10]. The incidences showed slight differences (73-88%) between the
classifications, while the mortality rates were similar among the classifications (35-
38%). According to Pereira et al., the incidence in patients classified using AKIN was
72.8% while the mortality rate was 38.3% [10]. Our study focused on patients with
severe sepsis, and AKI was classified using AKIN. Our findings were based on the
same classification as in the study by Pereira et al [10]. However, in our study, the

incidence (41.7%) was much lower, while our mortality rate (31.8%) was similar
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compared to those reported by Pereira et al [10]. Therefore, further cohort study is
needed to determine the exact incidence of AKI complicating severe sepsis using the
same definition and classification of sepsis and AKI.

Fujishima et al. [8] reported the incidence and mortality rate of the acute lung
injury (ALI) and ARDS defined by the AECC in 1994 [7]. In this report, incidences of
ALI and ARDS were 40.2% and 32.7% while the mortality rates were 38.6% and
41.2%, respectively. In the current study, ARDS was defined using an updated
definition (the Berlin definition) [9], and the incidence of ARDS (including mild to
severe ARDS) was 18.7% while the mortality rate was 36.4%. The incidence of ARDS
was much lower in the current study than that reported by Fujishima et al. [8], although
the definition of ARDS was not so much different, while the mortality was similar in
both studies.

Currently, organ dysfunction is much emphasized in the updated definition of
sepsis, and SOFA score is applied in the diagnostic criteria of sepsis [13]. However, the
effect of each organ dysfunction on mortality has not been fully considered. The present
study provided the novel aspect of organ dysfunctions on the outcomes in patients with
sepsis. JAAM-DIC and AKI stage 3 were independent risk factors of higher in-hospital
mortality and were also associated with shorter survival durations, while severe ARDS
was not, in the current study. The statistical power may not have been strong enough to
reach the significance level because of the small sample size of only 37 patients

complicated with severe ARDS in the current cohort. Further cohort study is needed to
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clarify the impact of ARDS, especially severe ARDS, on patients with sepsis.

Based on the findings in our study, DIC and AKI stage 3 are possible risk factors
for in-hospital mortality in patients with sepsis. However, preventions and early specific
treatments targeting these organ dysfunctions other than the general management of
patients with sepsis have not been established. Anticoagulation therapies may have
survival benefit for patients with sepsis-induced DIC according to a meta-analysis,
however, this has not yet been established [27, 28]. For the prevention of AKI,
hydroxyethyl starch should be avoided in fluid therapy [29]. There is no high level
evidence for pharmacological and blood purified therapies for AKI [30]. It is therefore
necessary to develop effective preventions and specific treatments for these organ

dysfunctions.

Limitations

There are some limitations of the current study. First, the definition of sepsis was
not according to the new definition presented in 2016 [13], since the current study was
conducted earlier (2015). The results may differ if the new definition of sepsis is applied
for the inclusion criteria. Second, the number of patients in the current cohort was not
large enough to conclude about the incidences of complications (organ dysfunctions) of
sepsis, especially, the incidence of ARDS. Due to the small number of patients, fewer

explanatory variables were applied in the multivariate analysis. Third, using KDIGO for
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the definition of AKI complicated with sepsis has not been confirmed in any guidelines
or consensus meeting. Although Bellomo et al. recommended the use of KDIGO for the
definition of AKI in patients with sepsis [30], not KDIGO, but AKIN was used in the
current study because the current study was commenced before the KDIGO criteria
announcement [31]. Moreover, the creatinine levels in 7 consecutive days are necessary
to diagnose AKI by KDIGO criteria; however, creatinine levels on days 5 to 7 were not
collected in the current study. Therefore, we could not apply the KDIGO criteria to our
subjects. Pereira et al. showed that the incidence of AKI in patients with sepsis
according to KDIGO was higher than that according to AKIN (87.5% vs. 72.8%), while
in-hospital mortality for AKI was not different between KDIGO and AKIN in sepsis
patients (35.8% vs. 38.3% in any category and 48.3% vs. 56.6% in stage 3) [10].
Therefore, further cohort study, collecting data from a greater number of patients and
using KDIGO criteria to diagnose AKI, is needed to conclude on the impact of organ
dysfunctions on sepsis.
Conclusions

In this study, the incidence of DIC and AKI was high and that of ARDS was low in
patients with severe sepsis. In addition, DIC and AKI stage 3 were observed to be the
independent risk factors of in-hospital mortality in patients with sepsis. Based on these
findings, it is therefore necessary to establish effective early prevention and specific
therapeutic strategies for these organ dysfunctions in the management of patients with
sepsis.

16



Acknowledgements

The other Tohoku Sepsis Registry investigators also contributed to the collection and
assessment of the data at each institution. The authors are grateful to S. Osaki for data
management and administrative support and T. Ishigaki (Tohoku University Graduate
School of Economics and Management) for advising on the statistical analyses. This
manuscript was edited by a native English speaker associated with Editage, Tokyo,

Japan.

17



References

[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

Angus DC, van der Poll T. Severe sepsis and septic shock. N Engl J Med 2013;369(9):840-
51.

Dempfle CE, Wurst M, Smolinski M, Lorenz S, Osika A, Olenik D, et al. Use of soluble
fibrin antigen instead of D-dimer as fibrin-related marker may enhance the prognostic
power of the ISTH overt DIC score. Thromb Haemost 2004;91(4):812-8.

Hayakawa M, Saito S, Uchino S, Yamakawa K, Kudo D, lizuka Y, et al. Characteristics,
treatments, and outcomes of severe sepsis of 3195 ICU-treated adult patients
throughout Japan during 2011-2013. J Intensive Care 2016;4:44.

Kushimoto S, Gando S, Saitoh D, Ogura H, Mayumi T, Koseki K, et al. Clinical course and
outcome of disseminated intravascular coagulation diagnosed by Japanese Association
for Acute Medicine criteria. Comparison between sepsis and trauma. Thromb Haemost
2008;100(6):1099-105.

Ogura H, Gando S, Saitoh D, Takeyama N, Kushimoto S, Fujishima S, et al. Epidemiology
of severe sepsis in Japanese intensive care units: a prospective multicenter study. J
Infect Chemother 2014;20(3):157-62.

Zeerleder S, Hack CE, Wuillemin WA. Disseminated intravascular coagulation in sepsis.
Chest 2005;128(4):2864-75.

Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, et al. The American-
European Consensus Conference on ARDS. Definitions, mechanisms, relevant outcomes,
and clinical trial coordination. Am J Respir Crit Care Med 1994;149(3 Pt 1):818-24.
Fujishima S, Gando S, Daizoh S, Kushimoto S, Ogura H, Mayumi T, et al. Infection site is
predictive of outcome in acute lung injury associated with severe sepsis and septic shock.
Respirology 2016;21(5):898-904.

ARDS Definition Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell
E, et al. Acute respiratory distress syndrome: the Berlin Definition. JAMA
2012;307(23):2526-33.

Pereira M, Rodrigues N, Godinho |, Gameiro J, Neves M, Gouveia J, et al. Acute kidney
injury in patients with severe sepsis or septic shock: a comparison between the 'Risk,

Injury, Failure, Loss of kidney function, End-stage kidney disease' (RIFLE), Acute Kidney

18



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Injury Network (AKIN) and Kidney Disease: Improving Global Outcomes (KDIGO)
classifications. Clin Kidney J 2017;10(3):332-40.
Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, et al. Use of the
SOFA score to assess the incidence of organ dysfunction/failure in intensive care units:
results of a multicenter, prospective study. Working group on "sepsis-related problems"
of the European Society of Intensive Care Medicine. Crit Care Med 1998;26(11):1793-
800.
Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, et al. Assessment
of Clinical Criteria for Sepsis: For the Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA 2016;315(8):762-74.
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(8):801-10.
Gando S, Iba T, Eguchi Y, Ohtomo Y, Okamoto K, Koseki K, et al. A multicenter,
prospective validation of disseminated intravascular coagulation diagnostic criteria for
critically ill patients: comparing current criteria. Crit Care Med 2006;34(3):625-31.
Taylor FB, Jr., Toh CH, Hoots WK, Wada H, Levi M, Scientific Subcommittee on
Disseminated Intravascular Coagulation of the International Society on T, et al. Towards
definition, clinical and laboratory criteria, and a scoring system for disseminated
intravascular coagulation. Thromb Haemost 2001;86(5):1327-30.
Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute Kidney
Injury Network: report of an initiative to improve outcomes in acute kidney injury. Crit
Care 2007;11(2):R31.
Ad-hoc working group of E, Fliser D, Laville M, Covic A, Fouque D, Vanholder R, et al. A
European Renal Best Practice (ERBP) position statement on the Kidney Disease
Improving Global Outcomes (KDIGO) clinical practice guidelines on acute kidney injury:
part 1: definitions, conservative management and contrast-induced nephropathy.
Nephrol Dial Transplant 2012;27(12):4263-72.
Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman CS, et al.
Developing a New Definition and Assessing New Clinical Criteria for Septic Shock: For
the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3).
JAMA 2016;315(8):775-87.

19



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. Surviving sepsis
campaign: international guidelines for management of severe sepsis and septic shock:
2012. Crit Care Med 2013;41(2):580-637.
Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease
classification system. Crit Care Med 1985;13(10):818-29.
Bagshaw SM, George C, Bellomo R, Committee ADM. Early acute kidney injury and
sepsis: a multicentre evaluation. Crit Care 2008;12(2):R47.
Bagshaw SM, Lapinsky S, Dial S, Arabi Y, Dodek P, Wood G, et al. Acute kidney injury in
septic shock: clinical outcomes and impact of duration of hypotension prior to initiation
of antimicrobial therapy. Intensive Care Med 2009;35(5):871-81.
Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, et al. Septic acute
kidney injury in critically ill patients: clinical characteristics and outcomes. Clin J Am Soc
Nephrol 2007;2(3):431-9.
Sood MM, Shafer LA, Ho J, Reslerova M, Martinka G, Keenan S, et al. Early reversible
acute kidney injury is associated with improved survival in septic shock. J Crit Care
2014;29(5):711-7.
Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al. 2001
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Intensive Care
Med 2003;29(4):530-8.
Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute Dialysis Quality Initiative w.
Acute renal failure - definition, outcome measures, animal models, fluid therapy and
information technology needs: the Second International Consensus Conference of the
Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 2004;8(4):R204-12.
Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviving Sepsis
Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016.
Intensive Care Med 2017;43(3):304-77.
Umemura Y, Yamakawa K, Ogura H, Yuhara H, Fujimi S. Efficacy and safety of
anticoagulant therapy in three specific populations with sepsis: a meta-analysis of
randomized controlled trials.  Thromb Haemost 2016;14(3):518-30.
Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Aneman A, et al.
Hydroxyethyl starch 130/0.42 versus Ringer's acetate in severe sepsis. N Engl J Med
2012;367(2):124-34.

20



[30] Bellomo R, Kellum JA, Ronco C, Wald R, Martensson J, Maiden M, et al. Acute kidney
injury in sepsis. Intensive Care Med 2017;43(6):816-28.

[31] Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract
2012;120(4):c179-84.

21



Figure Legends

Figure 1. Study flow

Diagnosis at the ED: The patients were transferred to the emergency department (ED) either as
outpatients or from the other hospitals and were diagnosed as severe sepsis at the ED. Diagnosis
at the general wards: The patients were diagnosed as severe sepsis following admission to the
general wards for diagnosis other than severe sepsis. Diagnosis at ICU: The patients were
diagnosed as severe sepsis after admission to the intensive care unit (ICU) for diagnosis other
than severe sepsis.

ED, emergency department; ICU, intensive care unit

Figure 2. Survival curves

JAAM, Japanese Association for Acute Medicine; DIC, disseminated intravascular coagulation;

ARDS, acute respiratory distress syndrome; AKI, acute kidney injury; HR, hazard ratio; CI,

confidence interval
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Table 1 Patients demographics, severity, and organ dysfunctions in survivors

and non-survivors

Non-
Survivors
survivors P value
N=462
N=111
Age, years, median (IQR) 75 (65-83) 73 (64-82) 0.2878
Male, n (%) 277 (60.0) 78 (70.3) 0.0445
Diagnosed at, n (%) 0.0004
Emergency department 378 (84.0) 72 (16.0)
General wards 61 (70.1) 26 (29.9)
ICU 23 (63.9) 13 (36.1)
Pre-existing disease, n (%)
Cardiovascular disease 75 (16.2) 21 (18.9) 0.5000
Stroke 64 (13.6) 15 (13.5) 0.9258
COPD 17 (3.7) 2(1.8) 0.3211
Autoimmune disease 22 (4.8) 8(7.2) 0.2990
Chronic liver disease 15(3.3) 3(2.7) 0.7679
DM 141 (30.5) 29 (26.1) 0.8280
Chronic kidney disease 41 (8.9) 16 (14.4) 0.0799
Malignancy 48 (10.4) 18 (16.2) 0.0842

Medications before admission, n (%)
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Steroids
Immunosuppressant Drugs
Statin
Anti-platelets
B-blocker
Severity
Septic shock, n (%)
APACHE II score (day 1), median (IQR)
SOFA score (day 1), median (IQR)
Complicating organs dysfunction
JAAM-DIC score (day 1), median (IQR)
JAAM-DIC (day 1 and/or day 4), n (%)
ARDS (day 1 and/or day 4), n (%)
Severity of ARDS
Mild
Moderate
Severe
AKI (day 1 through day 3), n (%)
Stage (AKIN Criteria), n (%)

1

46 (10.0)
14 (3.0)
68 (14.8)
76 (16.5)

48 (10.4)

226 (49.0)
18 (14-24)

7 (5-10)

2 (1-4)
160/301 (53.2)

68 (14.7)

12 (2.6)
38 (8.2)
18 (3.9)

163 (35.3)

46 (10.0%)
40 (8.7%)

24

23 (20.7)
8 (7.2)
13 (11.7)
22 (19.8)

15 (13.5)

84 (75.7)
26 (20-32)

10 (7-14)

4 (2-5)
65/84 (77.4)

39 (35.1)

6 (5.4)
14 (12.6)
19 (17.1)

76 (68.5)

14 (12.6%)

15 (13.5%)

0.0019

0.0408

0.4052

0.4082

0.3528

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001



77 (16.7%) 47 (24.0%)

IQR, interquartile range; ICU, intensive care unit; COPD, chronic obstructive
pulmonary disease; DM, diabetes mellitus; APACHE, acute physiology and chronic
health evaluation; SOFA, sequential organ failure assessment; JAAM, Japanese
Association for Acute Medicine; DIC, disseminated intravascular coagulation; ARDS,
acute respiratory distress syndrome; AKI, acute kidney injury; AKIN, acute kidney

injury network.
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Table 2

Outcomes in patients with and without DIC, ARDS, and acute kidney injury

complications
In-hospital ICU-free days Hospital-free
mortality days
111/573 21 (12-25) 56 (0-75)
All patients
(19.4)
JAAM-DIC
(day 1 and/or day
4)
19/160 (11.9) 21 (13-24) 49 (2-73)
No, n (%)
65/225 (28.9)
Yes, n (%) 19 (8-23)* 32 (0-70)*
%
ARDS (day 1
and/or day 4)
ARDS (-), n (%) 72/466 (15.5) 22 (16-25) 65 (16-77)
39/107 (36.4) 12 (0-19)* 0 (0-42)*
ARDS (+), n (%)
%
Mild 6/18 (33.3) 19 (2-23) 17 (0-46)
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Moderate 14/52 (26.9) 12 (6-20) 17 (0-44)
Severe 19/37 (51.4) 12 (0-19) 0(0-39)
AKI (day 1
through day 4)
AKI (-), n (%) 35/334 (10.5) 23 (17-25) 68 (33-77)
76/239 (31.8)
AKI (+), n (%) 17 (5-23)* 18 (0-66)*
*

Stage 1 14/60 (23.3) 20 (7-24) 29 (0-70)
Stage 2 15/55 (27.3) 17 (12-24) 52 (0-73)
Stage 3 47/124 (37.9) 14 (1-22) 0 (0-64)

AKI and its stages were diagnosed according to the Acute Kidney Injury Network

Criteria.

* P <0.05 when patients with and without complications (organ dysfunctions) were
compared. Any mortality and free-days were not statistically different among the

different severity levels in ARDS and AKI.

JAAM, Japanese Association for Acute Medicine; DIC, disseminated intravascular
coagulation; ARDS, acute respiratory distress syndrome; ICU, intensive care unit; AKI,

Acute kidney injury.
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Table 3 Logistic regression model for in-hospital mortality

Odds 95% confidential
ratio interval
JAAM-DIC (day 1 and/or day 4) 2.71 1.45-5.27
Acute kidney injury Stage 3 (day 1
1.98 1.07 -3.63
through day 4)
Severe ARDS (day 1 and/or day 4) 2.02 0.82-4.90
Respiratory tract infections 1.98 1.05-3.74
Septic shock 1.34 0.68 —2.79
Gram-positive cocci positive on blood
2.37 1.23-4.52
culture
APACHE Il day 1 1.05 1.01 - 1.09
Sepsis diagnosed at ICU (vs. ED) 2.78 1.03 -7.40
Medication steroid 1.64 0.78 -3.36
Age 1.00 0.98 - 1.02
Gender male 1.17 0.64 —2.16

JAAM, Japanese Association for Acute Medicine; DIC, disseminated intravascular
coagulation; ARDS, acute respiratory distress syndrome; APACHE, acute physiology

and chronic health evaluation; ICU, intensive care unit; ED, emergency department.
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Table 4 Cox hazard regression model for in-hospital mortality

Hazard 95% confidential
ratio interval
JAAM-DIC (day 1 and/or day 4) 2.58 1.53-4.55
Acute kidney injury Stage 3 (day 1
1.73 1.07-2.80
through day 4)
Severe ARDS (day 1 and/or day 4) 1.40 0.72-2.59
Respiratory tract infections 1.69 1.02-2.77
Septic shock 1.16 0.66-2.16
Gram-positive cocci  positive on
1.78 1.07-2.86
blood culture
APACHE II day 1 1.04 1.01-1.08
Sepsis diagnosed at ICU (vs. ED) 0.99 0.45-1.99
Medication steroid 1.17 0.65-2.02
Age 1.00 1.01-1.08
Gender male 0.92 0.56-1.54

JAAM, Japanese Association for Acute Medicine; DIC, disseminated intravascular
coagulation; ARDS, acute respiratory distress syndrome; APACHE, acute physiology

and chronic health evaluation; ICU, intensive care unit; ED, emergency department.
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