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Comparison of a new criteria for sepsis-induced
coagulopathy and International Society on Thrombosis and
Haemostasis disseminated intravascular coagulation score in
critically ill patients with sepsis 3.0: a retrospective study
Renyu Ding, Zhong Wang, Yuan Lin, Baoyan Liu, Zhidan Zhang

and Xiaochun Ma

Recently, new criteria for sepsis-induced coagulopathy
(SIC) were developed, including the sequential organ failure
assessment (SOFA) criteria. The objective of this study was
to evaluate the new SIC criteria in patients diagnosed with
sepsis 3.0. Data from patients diagnosed with sepsis 3.0
after ICU admission were retrospectively obtained from July
2013 to June 2014. Relevant demographic, clinical, and
laboratory parameters were noted. This study included 252
patients. The International Society on Thrombosis and
Haemostasis (ISTH) disseminated intravascular
coagulation (DIC), modified ISTH-DIC, and SIC scores were
higher among nonsurvivors (P<0.0001). The Acute
Physiology and Chronic Health Evaluation Il (P<0.001),
ISTH (P=0.001), modified ISTH (P=0.001), and SIC scores
(P=0.007) were independent predictors of ICU mortality.
Using the receiver operating characteristic curve, SOFA had
the greatest power for predicting ICU mortality; ISTH or
modified ISTH score had greater predictive power than the
SIC score. There were strong correlations between SIC
score and ISTH (P<0.0001), modified ISTH (P<0.0001), the
Acute Physiology and Chronic Health Evaluation Il
(P=0.012), and SOFA (P<0.0001) scores. More
nonsurvivors were diagnosed with DIC using the ISTH and

Introduction

Disseminated intravascular coagulation (DIC) is a serious
condition resulting from various underlying diseases,
including trauma, acute promyelocytic leukemia, and sep-
sis [1,2]. Furthermore, DIC is an independent predictor of
mortality in patients with critical illness [2,3]. There is no
single gold-standard diagnostic test for DIC; however, a
combination of several conventional coagulation tests may
be helpful in diagnosis [4]. Three DIC diagnostic criteria,
the Japanese Ministry of Health and Welfare (JMHW)
criteria, International Society on Thrombosis and Hae-
mostasis (ISTH) criteria, and Japanese Association for
Acute Medicine (JAAM) criteria, are well known [4-7]
(Table 1). Each of these criteria has disadvantages; for
instance, JMHW criteria and ISTH criteria have poor
sensitivity, especially with regard to infectious diseases,
and JAAM criteria cannot be applied to DIC complicated
by trauma or hematopoietic malignancy [4].

Sepsis-associated DIC is characterized by activation of
coagulation and an excessive inhibition of fibrinolysis

0957-5235 Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.

modified ISTH criteria (P<0.001). In contrast, there was no
significant difference in the proportion of patients with SIC
between both groups (P=0.055). ISTH score, modified

ISTH score, and SIC score were independent risk factors for
ICU mortality. Compared with the ISTH and modified ISTH
scores, SIC score showed no advantage in diagnosing

sepsis-associated coagulopathy or DIC. The application of
these three criteria in patients with sepsis 3.0 needs further
evaluation. Blood Coagul Fibrinolysis 29:551-558 Copyright
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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with a high risk of organ dysfunction [8-10]. In contrast
with traumatic coagulopathy, hypofibrinogenemia usu-
ally occurs at the late stage of sepsis-associated DIC
[1,4,11,12]. Thus, in the JAAM criteria there is no
‘fibrinogen’ score, which is the main difference with
the ISTH criteria [7] (Table 1). However, some previous
studies supported using revised DIC scores without the
‘fibrinogen’ score in patients with sepsis [13—15]. In
recent years, JAAM criteria have been widely used for
sepsis-induced DIC [14,15]. With the change of sepsis
definition from systemic inflammatory response syn-
drome (SIRS) criteria to sequential organ failure assess-
ment (SOFA) criteria [16], the JAAM criteria, which
include the SIRS score, have been challenged. More
recently, new criteria for sepsis-induced coagulopathy
(SIC) were developed on the basis of logistic regression
analyses (Table 1) [17].

The aim of the current study was to evaluate the new SIC
criteria in patients diagnosed with sepsis 3.0, as well as to
examine the predictive value of the new criteria for
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Table 1 Comparison of existing disseminated intravascular coagulation/coagulopathy diagnostic criteria
JMHW ISTH Modified ISTH JAAM SIC
Underlying disease 1p 0 p (essential) 0 p (essential) 0 p (essential) 0p
clinical symptoms
Bleeding: 1 p 0p Op SIRS score >3: 1 p Op
Organ failure: 1 p Op Op Op Four items SOFA?
1:1p
>2:2p
Platelet count (x10%/1) 80<-<120:1p 50-100: 1 p 50-100: 1 p 80-<120 or >30% reduction/24h: 1 p 100-150: 1 p
50<-<80: 2 p <60:2p <60:2p <80 or >50% reduction/24 h: 3 p <100: 2 p
<50:3 p
Fibrin-related marker FDP (jg/ml) FDP, p-dimer, SF FDP, p-dimer, SF FDP (wg/ml) None
10<-<20:1p Moderate increase: 2 p  Moderate increase: 2 p 10<-<25:1p
20<-<40:2p Strong increase: 3 p Strong increase: 3 p >25:3p
>40:3 p
Fibrinogen (g/1) 1.0<-<15:1p <1.0:1p None None None
<1.0:2p
PT PT ratio Prolonged PT (s) Prolonged PT (s) PT ratio PT ratio
1.256<-<1.67:1p 3-6:1p 3-6:1p >1.2:1p 1.2-14:1p
>1.67:2p >6:2p >6:2p >14:2p
None None None None
Diagnosis of DIC >7p >5p >4 p >4 p >4p (coagulopathy)

DIC, disseminated intravascular coagulation; FDP, fibrin degradation product; ISTH, International Society on Thrombosis and Haemostasis; JAAM, Japanese Association
for Acute Medicine; JMHW, Japanese Ministry of Health and Welfare; PT, prothrombin time; SF, soluble fibrin; SIRS, systemic inflammatory response syndrome; SOFA,

sequential organ failure assessment. ®Four items SOFA including respiratory SOFA, cardiovascular SOFA, hepatic SOFA, renal SOFA.

prognosis, compared with ISTH DIC criteria and modi-
fied ISTH DIC criteria (Table 1).

Methods

Patient selection and data collection

The dataset was obtained from July 2013 to June 2014 at
The First Hospital of China Medical University. All
patients in this study were admitted to the ICU and were
diagnosed with infection or suspected infection. The
exclusion criteria were as follows: age less than 18 years,
pregnancy, hematopoietic malignancy, cardiopulmonary
resuscitation, liver diseases classified as Child-Pugh grade
C, major bleeding, chronic renal failure or renal replace-
ment therapy, SOFA score less than 2, or death within 24 h
after admission to the ICU. Moreover, the cases with
incomplete clinical or laboratory data, unknown prognosis
in the ICU, or refusal of treatment were also excluded.

A total of 252 cases were included, all of whom were
diagnosed with sepsis 3.0 within 24 h after admission to
the ICU. Clinical parameters for these patients were
recorded. The laboratory parameters, including the plate-
let count, prothrombin time (P'T), international normal-
ized ratio (INR), activated partial thromboplastin time
(APTT), fibrinogen, fibrin degradation product (FDP),
and D-dimer were the ‘initial data’ in the ICU (all blood
samples were obtained within 6 h after admission to ICU)
and measured in the clinical laboratory of our hospital.
The outcome measure was ICU mortality. The ethics
committee of our hospital approved this study.

Definitions and organ dysfunction assessments

The severity of illness of the patients was evaluated
according to the Acute Physiology and Chronic Health
Evaluation (APACHE) II score and the SOFA score,
which were determined within 24 h after admission to

the ICU. Sepsis 3.0 was defined according to the third
international consensus definitions for sepsis and septic
shock [16]. The ISTH DIC criteria, modified ISTH DIC
criteria, and new SIC criteria are listed in Table 1.
Emergency surgery was defined as less than 12h from
the end of the surgical operation to admission to the ICU.

Statistical analysis

Numerical values are presented as the median and inter-
quartile range, and categorical data are presented as
counts and frequencies. Between-group comparisons
were performed using the Mann—Whitney U test for
numerical data and the Chi-squared test or Fisher’s exact
test for categorical data as appropriate. Variables that had
a P value of less than 0.10 in the univariate analysis were
used to build the multivariate model. As SOFA criteria
are included in the SIC criteria, the APACHE II score
was used in the multivariate analysis. The predictive
accuracy of APACHE II, SOFA, ISTH, modified ISTH,
and SIC scores for mortality was explored by using the
receiver operating characteristic (ROC) curve and the
relative area under the curve (AUC). For each indicator,
different cutoff points were tested for sensitivity and
specificity. The correlation of DIC or coagulopathy cri-
teria with severity scores were tested using Pearson’s
correlation coefficients. A two-tailed P value less than
0.05 was considered to be statistically significant. Statis-
tical analyses were performed using SPSS version 20.0
software (SPSS, Chicago, Illinois, USA).

Results

Baseline characteristics of the patients

Table 2 shows the primary infection site in the study
population. Intra-abdominal infection was the main cause
of sepsis (174/252; 69%), and 58.3% (147/252) of patients
underwent emergency surgery within 12h prior to
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Table 2 The primary site of infection in study population

Total, N=252 (%) Survivors, N=143 (%) Nonsurvivors, N= 109 (%) P value

Site of infection Intra-abdominal 69.0 71.3 66.1 0.37
Pneumonia 10.7 4.2 19.3 <0.001
Urinary 4.4 5.6 2.8 0.274
Enterogenic 3.2 35 2.8 0.739

Esophageal rupture 2.4 2.8 1.8 0.62

Mediastinal abscess

Others 9.9 12.6 6.4 0.105

Emergency surgery 58.3 62.2 53.2 0.15

admission to the ICU. There were more patients with
pneumonia among nonsurvivors (P <0.001) compared
with survivors. The all-cause ICU mortality rate was
43.3% (109/252).

Comparison between survivors and nonsurvivors
among septic patients

Table 3 shows the comparison between survivors and
nonsurvivors among patients with sepsis. There were no
differences in age and sex between the two groups. The
initial APACHE II score and SOFA score were signifi-
cantly higher among nonsurvivors (P <0.0001). The
ISTH-DIC score, modified ISTH-DIC score, and
SIC score were all higher among nonsurvivors
(P <0.0001). Regarding hemostatic parameters, only
the fibrinogen level was not significantly different
between survivors and nonsurvivors (P =0.371). In con-
trast, platelet count was lower (P =0.002), and P'T’, INR,
APTT, FDP, and p-dimer were all higher among non-
survivors (P <0.05).

Univariate and multivariate analyses of ICU mortality

Univariate logistic regression analyses were performed to
examine the association between ICU mortality and each
variable (Table 4). A multivariate analysis using the enter
method of different models showed that the APACHE II
score (P<0.001), ISTH score (P=0.001), modified
ISTH score (P=0.001), and SIC score (P=0.007) were

all independently associated with ICU mortality

(Table 4).

Value of indicators in predicting ICU mortality

ROC curves were constructed to examine the perfor-
mance of indicators as predictors of ICU mortality, and
then the AUC for each indicator was calculated. The
AUC, sensitivity, and specificity of each indicator are
given in Fig. 1. SOFA score had the greatest power for
predicting ICU mortality, as suggested by the largest
AUC of 0.7434+0.030. The AUC for SIC score
(0.658 0.036) was less than that of ISTH or modified
ISTH score (0.684 +0.033), as shown in Fig. 1. The
sensitivity of SIC score (74.3%) was more than that of
ISTH (25.7%) or modified ISTH score (49.5%); however,
the specificity for SIC score (37.1%) was less than that of
ISTH (91.6%) or modified ISTH score (74.1%).

Correlation between different disseminated
intravascular coagulation scoring systems and severity
of disease

Table 5 shows the correlation between different DIC
scoring systems and severity of disease. There were
strong correlations between the SIC score and ISTH
score  (P<0.0001) and modified ISTH score
(P <0.0001). Moreover, SIC criteria correlated with the
APACHE 1II score (P=0.012) and SOFA score
(P<0.0001). Both the ISTH score and modified ISTH
score demonstrated similar results (Table 5).

Table 3 The comparison between survivors and nonsurvivors septic patients

Total, N=252 Survivors, N=143 Nonsurvivors, N=109 P value
Age (years) 5 (53.5-76) 3 (54-78) 68.00 (53-75) 0.574
Sex (male/female) 252 (147/105) (85/58) 109 (62/47) 0.68
APACHE Il 3(10-17) 2 (9-15) 15 (12-20) 0.000
SOFA 7 (6-9) 5(4-7) 8 (6-10) 0.000
PT (s) 6 (15-19) 6 (15-18) 17 (15-20) 0.014
INR 3 (1.2-1.6) 3 (1.2-1.5) 1.4 (1.2-1.7) 0.009
APTT (s) 46 8 (89.95-55.5) (89.9-52.2) 51.1 (40.1-60.6) 0.015
FIB (g/I) 9 (2.565-5.9) 7 (2.7-6.4) 4 (2.4-5.6) 0.371
p-Dimer (pg/ml) 4, 15 (2.75-8.25) 7 (2.3-7.1) 5.1 (38.1-10) 0.003
FDP (ug/ml) 8 (10-35) 5 (8.6—29) 22 (12-43) 0.003
Platelet count (x10°/1) 145 (95.5-218) (114-229) 119 (78-207) 0.002
ISTH 3 (2-4) (2-4) 3 (3-5) 0.000
Modified ISTH 3 (2-4) (2-4) 3 (3-4) 0.000
SIC 4 (3-5) (8-4) 5 (3-6) 0.000

APACHE, Acute Physiology and Chronic Health Evaluation; APTT, activated partial thromboplastin time; FIB, fibrinogen; FDP, fibrin degradation product; INR, international
normalized ratio; ISTH, International Society on Thrombosis and Haemostasis; PT, prothrombin time; SIC, sepsis-induced coagulopathy; SOFA, sequential organ failure

assessment.
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Table 4 The univariate and multivariable analyses of ICU mortality

Multivariate
Univariate Model-1, Model-2, Model-3,
ISTH modified ISTH SIC
Predictor P value OR 95% CI P value P value P value
Age (years) 0.556 1.005 0.989 1.021
Sex 0.683 0.900 0.543 1.492
APACHE I 0.000 1.140 1.082 1.202 0.000 0.000 0.000
SOFA 0.000 1.322 1.199 1.458
PT (s) 0.023 1.078 1.011 1.150 0.258 0.277 0.318
INR 0.025 1.873 1.081 3.247 0.351 0.347 0.369
APTT (s) 0.018 1.010 1.002 1.018 0.215 0.208 0.303
FIB (g/!) 0.252 0.936 0.836 1.048
p-Dimer (ug/ml) 0.006 1.074 1.020 1.131 0.478 0.483 0.149
FDP (p.g/ml) 0.017 1.011 1.002 1.020 0.337 0.350 0.327
Platelet count (x10°%/1) 0.015 0.997 0.994 0.999 0.404 0.388 0.809
ISTH 0.000 1.609 1.332 1.943 0.001
Modified ISTH 0.000 1.614 1.333 1.953 0.001
SIC 0.000 1.625 1.302 2.027 0.007

APACHE, Acute Physiology and Chronic Health Evaluation; APTT, activated partial thromboplastin time; Cl, confidence interval; FIB, fibrinogen; FDP, fibrin degradation
product; INR, international normalized ratio; ISTH, International Society on Thrombosis and Haemostasis; PT, prothrombin time; SIC, sepsis-induced coagulopathy;

SOFA, sequential organ failure assessment.

Comparison of the new sepsis-induced coagulopathy
score with the International Society on Thrombosis and
Haemostasis disseminated intravascular coagulation
score and modified International Society on Thrombosis
and Haemostasis disseminated intravascular
coagulation score

Table 6 shows the differences in diagnosis of sepsis-
associated DIC using the different criteria. A total of

Fig. 1

67.9% of patients were diagnosed as having SIC, whereas
15.9 and 36.1% patients met the ISTH criteria and the
modified ISTH criteria for DIC, respectively. In ICU
survivors, 62.9% were diagnosed as having SIC, whereas
8.4 and 25.9% met the ISTH criteria and the modified
ISTH criteria for DIC, respectively. In nonsurvivors,
74.3% were diagnosed as having SIC, whereas 25.7 and
49.5% met the ISTH criteria and the modified ISTH

== APACHE Il
~—— SOFA
===ISTH

~ Modified ISTH
—SsIC
- Reference Line

0.0 T T T T
0.0 0.2 0.4 06 0.8 1.0
1 - Specificity
Area under Confidence Positive if
Variable(s) curve (AUC) P-value | interval (95%) greater than Sensitivity Specificity
APACHEII 709 .000 0.645-0.772 14.60 59.6% 72.0%
SOFA 743 000 0.683-0.802 10.50 21.1% 92.3%
ISTH 684 .000 0.619-0.750 4.50 25.7% 91.6%
Modified ISTH .684 .000 0.619-0.750 3.50 49.5% 74.1%
SiC 658 000 0.588-0.728 3.50 74.3% 37.1%

Receiver operating characteristic curve of indicators for prediction of mortality. Receiver operating characteristic curves were constructed to examine
the performance of indicators as predictors of ICU mortality, and then the area under the curve for each indicator was calculated. The area under the
curve, sensitivity, and specificity of each indicator are given. APACHE, Acute Physiology and Chronic Health Evaluation; ISTH, International Society
on Thrombosis and Haemostasis; SIC, sepsis-induced coagulopathy; SOFA, sequential organ failure assessment.
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Table 5 The correlation analyses between different scoring
systems and severity of disease

ISTH Modified SIC

APACHE  SOFA score ISTH score score
APACHE 1.000 0.540% 0.224° 0.223% 0.158°
SOFA 0.540° 1.000 0.402° 0.402° 0.450°
ISTH score 0.224*% 0.402* 1.000 0.998% 0.631%
Modified ISTH score 0.223% 0.402* 0.998° 1.000 0.628%
SIC score 0.158° 0.450° 0.6312 0.628° 1.000

APACHE, Acute Physiology and Chronic Health Evaluation; ISTH, International
Society on Thrombosis and Haemostasis; SIC, sepsis-induced coagulopathy;
SOFA, sequential organ failure assessment. 2 Correlation is significant at the
0.01 level (two-tailed). ® Correlation is significant at the 0.05 level (two-tailed).

criteria for DIC, respectively. Compared with ICU sur-
vivors, more nonsurvivors were diagnosed with DIC
using the ISTH criteria and the modified ISTH criteria
(P <0.001). In contrast, there was no significant differ-
ence in the proportion of patients with SIC between the
two groups (P=0.055).

Discussion

The current study retrospectively evaluated the SIC,
ISTH DIC, and modified ISTH DIC diagnostic criteria
in patients with sepsis 3.0. All three diagnostic criteria for
sepsis-associated DIC or coagulopathy were related to
severity of disease and poor outcome. The SOFA score
had the greatest power for predicting ICU mortality, and
the SIC score had lower predictive power than the ISTH
or modified ISTH score. There were more patients
diagnosed as having SIC than there were patients diag-
nosed as having DIC using the modified ISTH score.
More nonsurvivors were diagnosed as having DIC using
the ISTH criteria and the modified ISTH criteria. How-
ever, there was no significant difference in the proportion
of patients with SIC between the survivors and nonsur-
vivors. A multivariate analysis showed that the APACHE
II score, ISTH score, modified ISTH score, and SIC score
were all independently associated with ICU mortality. In
contrast, no single traditional coagulation index was cor-
related with outcome.

The SIC score was developed on the basis of logistic
regression analyses in a study by Iba ez /. [17]. The
dataset in that study was obtained from a postmarketing
survey performed between 2008 and 2010, when sepsis
was defined on the basis of SIRS criteria [18]. The

platelet count, P'T ratio, and four items in SOFA (respi-
ratory, cardiovascular, hepatic, and renal SOFA) were
independent predictors of 28-day mortality [17]. Based
on the three variables, SIC was defined as a total score of 4
or more (Table 1) [17]. They also reported that the SIC
score performed better than the JAAM-DIC score in
predicting 28-day mortality [17]. Similar to the study
of Iba ez al. [17], we found that the SIC score, as well
as the ISTH score and modified ISTH score, were
independently associated with ICU mortality in patients
with sepsis 3.0.

The FDP criterion was eliminated from SIC criteria, as
the FDP level was not significantly different between
survivors and nonsurvivors [17]. In contrast, many previ-
ous studies showed that fibrinolysis-related markers
(FDP or pD-dimer) were independently associated with
mortality in patients with sepsis [19,20]. In our current
study, both FDP and pD-dimer were significantly different
between ICU survivors and nonsurvivors; however, nei-
ther was identified as an independent prognostic factor
for patients with sepsis. It is not clear which factors
contribute to the difference between studies, but it
may be related to the differences in the diseases and
populations in each study. Similarly, in the study of Iba
et al. [17], the value of PT'-INR and the platelet count on
admission to the ICU were significantly associated with
28-day mortality, and both were used in the SIC criteria.
In the current study, no single traditional coagulation
index (e.g., PT, INR, and platelet count) was correlated
with ICU mortality of patients with sepsis; nevertheless,
combinations of several conventional coagulation tests
(e.g., ISTH score, modified ISTH score, and SIC score)
were independent predictors of outcome.

In line with a previous study [21], the results of the
current study showed that the plasma fibrinogen level
was not significantly different between ICU survivors and
nonsurvivors, with a fibrinogen level less than 1.0 g/l only
occurring in 2.4% (6/252) of patients with sepsis. Unlike
traumatic coagulopathy, the fibrinogen level in sepsis,
especially in early sepsis, does not decrease and may even
increase [12]. However, once the fibrinogen level in
patients with sepsis appears to be significantly lower, it
may indicate the formation of a large amount of micro-
thrombi in the microcirculation; this occurs when there
is a shift from hypercoagulability to consumption

Table 6 The differences of diagnosis of sepsis-associated disseminated intravascular coagulation/coagulophathy using the different

criteria

Variable(s) Total, N=252 (%) Survivors, N= 143 (%) Nonsurvivors, N= 109 (%) P value

ISTH <5 84.1 91.6 74.3 <0.001
>b5 15.9 8.4 25.7

Modified ISTH <4 63.9 741 50.5 <0.001
>4 36.1 25.9 49.5

SIC <4 32.1 37.1 25.7 0.055
>4 67.9 62.9 74.3

ISTH, International Society on Thrombosis and Haemostasis; SIC, sepsis-induced coagulopathy.
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coagulopathy and often suggests a poor prognosis. There-
fore, fibrinogen level was not incorporated as an indicator
in the JAAM standard. Accordingly, we revised the ISTH
criteria to remove fibrin level from the ISTH, and the
results showed that the modified ISTH score was com-
parable with that of the original ISTH in predicting ICU
mortality; however, the modified ISTH was more sensi-
tive than the original ISTH in the diagnosis of overt DIC
(more patients with sepsis met the modified ISTH crite-
ria for DIC compared with the original ISTH criteria: 36.1
vs. 15.9%, respectively). Therefore, we speculate that the
modified ISTH criteria may be helpful in the early
detection and guidance of anticoagulant therapy for
sepsis-associated DIC. We plan to conduct a subsequent
prospective clinical study to evaluate further the useful-
ness of the modified ISTH score.

In the current study, 67.9% of patients with sepsis 3.0
were diagnosed as having SIC; moreover, there was no
significant difference in the proportion of patients with
SIC between ICU survivors and nonsurvivors (P = 0.055).
In contrast, 36.1 and 15.9% of patients met the ISTH
criteria and the modified ISTH criteria for DIC, respec-
tively. We considered that SIC criteria might be too
sensitive to distinguish which patients could benefit from
anticoagulant therapy. There are several reasons why the
majority of patients scored as coagulopathy-positive using
SIC. First, unlike the modified ISTH score, the SIC and
ISTH scores are very different; there are only two labo-
ratory parameters (P'T" and platelets) that are same in the
SIC and ISTH criteria. Second, SIC is sepsis induced
‘coagulopathy’ and ‘coagulopathy’ is common in patients
with sepsis [17,22]. DIC is a severe subtype of coagulo-
pathy, and so more patients scored as coagulopathy-
positive using SIC, in contrast to ISTH. Third, the
SIC criteria includes the SOFA score, and the disease
severity of patients included in this study was high. For
the diagnosis of sepsis 3.0, SOFA or ASOFA more than 2
is acceptable; however, the average SOFA value of the
patients included in this study was 7. Taken together,
further research needs to identify whether the SIC score
or modified ISTH score can guide anticoagulant therapy
in sepsis.

As a new diagnostic standard, the important value of SIC
criteria is that they introduce SOFA into the diagnostic
system of sepsis-associated DIC or coagulopathy. In the
previously existing DIC scoring systems, only the JMHW
criteria incorporate organ dysfunction, but the weight is
not high (Table 1). In contrast, there is no organ function
score in the ISTH and JAAM scores. In general, sepsis-
associated DIC is the result of an interaction of infection-
induced inflammation and coagulation and involves
neutrophils, platelets, and endothelial cells [8,9,23].
Activation of the coagulation system, weakening of
anticoagulation system, and inhibition of the fibrinolytic
system are characteristics of early hypercoagulability in
sepsis [8,24,25]. Sepsis later causes a series of abnormal

Fig. 2
Sepsis
it S - o 1
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1
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i - _ 2Glycocalyx )
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PAI-1; Antithrombin
D-dimer: FDP Thrombin-antithrombin complex
INR:A Soluble fibrin
PLINRAPTT Prothrombin fragment 1+2
l T T
Organ dysfunction: SOFA

Platelet count

The ideal scoring system for sepsis-associated disseminated
intravascular coagulation or coagulopathy. ADAMTS-13, a disintegrin
and metalloproteinase with a thrombospondin type 1 motif, member 13;
APTT, activated partial thromboplastin time; DIC, disseminated
intravascular coagulopathy; FDP, fibrin degradation product; INR,
international normalized ratio; NET, neutrophils form extracellular trap;
PAI-1, plasminogen activator inhibitor-1; PT, prothrombin time; SOFA,
sequential organ failure assessment; sTLT-1, serum triggering receptor
expressed on myeloid cells-like transcript-1; vWF, von Willebrand
factor.

coagulation functions and changes in related molecular
markers. Sepsis-associated DIC ultimately causes micro-
thrombosis, microcirculation disorders, and organ dys-
function. Therefore, we believe that the ideal DIC
scoring system should include DIC-related molecular
biomarkers (endothelial cells, neutrophils, platelets), tra-
ditional coagulation-related indicators, novel coagula-
tion-related indicators, and organ function (SOFA
without platelet count) (Fig. 2).

From JMHW score to SIC score (Table 1), the DIC or
coagulopathy-related scoring systems have been devel-
oped on the basis of the traditional coagulation-related
indicators (platelet counts, P'I', APTT, p-dimer, FDP,
etc.). Following a deeper understanding of the coagula-
tion pathway, new markers related to the coagulation—
anticoagulation—fibrinolysis system [plasminogen activa-
tor inhibitor-1, antithrombin (AT) III, soluble fibrin,
thrombin—AT complex, prothrombin fragment 1+ 2,
etc.] were developed and gradually implemented to
evaluate sepsis DIC or coagulopathy [1,26,27]. In 2016,
Japanese scholars proposed another new DIC diagnostic
strategy, which classifies DIC according to different dis-
eases and sets different scoring criteria [1]. AT, soluble
fibrin, the thrombin—AT complex, and prothrombin frag-
ment 1 4+ 2 measures were added in the infection-related
DIC scoring system [1].

Due to the important role of endothelial cells, platelets,
and neutrophils in septic DIC, more and more attention
has been focused on cell-related molecular markers in
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recent years [28,29]. The glycocalyx of endothelial cells is
destroyed in sepsis, and the components of the glycoca-
lyx, such as syndecan-1, increase in the plasma. The level
of syndecan-1 in plasma may predict the occurrence of
DIC, and was significantly associated with mortality of
septic patients [30]. In sepsis, von Willebrand factor
(vWF) is mainly expressed by endothelial cells and is
released from platelets to promote the aggregation and
adhesion of platelets, and the generation of thrombosis
[29,31]. A disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13 is a metallo-
proteinase enzyme that cleaves vVWF, and its level in
plasma is reduced in sepsis, which is also significantly
associated with an increased risk of mortality [32,33]. In
addition, the specific marker of platelet activation (serum
triggering receptor expressed on myeloid cells-like tran-
script-1) and the expression of P-selectin in platelets and
endothelial cells have also been reported to be associated
with sepsis DIC [29,34,35]. P-selectin in platelets is also
involved in the formation of neutrophils form extracellu-
lar traps (NE'T's) [29]. NE'T's have a significant effect on
promoting coagulation, and the content of NET's-related
substances in the plasma of patients with septic DIC is
significantly increased [36,37]. However, these markers
require further studies to clarify their value in sepsis-
associated DIC and prognosis (Fig. 2).

The current study has limitations. It was a retrospective
study, and the cases included were mainly patients with
abdominal infection and emergency surgery. Moreover,
the study included cases with high disease severity (mean
SOFA score ~7) and high ICU mortality (43.3%). These
limitations might introduce bias in the results. We plan to
conduct a subsequent prospective, multicenter study to
further evaluate the value of the three scoring criteria in
patients with sepsis 3.0.

In conclusion, the ISTH score, modified ISTH score, and
SIC score for sepsis-associated DIC or coagulopathy at
the time of ICU admission were related to the severity
and poor outcome of disease and were independent risk
factors for ICU mortality of patients with sepsis 3.0.
However, in this study, compared with ISTH score
and modified ISTH score, SIC score showed no advan-
tage in diagnosing sepsis associated coagulopathy or DIC.
The application of these three criteria in patients with
sepsis 3.0 needs further evaluation.
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