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Purpose: We investigated the epidemiology and outcome of disseminated intravascular coagulation (DIC) in pa-
tients with sepsis.

Materials and methods: We analyzed data from a multicenter observational study (Japan Septic Disseminated In-
travascular Coagulation [JSEPTIC-DIC] study) conducted in 42 intensive care units in Japan. DIC scores were cal-
culated using two scoring systems: the International Society on Thrombosis and Haemostasis (ISTH) and
Japanese Association for Acute Medicine (JAAM) criteria. We compared demographics and clinical characteristics
of patients with and without DIC, and performed multivariable logistic regression analyses to assess the associ-
ation of diagnosis and scores for DIC with in-hospital mortality.

Results: Of 1895 eligible patients, 1162 (61%) and 554 patients (29%) were diagnosed as having DIC by the JAAM
and ISTH criteria, respectively. Patients with DIC had higher in-hospital mortality compared with those without
DIC (33% vs. 20% in JAAM and 38% vs. 24% in ISTH). However, in multivariable analysis, the JAAM score (odds ratio
1.026, 95% confidence interval 0.958-1.097; p = 0.465) and the ISTH score (odds ratio 1.049, 95% confidence in-
terval 0.969-1.135; p = 0.238) did not have an independent association with in-hospital mortality.
Conclusions: Patients with sepsis and DIC have high mortality. However, the DIC are not independently associated

with in-hospital mortality.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Disseminated intravascular coagulation (DIC) is a common compli-
cation of sepsis [1-3]. It has been demonstrated that the proportion of
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tion; FDP, fibrinogen degradation products; ICU, intensive care unit; ISTH, International
Society on Thrombosis and Haemostasis; JAAM, Japanese Association for Acute
Medicine:; OR, Odds ratios; PT-INR, prothrombin time-international normalized ratio;
ROC, receiver operating characteristic; RRT, renal replacement therapy; SIRS, systemic in-
flammatory response syndrome; SOFA, Sequential Organ Failure Assessment; VIF,
Variance inflation factor;; WBC, white blood cell.
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DIC in critically ill patients progressively increased from systemic in-
flammatory response syndrome (SIRS) to sepsis, severe sepsis, and sep-
tic shock [3]. DIC associated with sepsis has been considered as a
syndrome that should be diagnosed and treated early [2] and several in-
terventions have been studied [4,5]. However, none of such studies have
been shown to consistently improve outcomes. One of the reasons why
treatment for DIC has not been found might be related to diagnosis of
DIC.

In general, to assess whether a specific treatment for a syndrome im-
proves patient outcome, diagnostic criteria meeting following three
conditions are considered to be important: they should be readily avail-
able and easy to use, have diagnostic accuracy, and display prognostic
value [6]. The International Society on Thrombosis and Haemostasis
(ISTH) established the first international diagnostic criteria for overt
DIC in 2001 [7]. Afterwards, to facilitate the identification of and early
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interventions for DIC, the Japanese Association for Acute Medicine
(JAAM) proposed new diagnostic criteria in 2006 [8]. Although these
two criteria have been validated by several studies, validation of DIC di-
agnostic criteria is not an easy task because there is no gold standard for
the diagnosis [9-11].

One way to validate DIC diagnostic criteria is to evaluate their ability
to predict mortality. However, the accuracy for mortality prediction
with these two diagnostic criteria has not been sufficiently validated
in patients with sepsis. Moreover, only a few studies have investigated
the epidemiology of septic patients complicated with DIC. Accordingly,
using a large multicenter database, we have two aims in this study: to
describe the epidemiology of DIC in patients with sepsis, and to assess
the two sets of criteria for their independent association with mortality
and their ability to predict mortality.

2. Materials and methods

We conducted this investigation as part of a multicenter retrospec-
tive observational study (Japan Septic Disseminated Intravascular Coag-
ulation [JSEPTIC-DIC] study), which was performed in 42 ICUs and 40
institutions in Japan (University Hospital Medical Information Network
Individual Clinical Trials Registry (UMIN-CTR) 000012543, http://www.
umin.ac.jp/icdr/index-j.html) [12,13]. In short, this study concluded
that anticoagulant therapy may be effective in sepsis-induced DIC pa-
tients at high risk for death, and that recombinant human soluble
thrombomodulin administration and antithrombin supplementation
are associated with survival benefits in patients with sepsis-induced
DIC [13]. The Institutional Review board of each participating hospital
(Additional file) approved the study protocol, and the need for informed
consent was waived because of the retrospective design of the study.

2.1. Study patients and data collection

All patients who were admitted to the participating ICUs between
January 2011 and December 2013 were screened retrospectively. Pa-
tients were eligible for the study if they had a known or suspected infec-
tion on the basis of clinical data and met the following criteria at the
time of ICU admission: two or more signs of systemic inflammation
and at least one sepsis-induced organ dysfunction, and 16 years of age
or older. We excluded patients who had pre-existing hemostatic disor-
der (liver cirrhosis or failure, hematopoietic malignancy, recent irradia-
tion, chemotherapy or anticoagulant therapy), following the exclusion
criteria in the previous validation studies [8,14]. We also excluded pa-
tients with missing variables necessary to calculate the JAAM and ISTH
DIC scores (systemic inflammatory response syndrome (SIRS) score
[15], platelet, prothrombin time-international normalized ratio (PT-
INR), fibrinogen degradation products (FDP) or D-dimer, and fibrino-
gen) measured on ICU admission.

We collected demographic data (age, sex, body weight); admission
route to the ICU; pre-existing organ dysfunction; Acute Physiology
and Chronic Health Evaluation (APACHE) II score [16]; Sequential
Organ Failure Assessment (SOFA) score [17] and SIRS score on the ICU
admission day; primary infection sites (clinically defined by attending
physicians); blood culture results; isolated microorganisms; laboratory
tests (white blood cell (WBC) counts, platelet counts, hemoglobin, PT-
INR, fibrinogen, FDP, D-dimer, antithrombin and lactate level) on the
ICU admission day; bleeding complications during the first week after
ICU admission; duration of mechanical ventilation, renal replacement
therapy (RRT), and vasopressor therapy during the first 28 days after
ICU admission; ICU length of stay; and ICU and hospital mortality.

DIC scores were calculated using the two scoring systems on ICU ad-
mission: the ISTH and JAAM DIC criteria (Table 1) [7,8]. Patients with
DIC score > 5 points in ISTH-DIC criteria and patients with DIC score
> 4 points in JAAM-DIC criteria, respectively, were diagnosed as having
DIC. The threshold of FDP in the JAAM criteria was used as the fibrin-
related marker in the ISTH criteria: no increase, moderate increase,

Table 1
The scoring systems for DIC.

The JAAM scoring system Score The ISTH scoring Score
system

<50 x 10%/1 2

Platelet count <80 x 10%/1 or > 50% decrease 3
within 24 h
>80 <120 x 10°/1 or > 30% 1
decrease within 24 h

>50<100 x 1091 1

>120 x 10%/1 0 >100 x 10%/1 0
Prothrombin  (Value of patient/normal (Prolonged
time value) prothrombin time)
21.2 1 26s 2
<1.2 0 23<6s 1
<3s 0
Fibrin-related (Fibrin/fibrinogen
marker degradation products)
225 mg/l 3 Strong increase 3
>10 <25 mg/l 1 Moderate increase 2
<10 mg/1 0 No increase 0
SIRS score >3 1
0to2 0
Fibrinogen <100 mg/dl 1
level >100 mg/dl 0
DIC >4 points >5 points

DIC disseminated intravascular Coagulation, ISTH International Society on Thrombosis and
Haemostasis, JAAM Japanese association for acute medicine, SIRS systemic inflammatory
response syndrome.

and strong increase of the fibrin-related marker in the ISTH criteria
were defined as FDP <10, 210 < 25, 225 pg/ml, respectively. Event-free
days were defined as a number of days without events (mechanical
ventilation, RRT and vasopressor therapy) during the first 28 days if a
patient survived for at least 28 days or was discharged within 28 days
after ICU admission. If a patient died within 28 days after ICU admission,
event-free days were defined as a number of days without events while
the patient was alive.

2.2. Statistical analysis

We compared variables between patients with DIC (DIC group) and
without DIC (Non-DIC group). Quantitative parameters were reported
as medians and interquartile ranges (25th to 75th percentile) and
were compared using the Mann-Whitney U test. Qualitative parameters
were expressed as numbers and percentages and were compared using
the chi-square test or Fisher's exact test, as appropriate. We performed
four multivariable logistic regression analyses with the simultaneous
method to assess the impact of DIC diagnosis and DIC scores by the
two criteria on in-hospital mortality. Age, sex, body weight, pre-
existing organ dysfunction, admission route to the ICU, primary infec-
tion site, blood culture result, isolated microorganism, APACHE II
score, SOFA score, WBC, hemoglobin, and lactate level on ICU admission
were used as explanatory variables. SIRS score, platelet count, PT-INR,
Fibrinogen, FDP and D-dimer levels were not used as explanatory vari-
ables because they were used to calculate the DIC scores. Antithrombin
levels were also not used because the proportion of missing data was
high. Odds ratios (OR) and 95% confidence intervals (95% CI) were esti-
mated. Variance inflation factor (VIF) was calculated to check for
multicollinearity. Pearson's correlation coefficient was used to analyze
two-sided correlation between scores. To assess the performance of
APACHE II, SOFA and DIC scores to predict the in-hospital mortality,
the receiver operating characteristic (ROC) curves were computed and
quantified by calculating the area under the ROC curve (AUROC) and
95% CI. A P value of <0.05 was considered statistically significant. A
free available software (R 3.3.1,Vienna, Austria) was used for compari-
son between AUROCS, and a commercially available statistical package
(SPSS 19.0, IBM Corp., Armonk, NY, USA) was used for all other statisti-
cal analyses.
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3. Results

The JSEPTIC-DIC study included 3195 consecutive patients fulfilling
inclusion criteria. After excluding 529 patients who had pre-existing he-
mostatic disorder and 771 patients who had missing variables necessary
to calculate the DIC scores, we identified 1895 eligible patients. Table 2
lists demographics and clinical characteristics of these patients. One
thousand one hundred and sixty-two patients (61%) and 554 patients
(29%) were diagnosed as DIC in the JAAM and the ISTH criteria, respec-
tively, on ICU admission. APACHE Il and SOFA scores were higher in the
DIC group than the Non-DIC group for the JAAM criteria (APACHE II: 24
vs. 20, p < 0.001, SOFA: 10 vs. 8, p < 0.001) and the ISTH criteria
(APACHEII: 24 vs.21,p<0.001, SOFA: 12 vs. 8, p<0.001). Comorbidities
were similar between DIC and Non-DIC groups for both criteria. Patients
in the DIC group had lower platelet counts, higher PT-INR, higher FDP
and D-dimer compared with patients in the Non-DIC group for both
criteria (p < 0.001 for all comparisons). Other laboratory tests except
for WBC counts also showed statistically significant differences between
DIC and Non-DIC groups for both criteria.

Table 3 lists information regarding infection (primary infection site,
blood culture and isolated microorganism). Abdominal infection was
present in nearly one-third of both groups in the JAAM criteria (35%)
and the ISTH criteria (38%). Lung/thoracic infection was less common
in the DIC group than the Non-DIC group (JAAM: 19% vs. 34%, ISTH:
13% vs. 29%). In contrast, urinary tract infection was more common in
the DIC group (JAAM: 19% vs. 11%, ISTH: 22% vs. 13%). Patients in the
DIC group showed a higher blood culture-positive rate than the Non-
DIC group for both criteria (JAAM: 52% vs. 31%, p < 0.001, ISTH: 58%
vs. 38%, p < 0.001). Though gram-negative rods and gram-positive coc-
cus accounted for majority of isolated microorganism in both groups,
the proportion of gram-negative rods was higher in the DIC group

than the Non-DIC group for both criteria (JAAM: 42% vs. 30%, ISTH:
45% vs. 34%).

Table 4 lists outcomes of patients. Patients with DIC in the JAAM
criteria had more episodes of bleeding complications requiring transfu-
sion compared with patients without DIC (13% vs. 8%, p < 0.001),
whereas no significant difference was observed in the ISTH criteria
(12% vs. 11%, p = 0.370). For both criteria, all categories of 28 day-
free days were shorter in the DIC group than the Non-DIC group (p <
0.001 for all comparisons). Patients with DIC also demonstrated higher
ICU mortality and in-hospital mortality in the JAAM criteria (22% vs.
10%; P<0.001, 33% vs. 20%; P < 0.001, respectively) and the ISTH criteria
(25% vs. 14%; P < 0.001, 38% vs. 24%; P < 0.001, respectively).

Fig. 1 shows the relationship between APACHE II score (1A, 1C) /
SOFA score (1B, 1D) and the two DIC scores. The APACHE II score and
the SOFA score were significantly correlated with the JAAM score (r =
0.256; P < 0.001, r = 0.473; P < 0.001, respectively) and the ISTH
score (r = 0.232; P <0.001, r = 0.452; P < 0.001, respectively). Fig. 2
shows in-hospital mortality and the distribution of the number of pa-
tients for APACHE II score (2A), SOFA score (2B), JAAM DIC score (2C)
and ISTH DIC score (2D) on ICU admission. In all scoring systems, higher
scores were related to higher mortality. However, the slope of mortality
increase was less steep for the two DIC scores than the APACHE II and
SOFA scores.

Table 5 lists the results of multivariable logistic regression analysis
for in-hospital mortality. The models found that all four DIC related var-
iables (JAAM DIC score, ISTH DIC score, DIC diagnosis defined by the
JAAM DIC score > 4 points, DIC diagnosis defined by the ISTH DIC
score > 5 points) were not independently associated with an increased
risk of in-hospital death. All of the VIF values in these models were <4,
which indicates the absence of multicollinearity problems. The AUROC
for in-hospital mortality prediction of the JAAM DIC score (0.600; 95%

Table 2
Demographics and clinical characteristics of patients with and without DIC.
All patients JAAM ISTH
DIC Non DIC p DIC Non DIC p
Number of patients 1895 1162 (61) 733 (39) 554 (29) 1341 (71)
Age, year (n = 1895) 72 (62-80) 72 (62-80) 71 (61-80) 0.483 72 (61-80) 72 (62-80) 0.775
Male (n = 1895) 1120 (59) 657 (56) 463 (63) 0.004 309 (55) 811 (60) 0.058
Body weight, kg (n = 1858) 55 (47-65) 55 (47-65) 55 (48-65) 0.478 55 (46-65) 55 (47-65) 0.339
ICU admission route (n = 1895) 0.220 0.014
Emergency department 860 (45) 509 (43) 351 (47) 231 (41) 629 (46)
Hospital ward 468 (24) 296 (25) 172 (23) 161 (29) 307 (22)
Other hospital 567 (29) 357 (30) 210 (28) 162 (29) 405 (30)
Comorbidity (n = 1895)
Respiratory failure 73 (3) 42 (3) 31 (4) 0.498 20 (3) 53(3) 0.725
Heart failure 103 (5) 56 (4) 47 (6) 0.136 30(5) 73 (5) 0.980
Hemodialysis 151 (7) 100 (8) 51 (6) 0.197 53 (9) 98 (7) 0.099
Immunocompromised 202 (10) 124 (10) 78 (10) 0.984 56 (10) 146 (10) 0.617
APACHE Il score (n = 1894) 22 (17-28) 24 (18-29) 20 (15-26) <0.001 24 (19-31) 21 (16-27) <0.001
SOFA score (n = 1894) 9 (6-12) 10 (8-13) 8 (5-10) <0.001 12 (9-14) 8 (6-11) <0.001
SIRS score (n = 1895) 3(2-4) 3(3-4) 3(2-4) <0.001 3(3-4) 3(2-4) 0.004
JAAM DIC score (n = 1895) 4 (3-6) 6 (5-7) 2(1-3) <0.001 7 (6-8) 3(2-5) <0.001
ISTH DIC score (n = 1895) 4 (2-5) 4 (4-5) 2(1-3) <0.001 5(5-6) 3(2-4) <0.001
Laboratory test on ICU admission
WBC counts, 10%/L (n = 1895) 11.6 (5.4-18.6) 11.5 (4.6-18.7) 11.9 (7.4-18.6) 0.042 11.2 (43-18.2) 11.7 (6.3-18.7) 0.052
Platelet counts, 10%/L (n = 1895) 126 (70-199) 83 (50-148) 183 (136-246) <0.001 59 (37-87) 160 (108-228) <0.001
Hemoglobin, g/dL (n = 1894) 10.9 (9.2-12.7) 10.7 (9-12.6) 11.1 (9.6-12.8) 0.001 10.5 (8.8-12.2) 11.0 (9.4-12.9) <0.001
PT-INR (n = 1895) 1.3 (1.2-1.5) 14 (1.2-1.6) 1.2 (1.1-14) <0.001 1.6 (1.4-1.9) 12 (1.1-1.4) <0.001
Fibrinogen, mg/dL (n = 1895) 400 (274-568) 372 (244-524) 448 (330-617) <0.001 331 (198-477) 433 (310-591) <0.001
FDP, pg/mL (n = 1536) 20 (11-41) 31 (17-66) 11 (7-16) <0.001 45 (25-89) 15 (9-24) <0.001
D-dimer, pg/mL (n = 1648) 8.6 (4-20) 15.4 (7.7-30.8) 44 (24-7.2) <0.001 20.8 (11.9-40.1) 6.2 (3.2-11.7) <0.001
Antithrombin, % (n = 1259) 57 (45-72) 55 (44-68) 64 (50-79) <0.001 50 (39-60) 62 (49-76) <0.001
Lactate, mmol/L (n = 1747) 2.9 (1.7-5.5) 3.4 (2-6.7) 2.3 (14-4.1) <0.001 4(2.3-7.8) 2.5 (1.5-4.8) <0.001

Quantitative parameters are reported as median (interquartile range; 25th-75th percentile). Qualitative parameters are expressed as number (%).

APACHE II Acute Physiology and Chronic Health Evaluation II, DIC disseminated intravascular Coagulation, FDP fibrinogen degradation products, ICU intensive care unit, ISTH International
Society on Thrombosis and Haemostasis, JAAM Japanese association for acute medicine, PT-INR prothrombin time-international normalized ratio, SIRS systemic inflammatory response
syndrome, SOFA Sequential Organ Failure Assessment, WBC white blood cell.
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Table 3
Information for infection in patients with and without DIC.
All patients JAAM ISTH
DIC Non DIC p DIC Non DIC p
Number of patients 1895 1162 (61) 733 (39) 554 (29) 1341 (71)
Primary infection site <0.001 <0.001
Lung/thoracic 472 (24) 221 (19) 251 (34) 75 (13) 397 (29)
Abdomen 631 (33) 416 (35) 215 (29) 215 (38) 416 (31)
Urinary tract 310 (16) 228 (19) 82 (11) 127 (22) 183 (13)
Bone/soft tissue 242 (12) 130 (11) 112 (15) 54 (9) 188 (14)
Cardiovascular 42 (2) 32(2) 10(1) 18 (3) 24 (1)
Central nervous system 49 (2) 35(3) 14 (1) 19(3) 30 (2)
Catheter-related 20 (1) 14 (1) 6(0) 4(0) 16 (1)
Others 37 (1) 22 (1) 15(2) 10 (1) 27 (2)
Unknown 92 (4) 64 (5) 28 (3) 32 (5) 60 (4)
Blood culture <0.001 <0.001
Negative 965 (50) 513 (44) 452 (61) 223 (40) 742 (55)
Positive 834 (44) 606 (52) 228 (31) 313 (56) 521 (38)
Not taken 96 (5) 43 (3) 53(7) 18 (3) 78 (5)
Isolated microorganism <0.001 0.001
Gram-negative rods 716 (37) 492 (42) 224 (30) 250 (45) 466 (34)
Gram-positive-coccus 461 (24) 271 (23) 190 (25) 122 (22) 339 (25)
Fungus 30 (1) 15 (1) 15(2) 3(0) 27 (2)
Virus 16 (0) 8(0) 8 (1) 3(0) 13 (0)
Mixed infection 242 (12) 132(11) 110(15) 58 (10) 184 (13)
Others 30 (1) 2(1) 8 (1) 7(1) 23 (1)
Unknown 400 (21) 222 (19) 178 (24) 111 (20) 289 (21)

Qualitative parameters are expressed as number (%).
DIC disseminated intravascular Coagulation, ISTH International Society on Thrombosis and Haemostasis, JAAM Japanese association for acute medicine.

Cl, 0.572-0.627) and the ISTH DIC score (0.602; 95% CI, 0.575-0.630)
were significantly lower than that of APACHE II score and SOFA score
(All P < 0.001). AUROCs of the APACHE II score (0.712; 95% (I,
0.687-0.737) and SOFA score (0.708; 95% CI, 0.682-0.734) were not sig-
nificantly different (P = 0.739) (Fig. 3).

3.1. Supplemental analysis

As supplemental analysis, we repeated all analyses presented above
by including patients who had missing variables to calculate the JAAM
and ISTH DIC scores (SIRS, platelet, INR, FDP or D-dimer, and fibrinogen)
and assigning zero for missing variables. 2666 patients were included
for this analysis. Results of the analysis were essentially similar to the
main findings (Additional file: Tables S1 to S4 and Figs. S1 to S3).

4. Discussion
4.1. Key findings

We have observed that 61% and 29% of eligible patients with sepsis
were diagnosed as having DIC on ICU admission by the JAAM and ISTH
criteria, respectively. There were significant differences in demo-
graphics and clinical characteristics of patients between patients with
and without DIC. Patients with DIC diagnosed by the two criteria had
higher severity and in-hospital mortality than patients without DIC.
The two DIC scores showed positive correlations with the APACHE Il
and SOFA scores. However, on multivariable regression analysis, the
DIC scores and DIC diagnosed by two criteria were not statistically asso-
ciated with in-hospital mortality. Moreover, on ROC curve analysis, the

Table 4
Outcome of patients with and without DIC.
All patients JAAM ISTH
DIC Non DIC p DIC Non DIC p
Number of patients 1895 1162 (61) 733 (39) 554 (29) 1341 (71)
Bleeding complications
Transfusion required 220 (11) 157 (13) 63 (8) 0.001 70 (12) 150 (11) 0.370
Intervention required 28 (1) 21 (1) 7 (0) 0.134 10(1) 18 (1) 0.448
Intracranial hemorrhage 11 (0) 9(0) 2(0) 0.161 3(0) 8(0) 0.886
Bleeding to death 2(0) 2(0) 0(0) 0.261 2(0) 0(0) 0.028
ICU length of stay, days 7 (4-14) 7 (4-14) 7 (4-14) 0.852 7(3—13) 8 (4-15) 0.002
Mechanical ventilation 1384 (73) 858 (73) 526 (71) 0.321 411 (74) 973 (72) 0.467
Renal replacement therapy 707 (37) 512 (44) 195 (26) <0.001 284 (51) 423 (31) <0.001
Vasopressor 1453 (76) 957 (82) 496 (67) <0.001 479 (86) 974 (72) <0.001
28 day-free days
ICU-free days 18 (0—23) 6 (0—22) 19 (8-23) <0.001 15 (0-22) 8(3—23) <0.001
Ventilator-free days 1(6-27) (2-27) 23 (14-28) <0.001 19 (1-26) 22 (9-28) <0.001
RRT-free days 8 (16-28) 26 (9-28) 28 (24-28) <0.001 24 (4-28) 8 (21-28) <0.001
Vasopressor-free days 4 (16-27) (11-26) 25 (21-28) <0.001 22 (3-26) 25 (19-27) <0.001
ICU mortality 340 (17) 261 (22) 79 (10) <0.001 143 (25) 197 (14) <0.001
In-hospital mortality 541 (28) 394 (33) 147 (20) <0.001 213 (38) 328 (24) <0.001

Quantitative parameters are reported as median (interquartile range; 25th-75th percentile). Qualitative parameters are expressed as number (%).
DIC disseminated intravascular coagulation, ICU intensive care unit, ISTH International Society on Thrombosis and Haemostasis, JAAM Japanese association for acute medicine, RRT renal

replacement therapy.
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Fig. 1. Relationship between APACHE II score (A and C) / SOFA score (B and D) and the JAAM (A and B) and ISTH (C and D) DIC scores on ICU admission. APACHE I Acute Physiology and
Chronic Health Evaluation II, DIC Disseminated Intravascular Coagulation, ICU Intensive Care Unit, ISTH International Society on Thrombosis and Haemostasis, JAAM Japanese Association

for Acute Medicine, SOFA Sequential Organ Failure Assessment.

discrimination ability of the two DIC scores to predict in-hospital mor-
tality was significantly lower than APACHE Il and SOFA scores.

4.2. Epidemiology of DIC in sepsis

DIC has been considered as a frequent complication of sepsis [1-
3]. Several studies have reported the epidemiology of DIC in sepsis
using established DIC criteria. However, studies to date have been
mostly restricted to specific patients, e.g., with low platelet counts
[10,14]. Angstwurm et al. reported the prevalence of 13% for overt
DIC diagnosed by the ISTH criteria in 232 patients admitted to a sin-
gle ICU [18]. In a large randomized trial of 1690 patients with severe
sepsis, 29% had overt DIC diagnosed by the ISTH criteria at study
entry, with higher in-hospital mortality of 37% compared with 25%
in septic patients without DIC [19]. Using the JAAM criteria, Ogura
et al. studied the prevalence of DIC in patients with severe sepsis
[20]. This study reported that 292 out of 634 (46.8%) patients with
severe sepsis had DIC, also with higher in-hospital mortality of 38%
compared with 22% in septic patients without DIC [11]. Our study re-
sults confirm the previous findings that, using consensus criteria, DIC
is a common condition coexisting in sepsis, with high associated
mortality.

4.3. Significance of DIC scores in sepsis

Several prior studies have shown that the DIC score was an impor-
tant predictor of sepsis outcome. For example, a multicenter survey of
severe sepsis in Japan showed that the JAAM DIC score was an indepen-
dent predictor of 28-day mortality though the severity of patients was
not included as an adjustment variable [11]. We assessed the difference
of prognostic impact between the DIC scores and general severity of pa-
tients, and found that the two DIC scores were significantly correlated
with the APACHE Il and SOFA scores (Fig. 1) and related to higher mor-
tality (Fig. 2). However, the slope of mortality increase was less steep for
the two DIC scores than the APACHE Il and SOFA scores (Fig. 2). Further-
more, the AUROC of the two DIC scores was nearly 0.6, lower than the
APACHE II and SOFA scores (Fig. 3). These results, as well as the lack of
independent association with in-hospital mortality on multivariable re-
gression analysis, including severity scores, imply that the prognostic
value of the DIC scores might be small and mainly dependent on the
general illness severity of patients (represented by the APACHE I and
SOFA scores). The reason why our findings are in contradiction with
other previous studies might be that most of the previous studies did
not include general severity scores in their multivariable analysis, ex-
cept one small retrospective study [21]. Thrombocytopenia in patients
with severe sepsis are not only caused by DIC but also by various
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Table 5

Multivariable logistic regression analyses for in-hospital mortality.

0Odds ratio (95%CI) p-value

Model 1

APACHE II score 1.030 (1.011-1.051) 0.002
SOFA score 1.153 (1.101-1.208) <0.001
JAAM DIC score 1.032 (0.963-1.106) 0.369
Model 2

APACHE II score 1.031 (1.011-1.051) 0.002
SOFA score 1.149 (1.099-1.202) <0.001
DIC diagnosed by JAAM 1.331 (0.995-1.781) 0.054
Model 3

APACHE II score 1.033 (1.013-1.053) 0.001
SOFA score 1.149 (1.098-1.203) <0.001
ISTH DIC score 1.050 (0.969-1.137) 0.232
Model 4

APACHE II score 1.032 (1.012-1.053) 0.001
SOFA score 1.153 (1.102-1.207) <0.001
DIC diagnosed by ISTH 1.125 (0.838-1.511) 0.432

APACHE II Acute Physiology and Chronic Health Evaluation II, CI confidential interval, DIC
disseminated intravascular coagulation, ISTH International Society on Thrombosis and
Haemostasis, JAAM Japanese association for acute medicine, SOFA Sequential Organ Failure
Assessment. Other explanatory variables: age, sex, body weight, pre-existing organ dys-
function, admission route to the ICU, primary infection site, blood culture result, isolated
microorganism, white blood cell, hemoglobin, and lactate level on ICU admission.

conditions [22]. Many patients with severe thrombocytopenia and sep-
sis do not fulfill the criteria for overt DIC [23]. Therefore, thrombocyto-
penia not due to true DIC may distort the relation between the DIC
score and prognosis.

The JAAM criteria include the SIRS score. However, many studies
have shown that the presence of SIRS is nearly ubiquitous in hospital-
ized patients and occurs in many benign conditions, and is not specific
for inflammation [24-26]. The new sepsis definition (SEPSIS 3) pub-
lished recently no longer includes SIRS criteria [27]. In addition, al-
though both the JAAM and ISTH criteria have each cutoff point for DIC
diagnosis (JAAM >4, ISTH >5, respectively), the mortality in our present
study seems to increase linearly with each additional point from O to 8
without any thresholds to distinguish patient outcome (Fig. 2). This
finding is similar to SIRS criteria for sepsis, which did not define any spe-
cific transition point for mortality [24].

4.4. Comparison of two DIC criteria

We found remarkable difference in the incidence rate between the
two criteria (29% by ISTH and 61% by JAAM). Several previous studies,
although smaller than ours, have also compared ISTH and JAAM DIC
criteria. For example, Singh et al. studied 148 blood samples from 42 pa-
tients with platelet count of <150 x 10%/L [10]. They found that JAAM
was positive in 119 samples (80.4%) and ISTH was positive in 54 sam-
ples (36.5%). Takemitsu et al. studied 413 patients with different
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underlying diseases, and found that 143 (34.6%) and 291 (70.5%) had
DIC according to the ISTH and JAAM criteria [28]. Gando et al. studied
166 septic patients with sepsis-related DIC according to the JAAM DIC
criteria [9]. Among the study patients, only 67 patients met the ISTH
DIC criteria (40.3%). Therefore, all these studies, including ours, found
that the incidence rate of DIC diagnosed with the JAAM criteria is
more than double of that with the ISTH criteria.

Since the criteria of the two scores are similar (both use platelet
count, prothrombin time and fibrin/fibrinogen degradation products)
but different (JAAM includes SIRS, ISTH includes fibrinogen), it is diffi-
cult to explore why these two criteria show such remarkable difference
in the incidence rate of DIC [29]. Nonetheless, such difference will make
conducting clinical research difficult (e.g., patient inclusion for random-
ized studies, comparisons for results of various studies) and might be-
come a barrier for future studies.

4.5. Implications for future research

Our findings suggest that current DIC diagnosis criteria need further
modification to meet the condition of displaying prognostic values. Re-
cently several studies have suggested that new biomarkers might be
useful for early assessment of sepsis-induced DIC [30,31]. These new
biomarkers may be important keys to revise DIC diagnostic criteria in
future. Recently, modification of the JAAM DIC score (replacing SIRS
with antithrombin levels <70%) have been suggested [32]. Further stud-
ies are needed to more properly identify patients with true sepsis-
induced DIC.

4.6. Study strengths and limitations

The present study has several strengths. It has the largest sample
size among studies reporting the epidemiology of DIC in patients with
sepsis so far. We focused on patients without diseases or conditions
that might mimic DIC diagnosis to exactly assess the association and
predictive value of sepsis-induced DIC. In addition, this is the first
study to demonstrate that the prognostic impact of DIC scores on out-
come is weak when prediction is adjusted according to established ill-
ness severity scores.

There are also several limitations in the present study. First, this
study is retrospective in design. We could not control for all confound-
ing factors when evaluating the prognostic accuracy of the DIC scores.
However, we entered clinical characteristics of patients including infec-
tion details and severity of illness. Second, this study may have some se-
lection biases because we excluded patients who had missing variables
necessary to calculate the DIC scores. Thus, we performed a supplemen-
tary analysis including patients with missing variables and found similar
results. Third, anti-DIC drugs such as recombinant human soluble
thrombomodulin and antithrombin are approved and widely used as
DIC treatment in Japan [12,13]. Although there is limited clinical evi-
dence supporting the use of these drugs for DIC, they might have influ-
enced the results of the present study [12,33]. Forth, the new definition
for sepsis (SEPSIS-3) has been published after data collection of our
study finished [27]. However, we do not have information for the base-
line SOFA score to define sepsis using SEPSIS-3. Assuming the baseline
of zero, 98.5% of the study patients had the SOFA score of two or
more, suggesting that the study results would be quite similar even if
we used the different definition for sepsis.

5. Conclusions

We have conducted a multicenter retrospective observational study
with a large sample size to investigate the epidemiology of DIC in pa-
tients with sepsis. We found that patients with DIC diagnosed by the
two consensus criteria had higher severity and in-hospital mortality
than patients without DIC. However, the two DIC scores did not have
an independent association with in-hospital mortality on multivariable
analysis and did not predict outcome after adjustment for illness sever-
ity. Although we confirmed that patients with DIC have distinct biolog-
ical characteristics and high mortality, two current established
diagnostic criteria for DIC may not have ability to independently identify
patients with poor outcome.
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