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Performance of 5 disseminated intravascular
coagulation score systems in predicting mortality
in patients with severe trauma
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Abstract
The present study aimed to analyze and compare the prognostic performances of the Japanese Ministry of Health and Welfare
(JMHW) score, the Korean Society on Thrombosis and Hemostasis (KSTH) score, the International Society on Thrombosis and
Haemostasis (ISTH) score, the Japanese Association for Acute Medicine (JAAM) score, and the revised JAAM (rJAAM) score, for 28-
day mortality in severe trauma.
This retrospective observational study included patients admitted for severe trauma between 2012 and 2015. Receiver operating

characteristics analysis was performed to examine the prognostic performance of the 5 different DIC score systems. The primary
outcome was 28-day mortality following an injury.
Of the 1266 patients included in the study, 28-day mortality rate was 19.7% (n=249). The area under the curves (AUCs) of JMHW,

KSTH, ISTH, JAAM, and rJAAM scores for 28-day mortality were 0.751 [95% confidence interval (95% CI), 0.726–0.775], 0.726
(95%CI, 0.701–0.750), 0.700 (95%CI, 0.674–0.725), 0.673 (95%CI, 0.646–0.699), and 0.676 (95%CI, 0.649–0.701), respectively.
The AUC of JMHW score was significantly different from those of the other score systems. Fibrinogen levels �1.0g/L [odds ratio
(OR), 1.824; 95%CI, 1.029–3.232] and 1.0 to 1.5g/L (OR, 1.697; 95%CI, 1.058–2.724) were independently associated with 28-day
mortality compared with fibrinogen level above 1.5g/L.
JMHW score has the highest prognostic performance for 28-day mortality among DIC score systems in severe trauma. Fibrinogen

level seemed to have a role in greater discrimination of JMHW scores than the other DIC score systems.

Abbreviations: AIS = Abbreviated Injury Scale, aPTT = activated partial thromboplastin time, AUC = areas under the curve, CI =
confidence interval, DIC = disseminated intravascular coagulation, ED = emergency department, FDP = fibrin degradation product,
FFP= fresh frozen plasma, GCS=GlasgowComa Scale, IQR= interquartile ranges, ISS= Injury Severity Score, ISTH= International
Society on Thrombosis and Haemostasis, JAAM = Japanese Association for Acute Medicine, JMHW = Japanese Ministry of Health
and Welfare, KSTH = Korean Society on Thrombosis and Hemostasis, OR = odds ratio, PC = platelet concentrates, PRC = packed
red blood cells, PT-INR = international normalized ratio of prothrombin time, rJAAM = revised JAAM, ROC = receiver operating
characteristic, RTS = revised trauma score, SIRS = systemic inflammatory response syndrome.
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1. Introduction

The incidence of disseminated intravascular coagulation (DIC)
induced by trauma may vary according to the criteria used in its
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diagnosis, but approximately 21% to 47% of all cases occur in
trauma patients.[1–3] Although DIC caused by trauma is a
hypercoagulable state similar to DIC caused by sepsis, its early
phase after trauma involves a hemorrhagic phenotype due to a
consumption coagulopathy rather than a thrombotic phenotype.
DIC enhances the inflammatory response and causes the systemic
inflammatory response syndrome (SIRS) and microvascular
thrombosis,which result inmultiple organ dysfunction syndrome.[4]

In this regard, several DIC scoring systems have been
developed to predict the risk of mortality in critically ill patients.
Of these, the Japanese Ministry of Health and Welfare (JMHW)
score, the International Society on Thrombosis and Haemostasis
(ISTH) score, the Japanese Association for Acute Medicine
(JAAM) score, and the Korean Society on Thrombosis and
Hemostasis (KSTH) score are commonly used to predict the risk
of mortality in various diseases.[5] The JMHW score was the
earliest developed scoring system for DIC,[6] and has shown
efficiency in various diseases.[7–9] However, there has been no
study on the use of the JMHWscore for predicting the outcome of
trauma. Gando et al[10] revised the JAAM score in 2006 and
showed that the revised JAAM (rJAAM) score had a better
prognostic performance than the JAAM score in critically ill
patients. The ISTH score, which is internationally used,[11] and
the rJAAM score possessed a high efficiency in the diagnosis of
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DIC after trauma, whereas DIC diagnosed by the ISTH and
rJAAM scores were also associated with a high risk of
mortality.[1,2,12] In addition, the KSTH score, established in
1993, showed 85% concordance in the diagnosis of DIC
compared with the ISTH score.[13] Most previous studies
evaluated the performance for outcome in critically ill patients,
but there was a lack of studies about the prognostic performance
of DIC scores only in trauma patients.
Therefore, the aim of this study was to analyze and compare

the prognostic performances of the JMHW, KSTH, ISTH,
JAAM, and rJAAM scores in patients with severe trauma.

2. Methods

2.1. Study design and population

Weperformeda retrospective observational study involvingpatients
with severe trauma at Chonnam National University Hospital,
Gwangju, South Korea, admitted between January 2012 and
December 2015. Severe trauma was defined as an Injury Severity
Score (ISS) greater than 16.[14] The following exclusion criteriawere
applied: age under 18 years; lack of coagulation laboratory tests
[platelet count, activated partial thromboplastin time (aPTT),
prothrombin time, fibrinogen, fibrin degradation product (FDP),
and D-dimers] within 1hour of admission; drowning or hanging;
cardiac arrest following trauma; conditions resulting in coagulation
abnormalities, such as hematologicmalignancies, pregnancy, severe
hepaticdysfunction, and the currentuseof anticoagulant agents; and
patients with missing data. The study was approved by the
Institutional Review Board of Chonnam National University
Hospital (IRB # CNUH-2017–076).
2.2. Data collection

The following variables were obtained for each patient: age; sex;
time interval between trauma and arrival at our emergency
Table 1

Summary of 5 different DIC scoring systems applied in the present s

Parameters Score KSTH [13] ISTH [11

Platelets, �109/L 0 >100 >100
1 �100 �100

2 <50
3

PT, s 0 <3 <3
1 ≥3 (or aPTT ≥5s) ≥3 and
2 ≥6

Fibrin-related marker, mg/L 0 D-dimer <1.0 D-dimer
1 D-dimer ≥1.0
2 1.0 � D
3 D-dimer

Fibrinogen, g/L 0 >1.5 >1.0
1 �1.5 �1.0
2

SIRS score 0
1

Underlying disease 1
Bleeding 1
Organ failure 1
Overt DIC DIC ≥3 DIC ≥5

rJAAM criteria have same score system with JAAM except fibrinogen score.
aPTT=activated partial thromboplastin time, DIC=disseminated intravascular coagulation, FDP=fibrin/fi
Japanese Association for Acute Medicine, JMHW= Japanese Ministry of Health and Welfare, KSTH=Kor
systemic inflammatory response syndrome.

2

department (ED); vital signs on admission [systolic arterial blood
pressure (mmHg), body temperature, heart rate, and respiratory
rate]; initial Glasgow Coma Scale (GCS) score; laboratory data
on admission [blood pH, PaCO2, base excess, white blood cell
count, hemoglobin, platelet count, aPTT, international normal-
ized ratio of prothrombin time (PT-INR), fibrinogen level, FDP
level, and D-dimer level]; the amounts of transfused packed red
blood cells (PRC), fresh frozen plasma (FFP), and platelet
concentrates (PCs) during the first 24hours after trauma; and the
28-day mortality.
The SIRS score was calculated on the basis of the general SIRS

criteria.[15] The revised trauma score (RTS) was calculated on the
basis of the vital signs and GCS score. The Abbreviated Injury
Scale (AIS) score and ISS were calculated on arrival. Massive
transfusion was defined as the transfusion of ≥10 units of PRC
from the initial presentation at the ED to 24hours after
arrival.[16] The JMHW, KSTH, ISTH, JAAM, and rJAAM
scores were calculated using the data collected on admission. The
diagnosis of DIC was based on the KSTH, ISTH, JAAM, revised
JAAM, JMHW, and KSTH criteria, which are summarized in
Table 1.[6,10,11,13] The 28-day mortality was selected as the
primary outcome of trauma because in-hospital mortality does
not reflect actual mortality.[17]
2.3. Statistical analysis

Continuous variables that did not satisfy the normality test are
presented as median values with interquartile ranges (IQRs).
Categorical variables are presented as frequencies and percen-
tages. The difference between 2 groups was tested using the
Mann–WhitneyU test for continuous variables. The Fisher exact
test or Chi-square test was used for the comparison of categorical
variables, as appropriate.
Receiver operating characteristic (ROC) analysis was per-

formed to examine the prognostic performance of the 5 different
tudy.
] JAAM [10] JMHW [6]

≥120 >120
≥80 and <120 or >30%

decrease within 24h
80–120

50–80
<80 or >50% decrease within 24h �50
<1.2 (PT ratio) <1.25 (PT ratio)

<6 ≥1.2 1.25–1.67
≥1.67

<1.0 FDP <10 FDP <10
10 � FDP <25 10 � FDP <20

-dimer <5.0 20 � FDP <40
≥5.0 FDP ≥25 FDP ≥40

>3.5 >1.5
�3.5 1.0–1.5

�1.0
0–2
≥3
Required Present

Present
Present

DIC ≥5 DIC ≥7

brinogen degradation product, ISTH= International Society on Thrombosis and Haemostasis, JAAM=
ean Society on Thrombosis and Hemostasis, PT=prothrombin time, rJAAM= revised JAAM, SIRS=
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DIC scores regarding 28-day mortality. The comparison of
dependent ROC curves was performed using the method
proposed by DeLong et al.[18]

Multivariate logistic regression analysis was used to estimate
the association between the 5 DIC scores and 28-day mortality,
and to evaluate the association between fibrinogen levels and 28-
day mortality after adjusting for relevant covariates. We put
fibrinogen level as a continuous variable (model 1) and a
categorical variable as �1.0, 1.0 to 1.5, and >1.5g/L, defined
according to the JMHW score[5] (model 2) to elucidate the type of
association between fibrinogen level and 28-day mortality in the
different logistic models. All variables with a P value of<.1 in the
univariate analysis were selected for the multivariate logistic
regression model. Multicollinearity between variables was
assessed before modeling. Factors with a P value of <.05 in
the multivariate logistic regression model were considered as final
adjusted variables. Age, RTS, ISS, base excess, PT-INR, FDP, and
D-dimer were selected as adjusted variables. The goodness-of-fit
of the final model was evaluated using the Hosmer–Lemeshow
test.[19] Backward selection was used to achieve the final model.
Data were analyzed using SPSS software, version 18 (IBM Inc.,

Chicago, IL). The ROC curves were created and compared using
MedCalc version 16.1 (MedCalc Software bvba; Ostend,
Belgium). A 2-sided significance level of 0.05 was used for
statistical significance.
3. Results

3.1. Patient selection and characteristics

A total of 2165 patients with severe trauma were identified during
the study period. After applying the exclusion criteria, 1266
patients were included in this study (Fig. 1). There were 914
(72.2%) male patients and the median age was 57.0 years (range:
45.0–70.0 years). The 28-day mortality rate was 19.7% (n=249).
Massive transfusion was performed on 100 (7.9%) patients.
Figure 1. Schematic diagram showing the number of patients with severe traum
Severity Score.

3

3.2. Comparison of baseline and clinical characteristics
between survivors and nonsurvivors

There were significant differences between the survivor and
nonsurvivor groups in terms of RTS and ISS values. The survivors
were younger, had higher levels of hemoglobin and base excess,
and had arrived at our ED significantly later after trauma than
nonsurvivors (Table 2). Fibrinogen levels were significantly lower
in nonsurvivors. FDP andD-dimer levels were significantly higher
among nonsurvivors (Table 2). The scores of the JMHW [3 (2–3)
vs 4 (3–5); P< .001], KSTH [1 (1–2) vs 2 (1–3); P< .001], ISTH
[3 (2–3) vs 3 (3–4); P< .001], JAAM [4 (2–4) vs 4 (4–5);
P< .001], and rJAAM [3 (2–3) vs 3 (3–4); P< .001] were
significantly lower among the survivors (Table 2).
3.3. Prognostic performance of the 5 DIC scores in terms
of 28-day mortality

Figure 2 shows the ROC curves of the 5 DIC scores in terms of
28-day mortality. The areas under the curve (AUCs) for JMHW,
KSTH, ISTH, JAAM, and rJAAM scores were 0.751 [95%
confidence interval (95% CI), 0.726–0.775], 0.726 (95% CI,
0.701–0.750), 0.700 (95% CI, 0.674–0.725), 0.673 (95% CI,
0.646–0.699), and 0.676 (95% CI, 0.649–0.701), respectively.
The AUC of the JMHW score was significantly different from
those of the other four DIC scores.

3.4. Association between the 5 DIC scores and 28-day
mortality

Table 3 summarizes the association between the 5 DIC scores and
28-day mortality. After adjusting for confounders, the values of
the JMHW,KSTH, ISTH, and rJAAM scores were independently
associated with 28-day mortality [JMHW score; odds ratio (OR),
1.393; 95% CI, 1.207–1.607; KSTH score; OR, 1.717; 95% CI,
1.329–2.217; ISTH score; OR, 1.375; 95% CI, 1.147–1.648;
a included in the present study. FDP=fibrin degradation product, ISS= Injury
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Table 2

Comparison of baseline characteristics according to 28-day mortality.

All patients (N=1266) Survivor (n=1017) Nonsurvivor (n=249) P

Age, y 57 (45–70) 55 (44–68) 67 (53–76) <.001
Male, n (%) 914 (72.2%) 735 (72.3%) 179 (71.9%) .904
Mechanism of trauma .326
Blunt 1234 (97.5%) 990 (97.3%) 244 (98.0%)
Penetrating 22 (1.7%) 20 (2.0%) 2 (0.8%)
Burns 10 (0.8%) 7 (0.7%) 3 (1.2%)

Time from trauma to ED visit, min 180 (60–300) 180 (120–300) 120 (60–180) <.001
Injury Severity Score 22 (17–26) 20 (17–25) 25 (22–34) <.001
SIRS criteria 1 (1–2) 1 (1–2) 2 (1–2) <.001
Revised Trauma Score 7.841 (5.967–7.841) 7.841 (6.904–7.841) 4.944 (4.094–6.376) <.001
Glasgow Coma Scale 15 (9–15) 15 (14–15) 5 (3–11) <.001
Body temperature, °C 36.2 (36.0–36.5) 36.2 (36.0–36.5) 36.0 (36.0–36.4) <.001
Systolic BP, mm Hg 110 (80–130) 110 (90–130) 100 (70–130) <.001
Heart rate, /min 86 (76–98) 84 (76–96) 90 (78–108) <.001
Respiratory rate, /min 20 (20–22) 20 (20–22) 20 (20–22) .060
Arterial blood gas analyses
pH 7.39 (7.34–7.43) 7.40 (7.35–7.43) 7.36 (7.25–7.42) <.001
PaCO2, mm Hg 35.6 (31.9–39.2) 36.0 (32.3–39.2) 34.0 (29.0–39.0) <.001
Base excess -3.2 (-7.1–0.5) -2.6 (-6.1–0.2) -6.6 (-12.3–3.0) <.001

Laboratory tests
White blood cell count, �109/L 13.7 (10.2–18.2) 13.5 (10.2–18.0) 14.4 (9.8–19.7) .189
Hemoglobin, g/dL 11.8 (10.0–13.5) 12.2 (10.4–13.6) 11.0 (8.6–12.3) <.001
Platelet count, �109/L 189 (149–231) 193 (155–238) 165 (128–212) <.001
APTT, s 31.6 (27.9–37.3) 30.6 (27.4–35.0) 39.6 (32.0–55.2) <.001
PT-INR 1.11 (1.03–1.25) 1.09 (1.02–1.19) 1.28 (1.12–1.59) <.001
Fibrinogen, g/L 1.9 (1.3–2.4) 2.0 (1.5–2.4) 1.3 (0.8–1.9) <.001
FDP, mg/L 72.7 (26.7–158.0) 58.7 (22.1–129.5) 161.5 (99.6–338.8) <.001
D-dimer, mg/L 24.1 (6.1–35.2) 18.3 (4.8–35.2) 35.2 (29.2–35.2) <.001
ISTH scores 3 (2–3) 3 (2–3) 3 (3–4) <.001
JAAM scores 4 (4–4) 4 (2–4) 4 (4–5) <.001
rJAAM scores 3 (3–4) 3 (2–3) 3 (3–4) <.001
KSTH scores 1 (1–2) 1 (1–2) 2 (1–3) <.001
JMHW scores 3 (2–4) 3 (2–3) 4 (3–5) <.001
Massive transfusion 100 (7.9%) 55 (5.4%) 45 (18.1%) <.001
PRC, unit 2 (0–4) 0 (0–4) 4 (0–8) <.001
FFP, unit 0 (0–2) 0 (0–2) 2 (0–4) <.001
PC, unit 0 (0–0) 0 (0–0) 0 (0–8) <.001

aPTT=activated partial thromboplastin time, BP=blood pressure, ED= emergency department, FDP=fibrin degradation product, FFP= fresh frozen plasma, ISTH= International Society on Thrombosis and
Haemostasis, JAAM= Japanese Association for Acute Medicine, JMHW= Japanese Ministry of Health and Welfare, KSTH=Korean Society on Thrombosis and Hemostasis, PC=platelet concentrates, PRC=
packed red blood cell, PT-INR= international normalized ratio of prothrombin time, rJAAM= revised JAAM, SIRS= systemic inflammatory response syndrome.
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rJAAM score; OR, 1.201; 95% CI, 1.026–1.405]. The JAAM
score was associated with 28-day mortality in the univariate
analysis but was not independently associated with 28-day
mortality in the multivariate analysis.
3.5. Association between fibrinogen level and 28-day
mortality

Fibrinogen level as a continuous variable was not associated with
28-day mortality in the multivariate analysis (OR, 0.999; 95%
CI, 0.997–1.002) (Table 4). However, when fibrinogen level was
categorized, fibrinogen levels �1.0g/L (OR, 1.824; 95% CI,
1.029–3.232) and 1.0–1.5g/L (OR, 1.697; 95% CI, 1.058–
2.724) were independently associated with 28-day mortality
compared with fibrinogen levels above 1.5g/L.
4. Discussion

In this retrospective observational study, the JMHW score
showed the highest prognostic performance in predicting 28-day
4

mortality in patients with severe trauma. Fibrinogen level seemed
to have a role in greater discrimination of JMHW scores than the
other DIC scores. JMHW, KSTH, ISTH, and rJAAM scores, but
not JAAM score, were independently associated with the 28-day
mortality after adjusting for confounders in patients with severe
trauma.
In the present study, both JAAM and rJAAM scores were

significantly different between survivors and nonsurvivors.
However, in multivariate analysis, rJAAM score, but not JAAM
score, was independently associated with mortality in the present
study. Previous studies also showed that rJAAM could diagnose
DIC, and may affect the outcome during the early phase of severe
trauma.[1,2,12] Sawamura et al[1] showed that rJAAM score was
an independent predictor of in-hospital mortality in trauma
patients (OR; 1.459, P= .032). In the same study, the rJAAM
score had a good discrimination power (AUC of 0.802) for poor
outcomes in the early phase of trauma, which is higher than that
of the present study.[1] The better prognostic performance of
rJAAM in the previous study was thought to be due to the
different definitions of the outcomes as in-hospital mortality and



Figure 2. Receiver operating characteristic analyses of the 5 disseminated
intravascular coagulation (DIC) scores in terms of 28-day mortality. The area
under the curves (AUCs) of JMHW, KSTH, ISTH, JAAM, and rJAAM were
0.751 [95% confidence interval (95%CI), 0.726–0.775), 0.726 (95%CI, 0.701–
0.750), 0.700 (95%CI, 0.674–0.725), 0.673 (95%CI, 0.646–0.699), and 0.676
(95% CI, 0.649–0.701)], respectively. The AUC of JMHW score was
significantly different from the other DIC score systems. ISTH= International
Society on Thrombosis and Haemostasis, JAAM=Japanese Association for
Acute Medicine, JMHW=Japanese Ministry of Health and Welfare, KSTH=
Korean Society on Thrombosis and Hemostasis, rJAAM= revised JAAM.

Table 3

Univariate and multivariate analysis of the 5 disseminated intravascu

Crude OR (95% CI) P

JMHW score 1.767 (1.605–1.944) <.0
KSTH score 2.679 (2.270–3.161) <.0
ISTH score 2.070 (1.772–2.418) <.0
JAAM score 1.632 (1.461–1.824) <.0
rJAAM score 1.697 (1.497–1.883) <.0

CI= confidence interval, ISTH= International Society on Thrombosis and Haemostasis, JAAM= Japanese
Society on Thrombosis and Hemostasis, OR= odds ratio, rJAAM= revised JAAM.
∗
Adjusted for age, time from accident to emergency department visit, Injury Severity Score, Revised Tr

Table 4

Multivariate logistic regression analysis of 28-day mortality.

Adjusted OR (95% CI)

Age, y 1.048 (1.035–1.062)
Revised Trauma Score 0.447 (0.391–0.509)
Injury Severity Score 1.029 (1.006–1.053)
Base excess 0.930 (0.897–0.964)
PT-INR 1.295 (1.042–1.610)
FDP, mg/L 1.002 (1.001–1.003)
D-dimer, mg/L 1.024 (1.006–1.042)
Fibrinogen, g/L 0.999 (0.997–1.002)
Fibrinogen >1.5g/L
Fibrinogen 1.0–1.5g/L
Fibrinogen �1.0g/L

Adjusted for age, Injury Severity Score, Revised Trauma Score, base excess, PT-INR, FDP, and D-dime
aPTT=activated partial thromboplastin time, CI= confidence interval, ED=emergency department, FDP
time, SIRS= systemic inflammatory response syndrome.
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massive transfusion. In the previous study, the outcomes of the
ROC analysis were death and massive transfusion, and not just
death, and the maximum value of rJAAM score was seen within
24hours of admission.[1]

Several studies have revealed that ISTH score is useful for
outcome prediction in severe trauma.[1,12,20] Two studies showed
that patients with overt DIC according to the ISTH criteria had a
higher mortality rate and received more transfusions in the early
phase of trauma, although DIC diagnosed by ISTH criteria was
not consistent with anatomical findings.[12,20] Sawamura et al[1]

demonstrated that the nonsurvivor group had higher ISTH scores
and proportions of patients with overt DIC according to the ISTH
criteria in the early phase of trauma. We could not find a study
demonstrating ROC analysis of ISTH for themortality in trauma,
but there were few studies regarding outcome prediction of ISTH
in postcardiac arrest patients.[21,22] The AUC values for
predicting mortality in postcardiac arrest patients were 0.79
(95% CI, 0.69–0.88) and 0.76 (95% CI, 0.67–0.84).[21,22] The
higher AUC values among cardiac arrest survivors than in the
present studywas thought to be due to the highermortality rate in
cardiac arrest survivors of about 48% to 79%.
The JMHW score was proposed in 1987.[6] Although we could

not find a study regarding the relationship between JMHW score
and outcomes in only trauma patients, it has been used to
diagnose DIC in various fields. In critically ill patients, the
prognostic performance for mortality using JMHW scores was
higher than JAAM scores.[7,8] One retrospective study showed
that JMHW score was more sensitive than the ISTH score for the
diagnosis of DIC in critically ill patients and the concordance of
diagnosing DIC by ISTH and JMHW was markedly high in
lar coagulation scores in the prediction of 28-day mortality.

Adjusted OR (95% CI)
∗

P

01 1.393 (1.207–1.607) <.001
01 1.717 (1.329–2.217) <.001
01 1.375 (1.147–1.648) <.001
01 1.161 (0.996–1.352) .056
01 1.201 (1.026–1.405) .023

Association for Acute Medicine, JMHW= Japanese Ministry of Health and Welfare, KSTH=Korean

auma Score, PaCO2, base excess, and hemoglobin.

P Adjusted OR (95% CI) P

<.001 1.050 (1.036–1.064) <.001
<.001 0.448 (0.392–0.512) <.001
.013 1.025 (1.002–1.049) .031

<.001 0.943 (0.907–0.979) .003
.020 1.219 (0.972–1.530) .086
.004 1.001 (1.000–1.003) .021
.010 1.023 (1.005–1.041) .014
.594

Reference
1.697 (1.058–2.724) .028
1.824 (1.029–3.232) .040

r.
= fibrin degradation product, OR= odds ratio, PT-INR= international normalized ratio of prothrombin
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patients with trauma or acute promyelocytic leukemia. High
sensitivity for DIC assumes that the JMHW score provides more
details based on underlying disease, bleeding symptoms, organ
failure, fibrinogen and FDP levels, and platelet count than the
ISTH score.[6,11] Wada et al[9] showed that early treatment using
JMHW score at the early stage of DIC could improve survival.
JMWH had a lower OR of 28-day mortality than KSTH in the
present study. However, KSTH has a narrow range of score (0–4)
compared with JMWH score (0–14). Therefore, it does not mean
that KSTH has a stronger association with 28-day mortality than
JMWH.
Many studies demonstrated that low platelet counts were

associated with in-hospital mortality in severe trauma.[24–26] For
the 5 DIC scores, the threshold of platelet count is 100 to 120�
109/L[5]; however, Hayakawa et al[24] showed that the mean
platelet count on arrival was 186 (152–235)�109/L in massively
transfused patients or nonsurvivors, which is similar to the
findings of the present study. Sawamura et al[1] thought that the
consumed platelets were replaced by those released from
extravascular sites and transfusion during the early phase of
trauma. In addition, Gando[4] reported that a platelet counts
markedly decreased at least 24hours following trauma. There-
fore, for the 5 DIC scores, the threshold for platelet counts was
too low to reflect mortality in the early phase of trauma.
Fibrin-related markers were reported to be associated with

outcome in patients with severe trauma. High D-dimer levels on
admission were associated with in-hospital mortality in trauma
patients.[1,24] For the KSTH and ISTH scores, the threshold of D-
dimer levels were 1.0 or 5.0mg/L.[5] However, in these 2 studies,
the D-dimer levels of the nonsurvivor group were 113.1±158.9
and 60 (28.2–120.4) mg/L, consistent with the present study.[1,24]

Therefore, the threshold of the D-dimer level in KSTH and ISTH
score is not appropriate to predict mortality in the early phase of
trauma. FDP, another marker of fibrin derivatives, was also an
independent predictor of in-hospital mortality in trauma
patients.[1,2] Sawamura et al[1] showed that the FDP levels of
the survivor group and nonsurvivors group were 38.2±66.0 and
249.9±314.9mg/L, respectively. The threshold of FDP level was
25mg/L for the JAAM and rJAAM scores, and 40mg/L for the
JMHW score.[5] This suggests that the FDP level in the JAAM,
rJAAM, and JMHW scores are too low for trauma. However, the
JMHW criteria for FDP level are better than others because the
JMHW criteria for FDP level is strict and the reference values are
higher.
Fibrinogen level was rapidly reduced than the other coagula-

tion markers during the early phase of severe trauma.[27,28] In
contrast, fibrinogen level was maintained at a moderate level in
sepsis,[28,29] because trauma was characterized by a consumptive
coagulopathy, unlike sepsis. In the present study, multivariate
analysis revealed that fibrinogen level as a continuous variable
was not an independent predictor of mortality. However,
fibrinogen level �1.5g/L was an independent predictor of
mortality in the present study. Several studies also showed that
fibrinogen level �1.5g/L was associated with a worse out-
come.[26,27,30] McQuilten et al[26] demonstrated that fibrinogen
level �1.5g/L was associated with in-hospital mortality, but
fibrinogen level >1.6g/L was not. However, they showed that
only 10% of patients with severe trauma had a fibrinogen level
�1.5g/L, while 31% had a fibrinogen level �1.5g/L in the
present study. The reasons for the difference between studies
remain unclear. However, a possible explanation is that the
median time from trauma to ED visit was 1.12hours in the
6

previous study, while patients visited the ED at a median time of
3hours after trauma in the present study. In animal studies, the
rate of fibrinogen breakdown was increased over the rate of
fibrinogen synthesis by the liver, eventually accelerating fibrino-
gen degradation over time.[31] Hayakawa et al[27] showed that
fibrinogen level �1.5g/L was associated with the development of
DIC and massive transfusion. The European trauma guideline
recommends treatment with fibrinogen concentrate or cryopre-
cipitate if significant bleeding occurs with a fibrinogen level of less
than 1.5 to 2.0g/L.[30] Therefore, the threshold level of fibrinogen
(3.5g/L) in the JAAM criteria is too high to apply to patients with
severe trauma. In contrast to the JAAM criteria, the threshold
level of fibrinogen in ISTH criteria was 1.0g/L. Therefore, ISTH
criteria had a disadvantage; a fibrinogen level of 1.0 to 1.5g/L
could not be reflected. In the JMHW score, fibrinogen level was
categorized as >1.5, 1.0 to 1.5, and �1.0g/L. Therefore, the
JMHW score is appropriate for predicting mortality in patients
with severe trauma in relation to their fibrinogen level.
The present study has several limitations. First, it was

retrospective and single centered study; therefore, to assess
generalizability and causation, further studies will be needed that
include larger sample sizes, multiple centers, and a prospective
design. Second, 630 patients with severe trauma were excluded
because their fibrinolytic biomarkers were not measured within 1
hour of admission. The reasons for this included delayed blood
sampling due to resuscitation, resampling due to hemolysis, the
relatively high cost of coagulation biomarker tests, and insurance
issues. Third, ED arrival was significantly later for the survivor
group than the nonsurvivor group. This may be because patients
with more severe conditions were transferred more promptly to
the ED. This finding was comparable to the observations made by
Hayakawa et al.[24] Fourth, themaximumhospital D-dimer value
was 35.2mg/L fibrinogen-equivalent units. Therefore, the
predictive value of the D-dimer was not sufficiently analyzed.
However, multivariate analysis revealed that D-dimer level was
an independent predictor of 28-day mortality. Finally, we did not
investigate the relationship between the serial change of DIC
score and the prognosis of trauma.
5. Conclusion

JMHW score has the highest prognostic performance for 28-day
mortality among the DIC score systems in patients with severe
trauma. Fibrinogen level seemed to have a role in greater
discrimination of JMHW scores than the other DIC score
systems.
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