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Abstract Recombinant soluble human thrombomodulin
(TM-α) has been shown to be useful in the treatment of
disseminated intravascular coagulation (DIC) in a heparin-
controlled study and has been available for clinical use in
Japan since 2008. However, data on its use for neonatal DIC
have not been reported from any clinical studies, so efficacy
and safety were analyzed in 60 neonatal DIC patients identi-
fied in post-marketing surveillance. The DIC resolution rate as
of the day after last administration of TM-α was 47.1 %, and
the survival rate at 28 days after last administration was
76.7 %. Hemostatic test result profiles revealed decreased
levels of fibrin/fibrinogen degradation products and increased
platelet counts and antithrombin activity. Incidences of ad-
verse drug reactions, bleeding-related adverse drug reactions,
and bleeding-related adverse events were 6.7, 6.7, and 16.7%,

respectively, with no significant differences between neonatal,
pediatric (excluding neonates), and adult DIC patients.
Conclusion: This surveillance provided real-world data on
the safety and effectiveness of TM-alpha in the treatment of
neonatal DIC in general practice settings.
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JMHW Japanese Ministry of Health and Welfare
PMS Post-marketing surveillance
TM Thrombomodulin

Introduction

Disseminated intravascular coagulation (DIC) is a disorder
characterized by a systemic thrombohemorrhagic event seen
in association with well-defined clinical situations and labora-
tory evidence of procoagulant activation, fibrinolytic activa-
tion, inhibitor consumption, and biochemical and clinical evi-
dence of multiple organ failure [4]. In newborns, especially
those born prematurely, reserves of pro- and anticoagulant
coagulation factors are physiologically very limited; for this
reason, neonates are susceptible to thrombus formation and
hemorrhage due to consumption of procoagulant factors
when exposed to the stress of hypercoagulability [1, 2, 21,
28]. In addition, neonates are at high risk of developing DIC
as a complication of a variety of underlying characteristics, such

as: (1) susceptibility to hypoxic ischemia, (2) labile blood pres-
sure and cardiac output, (3) intravascular volume contraction
after birth, (4) immature mucosal and skin barrier functions, and
(5) vulnerability to multiple invasive procedures and devices.
Reversal of the condition inducing hypercoagulability is para-
mount in achieving treatment success in newborns with DIC.
However, neonatal DIC progresses rapidly, often necessitating
replacement therapy and anticoagulant therapy. To that end,
several drugs, such as heparin, antithrombin concentrates, and
protein C concentrates, have been used to date, but little evi-
dence has been accumulated to confirm the utility of any of
these treatments in neonatal DIC patients [3, 10, 11, 13, 22, 23,
25, 26, 29].

Recombinant soluble human thrombomodulin (TM-α) is
the first anticoagulant drug in the world shown to be superior
to heparin in a phase III randomized clinical trial of adult DIC
patients with infection or hematological malignancy as the
underlying disease [24]. In post-marketing surveillance
(PMS) of TM-α, more than 4,000 patients including newborn
patients were enrolled after approval [20]. Since the phase III

Table 1 Underlying diseases causing DIC and patient characteristics

Patient characteristics Underlying disease associated with DIC Total

Infectionsb Neonatal
asphyxia/HIEc

Hematological
malignanciesd

Otherse

n Percent n Percent n Percent n Percent n Percent

Gestational age (weeks) 22-27 14 56.0 0 0.0 0 0.0 1 5.6 15 25.0

28-36 4 16.0 3 23.1 1 25.0 3 16.7 11 18.3

37- 6 24.0 13 21.7 2 50.0 9 15.0 30 50.0

Unknown 1 4.0 0 0.0 1 25.0 2 11.1 4 6.7

Birth weight (g) -999 14 56.0 1 7.7 0 0.0 1 5.6 16 26.7

1,000-1,499 2 8.0 1 7.7 0 0.0 1 5.6 4 6.7

1,500-2,499 4 16.0 4 6.7 1 25.0 3 5.0 12 20.0

2,500- 5 20.0 10 16.7 3 75.0 10 16.7 28 46.7

Type of delivery Vaginal 9 36.0 8 13.3 1 25.0 8 13.3 26 43.3

Cesarean 15 60.0 7 11.7 3 75.0 7 11.7 32 53.3

Unknown 1 4.0 1 1.7 0 0.0 0 0.0 2 3.3

Maternal complications at deliverya Yes 8 34.8 2 15.4 2 50.0 1 5.6 13 22.4

No 15 65.2 14 23.3 2 50.0 14 23.3 45 77.6

aMaternal complications at delivery: threatened labor, placenta previa, premature rupture of membranes, cephalopelvic disproportion, twin pregnancy,
placental transfusion syndrome, gestational hypertension, uterine hypotonus, abnormal labor, glaucoma, ulcerative colitis, myotonic dystrophy, mumps
b Infections: sepsis (n =12), intrauterine infection (n =3), peritonitis (n=3), infection (location unknown) (n=2), herpes virus infectious disease, fungal
infection, neonatal infection, urinary tract infection, necrotizing colitis
c Neonatal asphyxia/HIE: neonatal asphyxia (n =13), hypoxic–ischemic encephalopathy (HIE) (n=3)
dHematological malignancies: acute lymphocytic leukemia (n =2), myeloproliferative disorder (n=2), transient abnormal myelopoiesis (n =2; one with
Down syndrome)
e Others: small for gestational age (n=2), shock, metabolic disorder, cytogenetic aberration, gastrointestinal perforation, imperforate anus repair,
hemangioma–thrombocytopenia syndrome, carbamoyl phosphate synthetase deficiency, anemia neonatorum, cardiovascular collapse, fetal hydrops,
cardiac failure, thrombocytopenia, hemophagocytic syndrome
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study did not collect any data on neonatal and pediatric patients
with DIC, we decided to analyze and compare the data from 60
neonatal patients with the data for adult and pediatric (exclud-
ing newborns) patients with DIC obtained from PMS.

Materials and methods

This PMS was conducted in consecutive subjects administered
TM-α for approximately 2 years between May 2008 and April
2010. The study was performed in accordance with the Japanese
Society on Thrombosis and Hemostasis Postmarketing
Surveillance Committee for Thrombomodulin Alfa. The primary
analysis set comprised 60 neonatal DIC patients under 4 weeks
old from among a total of 4,062 subjects registered during the
surveillance. Pediatric patients excluding newborn (n =210)
and adult (n =3,786) patients were also compared. Six sub-
jects of unknown age were excluded from comparisons by age
group.

The standard dose of TM-α was 380 U/kg/day given by
continuous drip infusion for 30 min once daily. In patients
with severe renal impairment, however, the dose was reduced
to 130 U/kg/day as needed.

Patients were consecutively registered at the initiation of
TM-α treatment and prospectively monitored during the ob-
servation periods. At the start of TM-α administration, infor-
mation about the following patient characteristics was collect-
ed: age, sex, severity of underlying disease (as assessed by the
attending physician), duration of DIC, DIC treatment at

baseline, type of complications (renal impairment, hepatic
impairment, or others), bleeding symptoms, and organ dam-
age or failure symptoms. Underlying diseases were coded
using preferred terms from the Medical Dictionary for
Regulatory Activities (MedDRA/J) version 13.1.

Efficacy assessment

Efficacy was assessed on the basis of the DIC improvement
rate, DIC resolution rate, and survival rate at 28 days after the
final treatment with TM-α. DIC improvement rate was assessed
by the attending physician as “improved,” “unchanged,” or
“worsened” based on clinical symptoms and laboratory test
results on the day after final treatment with TM-α. The DIC
resolution rate was evaluated by calculating DIC scores using

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100%

1 2 3 4 5 6 7-10

11-14

110-149 240-329 330-429

150-239
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(days)

Fig. 1 Distribution of TM-α
dosage and duration of treatment

Table 2 Anticoagulant and blood component products

Drugs Number of
experiment (%)

Anticoagulants Antithrombin concentrates 36 (60.0)

Gabexate mesilate 3 (5.0)

Nafamostat mesilate 10 (16.7)

Unfractionated heparin 8 (13.3)

Blood components Platelet concentrates 29 (48.3)

Fresh frozen plasma 42 (70.0)

Red blood cell concentrates 22 (36.7)
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the diagnostic criteria of the Japanese Ministry of Health and
Welfare (JMHW) before and after TM-α treatment, as de-
scribed previously [24]. The following cases were excluded
from analysis of the DIC resolution rate: cases in which DIC
score did not apply to diagnosis according to the former JMHW
DIC diagnostic criteria at baseline and cases in which the DIC
score could not be calculated because of missing data such as

laboratory test results at baseline and/or from the day after final
treatment.

Safety assessment

Data on adverse drug reactions (ADRs) and cause of death were
collected up to 28 days after final treatment with TM-α. Data on

Table 3 The DIC resolution rate
as determined in accordance with
the former JMHW DIC diagnos-
tic criteria

FDP fibrin and fibrinogen degra-
dation products; PT prothrombin
time
a If severe thrombocytopenia with
markedly decreased megakaryo-
cytes because of leukemia or re-
lated disorder, aplastic anemia,
use of antineoplastic agents, or
other such cause is observed,
score platelet count and bleeding
symptoms as 0 points and make
the assessment
b If DIC is suspected and ≥2 of the
six findings in “V. Findings of
supplementary tests for diagno-
sis” are present, assess the condi-
tion as DIC

DIC criteria (points)

Without severe
thrombocytopenia

With severe
thrombocytopeniaa

I. Underlying disease

Yes 1 1

II. Clinical symptoms

Bleeding symptoms

Yes 1 -

No 0 -

Organ symptoms

Yes 1 1

No 0 0

III. Laboratory tests

Platelet count (×103/μL)

≤120 1 -

≤80 2 -

≤50 3 -

FDP (μg/mL)

≥10 1 1

≥20 2 2

≥40 3 3

Fibrinogen (g/L)

≤1.5 1 1

≤1.0 2 2

PT ratio

≥1.25 1 1

≥1.67 2 2

IV. Diagnosis of DIC

DIC ≥7 ≥4

DIC suspected 6 3

No DIC ≤5 ≤2

V. Findings of supplementary Tests for Diagnosisb

(1) Positive for soluble fibrin monomers

(2) High level of D-dimer

(3) High level of thrombin–antithrombin complex

(4) High level of plasma-alpha2-plasmin inhibitor complex

(5) Appearance of tendency for score to increase as disease
develops. In particular, within several days, appearance of a
tendency for platelet count or fibrinogen to decrease
suddenly, or tendency for FDP to increase suddenly

(6) Response to anticoagulant therapy
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other adverse events (AEs) occurring from baseline until the day
after final treatment were also collected. Safety data were coded
using preferred terms from the Medical Dictionary for
Regulatory Activities (MedDRA/J) version 13.1. The definitions
of AEs and ADRs were based on International Conference on
Harmonization guidelines.

Statistical analysis

The Wilcoxon signed-rank test was used to compare baseline
test results to the results obtained during treatment or on the
day after final treatment. The χ2 test was used in both com-
parisons of safety by age group and of efficacy by age group.
Values of p <0.05 for test results were considered to indicate a
significant difference. Statistical tests were two-sided andwere
performed using SAS version 8.0 software (SAS Institute,
Cary, NC).

Results

Age at baseline ranged from the day of birth to 3 weeks old.
The underlying disease causing DIC was neonatal asphyxia in
13 cases, sepsis in 12 cases, intrauterine infection in 3 cases,
peritonitis in 3 cases, hypoxic–ischemic encephalopathy in 3
cases, infection (location unknown) in 2 cases, acute lympho-
cytic leukemia in 2 cases, myeloproliferative disorder in 2
cases, small for gestational age in 2 cases, and “other” in 18
cases. Other patient characteristics are shown in Table 1. The
dose of TM-α was 330–429 U/kg (nearly the same as the
standard adult dose of 380 U/kg) in 46 cases (76.7 %),
representing a large number of cases. The second most com-
mon dose category was 110–149 U/kg (encompassing the
reduced dose of 130 U/kg used in patients with severely
decreased renal function), which was administered in seven
cases (11.7 %, Fig. 1), three of which were judged by the
physician to have renal impairment.

On the other hand, treatment lasted longer than the target
duration of 6 days in 31.7 % of subjects. Treatment with

TM-αwas discontinued prematurely because of improvement
in DIC in 59.4 % of subjects. Treatment was completed as
scheduled in 15.8 % of subjects, and no change in DIC was
apparent in the same percentage of subjects.

Anticoagulant therapy consisted of TM-α monotherapy
in 31.7 % of all subjects, but the remaining 68.3 % made
concomitant use of another anticoagulant (Table 2). The
most commonly used concomitant medications were anti-
thrombin concentrates (60.0 %), followed by nafamostat
mesilate (16.7 %), unfractionated heparin (13.3 %), and
gabexate mesilate (5.0 %). No subject made concomitant
use of low molecular weight heparin or heparan sulfate.
Concomitantly, used blood components products included
platelet concentrate (48.3 %), fresh frozen plasma (70.0 %),
and red blood cell concentrate (36.7 %) (Table 2). No
subject made concomitant use of any fibrinogen concen-
trates. Concomitant use was made of some type of blood
components products in 86.7 % of subjects overall. In
61.7 % of cases, anticoagulants other than TM-α were used
together with various blood products.

The DIC resolution rate (as determined in accordance with
the former JMHW DIC diagnostic criteria; Table 3), DIC
improvement rate determined by the attending physician, and
day 28 survival rate are shown for neonates (<28 days old),
children (≥28 days old), and adults in Table 4. DIC improve-
ment rate and survival rate were greater in neonatal patients
than in children and adults, but the DIC resolution rate was
lower.

Figures 2, 3, and 4 show profiles for platelet counts, fibrin/
fibrinogen degradation products (FDP) levels, and levels
of antithrombin activity at baseline, during treatment, and
the day after final treatment. Median platelet counts were
7.9×104/μL at baseline, 8.7×104/μL during treatment, and
12.0×104/μL on the day after final treatment, respectively,
indicating a gradually return toward the normal range.
Antithrombin activity increased significantly on the day after
final treatment (p =0.0014).

Four ADRs associated with TM-α, all bleeding-related,
occurred in four subjects (6.7 %) in this surveillance. These

Table 4 DIC improvement rate, resolution rate, and survival rate are shown for neonates, children, and adults

DIC improvement ratea DIC resolution rateb Survival ratec

Number of improved
cases/total cases

Percent χ2 test Number of improved
cases/total cases

Percent χ2 test Number of improved
cases/total cases

Percent χ2 test

Neonates 45/56 80.4 p =0.382 8/17 47.1 p =0.686 46/60 76.7 p =0.029
Children 146/198 73.7 48/82 58.5 149/208 71.6

Adults 2,609/3,606 72.4 928/1,644 56.4 2,440/3,750 65.1

a DIC improvement rate assessed by attending physician
bDIC resolution rate calculated based on method in the former JMHW DIC diagnostic criteria
c Survival rate, survival rate at 28 days after final treatment

Eur J Pediatr (2014) 173:303–311 307



comprised intracranial hemorrhage in three patients and pul-
monary hemorrhage in one patient. The incidence of ADRs
was 5.2 % in pediatric subjects and 7.0 % in adult subjects,
revealing no apparent differences from neonatal subjects
(Table 5).

Discussion

In cases of neonatal DIC, outcomes of patients are generally
poor because of a rapidly deteriorating condition. Management
for overt DIC with prominent hemorrhagic symptom is ex-
tremely difficult; anticoagulant treatment in the pre-DIC state
(the state in which bleeding and organ symptoms are absent)
should thus be recommended in Japan. To achieve this aim,
medications such as heparin, gabexate mesilate [23], nafamostat

mesilate [13], and antithrombin concentrates [26] have
been used in Japan, but little evidence is available to con-
firm whether these medications are particularly useful in
the treatment of DIC, including in adults and older children.
In a controlled study on the administration of antithrombin
concentrates in neonatal respiratory distress syndrome,
which is often associated with the development of DIC,
infusion of antithrombin concentrates was reported to sig-
nificantly prolong the period of time for which mechanical
ventilation and supplemental oxygen were needed and
resulted in a greater number of deaths [25]. Although acti-
vated protein C concentrates are not approved for DIC in
Japan, a controlled study on the administration of activated
protein C concentrates in children with sepsis-induced cardio-
vascular and respiratory failure revealed a high incidence of
intracranial hemorrhage in children under 60 days old in the
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blood during TM-α treatment
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treatment group [22]. This background has tended to limit
anticoagulant therapy for neonatal DIC in Europe and the
USA [30].

Thrombomodulin is a glycoprotein expressed on vascular
endothelial cells and was identified in 1982 as an anticoagu-
lant substance that plays an important role in regulating blood
coagulation [9]. Specifically, thrombomodulin binds to throm-
bin that has been produced as a result of intravascular
hypercoagulation and stimulates the activation of protein C
by thrombin. The resulting activated protein C uses protein S
as a cofactor to inactivate factors Va and VIIIa [18].
Thrombomodulin is also known to directly suppress inflam-
matory reactions by inhibiting the production of inflammatory
cytokines such as interleukin-1β [8]. Recently, however,
TM-α was developed in Japan, where it was genetically
engineered in animal cells using only the extracellular domain
containing the active site of human thrombomodulin to
achieve solubility [12].

Based on the results of a randomized clinical study of
TM-α in adult patients with DIC associated with infection or
hematological malignancy [24], approval for the indication
of DIC was obtained in Japan before anywhere else in the
world and case report forms for 60 cases of neonatal DIC have
been collected in approximately 2 years of this PMS since

administration to neonatal DIC patients also became available.
As previously noted, the results showed an extremely high
DIC improvement rate of 80.4 %, as judged by physicians.
However, these results can only be properly interpreted after
considering the following: (1) results were ultimately
physician-based, (2) many cases involved DIC caused by the
underlying disease of neonatal asphyxia which has a relatively
favorable prognosis, (3) many cases involved pre-DIC pre-
ceding onset of bleeding symptoms or thrombotic symptoms,
and (4) other anticoagulants and blood-derived products were
frequently used concomitantly. On the other hand, the DIC
resolution rate of 47.1 % was lower than the DIC improve-
ment rate and was lower than the rate in children other than
neonates and in adults. One reason for this is that the results
were significantly affected by use of the DIC criteria of the
JMHW for calculating the resolution rate, as those criteria
were prepared for adults [15]. Reference values for neonates
differ from those for adults, potentially representing one rea-
son for the results obtained. The results for neonatal FDP in
particular may be considerably higher than in adults,
depending on the test method used [14, 16, 27]. The wide
range of results for FDP may also presumably have resulted
from the use of varying methods of measurement, an unavoid-
able feature of PMS.

Table 5 ADRs associated with TM-α and all bleeding-related

Adverse drug reactions Bleeding-related adverse drug reactions Bleeding-related adverse events

Number of affected
cases/total

Percent χ2 test Number of affected
cases/total

Percent χ2 test Number of affected
cases/total

Percent χ2 test

Neonates 4/60 6.7 p =0.625 4/60 6.7 p =0.842 10/60 16.7 p =0.546
Children 11/210 5.2 10/210 4.8 38/210 18.1

Adults 264/3,786 7.0 201/3,786 5.3 581/3,786 15.3
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α treatment
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With regard to the changes in platelet count and antithrom-
bin activity seen following TM-α treatment, those groups
concomitantly administered platelet concentrate or antithrom-
bin medication showed more pronounced increases in platelet
count and antithrombin activity than the groups that did not
receive these medications concomitantly (data not shown).
The significant increase in antithrombin activity was therefore
attributed to concomitant use of antithrombin medications.

ADRs, all of which were bleeding-related, occurred in
6.7 % of subjects. Intracranial hemorrhage occurred in three
subjects. However, hemorrhage and intracranial hemorrhage
in particular, is well known to occur at a frequency of 13–38%
in neonatal patients with DIC complications [5, 7, 17, 19] and
the incidence of hemorrhage in this surveillance certainly
cannot be considered all that high. Analysis of the data for
all 4,062 patients in the TM-α PMS identified concurrent
hepatic impairment and bleeding symptoms as risk factors
for hemorrhage in DIC patients, including both children and
adults [20]. Similar analysis is needed with the acquisition of
additional neonatal DIC cases.

Various limitations apply to the results of PMS, and pru-
dent interpretation is thus essential, but TM-α appears to offer
promise as a safer and more effective option for neonatal
patients compared to other anticoagulant drugs available to
date. Protein C levels are physiologically lower in neonates
than in adults [2, 6] and are pathologically lower in septic
neonates than in normal neonates [7]. Therefore, as more
cases continue to be collected, further efforts will be needed
to clarify appropriate dosages and methods of administration
for neonatal DIC and the criteria for using concomitant med-
ications, such as replacement therapy with fresh frozen plasma
to replenish protein C.
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