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Abstract:

Objective The efficacy and safety of concomitant use of antithrombin (AT) with recombinant human sol-
uble thrombomodulin (rTM) for acute cholangitis-induced disseminated intravascular coagulation (AC-
induced DIC) remains unclear. This study was conducted to investigate the efficacy of AT combined with
TM as anticoagulant therapy for AC-induced DIC.

Methods One hundred patients with AC-induced DIC received anticoagulant therapy using rTM from April
2010 to December 2017. Of the 83 patients treated with rTM immediately after the diagnosis of DIC, exclud-
ing those who had not undergone biliary drainage or who had malignancies or a serum AT III level >70%, 56
patients were studied. Outcomes and adverse events (AEs) were retrospectively compared between the 16 pa-
tients treated with rTM alone (fTM group) and the 40 patients treated with rTM and AT (rTM+AT group).
Results Patients’ background characteristics did not differ markedly, except for a significantly higher serum
D-dimer level in the rTM group than in the rTM+AT group (p=0.038). The DIC resolution rates on day 9
were 100% and 95.1% in the rTM and rTM+AT groups, respectively (p=0.909). The mean DIC scores were
significantly lower in the rTM group than in the rTM+AT group on days 3 (p=0.012), 5 (p<0.001), 7 (p=
0.033), and 9 (p=0.007). The incidence of AEs was 6.3% and 10.0% (p=0.941), and the in-hospital mortality
rates was 0% and 5.0% (p=0.909) in the r'TM and rTM+AT groups, respectively.

Conclusion The concomitant use of AT with anticoagulant therapy using rTM for AC-induced DIC may not
help improve the treatment outcome.
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TM and AT recently played an important role in anticoagu-
lant therapy for infection-related DIC in Japan (7). More re-
cently, combination therapy with rTM and AT has been

Introduction

The novel anticoagulant agent recombinant human soluble
thrombomodulin (rTM) was recently shown to be effective
for infection-related disseminated intravascular coagulation
(DIC) (1-4). The efficacy of antithrombin (AT) for DIC has
also previously been reported (5, 6), and treatment with

shown to be effective for DIC (8).

Acute cholangitis is an infectious disease caused mainly
by a Gram-negative bacillus often associated with DIC. A
few reports exist on anticoagulant therapy using rTM for
acute cholangitis-induced (AC-induced) DIC (9-11). How-
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Figure 1.

Flowchart of the selection of patient groups. DIC: disseminated intravascular coagula-

tion, AC: acute cholangitis, rTM: recombinant human soluble thrombomodulin, AT: antithrombin

ever, evidence concerning the selection of the most appropri-
ate anticoagulant therapy for this condition is scarce. Al-
though the Tokyo Guidelines 2018 (TG18) for acute cho-
langitis (12) recommend the use of rTM for the treatment of
AC-induced DIC with a low evidence level of D, the effi-
cacy and safety of the concomitant use of AT with r'TM re-
main unclear.

We therefore investigated the efficacy and safety of a
combination of AT with anticoagulant therapy using rTM for
AC-induced DIC. We previously reported that the use of
'TM can lead to an earlier improvement in AC-induced DIC
than the non-use of rTM, and early biliary drainage, r'TM
administration, and a lack of association with malignancy
may contribute to an improvement in AC-induced DIC (10).
Furthermore, Tamura et al. reported that patients who devel-
oped DIC in solid malignant tumors had a worse outcome
than those with infection-related DIC (13). Therefore, pa-
tients who did not undergo biliary drainage, those with ma-
lignancies, and those with a serum AT III level of >70%
were excluded from our current study.

In the present study, we investigated the efficacy of com-
bination therapy with rTM and AT only for patients with ex-
clusively infection-related DIC caused by AC (excluding po-
tential malignancy-related DIC) who underwent early biliary
drainage.

Materials and Methods

Patients

From April 2010 to December 2017, 118 patients with a
diagnosis of AC-induced DIC were admitted to St. Marianna
University School of Medicine Hospital and Kawasaki Mu-
nicipal Tama Hospital. Of these, 100 patients received anti-

coagulant therapy using rTM. Of the 83 patients who re-
ceived r'TM from the time of the diagnosis of DIC, 56 were
included as study participants after the exclusion of patients
who had not undergone biliary drainage within 24 hours af-
ter the diagnosis of DIC, those with malignancies, and those
with a baseline serum AT III level of >70%. These 56 pa-
tients were divided into 2 groups: 16 patients who were
treated without AT but with rTM (rTM group) and 40 pa-
tients who were treated with a combination of AT and rTM
(TM+AT group) (Fig. 1).

The dose of rTM in the rTM group was 380 units/kg/day
in 13 patients and 130 units/kg/day (a reduced dose due to
renal dysfunction) in 3 patients. The mean duration of r'TM
administration was 4.7 days (range, 3 to 7). The dose of
TM in the rTM+AT group was 380 units/kg/day in 35 pa-
tients and 130 units/kg/day (again, a reduced dose due to re-
nal dysfunction) in 5 patients. The mean duration of rTM
administration was 5.4 days (range, 3 to 10). The dose of
AT in the rTM+AT group was 500 units/kg in all patients,
and the mean duration of AT administration was 3.0 days
(range, 2 to 5).

The diagnosis and severity grade of AC were determined
according to the Tokyo Guidelines 2013 (TG13) (14). A di-
agnosis of DIC was made when the DIC score was >4 ac-
cording to the DIC diagnostic criteria in Japan (15).

In our hospital, we basically did not perform endoscopic
sphincterotomy (EST) but only biliary drainage for the pa-
tients who had already been diagnosed with DIC, and all
patients who underwent endoscopic retrograde cholan-
giopancreatography (ERCP) received blood tests 3 h after
ERCP. The patients who underwent EST or Pre-cut in this
study did not meet the diagnostic criteria of DIC before
ERCP was performed but were diagnosed with DIC by a
blood test 3 h after ERCP, and anticoagulant therapies were
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started.
Measurements

We retrospectively compared patients’ background charac-
teristics [age, sex, primary disease of cholangitis, severity of
cholangitis, DIC score, systemic inflammatory response syn-
drome (SIRS) score, blood test values (platelet count (Plt),
prothrombin time-international normalized ratio (PT-INR),
fibrinogen (Fib), D-dimer, AT III, total bilirubin (T-bil), and
C-reactive protein (CRP)), other anticoagulant drugs used,
antibiotics used, procedures for papilla, and methods of bili-
ary drainage], the DIC resolution rate, changes in DIC
score, changes in SIRS score, changes in blood test values,
AEs, and clinical outcomes between the rTM (n=16) and
'TM+AT groups (n=40). DIC resolution was defined as a
decrease in the DIC score to <3 according to the DIC diag-
nostic criteria (15). The DIC score, SIRS score, and blood
test values were expressed as the meanztstandard deviation
(SD).

This study was approved by the institutional review board
of St. Marianna University School of Medicine (approval
number: 3929).

Statistical analyses

A chi-square test, Fisher’s exact test, and Welch’s #-test
were used for the statistical analyses where appropriate. A p
value of <0.05 was regarded as significant. Statistical analy-
ses were performed using the StatMate IV software program
(ATMS, Tokyo, Japan).

Results

Patients’ background characteristics

A comparison of patients’ backgrounds between rTM and
TM+AT groups is shown in Table 1. Differences in age,
sex, primary disease of cholangitis, severity of cholangitis,
DIC score, SIRS score, other anticoagulant drugs used, anti-
biotics used, procedures for papilla, and methods of biliary
drainage between the groups were not apparent (not signifi-
cant; NS). Regarding blood test values, differences were not
noted in the mean values of Plt, PT-INR, Fib, AT III, T-bil,
and CRP (NS); however, the D-dimer level was 24.2+14.4
pg/mL in the rTM group and 15.4+9.7 pg/mL in the rTM+
AT group, showing a significantly higher value in the TM
group (p=0.038).

DIC resolution rate

The DIC resolution rate on days 3/5/7/9 (when the day of
DIC diagnosis and the beginning of treatment was defined
as day 1) was 68.8% (11/16)/100% (16/16)/100% (16/16)/
100% (16/16) in the rTM group and 45.0% (18/40)/65.0%
(26/40)/90.0% (36/40)/95.1% (38/40) in rTM+AT group, re-
spectively. There were no marked differences in the DIC
resolution rate between the groups on days 3 (p=0.108), 7
(p=0.460), or 9 (p=0.909), but the rate was significantly

higher in the r'TM group than in the rTM+AT group on day
5 (p=0.017).

Changes in the DIC score

In both groups, the DIC scores were significantly de-
creased on day 3 and thereafter compared to those on day 1.
The mean DIC scores at the time of the diagnosis did not
differ markedly between the rTM (5.31+1.30) and rTM+AT
groups (5.35+1.42; p=0.923), but the scores on days 3, 5, 7,
and 9 were significantly lower in the rTM group (2.75%1.06,
1.00+0.68, 0.69+0.85, and 0.36+0.67, respectively) than in
the rTM+AT group (3.75%1.72, 2.65+1.78, 1.40+1.55, and
1.13£1.36, respectively; p=0.012, <0.001, 0.033, 0.007, re-
spectively; Fig. 2).

Changes in the SIRS score

In both groups, the SIRS scores were significantly de-
creased on day 3 and thereafter compared to those on day 1.
Differences were not observed in SIRS scores on days 1, 3,
5, 7, or 9 between the rTM group (2.00+0.89, 0.56+0.73,
0.00+0.00, 0.00+0.00, and 0.00+0.00, respectively) and rTM
+AT group (2.30+1.22, 0.88+1.07, 0.30+0.65, 0.23+0.53,
and 0.18+0.51, respectively; NS; Fig. 3).

Changes in the blood test values

Fig. 4 shows the changes in the blood test values of se-
rum parameters between the rTM and rTM+AT groups.
From days 1 to 9, the levels of Plt, PT-INR, D-dimer, T-bil,
and CRP were significantly higher in the rTM group, while
those of PIt, PT-INR, T-bil, and CRP were significantly
higher in the r-TM+AT group. Regarding markers of the co-
agulation system, the PT-INR levels were significantly lower
in the rTM group than in the rTM+AT group on days 3
(1.11£0.14, 1.20+0.15; p=0.044) and 9 (1.12+0.08, 1.19+
0.14; p=0.033). The AT II levels were significantly higher
in the rTM+AT group than in the rTM group on days 3
(57.60+8.13%, 85.72+16.39%; p<0.001) and 5 (63.92+
10.50%, 84.21+16.54%; p<0.001) but were not significantly
different between the groups on day 9 (66.57+10.98%,
66.78+14.24%; p=0.953). Regarding markers that reflected
the AC status, the T-bil levels were significantly lower in the
TM group than in the rTM+AT group on days 3 (1.91+1.32
mg/dL, 2.98+2.08 mg/dL; p=0.027), 5 (1.56+1.47 mg/dL,
3.16+2.93 mg/dL; p=0.010), 7 (1.30+0.73 mg/dL, 3.03+3.47
mg/dL; p=0.005), and 9 (1.15+0.56 mg/dL, 2.66+3.09 mg/
dL; p=0.005). The CRP levels were significantly lower in
the r'TM group than in the rTM+AT group on days 3 (11.42
+5.37 mg/dL, 14.63+5.35 mg/dL; p=0.048), 5 (5.49+2.88
mg/dL, 8.64+4.68 mg/dL; p=0.004), and 7 (3.18+2.74 mg/
dL, 5.43+3.57 mg/dL; p=0.025). The T-bil and CRP levels,
which reflect the status of cholangitis, showed a correlation
with changes in the DIC score.

AEs

The incidence of AEs related to the administration of
TM or AT was 6.3% (1/16) in the rTM group and 10.0%
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Table 1. Comparison of Patient Characteristics between RTM and RTM+AT Groups.
TM group (n=16) rTM+AT group (n=40) p value
Age (mean+SD) 83.0+8.5 77.6+£10.2 0.067
Sex (Male/Female) 10/6 29/11 0.679
Primary disease
bile duct stone 15 36 0.941
primary sclerosing cholangitis 0 2
IgG4-related sclerosing cholangitis 1 0
retrograde cholangitis 0 2
Severity of cholangitis (severe/moderate) 13/3 35/5 0.856
DIC score (mean+SD) 5.31+1.30 5.35+1.42 0.923
SIRS score (mean+SD) 2.00+0.89 2.30+1.22 0.315
Other anticoagulant drugs
GM 4 13 0.818
Ulinastatin 2 0
UFH 0 1
Antibiotics
MEPM 15 30 0.221
SBT/CPZ 1
DRPM 0 5
LVFX 0
Serum parameters (normal range)
Plt (15.7-38.2x10%/uL) 10.3£5.7 8.9+74 0.457
PT-INR (0.9-1.2) 1.28+0.19 1.36+0.27 0.218
Fibrinogen (200-400 mg/dL) 494.3+223.1 403.1£149.9 0.148
D-dimer (0-0.5 pg/mL) 24.2+14.4 15.4+9.7 0.038
ATII (75-125%) 58.1£9.6 55.1£8.5 0.263
T-bil (0.2-1.2 mg/dL) 3.2+1.6 4.0+£2.5 0.158
CRP (<0.3 mg/dL) 16.7+6.1 13.1+£7.3 0.086
Procedures for papilla 4 6 0.620
EST 3 6 0.954
Pre-cut 1 0 0.632
Endoscopic transpapillary biliary drainage 15 34 0.655
Endoscopic stone removal 0 2 0.909
Percutaneous biliary drainage 1 4 0.941

rTM: recombinant human soluble thrombomodulin, AT: antithrombin, SD: standard deviation, DIC: disseminated

intravascular coagulation, SIRS: systemic inflammatory response syndrome, GM: gabexate mesylate, UFH: un-
fractionated heparin, MEPM: meropenem, SBT/CPZ: sulbactam/cefoperazone, DRPM: dripenem, LVFX: levo-
floxacin, PIt: platelet count, PT-INR: prothrombin time-international normalized ratio, ATIII: antithrombin III, T-

bil: total bilirubin, CRP: C-reactive protein, EST: endoscopic sphincterotomy

(4/40) in the rTM+AT group, showing no significant differ-
ence (p=0.941). AEs included iliopsoas muscle hematoma in
one patient in the rTM group and post-EST bleeding in two
patients, iliopsoas muscle hematoma in one patient, and he-
moptysis from Mycobacterium avium complex (MAC) in
one patient in the rTM+AT group (Table 2). The patient
who developed MAC hemoptysis had to discontinue rTM+
AT treatment. In the other patients, such bleeding events oc-
curred after the administration period for rTM+AT. Two pa-
tients who developed an iliopsoas muscle hematoma were
successfully treated by conservative therapy. In the two pa-
tients who developed post-EST bleeding, hemostasis was
achieved by endoscopic hemostasis, although a blood trans-
fusion was required.

Outcomes

The rate of in-hospital deaths was 0% (0/16) in the rTM
group and 5.0% (2/40) in the rTM+AT group, showing no
significant difference (p=0.909). In the rTM+AT group, one
patient died of exacerbation of acute cholangitis and DIC on
day 30, and another patient recovered from DIC on day 7
but died of worsening heart failure on day 55.

Discussion

Recently, the efficacy of anticoagulant therapy using rTM
has been demonstrated for infection-induced DIC (1-4), with
some reports describing the efficacy of combination therapy
with r'TM and AT (8). In Japan, DIC treatments using AT
and/or r'TM are common for patients with sepsis-induced
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Figure 2. A comparison of the mean values of the DIC score between the r'TM and rTM+AT groups.
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Figure 3. A comparison of the mean values of the SIRS score between the rTM and rTM+AT
groups. ‘p<0.05 vs. baseline. SIRS: systemic inflammatory response syndrome, rTM: recombinant

human soluble thrombomodulin, AT: antithrombin, SD: standard deviation

DIC. The TG18 for AC (12) were the first in the world to
make a statement about anticoagulant therapy for AC-
induced DIC and showed that the administration of rTM
may be considered for severe cholangitis complicated with
DIC, although the evidence level for this recommendation
was low (level D). However, only a few reports on antico-
agulant therapy for AC-induced DIC exist (9-11), so very
little evidence exists that can form a basis for the selection
of anticoagulant agents for this condition.

Treating the primary disease of DIC is most important
point when managing infection-related DIC (16). In the case
of AC, early biliary drainage usually leads to rapid improve-

ment in DIC as well as AC. In a report from Suetani et
al. (10), a multivariate analysis identified early biliary drain-
age as the only independent factor related to the improve-
ment of DIC (OR: 12, 95% CI: 2.3-60). Although a univari-
ate analysis identified rTM administration as an independent
factor related to the improvement of DIC (OR: 4.5, 95% CI:
1.5-14), the need for anticoagulant therapy using rTM or AT
in addition to early biliary drainage is unclear, and in par-
ticular, the necessity and safety of the concomitant use of
AT with anticoagulant therapy using rTM are unclear.

In the present study, our analysis was limited to patients
with benign diseases who underwent early biliary drainage,
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Figure 4. A comparison of mean values of serum parameters between the rTM and rTM+AT
groups. *p<0.05 vs. rTM+AT group; ‘p<0.05 vs. baseline. Plt: platelet count, PT-INR: prothrombin
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Table 2. Adverse Events.
Administration ~ Administration Blood Clinical
Case Group Adverse events Onset periods of rTM periods of AT Treatment transfusion course
1 '™ liopsoas muscle Day7 5 days - Conservatively - Improve
hematoma
2 rTM+AT liopsoas muscle Day22 6 days 3 days Conservatively - Improve
hematoma
3 rTM+AT  Post-EST bleeding  Day7 6 days 3 days Endoscopic + Improve
hemostasis
4 rTM+AT  Post-EST bleeding  Day7 5 days 3 days Endoscopic + Improve
hemostasis
5 rTM+AT  MAC hemoptysis Day3 3 days 3 days Discontinuation - Improve

of 'TM

rTM: recombinant human soluble thrombomodulin, AT: antithrombin, MAC: mycobacterium avium complex

since previous reports have shown that patients who have
not undergone biliary drainage (10) or those who develop
malignant disease have a significantly worse outcome than
those who do undergo drainage or who lack malignant dis-
ease (13). Our results indicated no extra benefit associated
with the concomitant use of AT with anticoagulant therapy
using rTM for AC-induced DIC. The DIC resolution rate on
day 9 did not differ markedly between the rTM and rTM+

AT groups, and the DIC scores from days 3 to 9 were sig-
nificantly lower in the rTM group than in the rTM+AT
group. Regarding blood test values, the T-bil and CRP lev-
els, which reflect the status of cholangitis, from days 3 to 9
were significantly lower in the rTM group than in the rTM+
AT group. This is the same pattern as the DIC score, sug-
gesting that better control of cholangitis may contribute to
an improvement in DIC. In addition, death due to AC and
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DIC occurred in only one patient in the -TTM+AT group but
in none of the patients in the rTM group. For the treatment
of AC-induced DIC, controlling cholangitis by biliary drain-
age and anticoagulant therapy using rTM may be effective
in improving DIC and the prognosis, whereas the addition
of AT seemed unnecessary.

However, it should be borne in mind that the dose of AT
administered in the present study was low (1,500 IU/day),
and its treatment period was short (an average period of 3
days). The serum AT III value increased to approximately
85% in the rTM+AT group on days 3 and 5, which was sig-
nificantly higher than in the rTM group, but decreased on
day 7 and thereafter, reaching the same value in the rTM
group on day 9. Hoffmann et al. (17) reported that keeping
the AT value at 120% significantly improved abnormalities
of blood coagulation. Furthermore, the KyberSept trial by
Warren et al. (6) reported a good outcome by high-dose AT
administration at 30,000 units/4 days. Although high-dose
AT administration improved the treatment outcome, high-
dose therapy in Japan is not realistic. Furthermore, Iba et
al. (18) reported that, if a patient’s AT III value is lower
than 40%, the administration of AT at 3,000 IU/day is asso-
ciated with a better prognosis than that at 1,500 IU/day.
However, the patients in that study had sepsis-associated
DIC. In contrast, for AC-induced DIC, biliary drainage and
anticoagulant therapy with rTM alone may be sufficient be-
cause biliary drainage usually leads to the rapid improve-
ment of AC as well as DIC. The pharmacological activity of
TM is reported to exert an anticoagulant effect independent
of AT (19), and its treatment efficacy is expected in patients
with a low AT value.

The incidence of AEs related to anticoagulant therapy did
not differ markedly between the rTM and rTM+AT groups,
suggesting that the concomitant use of AT may not increase
the risk of AEs, such as bleeding. Of the five patients who
developed bleeding, two required blood transfusion and en-
doscopic hemostasis; in all five patients, hemostasis was ul-
timately achieved without the development of any associated
severe condition. However, in four of the five patients,
bleeding occurred after the completion of anticoagulant ther-
apy, suggesting that caution concerning potential bleeding
should be practiced for this treatment, even after the com-
pletion of anticoagulant therapy.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective study in a single
institution. Second, the number of patients was small be-
cause of the rare nature of the subject disease and the strict
inclusion criteria. Third, the decision concerning AT admini-
stration was made by the attending physician in each case.
Fourth, the mean value of D-dimer was significantly higher
in the r'TM group than in the rTM+AT group. Further inves-
tigations in a large-scale, multicenter randomized control
trial (RCT) will be required in the future. However, since
DIC is a serious condition, it may be ethically difficult to
plan an RCT, so we believe that this study contains useful
information while examining with small number of cases.

Furthermore, since the subject of the present study had DIC
induced by AC, patients with AC due to a malignant biliary
stricture, in which malignancy-related DIC may be involved,
were excluded. In actual clinical practice, AC secondary to
malignant biliary stricture is commonly encountered. This
suggests that the efficacy of combination therapy with rTM
and AT for DIC associated with AC secondary to malignant
biliary stricture needs to be investigated in future studies. In
addition, the study was limited to patients who had under-
gone biliary drainage, but in actual clinical practice, cases
exist where biliary drainage is difficult. Thus, the efficacy of
combination therapy with r'TM and AT for such cases needs
to be investigated in further studies.

In conclusion, the concomitant use of AT with anticoagu-
lant therapy using r'TM for AC-induced DIC in patients who
have undergone early biliary drainage or in those without
malignancy may not help improve the treatment outcome.

The authors state that they have no Conflict of Interest (COI).
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