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Abstract

The Japanese Society on Thrombosis and Hemostasis (JSTH) published the first-ever disseminated intravascular coagula-
tion (DIC) guidelines in 2009. Fifteen years later, the JSTH developed new guidelines covering DIC associated with various
underlying conditions. These guidelines were developed in accordance with the GRADE system to determine the strength of
the recommendations and certainty of the evidence. This article was drafted as Part 1 of an overall DIC guideline covering
various underlying conditions, with sepsis as the subject. In this section, seven key clinical issues (questions) are set. Ques-
tion 1, regarding DIC diagnosis, introduces several diagnostic criteria, such as the JAAM-2, ISTH overt, SIC, and JSTH DIC
criteria and recommends choosing the appropriate diagnostic criteria for DIC based on an understanding of their diagnostic
properties. For pharmacotherapy in DIC patients with sepsis, we recommend the administration of antithrombin (Question
2) and recombinant thrombomodulin (Question 3) (both GRADE 1B). However, we do not make a clear recommendation
regarding the administration of heparin (Question 6) and serine protease inhibitors (Question 7) because of the lack of evi-
dence. Combination therapy, order of administration, and other administration methods for antithrombin and recombinant
thrombomodulin are proposed as important future research questions (Questions 4 and 5).

Keywords Antithrombin - DIC - Infection - Sepsis - Thrombomodulin

Introduction emergency medicine, surgery, intensive care, and labora-

tory medicine, to systematically review the pathophysiology,

Japan has played a leading role in basic and clinical research
on disseminated intravascular coagulation (DIC), as well
as in the development of diagnostic criteria and treatment
guidelines. The Scientific and Standardization Committee
on DIC of the Japanese Society on Thrombosis and Hemo-
stasis (JSTH) first published the DIC guidelines in 2009,
titled “Expert consensus for the treatment of disseminated
intravascular coagulation in Japan” [1], followed by a sup-
plementary version in 2014 [2]. The committee selected
members from various specialties, including hematology,
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diagnosis, and treatment of DIC. Although it mainly focused
on DIC associated with infections, this consensus was a
pioneering initiative, providing recommendations primar-
ily for DIC in the field of internal medicine, particularly in
hematology and infectious diseases. Thereafter, internation-
ally, the British Committee for Standards in Haematology
published guidelines in 2009 [3], and the Italian Society on
Thrombosis and Hemostasis published guidelines in 2012
[4]. The Scientific and Standardization Committee on DIC
of the International Society on Thrombosis and Hemostasis
(ISTH) worked to harmonize the three guidelines [5].
After 6 years of the publication of the supplementary Jap-
anese guidelines, there was a growing demand for guidelines

@ Springer


http://orcid.org/0000-0003-2999-4021
http://crossmark.crossref.org/dialog/?doi=10.1007/s12185-024-03896-9&domain=pdf

K.Yamakawa et al.

that addressed DIC treatment for different underlying con-
ditions beyond infections. Although there was some high-
quality evidence for DIC associated with infections (sepsis),
there was also evidence for underlying conditions, such as
hematologic malignancies, solid tumors, and obstetrics, as
well as evidence of DIC associated with trauma, acute pan-
creatitis, acute liver failure, vascular abnormalities, venom,
and other rare underlying conditions. It has been recognized
that large-scale randomized clinical trials (RCTs) for DIC
associated with rare diseases are challenging to conduct;
thus, developing evidence-based guidelines would be diffi-
cult. This is because there is a lack of evidence that clinical
guidelines are necessary for these diseases.

We formed the Committee of the Clinical Practice Guide-
lines for Management of DIC 2024 and developed new
guidelines covering DIC associated with various underly-
ing conditions based on the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) sys-
tem. This article was drafted as Part 1 of an overall DIC
guideline covering various underlying conditions; the target
condition was sepsis. Other domains are referred to in alter-
native articles.

Overview and basic principles of this clinical
practice guideline

Purpose of the guideline

These guidelines aim to facilitate prompt and appropriate
diagnosis, initiate treatment, improve therapeutic efficacy,
and ultimately improve the clinical outcomes of patients
with DIC caused by various underlying conditions. As the
pathophysiology of DIC varies based on the underlying dis-
ease, the goal was also to enhance the understanding of the
DIC condition and its management, and provide information
on rare underling conditions of DIC.

Users of this clinical practice guideline

This includes all healthcare professionals, such as physi-
cians, nurses, pharmacists, and paramedics, who provide

Table 1 Categories of questions in this guideline

DIC care in clinical settings. Other healthcare providers,
patients receiving DIC care, and their families have also
benefited from the information provided.

Target patient population for the recommendations

The target population includes all patients receiving DIC
care. This also includes patients with conditions that are
likely to be complicated because of DIC.

Notes on the use of this guideline

These guidelines are intended only as a standard treatment
and expert consensus guide at the time of publication. As
each patient’s condition and the system of healthcare facili-
ties differ, the choice of treatment strategy should be deter-
mined through personalized discussions between healthcare
professionals and patients. These guidelines are not intended
to force treatment or restrict healthcare professionals’
discretion.

Classification and designation of the questions

Table 1 shows the classification and designation of the ques-
tions in these Guidelines.

Methods of preparing this clinical practice
guideline

Developing organization

The Committee of the Clinical Practice Guidelines for the
Management of DIC was established under the Board of
the JSTH to develop these guidelines. Five hematologists,
two transfusion specialists, two laboratory specialists, eight
emergency physicians, two surgeons, two general physicians,
one obstetrician, and one basic researcher were recruited by
members of the Scientific and Standardization Committee
of DIC of the JSTH.

Category Definition of question category

Background question

Question regarding fundamental topics of clinical importance among basic knowledge (clinical characteristics, epide-

miological characteristics, and clinical flow) and contents generally accepted in clinical practice

Clinical question

Among the foreground questions based on important clinical issues, questions for which a systematic review was

completed, and an evidence-based recommendation can be provided

Future research question

Among the foreground questions based on important clinical issues, question for which an evidence-based recom-

mendation could not be provided owing to lack of evidence, etc. Research topics to be resolved in the future are

proposed

@ Springer



Clinical practice guidelines for management of disseminated intravascular coagulation in...

Fundamental policy for the preparation of this
guideline

The Clinical Practice Guidelines for Management of DIC in
Japan 2024 were prepared in accordance with the “Minds
Manual for Guideline Development 2017 and 2020 [6] to
determine the strength of recommendations and certainty
of the evidence. We conducted a systematic review of each
question and made recommendations based on evidence. In
principle, the rationale for the recommendation of the ques-
tion was determined by assessing the balance of benefits and
harms, and considering the patient’s preferences and situa-
tion, healthcare economics (including medical insurance),
social conditions, and other factors.

Scope and question planning

In developing the guidelines, a draft scope was proposed
by each underlying disease-working group and approved by
the entire committee. Subsequent key clinical issues were
decided upon, as necessary. Questions were formulated for
each underlying disease group. The reasonableness of each
question was discussed and approved at a plenary committee
meeting as the final version.

Literature search and adoption criteria

A literature search was conducted until December 31, 2021,
using PubMed, Cochrane Library, Scopus, and ICHUSHI.
During the preparation process, we added new articles as
they were published as new evidence. The literature was
screened for each underlying disease group and adopted for
evaluation in the systematic review.

Adoption criteria

(i) RCTs comparing DIC treatment drugs should be
adopted with the highest priority.

(i1) If i) does not exist or there is little evidence, non-
randomized trials, single-arm studies, case—control
studies, and observational studies that allow data
extraction should be adopted.

(iii) In rare disease-working groups where evidence is
particularly limited, case series and case reports
should be adopted.

Systematic review and data extraction

Each underlying disease-working group determined the
outcomes of “benefit” and “harm” for each question. The
importance of the outcomes was scored. The systematic
review team evaluated individual studies according to a
predefined PICO and decided on the studies to be adopted.

Data on the risk of bias and each outcome were extracted,
a quantitative (or qualitative) systematic review was con-
ducted, and a systematic review report was prepared.

Evaluation of the certainty of evidence and drafting

We assessed the certainty of evidence using the GRADE
approach and rated the certainty for each outcome as high
(A), moderate (B), low (C), or very low (D) based on the
following eight factors of the GRADE: five factors that
might lead to a rating down of the certainty of evidence
(risk of bias [RoB], inconsistency, indirectness, imprecision,
and publication bias), and three factors that might lead to
the rating up (large effect, plausible confounding, and dose
response gradient).

The overall certainty of the evidence regarding the overall
outcomes for the questions was determined while consider-
ing the total body of evidence. A draft recommendation was
developed after carefully considering the balance between
benefits and harm, patient values and preferences, and
healthcare economics and resources, including the health
insurance system.

Formulation of recommendations and consensus
building

A plenary committee meeting was held, and all draft rec-
ommendations were reviewed. Consensus formation was
based on web-based voting using the GRADE Grid and a
recommendation was determined as consensus formation
when 70% or more of the votes were assigned to a specific
recommendation category. If the consensus criteria were not
reached after the first vote, a second vote was obtained after
consultation. If, after discussion, the draft did not receive
more than 70% agreement, the recommendation was as
assigned a “weak” recommendation in cases where there
was agreement on the direction of the recommendation, and
“no recommendation” in cases where the direction of the
recommendation was varied.

The Panel graded the strength of the recommendations
as strong or conditional (for or against the intervention of
interest). For future research and background questions, the
strength of the recommendation and certainty of evidence
were not stated, the draft statements were reviewed in ple-
nary committee meetings, and the final version was decided
through discussion and voting.

Dissemination and revision of this guideline
After the publication of this guideline, the Scientific and
Standardization Committee of DIC of the JSTH will con-

tinue to review the contents and promote and disseminate
the guidelines. Furthermore, we will conduct a questionnaire
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survey of the society’s members, survey the dissemination
of the guidelines, define the clinical indicators, and assess
the usefulness of the guidelines.

Recommendations and their rationales

The questions and recommendations are summarized in
Table 2.

Question 1 (BQ): How should DIC associated
with sepsis be diagnosed?

Statement

e There are several diagnostic criteria for DIC associated
with sepsis, including Japanese Association for Acute
Medicine (JAAM) DIC criteria, SIC (sepsis-induced
coagulopathy) criteria, International Society on Throm-
bosis and Haemostasis (ISTH) overt DIC criteria, and
Japanese Society on Thrombosis and Hemostasis (JSTH)
DIC criteria (Table 3).

e  We recommend choosing the appropriate diagnostic cri-
teria for DIC based on an understanding of the diagnostic
properties of each one.

Table 2 Summary of questions and recommendations

Rationale

DIC is classified into two distinct categories: compensated
non-overt DIC and uncompensated overt DIC. In Japan, the
ISTH criteria for the diagnosis of overt DIC [7] has been
widely employed to diagnose the non-compensated phase.
The acute-phase DIC criteria of the JAAM have been used
to diagnose the compensated phase [8]. Recently, the Sys-
temic Inflammatory Response Syndrome (SIRS) score, a
component of the JAAM DIC diagnostic criteria, has not
been employed in routine clinical practice. Thus, the JAAM
DIC diagnostic criteria were modified to the JAAM-2 crite-
ria [9], which no longer includes the SIRS score. The ISTH
released the SIC criteria for diagnosing DIC in the com-
pensated phase in 2019 [10]. These criteria advocate a two-
stage approach for the diagnosis of sepsis-associated DIC,
SIC, and overt DIC. In addition, the JSTH proposed novel
diagnostic criteria for DIC in 2017 [11]. In this approach, the
diagnosis of infectious DIC incorporates molecular markers,
such as antithrombin activity, thrombin/antithrombin com-
plex, soluble fibrin, prothrombin fragment1 + 2 in addition
to conventional markers, such as platelet count, fibrinogen/
fibrin degradation products and prothrombin time ratio.
Molecular markers are thought to be more sensitive and

There are several diagnostic criteria for DIC associated with sepsis, including the Japanese Association for Acute Medicine

(JAAM) DIC criteria, SIC (sepsis-induced coagulopathy) criteria, International Society on Thrombosis and Haemostasis
(ISTH) overt DIC criteria, and Japanese Society on Thrombosis and Hemostasis (JSTH) DIC criteria
We recommend choosing the appropriate diagnostic criteria for DIC based on an understanding of the diagnostic properties

Question 1 How should DIC associated with sepsis be diagnosed?
Statement
of each one
Question 2 Should antithrombin be administered to patients with DIC associated with sepsis?

Recommendation We recommend antithrombin administration to patients with DIC associated with sepsis (strong recommendation/moderate

certainty of evidence: GRADE 1B)

Question 3

Should recombinant thrombomodulin be administered to patients with DIC associated with sepsis?

Recommendation We recommend recombinant thrombomodulin administration to patients with DIC associated with sepsis (strong recom-
mendation/moderate certainty of evidence: GRADE 1B)

Question 4
with sepsis?
Statement
patients with DIC associated with sepsis
Question 5
modulin?
Statement
patients with DIC associated with sepsis
Question 6
associated with sepsis?
Statement
Question 7
Statement

with sepsis

Should combination therapy of antithrombin and recombinant thrombomodulin be used for patients with DIC associated
We have not made clear recommendations on combination therapy of antithrombin and recombinant thrombomodulin for
Which should be administered first to patients with DIC associated with sepsis: antithrombin or recombinant thrombo-
We have not made a clear recommendation on whether to administer antithrombin or recombinant thrombomodulin first to
Should unfractionated heparin (UFH) or low-molecular-weight heparin (LMWH) be administered to patients with DIC

We have not made a clear recommendation on UFH or LMWH administration for patients with DIC associated with sepsis
Should serine protease inhibitors be administered to patients with DIC associated with sepsis?

We have not made a clear recommendation on serine protease inhibitors administration for patients with DIC associated
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Table 3 JAAM-2 DIC, SIC, ISTH overt DIC, and JSTH DIC scoring systems

Points JAAM-2 DIC (ref. 9) Sepsis-induced coagu- ISTH overt DIC JSTH DIC
lopathy (ref. 10) (ref. 7) (infectious type) (ref. 11)
Platelet count 3 <80x 10°/L - - <50x 10°/L
or>50% decrease/24 h
2 - <100x 10°/L <50x10°/L >50,<80x 10°/L
>80,<120x 10°/L >100,<150x 10°L  >50,<100x10%L  >80,<120x10°/L
or 30-50% decrease/24 h
FDP (or D-dimer) 3 >25 pg/mL - Strong increase >40 pg/mL
2 - - Moderate increase >20,<40 pg/mL
1 >10,<25 pg/mL - - >10,<20 pg/mL
Prothrombin time (sec) 2 — >1.4 >6s >1.67
Prothrombin time ratio | >12 >12,<14 >3,<6' >1.25,<1.67
Fibrinogen 1 - - <100 g/mL -
Antithrombin 1 - - - <70%
TAT, SFor F1+2 1 - — — > Twofold increase
SOFA score * 2 - - -
1 _ _ R
Liver failure -3 - - - Yes
Required points for 3 points 2 points 5 points 6 points

criteria-positive

3SOFA score is assessed by the sum of the four items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, and renal SOFA)

JAAM Japanese Association for Acute Medicine, ISTH International Society on Thrombosis and Haemostasis, JSTH Japanese Society on
Thrombosis and Hemostasis, DIC disseminated intravascular coagulation, FDP fibrin degradation products, TAT thrombin-antithrombin com-
plex, SF soluble fibrin, F/ + 2 prothrombin fragment 142, SOFA Sequential Organ Failure Assessment

specific than conventional markers; however, their wider
use is currently limited by a lack of acceptance in clinical
settings.

In summary, the diagnostic criteria for sepsis-associated
DIC include the JAAM-2 DIC, SIC, ISTH overt, and JSTH
DIC diagnostic criteria (Table 3). It is recommended that
the most appropriate method be selected based on an under-
standing of the characteristics of each component, as previ-
ously mentioned.

Question 2 (CQ): Should antithrombin be
administered to patients with DIC associated
with sepsis?

Recommendation

¢ We recommend antithrombin administration to patients
with DIC associated with sepsis (strong recommenda-
tion/moderate certainty of evidence: GRADE 1B).

Background

Antithrombin exerts anticoagulant effects by inhibiting
thrombin and activated factor X. Additionally, it exerts
anti-inflammatory effects by regulating prostacyclin produc-
tion by vascular endothelial cells, rendering it a potentially

efficacious treatment for sepsis-associated DIC. In Japan,
antithrombin is indicated for use in patients with DIC with
an antithrombin activity of 70% or lower, and it is widely
used in clinical practice. However, previous reports have
yielded conflicting results regarding its effectiveness in
improving the prognosis of patients with sepsis-associated
DIC. Therefore, this is of great clinical significance for the
formulation of this question.

Recommendation rationale
e Balance between benefits and harm.

There were five RCTs [12—16] with the adopted evidence.
Forest plots of these comparisons are shown in Fig. 1. As
a primary outcome, moderate effects were expected for all-
cause mortality (a decrease of 147 per 1000). As secondary
outcomes, there was no increase in the incidence of seri-
ous bleeding complications (increase of 8 per 1000) and
increase in the DIC resolution (increase of 448 per 1000).
Based on the above findings, it was determined that the ben-
efits of antithrombin administration outweigh those of DIC
in patients with sepsis.

e Certainty of evidence.
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A. All-cause mortality

AT Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Fourrier 1993 4 14 9 18 8.9% 0.57 [0.22, 1.48] 1993 —
Inthorn 1997 3 7 7 7 8.5% 0.47[0.21, 1.04] 1997
Baudo 1998 23 33 20 23  26.6% 0.80[0.61, 1.06] 1998 —&
Kienast 2006 29 114 46 115 51.6% 0.64 [0.43, 0.94] 2006 —i—
Gando 2013 3 30 4 30 4.5% 0.75[0.18, 3.07] 2013
Total (95% Cl) 198 193 100.0% 0.67 [0.52, 0.85] <o
Total events 62 86
ity: Chi2 = = = T 12= Q9 I } } } } |
e s R N T BT
est for overall effect: 2 = 3.31 (P = 0. ) Favours AT Favours Control
B. Serious bleeding complications
AT Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Fourrier 1993 0 14 1 18 18.1% 0.42[0.02, 9.64] 1993 —]
Kienast 2006 8 114 6 115 81.9% 1.35[0.48, 3.75] 2006
Gando 2013 0 30 0 30 Not estimable 2013
Total (95% Cl) 158 163 100.0% 1.18 [0.45, 3.08]
Total events 8 7
ity: Chi2 = = = S 2= Q9 I t 1 t |
?etttarfogeneltyl.I thfu . (;4_802‘3 l1)(_P0 7(31.49), 2=0% 0.01 01 1 10 100
est for overall effect: Z = 0.33 (P = 0.74) Favours AT Favours Control
C. DIC resolution
AT Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Fourrier 1993 9 14 2 18 21.2% 5.79[1.48, 22.63] 1993 - =
Inthorn 1997 7 7 0 7 6.1% 15.00[1.02,220.92] 1997 >
Gando 2013 16 30 6 30 727%  2.67[1.21,5.88] 2013 ——
Total (95% Cl) 51 55 100.0% 4.08 [2.11, 7.87] L 2
Total events 32 8
ity: Chi2 = = = |2 =129 I } } |
Heterogeneity: Chi? = 2.26, df = 2 (P = 0.32); 12% 0.01 01 y 10 100

Test for overall effect: Z=4.19 (P < 0.0001)

Favours Control Favours AT

Fig. 1 Forest plot of the comparison: antithrombin versus control (Question 2). A All-cause mortality, B serious bleeding complication, C DIC
resolution. AT antithrombin, M—H Mantel-Haenszel, CI confidence interval

The certainty of evidence for each outcome ranged from
“low” to “moderate,” as shown in Table 4. Considering the
direction, the overall certainty of the evidence was judged
to be “moderate.”

e Other ancillary matters.

The appropriate AT activity level for AT administration is
unclear, however, it should be administered when the level
is 70% or lower, as recognized by insurance coverage in
Japan. A future international phase II randomized trial of
antithrombin in patients with sepsis is currently in being
scheduled [17]. Recommendations may change owing to the
accumulation of evidence in the future.

@ Springer

Discussion and decision by voting

First vote: Strong recommendation to use: 7/11 (64%); weak
recommendation to use: 4/11 (36%).

Second vote: Strong recommendation to use: 10/12
(83%); weak recommendation to use: 2/12 (17%).

Question 3 (CQ): Should recombinant
thrombomodulin be administered to patients
with DIC associated with sepsis?

Recommendation

e We recommend recombinant thrombomodulin admin-
istration to patients with DIC associated with sepsis
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(strong recommendation/moderate certainty of evidence:
GRADE 1B).

Background

Recombinant thrombomodulin has been demonstrated to
exert anticoagulant effects by binding to thrombin and acti-
vating protein C. Additionally, it possesses anti-inflamma-
tory properties via its lectin-like domains. The results of
a multinational phase III study (the SCARLET trial) were
published in 2019, but no definitive conclusions were drawn.
The use of this treatment is still debated in clinical practice,
and the formulation of this question is considered of great
clinical significance.

A. All-cause mortality

Recommendation rationale
e Balance between benefits and harm

There were four RCTs [18-21] with the adopted evidence.
The forest plots of the comparisons are shown in Fig. 2. As
a primary outcome, mild effects were expected for all-cause
mortality (decrease of 39 per 1000). As secondary outcomes,
there was no increase in the incidence of serious bleeding
complications (increase of 12 per 1000) and increase in the
DIC resolution (increase of 120 per 1000). Based on the
above findings, it was determined that the benefits of recom-
binant thrombomodulin administration outweigh those of
DIC in patients associated with sepsis.

rm™ Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Vincent 2013 66 370 80 371 40.9% 0.83[0.62, 1.11] 2013 —T
Hagiwara 2016 8 47 7 45 3.7% 1.09[0.43, 2.77] 2016
Mori 2019 7 29 7 31 3.5% 1.07 [0.43, 2.67] 2019 —
SCARLET 2019 82 307 105 327 52.0% 0.83[0.65, 1.06] 2019 —
Total (95% CI) 753 774 100.0% 0.85[0.71, 1.01] 2
Total events 163 199
ity: Chi2 = = = 12 = QY I } } } } |
?et(ta;ogeneltyl.l Cfr;l t(;5_91 (:;fo i(_P0 007.90), 2=0% 01 02 05 5 5 10
est for overall effect: Z = 1.80 (P = 0.07) Favours rTM Favours Control
B. Serious bleeding complications
rm™ Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Vincent 2013 19 371 17 370 50.3% 1.11[0.59, 2.11] 2013
Hagiwara 2016 2 47 1 45 3.0% 1.91[0.18, 20.39] 2016
Mori 2019 0 29 0 31 Not estimable 2019
SCARLET 2019 23 395 16 405 46.7% 1.47[0.79, 2.75] 2019 L
Total (95% Cl) 842 851 100.0% 1.31 [0.84, 2.02] <>
Total events 44 34
[T i2 = = = - 12 = 09 I } } |
?ehterfogeneltyl.I Cfr;l N 024_81 dzf0 ﬁ(_P0 2(;.79), 12=0% 0.01 01 1 10 100
est for overall effect: Z = 1.20 (P = 0.23) Favours rTM Favours Control
C. DIC resolution
rmMm Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Vincent 2013 13 45 10 53 20.1% 1.53[0.74, 3.15] 2013 T
Hagiwara 2016 27 48 17 42  39.7% 1.39[0.89, 2.17] 2016 T
Mori 2019 21 29 19 31 40.2% 1.18[0.83, 1.69] 2019 -
Total (95% CI) 122 126 100.0% 1.33 [1.01, 1.75] &
Total events 61 46
TN 2 = = = <12 = 09 I } } |
Heterogeneity: Chiz = 0.61, df =2 (P = 0.74); I? = 0% 0.01 o 10 100

Test for overall effect: Z = 2.07 (P = 0.04)

Fig.2 Forest plot of the comparison: recombinant thrombomodulin
versus control (Question 3). A all-cause mortality, B serious bleeding
complication, C DIC resolution. *7TM recombinant thrombomodulin,
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e Certainty of evidence

The certainty of evidence for all outcomes was “mod-
erate,” as shown in Table 5. Considering the direction,
the overall certainty of the evidence was judged to be
“moderate.”

Discussion and decision by voting

First vote: Strong recommendation to use: 1011 (91%);
weak recommendation to use: 1/11 (9%); One abstention
was observed due to conflict of interest.

Question 4 (FRQ): Should combination therapy
of antithrombin and recombinant thrombomodulin
be used for patients with DIC associated with sepsis?

Statement

e We have not made clear recommendations on whether a
combination therapy of antithrombin and recombinant
thrombomodulin be used for patients with DIC associ-
ated with sepsis.

Rationale

In clinical situations, in Japan, antithrombin and recom-
binant thrombomodulin are occasionally concomitantly
administered, although evidence on the effectiveness and
safety of the combined use of these agents is limited. These
two anticoagulants have different mechanisms of action, and
their combined use may enhance their anticoagulant effects
[22], However, it is possible that irreversible inhibition of
thrombin by antithrombin may interfere with the activation
of protein C by the thrombomodulin/thrombin complex [23].
Animal model studies suggest that combination therapy may
improve survival compared to antithrombin or recombinant
thrombomodulin alone [24].

To date, no RCTs have been conducted comparing the
use of antithrombin or recombinant thrombomodulin alone
versus combination therapy for sepsis-associated DIC. A
systematic review of observational studies demonstrated a
trend toward improved survival with combination therapy
with antithrombin and recombinant thrombomodulin [25].
Bleeding complications were similar between the combina-
tion therapy and monotherapy groups. In the future, more
evidence from RCTs or high-quality observational stud-
ies are warranted to clarify the usefulness of combination
therapy and the optimal patient population for combination
therapy.

Question 5 (FRQ): Which should be administered
first to patients with DIC associated with sepsis—
antithrombin or recombinant thrombomodulin?

Statement

o We have not made a clear recommendation on whether to
administer antithrombin or recombinant thrombomodulin
first to patients with DIC associated with sepsis.

Rationale

The administration of antithrombin or recombinant thrombo-
modulin for sepsis-associated DIC is recommended in both
this guideline and the Japanese Clinical Practice Guidelines
for Management of Sepsis and Septic Shock 2020 [26].
However, there is no consensus on which of these two agents
should be administered first.

None of the 11 observational studies that evaluated the
combination of antithrombin and recombinant thrombo-
modulin for sepsis-associated DIC addressed the timing of
administration of either of these agents [25]; neither basic
nor clinical research has been conducted on this issue. Fur-
ther evidence from RCTs or high-quality observational stud-
ies is required to determine the order of priority of their use.

Question 6 (FRQ). Should unfractionated heparin
(UFH) or low-molecular-weight heparin (LMWH)
be administered to patients with DIC associated
with sepsis?

Statement

e We have not made a clear reccommendation on UFH or
LMWH administration for patients with DIC associated
with sepsis.

Rationale

Heparin binds to antithrombin and inhibits thrombin and
activated factor X to exert anticoagulant activity. It is
expected to be effective in the treatment of DIC associated
with sepsis, which causes organ failure owing to circulatory
disturbances caused by excessive coagulation activation.
The Japanese Clinical Practice Guidelines for Management
of Sepsis and Septic Shock 2020 weakly recommends that
UFH/LMWH should not be used as a standard treatment
for sepsis-associated DIC [26]. Currently, there is no high-
quality evidence of the efficacy of UFH/LMWH for DIC,
including two RCTs [27, 28].

Recently, a meta-analysis showed the benefits of UFH and
LMWH in patients with sepsis, including DIC associated
with sepsis [29, 30]. The benefits of heparin for coagulation
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disorders in COVID-19 have been recognized worldwide
[31, 32]. Otherwise, future evaluations of the effectiveness
of UFH and LMWH in sepsis-associated DIC are warranted.

Question 7 (FRQ): Should serine protease inhibitors
be administered to patients with DIC associated
with sepsis?

Statement

e We have not made a clear recommendation on serine
protease inhibitors’ administration to patients with DIC
associated with sepsis.

Rationale

Serine protease inhibitors are considered to have a lower risk
of bleeding complications compared to other anticoagulants
because of their combined effects of inhibiting fibrinolytic
activity and excessive coagulation activity in patients with
DIC. It has a long history of use in clinical settings in Japan
to treat DIC caused by various underlying diseases, includ-
ing sepsis. Gabexate and nafamostat mesylates are used as
insurance agents for DIC in Japan.

The Japanese Clinical Practice Guidelines for Manage-
ment of Sepsis and Septic Shock 2020 weakly recommends
that serine protease inhibitors should not be used as a stand-
ard treatment for sepsis-associated DIC [26]. Two RCTs
provide a rationale for this [33, 34]. Both studies examined
gabexate mesylate; however, they were small studies con-
taining only 20-50 patients and did not prove its benefit.
Twenty years have passed since then and there is no high-
quality evidence on the effect of proteolytic enzyme inhibi-
tors on DIC. Based on these findings, these guidelines do
not provide recommendations for serine protease inhibitors.

Funding These clinical practice guidelines were prepared with funding
from the Japanese Society on Thrombosis and Hemostasis. None of the
members received any reward for their work.
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