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Disseminated intravascular coagulation (DIC) is an acquired syndrome characterized by widespread intravascular activation of coagu-
lation, which can be caused by infectious and noninfectious insults, such as trauma, postcardiac arrest syndrome, and malignant dis-
eases. At present, diagnosis and treatment of DIC clearly differ between Japan and Western countries; in Japan, DIC has long been
considered a therapeutic target, and much evidence on DIC has been published. However, there has recently been no international
consensus on whether DIC should be a therapeutic target with anticoagulant therapy. This review describes the coagulofibrinolytic
system abnormalities associated with sepsis and discusses related management strategies. It also explores the reasons why DIC is
perceived differently in different regions. There is a major discrepancy between diagnostic and treatment options in Japan, which are
based on holistic assessments of trials, as well as the results of post hoc subgroup analyses and observational studies, and those in
Western countries, which are based mainly on the results of sepsis mega trials, especially randomized controlled trials. The differ-
ences might also be due to various patient factors in each region, especially racial characteristics in thrombolytic mechanisms, and
differences in interpretation of evidence for candidate drugs. Hence, Japanese researchers need to distribute their high-quality clinical
research data not only to Japan but also to the rest of the world.
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INTRODUCTION

DISSEMINATED INTRAVASCULAR COAGULA-
TION (DIC) is a rare and severe condition character-

ized by abnormal coagulation and fibrinolysis in acute
pathologies, including sepsis, trauma, postcardiac arrest syn-
drome, burns, acute pancreatitis, and obstetric hemorrhage,
as well as malignancies, such as acute leukemia and solid
cancers.1 Disseminated intravascular coagulation is well-
known among clinicians in Japan, where the concept of DIC
management (i.e., appropriate diagnosis and early interven-
tion) is firmly rooted.2 However, there has recently been no
international consensus on whether DIC is a validated thera-
peutic target with anticoagulant therapy.3–5 Antithrombin

and thrombomodulin are approved by the Japanese national
health insurance and widely administered for DIC in Japan,
but these DIC medications are not common for this purpose
outside Japan.2,6,7 This review aims to explore the reasons
behind the big discrepancies in how DIC is perceived in dif-
ferent regions. This section focuses on coagulofibrinolytic
abnormalities associated with sepsis, for which plenty of
evidence has been pooled, and discusses the relevant man-
agement strategies.

FAILURE OF LARGE-SCALE TRIALS AND
POSITIONING OF INTERNATIONAL
GUIDELINES

AT PRESENT, DIC management guidelines differ
between Japan and Western countries. A review article

published in 1999 in the New England Journal of Medicine
states that inflammation, which is emphasized in Japan, acti-
vates the clotting cascade, dysregulates coagulation control
mechanisms, and suppresses fibrinolysis, thereby leading to
microthrombi formation; disseminated thrombosis causes
organ damage, and anticoagulation therapy has anti-
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inflammatory and fibrinolytic effects in addition to anticoag-
ulant property.8 Hence, there was similar awareness of
abnormal coagulation in sepsis in European countries.9 The
interest in this pathology prompted researchers to investigate
the effectiveness of antithrombin formulations (KyberSept
trial) and activated protein C (PROWESS trial).10,11

When discussing sepsis and anticoagulant therapy, it is
essential to mention the “drama” that originated from the
PROWESS trial. The PROWESS trial was an international
phase III randomized controlled trial (RCT), which aimed to
validate the effectiveness of activated protein C.11 Impor-
tantly, this trial examined an overall sepsis cohort regardless
of the presence of DIC. In the result, a 6.1% reduction in
mortality was observed in the activated protein C treatment
group; the finding generated enthusiasm about the potential
applications of activated protein C in sepsis worldwide. In
response to this trial, the Surviving Sepsis Campaign Guide-
line (SSCG) 2004 suggested that activated protein C can be
used for sepsis patients at a high risk of death.12 However,
the 2008 revision of SSCG modified both the recommenda-
tion strength and target population: the recommendation was
limited to patients expected to have an Acute Physiology
and Chronic Health Evaluation II (APACHE II) score of 25
points or more and was not indicated for patients with
APACHE II scores of less than 20 points.13 This was a
major change of the recommendation in just 4 years. More-
over, regarding adverse events, an increased risk of bleeding
due to the administration of activated protein C was stressed.
As the evidence supporting the recommendation was based
on a subgroup analysis of the PROWESS trial, the United
States Food and Drug Administration and other regulatory
authorities requested another trial targeted at a severely ill
patient group.14 This was the PROWESS-SHOCK trial
including only septic shock patients, which did NOT show
that activated protein C improved survival outcomes. Ulti-
mately, the product was completely withdrawn from the
market.15 This series of “dramas” that unfolded in the SSCG
also revealed some nonscientific aspects (such as how phar-
maceutical companies had funded the guideline drafting pro-
cess and lobbied members of the drafting committee), as
well as scientific aspects (such as interpretation of subgroup
analyses and early discontinuation of clinical trials).16

Unfortunately, all large RCTs examining specific antico-
agulant therapy for sepsis, such as the PROWESS, Kyber-
Sept, and OPTIMIST trials, failed (Fig. 1). In 2016, when
the SCARLET trial was expected to have results, the term
“DIC” appeared in SSCG 2016 and briefly gained attention;
this trial also failed in 2019.17 Therefore, the current interna-
tional standard, SSCG 2021, eliminated not only the phar-
maceutical recommendations but also the term “DIC,”
which was described in the previous 2016 edition.7

Consequently, researchers and clinicians in Western coun-
tries might not think of the coagulation abnormalities
accompanying sepsis as a therapeutic target.

JAPAN’S CONTRIBUTION TO THE
DEVELOPMENT OF DIAGNOSTIC CRITERIA
AND MANAGEMENT OF SEPSIS-INDUED DIC

IN 1951, A pathological examination of three cases of pla-
cental abruption by Dr Schneider, an American obstetri-

cian, confirmed the formation of fibrin thrombi in the blood
vessels, and this condition was named “disseminated intra-
vascular coagulation.”18 With this as a turning point, the
concept of DIC gained wide recognition, but DIC diagnosis
was unfeasible in real clinical practice because of the
requirement for pathological evidence of microthrombi.
Against this background, Japanese researchers with great
interest in DIC developed the Japanese Ministry of Health
and Welfare (JMHW) DIC diagnostic criteria based on a
scoring system using general coagulation and fibrinolysis
markers in the 1980s,19 and substantial evidence on DIC has
emerged based on the JMHW diagnostic criteria. The Inter-
national Society on Thrombosis and Hemostasis (ISTH)
overt-DIC criteria,20 which was established with reference
to the JMHW criteria, has been the global gold standard;
however, the two criteria diagnose DIC, the condition might
already be at a stage of irreversible decompensation, thus
late from the therapeutic time window.1 Japanese physicians
complained about the low sensitivity of these diagnostic cri-
teria, leading to the establishment of the Japanese Associa-
tion for Acute Medicine (JAAM) DIC diagnostic criteria in
2008, which were specifically designed for the diagnosis of
DIC related to acute diseases, including sepsis and trauma.21

This criterion is characterized by high sensitivity for early
DIC diagnosis while maintaining diagnostic specificity and
has been shown to be predictive of DIC severity and out-
comes.22 Therefore, existing DIC diagnostic criteria, includ-
ing the ISTH overt-DIC diagnostic criteria, have been
developed based on evidence mainly originating in Japan.

As mentioned above, there has long been a high level of
interest in DIC in Japan, and anticoagulants have been
widely used as insurance-approved drugs for DIC.23 A
meta-analysis of RCTs on the effectiveness of anticoagulant
therapy for sepsis indicated that the survival rate did not
change with anticoagulant therapy in the overall sepsis
cohort or the sepsis cohort with any mildly deranged coagu-
lation parameters, but increased in the confirmed sepsis-
induced DIC cohort.24 The results of this study reiterated
that the optimal population benefiting from anticoagulant
therapy comprises those with sepsis-induced DIC, rather
than those with overall sepsis.
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With this background, the Japanese Clinical Practice
Guidelines for Management of Sepsis and Septic Shock
2020 (J-SSCG 2020) have emphasized the importance of
DIC management.2 These guidelines have suggested anti-
thrombin replacement therapy and administration of
recombinant human thrombomodulin (rhTM) as therapeu-
tic interventions. However, it should be noted that an RCT
to evaluate the efficacy of antithrombin at the standard
Japanese dosage (30 IU/kg per day for 3 days) for patients
diagnosed using the JAAM DIC diagnostic criteria showed
an increasing recovery rate from DIC on day 3, but no
improvement in the 28-day mortality.25 Furthermore, the
most recent RCT that verified the efficacy of rhTM in
patients with sepsis-associated coagulopathy also failed to
determine the efficacy of this drug.17 Despite the results
of these RCTs, antithrombin supplementation for sepsis-
induced DIC has remained the same as before, and the
proportion of patients with sepsis-induced DIC receiving
rhTM has increased since its launch in 2008.23 Although
the causal relationship is unknown, the mortality rate of
patients with sepsis-induced DIC decreased after rhTM
was launched.23 Importantly, some clinicians in Japan
believe that anticoagulant therapy is unnecessary for coa-
gulopathy associated with sepsis.6

UNDERSTANDING THE PATHOPHYSIOLOGY
OF SEPSIS-INDUCED DIC

DISSEMINATED INTRAVASCULAR COAGULA-
TION can be caused by various underlying diseases,

with the single mutual denominator being “an excessive
coagulation response and the presence of microthrombosis.”
However, the pathology widely differs depending on the
triggering insults.1,26 There are considerable variations in
progression manners, collapsed physiologies, clinical symp-
toms, and blood test results. Moreover, sepsis-induced DIC,
obstetric-induced DIC, trauma-induced DIC, and leukemia-
induced DIC have distinct pathologies, clinical signs, and
laboratory findings.1,26 Therefore, it is often difficult for
general clinicians to understand the pathophysiology. Dis-
seminated intravascular coagulation was historically catego-
rized into inhibited and increased fibrinolysis. The
pathological analysis of sepsis-induced DIC has advanced
over the last decade.26,27 It is crucial to understand the pro-
cess by which sepsis becomes complicated due to sepsis-
induced DIC.

The concept of “immunothrombosis” has recently been
acknowledged, in which the change in clotting and declot-
ting associated with sepsis is regarded as a natural

Fig. 1. History of randomized controlled trials evaluating the efficacy of anticoagulants for sepsis pathologies. All randomized con-

trolled trials (RCTs) shown in this figure failed to demonstrate a survival benefit for each anticoagulant. Of note, most of these RCTs

included patients with sepsis and severe sepsis, but not those with disseminated intravascular coagulation. ADDRESS, Administration

of Drotrecogin Alfa in Early stage Severe Sepsis; APC, activated protein C; AT, antithrombin; CAPTIVATE, Community-Acquired Pneu-

monia Tifacogin Intra-Venous Administration Trial for Efficacy; HETRASE, Unfractioned Heparin for Treatment of Sepsis; OPTIMIST,

Optimized Phase 3 Tifacogin in Multicenter International Sepsis Trial; PROWESS, Recombinant Human Activated Protein C Worldwide

Evaluation in Severe Sepsis; PR-SHOCK, Prospective Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis

and Septic Shock; RESOLVE, Researching Severe Sepsis and Organ Dysfunction in Children, A Global Perspective; rhTM, recombinant

human thrombomodulin.; SCARLET, Sepsis Coagulopathy Asahi Recombinant LE Thrombomodulin; TFPI, tissue factor pathway

inhibitor.
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physiological response.28 When pathogenic microorganisms
enter our body, the formation of thrombi protects us by pre-
venting bacterial dissemination and reducing blood flow,
thereby allowing immune cells to come into contact with the
invaders.29 The main substances in immunothrombosis are
neutrophil extracellular traps (NETs) released from activated
neutrophils and histones, which have strong coagulation
inflammation-inducing potency. If NETs and histones act
synergistically and vascular endothelial disorder induces
impairment of anticoagulant activity, including the actions
of antithrombin, tissue factor pathway inhibitor, and throm-
bomodulin, nonderanged immunothrombosis, which is usu-
ally a normal physiological process, will eventually become
pathological, leading to sepsis-induced DIC.30 Therefore, it
would be reasonable that immunothrombosis, a normal reac-
tion to infection at early-stage sepsis, should not be a treat-
ment target. Sepsis-induced DIC is a terminology that
reflects a dysregulated inflammatory coagulofibrinolytic
response, leading to a harmful reaction.1,31

The main players of this dysregulated inflammatory coa-
gulofibrinolytic response are NETs released from activated
neutrophils and histones, as mentioned above (Fig. 2). It has
been proven that all the elements consisting of an abnormal
cascade of sepsis-induced DIC, including hypercoagulabil-
ity, which is enhanced by endothelial cell injury, inflamma-
tory response, suppressed fibrinolysis, and cytotoxicity, can
be induced by NETs and histones.32,33 From this viewpoint,
there have been ideas to treat sepsis by combatting histones
and NETs, which have been the subjects of basic
research.32,33

OPTIMAL THERAPEUTIC TARGETS FOR
SPECIFIC ANTICOAGULANT THERAPY IN
JAPAN

LATELY, IN JAPAN, it has been regarded important that
target subjects for specific anticoagulants should be

selected according to not only diagnostic criteria but also

Fig. 2. Pathophysiological schema of immunothrombosis and disseminated intravascular coagulation (DIC). Cytokines released from

immune cells stimulated by pathogen-associated molecular patterns (PAMPs) derived from bacteria induce tissue factor expression

on the surface of monocytes and endothelial cells, causing endothelial injury, followed by inactivation of anticoagulant mechanisms,

including antithrombin (AT), tissue factor pathway inhibitor (TFPI), and thrombomodulin (TM), leading to further activation of coagula-

tion. In addition, neutrophil extracellular traps (NETs) are released from activated neutrophils through cytokines and platelets acti-

vated by PAMPs. Histones, a major component of NETs, facilitate further release of NETs. This interaction between NETs and histones

promotes coagulation activation by the recruitment of platelets and impairment of anticoagulant mechanisms and antifibrinolysis

through increased plasminogen activator inhibitor-1 (PAI-1) expression, contributing to the progression of physiological immuno-

thrombosis into pathological DIC. AT and TFPI bind to heparan sulfate (gray bar) secreted by endothelial cells. Dashed lines indicate

cleavage of anticoagulant proteins from endothelial cells and their dysfunctional state. APC, activated protein C; EPCR, endothelial

protein C receptor; MODS, multiple organ dysfunction syndrome; PC, protein C; TF, tissue factor.
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disease severity.34 In a Japanese observational study that
stratified “disease severity” by the Sequential Organ Failure
Assessment (SOFA) score, anticoagulant therapy showed a
beneficial effect on mortality in participants with SOFA
scores of 13–17 points.35 Another study revealed that antico-
agulant therapy improved patient mortality only in severe
cases with APACHE II scores of 24–29 points.36 Hayakawa
et al.37 utilized antithrombin activity to group patients and
examined its replenishment, and they found improved sur-
vival only in the group with antithrombin activity of 43% or
less. Furthermore, recent observational studies showed that
patient age could affect therapeutic effectiveness.38

All of the above observational studies indicate that target
patients with sepsis-induced DIC should be selected not
merely based on whether they meet the diagnostic criteria
but also by some “third criterion” (Fig. 3). Similarly, a suba-
nalysis of large-scale RCTs (PROWESS and KyberSept tri-
als) in the 2000s showed a benefit in patients with DIC or
high severity.13,39,40 In the same concept, these series of
observational studies in Japan over the past decade suggest
the importance of patient selection. These studies led to a
major divergence between Japan and Western countries.
Researchers in Japan consider that the therapy can be effec-
tive and needs to be incorporated into the management of
sepsis patients with DIC. In recent years, many studies have
reported the clustering of patients with sepsis by unsuper-
vised learning.41 In addition, Kudo et al.42 indicated that
thrombomodulin was effective in only one specific group of
patients by machine learning. These findings suggest the

potential use of machine learning to aid patient selection in
the future. However, all the contents of this chapter were
extracted from observational studies or post hoc studies.
Therefore, multicenter prospective trials are required in the
future.

HOWWOULD DIC BE PERCEIVED IN JAPAN
AND WESTERN COUNTRIES?

THIS SECTION WILL discuss the differences in the
levels of interest in the theme of this review – sepsis-

induced DIC – between Japan and Western countries. First
of all, is there an awareness of sepsis-induced hematologi-
cal dysfunction/failure in Western countries? The answer
is “Yes.” It is not a major topic in the literature, but online
textbooks and learning materials for trainees and special-
ists in North America, Europe, and Australia have never
forgotten to discuss DIC.43–45 The related content does not
vary greatly among these materials: it generally starts with
the causes and pathophysiology of DIC and mentions dif-
ferential diagnoses and treatments. Interestingly, articles on
sepsis-induced DIC written by Japanese researchers are
frequently quoted, and the JAAM diagnostic criteria for
DIC are suggested as one of the useful diagnostic criteria.
Some of these materials appraise the Japanese criteria as
having high sensitivity but low specificity, which has also
been a debated topic in Japan. Thus, the contributions of
Japanese scientists in this area have been recognized
internationally.

Disseminated 
intravascular 
coagula�on

Fig. 3. Conceptual diagram for optimizing anticoagulant therapy targets in sepsis patients. The optimal target for anticoagulation

therapy might be patients who meet all the three components of sepsis, disseminated intravascular coagulation, and the third crite-

rion, given the results of observational studies. The third criterion might be severity of the disease, such as the Sequential Organ Fail-

ure Assessment (SOFA) score or Acute Physiology and Chronic Health Evaluation II (APACHE II) score, or antithrombin activity. Thus,

the third criterion has not yet been determined, but may be clarified in the future.
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The next question is “What kind of pictures does DIC
bring to us?” One physician could envision the macroscopic
clinical images, such as purpura fulminans associated with
meningococcal sepsis or intracerebral hemorrhage associ-
ated with a prolonged clotting time, while another physician
might think of the microscopic level of coagulation cascades
and intravascular inflammatory signal transduction. Notably,
the classic purpura fulminans associated with infection-
driven coagulopathy, a visible form of organ failure, which
has recently been renamed symmetrical peripheral gangrene,
has been addressed in the aforementioned textbooks pub-
lished in various Western countries.43–45 In contrast, articles
discussing this organ dysfunction written by Japanese
authors tend to dedicate space to immunothrombosis and
microcirculation more than macroclinical pictures.1,21,29,30

What is making this difference? A racial difference in
thrombosis–hemostasis characteristics might affect Western
and Japanese views. Asians are reported to have less venous
thromboembolism compared to Europeans.46 In addition, a
theory called “East Asian paradox” has lately been discussed,
mostly in the cardiovascular field.47 This theory suggests that
the ideal dosage range for antithrombotic therapies, in which a
thromboprophylaxis effect is achieved with fewer hemorrhagic
complications, should be individually set for East Asians,
given their high risk of bleeding (Fig. 4).47–50

The ethnic characteristics of East Asians, including Japa-
nese, who have a tendency towards less blood clotting and
more bleeding, can lead to unique clinical pictures and dif-
ferent responses to anticoagulant therapy. This differences
have led to the interests of clinicians between Western coun-
tries and East Asia.

HOWWOULD DIC CASES BE DEALT WITH IN
WESTERN COUNTRIES?

WHAT IS A treatment option when sepsis-induced
DIC is diagnosed? The learning materials in North

America, Europe, and Australia mentioned above emphasize
treating the underlying disease with general management of
DIC. Interestingly, although medications such as antithrom-
bin and rhTM recommended in the Japanese sepsis guide-
lines have been somewhat recognized, their clinical efficacy
is currently deemed as lacking sufficient evidence in the
descriptions.17,24

Moreover, not just antithrombin and thrombomodulin
formulations but also tissue factor pathway inhibitors,
which are not approved in Japan, have been critically
appraised and then judged as lacking scientific evidence
for clinical use.43–45 Importantly, no high-quality clinical
trials have examined both sepsis-induced DIC and its

Effect of antithrombotic treatment
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Fig. 4. Overview of the East Asian paradox. The optimal therapeutic range of antithrombotic treatment should make both hemor-

rhagic and ischemic risks as low as possible, therefore intersections of event risk lines represent optimal strength of the treatment.

Also, when both an East Asian patient and a Western patient are given an equally strong antithrombotic agent, the East Asian patient

would have higher bleeding and lower thrombotic risks. Therefore, the optimal antithrombotic strength for East Asian patients should

be weaker than that for Western patients. Right arrowed solid line (?), East Asian bleeding event risk; left arrowed solid line ( ), East

Asian thrombotic event risk; right arrowed dotted line (⇢), Western bleeding event risk; left arrowed dotted line (⇠), Western throm-

botic event risk; solid outline yellow box, optimal antithrombotic effect zone for East Asian patient; dashed outline gray box, optimal

antithrombotic effect zone for Western patient.
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pharmaceutical treatment options suggested in the Japa-
nese sepsis guidelines. To emphasize, there is a major
discrepancy between options overseas, which are based
mainly on results of sepsis trials, especially RCTs, and
those in Japan, which are based on holistic assessments
with RCTs as well as the results of subgroup analyses
and observational studies.

Another difference in daily practice between Japan and
other regions, especially Western countries, is the frequency
of heparin administration. In intensive care units overseas,
deep vein thrombosis prophylactic doses of unfractionated
heparin (UFH) or low molecular weight heparin (LMWH)
are highly recommended for almost all admissions unless
there are contraindications, such as the presence of active
hemorrhage. Lauzier et al. reported that these anticoagulants
were used in more than 80% of admitted patients, and UFH
was preferred to LMWH.51 This is not called anticoagulant
therapy but is considered deep vein thrombosis prophylaxis.
It is unclear whether such small doses of classic nonspecific
anticoagulant, heparin, would be effective in preventing and
treating sepsis-induced DIC.

SUMMARY

IN SUMMARY, THE difference in attitudes toward phar-
macological DIC therapy between Japan and Western

countries could be due to various patient factors, especially
racial differences in thrombosis–hemostasis mechanisms,
and the attitudes toward evidence on the candidate medica-
tions. To bridge the gap between Japan and Western coun-
tries in such a chaotic field of DIC, we Japanese researchers
need to distribute high-quality research data to the world
from Japan.
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