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Abstract

Disseminated intravascular coagulation (DIC) is a serious disease that, in the presence of underlying disease, causes
persistent, generalized, marked coagulation activation. Early treatment based on an appropriate diagnosis is very
important for improving patients’ prognosis, to which end diagnostic criteria play a key role. Several criteria have
been proposed, but each has its strengths and weaknesses, and improved criteria are needed. Widespread use of
coagulofibrinolytic markers has elucidated that the pathology of DIC differs greatly as a function of the underlying
disease. Thus, discriminating use of DIC diagnostic criteria that take underlying diseases into account is important.
DIC diagnostic criteria that are well known in Japan include the Japanese Ministry of Health and Welfare’s old DIC
diagnostic criteria (JMHW criteria), the International Society on Thrombosis and Haemostasis’s DIC diagnostic criteria
(ISTH criteria), and the Japanese Association for Acute Medicine’s acute-stage DIC diagnostic criteria (JAAM criteria).
Those criteria have their respective drawbacks: the sensitivity of the ISTH criteria is poor, the JAAM criteria cannot
be applied to all underlying diseases, and the JMHW criteria have poor sensitivity in the case of infections, do not
use molecular markers, and result in misdiagnosis. The Japanese Society on Thrombosis and Hemostasis’s newly
proposed provisional draft DIC diagnostic criteria (new criteria) use diagnostic criteria classifications of
“hematopoietic disorder type”, “infectious type”, and “basic type” based on the underlying pathology. For the
hematopoietic disorder type the platelet count is omitted from the score, while for the infectious type, fibrinogen is
omitted from the score. Also, points are added if the platelet count decreases with time. In the new criteria,
molecular markers and antithrombin activity have been newly included, and as a countermeasure for misdiagnosis,
3 points are deducted if there is liver failure. In this paper, we discuss various problems encountered with DIC
diagnosis, and we describe the new criteria together with the events that led to their creation.
These new diagnostic criteria take into account the underlying diseases of wide area, and we expect that they will
serve clinicians well due to the above adaptations and improvements.
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Background
Disseminated intravascular coagulation (DIC) is a serious
disease that, in the presence of underlying disease, causes
persistent, generalized, marked coagulation activation and
frequent formation of microthrombi in microvessels. Both
coagulation activation and fibrinolytic activation are seen,
but the severity of the fibrinolytic activation differs consid-
erably as a function of the underlying disease(s). Progres-
sion of DIC causes decreases in hemostatic factors such as
platelets and clotting factors and leads to consumption
coagulopathy [1–5]. The two major symptoms of DIC are
bleeding symptoms and organ symptoms, and the progno-
sis becomes very poor if the clinical symptoms become
apparent. For that reason, it is ideal to initiate treatment
of DIC before clinical symptoms manifest.
The Scientific Standardization Committee (SSC) of

the International Society on Thrombosis and Haemo-
stasis (ISTH) defined DIC as follows: “DIC is an ac-
quired syndrome characterized by the intravascular
activation of coagulation with loss of localization aris-
ing from different causes. It can originate from and
cause damage to the microvasculature, which if suffi-
ciently severe, can produce organ dysfunction” [6]. The
view of the ISTH can be considered to represent the
world’s general perception regarding DIC. In fact, the
pathology of DIC complicated by sepsis or some other
severe infection is accurately presented. However, serious
bleeding symptoms may occur due to marked fibrinolytic
activation, as in the case of DIC secondary to acute
leukemia (especially acute promyelocytic leukemia), aortic
aneurysm, giant hemangioma, placental abruption, and
metastatic prostate cancer. Although organ symptoms
are usually not seen, there is a problem in that consid-
eration has not been given to DIC with severe bleeding
symptoms [7, 8].
DIC is a serious condition, and early treatment based

on an appropriate diagnosis is very important for im-
proving patients’ prognosis, in which effective diagnostic
criteria play a key role. In this paper, we discuss the di-
versity in DIC, as well as various problems encountered
with DIC diagnosis, and describe the provisional draft
DIC diagnostic criteria that have been proposed by the
Japanese Society on Thrombosis and Hemostasis (JSTH)
(the new criteria).

Review
DIC disease type classification
There are various DIC disease types, depending on the
underlying disease. The concept of DIC disease type clas-
sification is important to understanding that diversity [9].
Marked coagulation activation is the primary pathology of
DIC and seen in all cases, but in regard to other aspects,
the pathology (especially the degree of fibrinolytic activa-
tion) differs considerably as a function of the underlying

disease. The degree of fibrinolytic activation is controlled
by plasminogen activator inhibitor-1 (PAI-1), which is one
of the important factors characterizing DIC.
In suppressed-fibrinolytic-type DIC, coagulation acti-

vation is high, whereas fibrinolytic activation remains
mild. This type of DIC is seen in cases complicated by
sepsis. Lipopolysaccharide (LPS) and inflammatory cyto-
kines act on the vascular endothelium, thereby enhan-
cing production of fibrinolysis inhibitory factor PAI-1
and creating a potent state of inhibition of fibrinolysis.
Dissolution of multiple microthrombi becomes difficult,
increasing the risk of organ failure due to failure of the
microcirculation, but bleeding symptoms are relatively
mild. Laboratory findings include elevated levels of
thrombin-antithrombin complex (TAT), soluble fibrin
(SF), and prothrombin fragment 1 + 2 (F1+2), which are
coagulation activation markers, but plasmin-α2-plasmin
inhibitor complex (PIC), a fibrinolytic activation marker, is
only slightly elevated [10, 11]. Other characteristic find-
ings are relatively mild increases in fibrin/fibrinogen
degradation products (FDP) and D-dimer, which reflect
lysis of microthrombi. Intrinsically, α2-plasmin inhibitor
(α2PI) is consumptively decreased in DIC. However, in
suppressed-fibrinolytic-type DIC, α2PI is generally slightly
below or almost normal because plasmin production is
low, and α2PI is a protein that increases in inflammation.
FDP and D-dimer are recognized as the most important
markers for DIC diagnosis. However, in suppressed-
fibrinolytic-type DIC, it is not unusual for their elevation
to be mild, leading to concern that diagnosis of DIC might
be delayed if too much emphasis is placed only on these
markers. Conversely, early diagnosis is possible if attention
is paid to elevation of TAT and SF as blood markers,
together with a decrease in the platelet count with time.
Because of the inflammatory reaction, fibrinogen often
does not decrease.
Enhanced-fibrinolytic-type DIC is characterized by

marked fibrinolytic activation that is out of balance
with coagulation activation. Characteristic patients have
underlying diseases such as acute promyelocytic leukemia
(APL), aortic aneurysm, and prostate cancer. PAI-1 is
hardly elevated, while the strong fibrinolytic activation
and hemostatic plugs (thrombi for hemostasis) are readily
dissolved. As a result, bleeding symptoms are likely to be
severe, but organ failure is almost never seen. In APL and
some cancers, annexin II is involved in strong fibrinolytic
activation [12, 13]. Laboratory findings include marked
increases in the coagulation activation markers, TAT
(SF, F1+2), and the fibrinolytic activation marker, PIC,
while FDP and D-dimer (especially FDP) are also in-
creased [10, 11]. It is also characteristic for fibrinogen
and α2PI to be markedly decreased. Even if the platelet
count is only slightly decreased, caution is needed in
regard to potential massive bleeding. Furthermore,
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when treating enhanced- fibrinolytic-type DIC, it is not
unusual for administration of only a heparin to pro-
mote bleeding, and in such cases it is effective to con-
comitantly administer nafamostat mesylate (a potent
anti-thrombin agent that also has anti-plasmin activity)
or tranexamic acid with a heparin [14–17].
Balanced-fibrinolytic-type DIC is characterized by

balance between the coagulation and fibrinolytic activa-
tions and is thus an intermediate pathology between the
two types of DIC described above. With the exception of
advanced cases, bleeding symptoms and organ symptoms
are relatively rare. Although this type is seen in many DIC
cases with solid cancers, in the case of some cancers such
as prostate cancer and blood vessel-associated malig-
nant tumors, the disease type is enhanced-fibrinolytic-
type DIC.
Gando et al. reported that DIC seen at the time of

trauma is DIC with the fibrinolytic phenotype in which
the initial fibrinolytic activation is high, but at 24–48 h
post-trauma, the pathology changes to a thrombotic
phenotype due to the activity of PAI-1 [18, 19]. For DIC
caused by trauma, the fact that tranexamic acid is used
only at the time of enhanced-fibrinolytic-type DIC can
be considered to be the point. The concept is that DIC
with the fibrinolytic phenotype is close to enhanced-
fibrinolytic-type DIC, while DIC with the thrombotic
phenotype is close to suppressed-fibrinolytic-type DIC.
The commonly used conventional animal models of

DIC are induced with LPS or tissue factor (TF) (espe-
cially LPS), but the actual situation is that little con-
scious distinction has been made between them as
the same DIC model. However, our group recently
showed that the pathology differs greatly depending on the

DIC inducer used [9]. The LPS-induced DIC model is char-
acterized by a state of suppression of fibrinolysis due to
markedly elevated PAI-1 activity and only mild elevation of
D-dimer. It is easy to pathologically demonstrate multiple
microthrombi. Whereas organ disorders such as hepatore-
nal disorder are advanced, bleeding symptoms are hardly
seen, even though the platelet count and fibrinogen are
markedly reduced [20]. Meanwhile, the TF-induced DIC
model is characterized by only a mild increase in PAI-1
activity, while D-dimer is sharply increased, reflecting the
fact that there is adequate fibrinolytic activation. It is diffi-
cult to pathologically demonstrate microthrombi due to en-
hanced thrombolysis. Interestingly, whereas there is almost
no hepatorenal failure, severe hematuria is seen as a bleed-
ing symptom. Moreover, the high degree of fibrinolytic acti-
vation results in progression of not only fibrin degradation,
but also fibrinogen degradation [21]. In this way, it can be
thought that the LPS-induced DIC model is similar in
pathology to clinical suppressed-fibrinolytic-type DIC, while
the TF-induced DIC model is pathologically similar to
enhanced-fibrinolytic-type - balanced-fibrinolytic-type DIC.

Representative DIC diagnostic criteria
Three DIC diagnostic criteria are well known in Japan:
the Japanese Ministry of Health and Welfare’s DIC diag-
nostic criteria (JMHW criteria), the ISTH’s DIC diagnos-
tic criteria (ISTH criteria), and the Japanese Association
for Acute Medicine’s DIC diagnostic criteria (JAAM
criteria) [6, 22, 23] (Table 1).
Those criteria have their respective drawbacks, such as

the poor sensitivity of the ISTH criteria and that the
JAAM criteria cannot be applied to all underlying diseases
(e.g., DIC complicated by a hematopoietic malignancy

Table 1 Comparison of existing DIC diagnostic criteria

JMHW ISTH JAAM

Underlying disease Clinical symptoms 1 p
bleeding: 1 p
organ failure: 1 p

0 p(essential)
0 p
0 p

0 p(essential)
SIRS score ≥3: 1 p

Platelet count (X104/μL) 8 < − ≤12 : 1 p
5 < − ≤8 : 2 p
≤5 : 3 p

5–10 : 1 p
<5 : 2 p

8 - ≤12 or >30 % reduction/24 h: 1 p
<8 or >50 % reduction/24 h: 3 p

Fibrin-related marker FDP (μg/ml)
10 ≤ − <20: 1 p
20 ≤ − <40: 2 p
≥40 : 3 p

FDP, D-dimer, SF
moderate increase: 2 p
strong increase: 3 p

FDP (μg/ml)
10 ≤ − <25: 1 p
≥25 : 3 p

Fibrinogen
(mg/dl)

100 < − ≤150: 1 p
≤100: 2 p

<100: 1 p None

PT PT ratio
1.25 ≤ − <1.67: 1 p
≥1.67: 2 p

Prolonged PT(sec)
3–6: 1 p
>6: 2 p

PT ratio
≥1.2: 1 p

Diagnosis of DIC ≥7 p ≥5 p ≥4 p

p: points
JMHW: JMHW criteria; ISTH: JMHW criteria; JAAM: JMHW criteria; PT: prothrombin time
JMHW criteria: When there is leukemia/related diseases, aplastic anemia, or marked bone marrow megakaryocyte reduction, such as after administration of an
anti-tumor agent, and a high degree of thrombocytopenia, the bleeding symptom and platelet count items should be calculated as 0 points, and DIC is diagnosed
if the score is ≥4 points
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cannot be diagnosed). To date, the JMHW criteria have
the longest history and a solid reputation.
However, the JMHW criteria have also been noted to

have various problems because they have poor sensitivity
in the case of infections, do not use molecular markers
that reflect coagulation activation (which is at the heart of
DIC), and result in misdiagnosis of liver failure. With the
aim of developing better DIC diagnostic criteria, the SSC/
DIC subcommittee of the Japanese Society on Thrombosis
and Hemostasis (JSTH) held numerous discussions over
the years, but a consensus was not reached. For that rea-
son, in July 2012, the JSTH established a committee
charged with creating DIC diagnostic criteria.
That committee also carried out numerous in-depth

discussions, both in meetings and via e-mail exchanges.
The committee had 13 members, consisting of 6 from
the SSC/DIC subcommittee and 7 others. The members
represented various medical fields: internal medicine,
surgery, obstetrics and gynecology, pediatrics, clinical la-
boratory medicine, and emergency medicine. In addition,
the SSC/DIC subcommittee members put in a collective
effort and carried out a thorough literature search.
This culminated, in October 2014, with publication of

the JSTH’s provisional draft DIC diagnostic criteria
(hereinafter, new criteria) [24]. The criteria are consid-
ered to be provisional, because they are likely to be
modified on the basis of the results of future studies.
Since that paper was published in a Japanese journal,
the new criteria remain largely unknown internation-
ally. We hope to remedy that situation through publica-
tion of the present English manuscript.

Basic concept of these DIC diagnostic criteria
Three main methods exist for creating diagnostic cri-
teria. The first method is creation of criteria based on
the definition of DIC. The ISTH’s overt DIC criteria are
equivalent to this. Since DIC is a domain that is
evidence-poor, the approach is to try to create criteria by
defining the portions for which there is no evidence [6].
The second method aims to create criteria that reflect
the prognosis. In fact, most existing diagnostic criteria
reflect the prognosis. No DIC diagnostic criteria have
been drawn up based on prognosis as the endpoint, but
there are a number of papers of DIC diagnostic criteria
that secondarily reflect the prognosis [25–28]. The third
method is to compile cases of DIC diagnosed by experts
and then create diagnostic criteria. The JMHW criteria
used this approach [29, 30].
Because there are no specific markers for DIC, it

makes sense to diagnose DIC using a scoring method
that combines multiple markers that show characteristic
changes in DIC. The DIC clinical practice guidelines of
the United Kingdom, Japan, and Italy that have been
published as academic papers in English all recommend

using a scoring method to diagnose DIC [5, 31–33]. The
JMHW criteria, ISTH criteria, and JAAM criteria all
carry out diagnosis using a scoring method [6, 22, 23]
(Table 1). Japan has a long history of DIC clinical trials
of various drugs that have been performed using the
JMHW criteria. For that reason, it can be thought that,
even when the objective is to create new, improved diag-
nostic criteria, it would be inappropriate to create totally
new criteria, and that the JMHW criteria should be kept
as the core. Thus, even the new criteria must inevitably
use a scoring method.
The background of creation of the JAAM criteria was

that diagnosis by the JMHW criteria was often too late
in the fields of emergency medicine and surgery [29].
However, it was often pointed out that, while the sensi-
tivity of the JAAM criteria is high, their specificity is low
[27], and they also do not incorporate the molecular
markers associated with coagulation activation that
reflect the nature of DIC. Verification of the JAAM cri-
teria was performed by collecting cases in the emergency
medicine field, and it was named the acute phase DIC
diagnostic criteria, but originally the criteria were posi-
tioned only for the emergency medicine field (not all
acute phase). The ISTH criteria were developed by mod-
eling the Japanese JMHW criteria, but they were even
less sensitive than the JMHW criteria [23].
Today, we know from analyses using molecular markers

that the pathology of DIC differs greatly depending on the
underlying disease [7, 9–11]. This means that there are lim-
itations on the ability of any one set of criteria to diagnose
all presentations of DIC. It can be thought that the DIC cri-
teria should be selected and used in the light of a patient’s
underlying disease(s). However, because the numerous clas-
sifications of underlying diseases might complicate DIC
diagnostic criteria, diagnosis should be performed using a
set of criteria for the basic type and then adding different
diagnostic items that are appropriate for the hematopoietic
disorder type and infectious type of DIC. In particular, since
the JMHW criteria are excellent for blood diseases but have
weak diagnostic capacity for infectious diseases, there is a
need for modification to address this point.
With the JMHW criteria, it is not uncommon for a co-

agulation abnormality that is accompanied by liver disease
to be misdiagnosed as DIC, and that has to be considered.
The two major clinical symptoms of DIC are bleeding

symptoms and organ symptoms. However, the clinical
symptoms are non-specific, and it can be difficult to
determine if they are symptoms due to an underlying
disease or a complication other than DIC or are symp-
toms caused by DIC. Also, if no symptoms manifest and
DIC is thus not diagnosed, that is an obstacle to early
diagnosis of the disease. It can thus be thought that the
clinical symptoms used in the JMHW criteria should be
removed from the diagnostic criteria.
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Significance of various markers for DIC diagnosis
FDP, D-dimer
FDP and D-dimer have great significance in the diagnosis
of DIC, and they are, in fact, included as important test
items in almost all DIC diagnostic criteria [6, 22, 29].
However, it must be kept in mind that, while FDP and D-
dimer are high in sensitivity, they are low in specificity.
For example, these markers are often elevated even in
such diseases as deep vein thrombosis, pulmonary
thromboembolism, massive hydrothorax/ascites, and large
subcutaneous hematomas [34–36].
Since FDP and D-dimer do not necessarily coincide

with the molecular species of interest, there is medical
significance in measuring both. For example, not only
fibrin but also fibrinogen is broken down in DIC [37],
and fibrinogen degradation is increased when the fi-
brinolytic system is highly activated. FDP increases
markedly, but D-dimer rises only moderately. This results
in a dissociation phenomenon between FDP and D-dimer
(i.e., the D-dimer/FDP ratio decreases) [13, 37–39]. How-
ever, we should refrain from aimlessly measuring both
FDP and D-dime.
In the case that fibrin/fibrinogen degradation is ad-

vanced due to strong fibrinolytic activation, the reaction
with the D-dimer fraction may be reduced depending on
the D-dimer reagent that is used [39]. Accordingly, for
the DIC diagnostic criteria, it can be thought that em-
phasis should be placed on FDP rather than D-dimer.

Platelet count
As noted earlier, the platelet count cannot be used in the
diagnostic criteria for diagnosis of the hematopoietic dis-
order type, and sufficient caution is necessary in this
regard.
Except for the hematopoietic disorder type, the

platelet count, like FDP and D-dimer, is an important
test item for DIC diagnosis. However, there are also
many patients with a decreased platelet count that is
not due to DIC, and it is necessary to raise awareness
regarding diseases that need to be differentiated from
DIC. A decreased platelet count has high sensitivity
for diagnosis of DIC, but it can be said that its speci-
ficity is low [23, 27, 31, 40].
Changes in the platelet count with time are also im-

portant. For example, even if the platelet count is above
12 × 104/μL, DIC may be present if the count decreases
with time. For this reason, there is significance in assign-
ing a score to the thrombocytopenia rate, separate from
the platelet count [41, 42].

Fibrinogen
For diagnosis of DIC, fibrinogen is a marker with high
specificity, but low sensitivity [29, 30, 43–45]. Especially
in inflammatory diseases, fibrinogen does not decrease

even in patients thought to have DIC, and in some cases
it actually increases [46]. The JAAM criteria were ini-
tially created using fibrinogen for DIC diagnosis at ≥5
points, but in actual application, fibrinogen could not be
shown to have diagnostic significance. The criteria were
thus modified by eliminating fibrinogen for DIC diagno-
sis at ≥4 points [29]. This is probably because the valid-
ation of JAAM criteria was performed in many cases
with concurrent infection. There are underlying diseases
for which fibrinogen is valuable as a marker. For ex-
ample, fibrinogen readily decreases in patients with
hematopoietic malignancies, obstetric complications,
head trauma, aortic aneurysm, and solid cancers, and is
an important finding [47–51].
Against this background, one approach would be to

change the test items in the diagnostic criteria to fit each
underlying disease. That is, in the case that the infec-
tious type is the underlying disease, it is desirable to
exclude fibrinogen, which fluctuates as an acute-phase
reactive protein, from the score.

Prothrombin time (PT)
PT can reflect organ failure, and the prognosis is
poor in patients with an infection and a prolonged
PT [29, 30, 52–55]. On the other hand, since PT is
also prolonged in liver disease and vitamin K defi-
ciency, it is not a characteristic marker for DIC.
Most studies that investigated the sensitivity and specifi-

city of PT in the diagnosis of DIC examined cases of infec-
tion, and almost none examined other underlying diseases
[29, 30, 43, 44, 46]. Ordinarily, verification of significance
of PT in diagnostic criteria should be performed in
various underlying diseases such as infectious disease,
hematopoietic malignancy, and solid cancer. Because
PT has been used for many years and has a proven
track record, it was decided to include it in the new
criteria.
There is a problem as to the notation that should be

used for PT in the new criteria, i.e., PT ratio or INR.
INR values using different PT reagents converge in pa-
tients on warfarin but not in patients with liver disease
or DIC. INR (liver) has been proposed [56, 57], and
these values converges in liver disease but not in DIC. In
the case of using PT for DIC diagnosis, the PT ratio
must be used at present. However, given the current
situation that the INR notation is widely used, if the ISI
of the PT reagent is close to 1, it can be thought that
INR can be substituted for the PT ratio.

Molecular markers of coagulation activation
TAT, SF, and F1+2 are molecular markers that reflect co-
agulation activation, which can be said to be at the heart
of DIC. Incorporation of these molecular markers in
DIC diagnostic criteria can be expected to improve both
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the sensitivity and specificity of the criteria [58–63].
Furthermore, TAT and SF are significant in that, if both
are completely normal, then they can be used for exclu-
sion of the diagnosis, that is, to determine that DIC is
not present. At present, many institutions still do not
measure these markers in-hospital, but that can be
expected to change if they are included in the DIC diag-
nostic criteria. Even institutions that do not perform in-
hospital assays will be able to confirm the test results at
a later date, and it can be thought that this will help re-
duce misdiagnoses.
On the other hand, we can anticipate that contrary

opinions will also be expressed, such as that there are
many institutions that would not get the results for these
molecular markers on the same day, and especially in
pediatric departments, which have many patients for
whom blood sampling is difficult, it is easy for many
false high values to be generated [64].
These molecular markers of coagulation activation were

also subjected to extensive discussions in the JSTH’s com-
mittee for creating DIC diagnostic criteria, and in the end
it was decided to include markers in the criteria because
they had the support of many of the committee members.
However, which molecular markers are the best to be
included has not yet been settled and will require further
discussion. For that reason, it was decided to include all
three of these molecular markers of coagulation activation
in the new criteria. However, the cutoff values for the mo-
lecular markers have yet to be set, and scores were given
based on the degree of elevation above the upper limit of
the standard range. Using the markers for exclusion diag-
nosis also seems to make sense. However, if a minus score
were assigned when a molecular marker remains within
its standard range, there is concern that the diagnosis
might be reversed when test results are returned at a later
date. Accordingly, this approach was not adopted.

Antithrombin (AT) activity
The JSTH’s committee for creating DIC diagnostic cri-
teria discussed many pros and cons regarding incorpor-
ation of AT activity into the criteria.
Multiple committee members expressed opinions

explaining their being in favor of inclusion of AT activity
in the criteria: measurement of AT activity is directly
linked to treatment selection (use of AT concentrate for
DIC finds AT activity in ≤70 % of cases in Japan); in
cases of infection, the sensitivity of DIC diagnosis would
be improved by adopting AT activity; the prognosis
could be evaluated [46, 65–75].
Negative opinions were also expressed by multiple

committee members: it is rare for AT activity to decrease
due to DIC mechanisms, and AT activity is not a specific
indicator for DIC (the diagnostic specificity would be
reduced) [42, 43, 58, 76]; AT activity generally reflects a

protein synthesis disorder in the liver or extravasation
during inflammation; AT activity correlates with serum
albumin [77–80]; the degree of decrease in AT activity
differs with the underlying disease; incorporation would
complicate the diagnostic criteria.
The committee’s conclusion was as follows: AT activity

would be incorporated in the new criteria, but the deci-
sion would be re-visited in the future at a time when the
results of validation of the new criteria are in hand.

Considerations for the fields of obstetrics and pediatrics
In Japan, the obstetric DIC score is frequently used in ob-
stetrics. Obstetric DIC takes a very rapid course and
requires prompt diagnosis and treatment of the under-
lying disease(s) and clinical symptoms. The obstetric DIC
score enables early initiation of treatment and is thus ex-
tremely useful. It is widely used in Japan (The Japan Soci-
ety of Obstetrical, Gynecological & Neonatal Hematology;
http://www.jsognh.jp/dic/). Moreover, since such DIC-
associated markers as FDP, D-dimer, TAT, SF, and F1+2 in-
crease even in normal pregnancy [81], DIC cannot be said
to be present merely because these markers are elevated.
An opinion of committee was expressed that, if the new
criteria become diagnostic criteria consisting mainly of
blood coagulation and fibrinolysis tests, they will not be
able to be applied to obstetric DIC.
Also, an opinion was expressed that, if the new criteria

are based on the JMHW criteria, it is highly likely that
they will not be able to be applied to diagnosis of DIC in
newborn infants. The reason is that some items for
coagulation activation and fibrinolytic activation differ
greatly between newborns and adults. In addition, since
only a limited amount of blood can be drawn from chil-
dren, especially newborns, it is desirable to keep the
number of test items as small as possible. Coagulation
activation-related markers such as TAT and SF, are
prone to show false high values (leading to misdiagnosis)
by ex vivo coagulation for patients for whom blood
collection is difficult (such as children) [64]. The con-
sensus reached on the basis of these opinions was that
the new criteria would not be applied to newborns.

Countermeasures for misdiagnoses
With the JMHW criteria, misdiagnosis readily occurred
for patients showing PT prolongation, decreased fibrino-
gen, and decreased platelet count due to liver failure, as
well as patients with elevated FDP and D-dimer when
they had liver failure and also massive ascites [36]. It is
necessary to make adjustments to avoid misdiagnosis in
liver failure cases.

Other molecular markers
Once DIC has been diagnosed, other markers are known
to be useful for the subsequent steps of disease type
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classification and pathological evaluation. It was thus de-
cided to also include statements regarding “testing and
significance related to DIC diagnosis”.
Various excellent markers are known: PIC and α2PI

are essential markers for evaluating fibrinolytic activa-
tion [7, 9–11]; protein C is an anticoagulant factor for
evaluating the prognosis [74, 82–84]; PAI-1 is a fibrino-
lytic inhibitory factor [73, 85–89]; HMGB-1 is a nuclear
molecule [90, 91]; and e-XDP is a fibrin degradation
product of granulocyte elastase [92–97].

The new DIC diagnostic criteria (JSTH’s provisional draft
DIC diagnostic criteria)
Algorithm of application of the DIC diagnostic criteria
(Fig. 1)
This algorithm should be followed from the time that

DIC is suspected.

Underlying diseases of DIC
Many underlying diseases of DIC are known. Table 2
shows representative underlying diseases. Obstetric com-
plications and even diseases of the newborn are known to
be characteristic underlying diseases of DIC. Specific
examples of obstetric complications include placental
abruption, amniotic fluid embolism, DIC-type afterbirth
bleeding, and eclampsia, while diseases of newborns in-
clude neonatal asphyxia, infection, placental abruption, in
utero death of one fetus in a multiple pregnancy, respira-
tory distress syndrome, and intraventricular hemorrhage.

Fig. 1 Algorithm for applying the DIC diagnostic criteria. Suspicion of DIC (※1): When there is any underlying disease of DIC (Table 2), an unexplained
abnormal laboratory value such as a decreased platelet count, decreased fibrinogen or elevated FDP, or a thrombotic disease such as venous
thromboembolism is evident. The new criteria cannot be applied to obstetric or newborn DIC, and for that reason this is shown as the first step in the
algorithm. Hematopoietic disorder (※2): A positive (+) judgment is made when it is determined that there is some cause besides DIC for a decreased
platelet count, such as bone marrow suppression, bone marrow failure, or platelet destruction or aggregation in the peripheral circulation. For the
hematopoietic disorder type, scoring for the platelet count is not performed. Hematopoietic tumors in a state of remission are judged as negative (−).
In the absence of a hematopoietic disorder, the possibility of an infection is examined. If an infection is present, the diagnostic criteria for the
infectious type are used. Scoring for fibrinogen is not performed for the infectious type. If there is neither a hematopoietic disorder nor an infection,
the diagnostic criteria for the basic type are used. When an underlying disease cannot be specified (or there are many), and neither “hematopoietic
disorder type” nor “infectious type” applies, the diagnostic criteria for the basic type are used. For example, if an infection accompanies a solid cancer,
such that the underlying disease cannot be specified, the diagnostic criteria for the basic type are used

Table 2 Underlying diseases of DIC

1. Infections
• Sepsis
• Other severe infections (of the respiratory organs, urinary tract,
biliary system, etc.)

2. Hematopoietic malignancies
• Acute promyelocytic leukemia (APL)
• Other acute leukemia
• Malignant lymphoma
• Other hematopoietic malignancies

3. Solid cancers (usually advanced cancer with metastasis)

4. Tissue damage: trauma, burns, heat stroke, rhabdomyolysis

5. Post-surgery

6. Vascular-related diseases
• Thoracic and abdominal aortic aneurysms
• Giant hemangioma
• Blood vessel-associated tumors
• Collagen disease (cases of vasculitis complications)
• Other vascular-related diseases

7. Liver injury: acute liver failure, acute hepatitis, liver cirrhosis

8. Acute pancreatitis

9. Shock

10. Hemolysis, incompatible blood-type transfusion

11. Snake bite

12. Hypothermia

13. Other

Note: There are characteristic underlying diseases of DIC in the fields of
obstetrics and newborns, but they are not shown in this table because these
diagnostic criteria are not applicable to either of those fields
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Representative underlying diseases and pathologies that
must be differentiated
Table 3 shows the representative underlying diseases and
pathologies that must be differentiated from DIC.

DIC diagnostic criteria
The first step is to confirm, according to the algorithm
(Fig. 1), which diagnostic criteria can be applied to the
patient in question, and then proceed to the diagnosis
of DIC using Table 4. For the basic type, scoring should
be performed using the data for the platelet count,
FDP, fibrinogen, PT ratio, AT activity, and coagulation
activation-associated molecular markers (elevation of
TAT, SF, or F1+2). The total score should be calculated,
and a diagnosis of DIC should be made for the basic
type and the infectious type if the total is 6 points or
more and for the hematopoietic disorder type if the
total is four points or more. The point for diagnosis of
DIC in infectious type is more than 6 points though
there is one less item to check with the infectious type
as compared to the basic type. This reason is that de-
pression in fibrinogen is hardly observed in DIC caused
by infection. However, the point for diagnosis of DIC
in infectious type might be modified from 6 points to 5
points after validation of the new DIC diagnostic cri-
teria. Table 4 shows that 3 points are subtracted for
liver failure. Scoring for underlying diseases and clin-
ical symptoms was included in the JMHW criteria [22]
but omitted from the new criteria.
Depending on the value for the platelet count, the

score covered a range of 0 to 3 points (the same range
as in the JMHW criteria), adding another 1 point if a
decrease of ≥30 % is seen within 24 h. However, for a
platelet count of ≤5 × 104/μL, no extra point is added
even if there is a decrease of ≥30 % within 24 h, so the
maximum score for the platelet count is 3 points.

Table 3 Representative underlying diseases and pathologies
that must be differentiated

Decreased platelet count

1. Enhancement of platelet destruction and aggregation

• Thrombotic microangiopathy (TMA): thrombotic thrombocytopenic
purpura (TTP), hemolytic uremic syndrome (HUS), HELLP syndrome,
TMA after hematopoietic stem cell transplantation

• Heparin-induced thrombocytopenia (HIT)

• Idiopathic thrombocytopenic purpura (ITP), systemic lupus
erythematosus (SLE), antiphospholipid antibody syndrome (APS)

• Extracorporeal circulation

2. Pathologies that lead to bone marrow suppression/bone
marrow failure

• Hematopoietic malignancies (acute leukemia, blastic crisis of
chronic myelogenous leukemia, myelodysplastic syndrome, multiple
myeloma, bone marrow infiltration of malignant lymphoma)

• Hemophagocytic syndrome

• Solid cancers (with bone marrow infiltration)

• Chemotherapy or radiation therapy with bone marrow suppression

• Bone marrow suppression due to drugs

• Some viral infections

• Some blood diseases besides hematopoietic malignancies
(aplastic anemia, paroxysmal nocturnal hemoglobinuria,
megaloblastic anemia)

3. Liver failure, cirrhosis, hypersplenism

4. Sepsis

5. Bernard-Soulier syndrome, MYH9 disorder (e.g., May-Hegglin
disorder), Wiskott-Aldrich syndrome

6. Dilution

• Massive bleeding

• Massive transfusion, massive infusion

• Pregnancy thrombocytopenia

7. Pseudo-thrombocytopenia

Elevated FDP

1. Thrombosis: deep vein thrombosis, pulmonary thromboembolism

2. Massive hydrothorax/ascites

3. Large hematoma

4. Fibrinolytic therapy

Decreased fibrinogen

1. Congenital afibrinogenemia, congenital hypofibrinogenemia,
dysfibrinogenemia

2. Liver failure, malnutrition

3. Drug-induced: L-asparaginase, corticosteroids, fibrinolytic therapy

4. False lowering: at the time of administration of drugs with anti-
thrombin action (e.g., dabigatran)

Prothrombin time prolongation

1. Vitamin K deficiency, oral warfarin

2. Liver failure, malnutrition

3. Deficiency or inhibitor of extrinsic coagulation factor

4. Ingestion of a direct oral anticoagulant

Table 3 Representative underlying diseases and pathologies
that must be differentiated (Continued)

5. False prolongation: insufficient blood sample volume, addition
of an anti-coagulant

Decreased antithrombin activity

1. Liver failure, malnutrition

2. Extravasation due to inflammation (e.g., sepsis)

3. Degradation by granulocyte elastase (e.g., sepsis)

4. Congenital antithrombin deficiency

5. Drug-induced: L-asparaginase

Elevated TAT, SF, or F1+2

1. Thrombosis: deep vein thrombosis, pulmonary embolism

2. Some atrial fibrillation

Note: However, DIC may also occur with the above conditions and diseases
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For FDP, fibrinogen, and the PT ratio, the ranges and
point scoring methods were the same as those in the
JMHW criteria.
The AT activity was not included as a test item in

the JMHW criteria, but it has been adopted in the
new criteria. A score of 1 point is assigned for an AT
activity of ≤70 %.
The coagulation-fibrinolysis system molecular markers

were also not used as test items in the JMHW criteria,
but they have been adopted in the new criteria. One
point is given if these values are ≥2-fold the respective
upper limit of the standard range. In the cases of blood

sampling being difficult and route blood sampling,
values may be increased due to false high values [64],
and re-testing should be performed if the TAT and SF
data are markedly higher than the degrees of elevation
of FDP and D-dimer.
Liver failure includes acute liver failure and chronic

liver failure. For acute liver failure, we adopted the
terminology used in the diagnostic criteria created by
the Ministry of Health, Labour and Welfare’s Intract-
able Hepato-Biliary Diseases Study Group, which uses
the new “acute liver failure” in place of “fulminant
hepatitis” [98]. That is, acute liver failure was defined

Table 4 JSTH’s provisional draft DIC diagnostic criteria

Classification of type Basic Hematopoietic disorder Infectious

Platelet count (×104/μl) >12 0 p >12 0 p

8< –≤12 1 p 8< –≤12 1 p

5< –≤8 2 p 5< –≤8 2 p

≤5 3 p ≤5 3 p

≥30 % decrease w/in 24 h (*1) +1 p ≥30 % decrease w/in 24 h (*1) +1 p

FDP (μg/ml) <10 0 p <10 0 p <10 0 p

10≤ – <20 1 p 10≤ – <20 1 p 10 ≤ – <20 1 p

20≤ – <40 2 p 20≤ -<40 2 p 20≤ – <40 2 p

≥40 3 p ≥40 3 p ≥40 3 p

Fibrinogen (mg/dl) >150 0 p >150 0 p

100< –≤150 1 p 100< –≤150 1 p

≤100 2 p ≤100 2 p

Prothrombin time ratio <1.25 0 p <1.25 0 p <1.25 0 p

1.25≤ – <1.67 1 p 1.25≤ – <1.67 1 p 1.25≤ – <1.67 1 p

≥1.67 2 p ≥1.67 2 p ≥1.67 2 p

Antithrombin (%) >70 0 p >70 0 p >70 0 p

≤70 1 p ≤70 1 p ≤70 1 p

TAT, SF or F1+2 <2-fold of normal upper limit 0 p <2-fold of normal upper limit 0 p <2-fold of normal upper limit 0 p

≥2-fold of normal upper limit 1 p ≥2-fold of normal upper limit 1 p ≥2-fold of normal upper limit 1 p

Liver failure (*2) No 0 p No 0 p No 0 p

Yes ˗3 p Yes ˗3 p Yes ˗3 p

DIC diagnosis ≥6 p ≥4 p ≥6 p

p: points
• (*1): For a platelet count of >5 × 104/μL, points will be added if the time-course conditions of decrease are met (no points will be added for a platelet count of
≤5 × 104). The maximum score for the platelet count is 3 points
• For institutions that do not measure FDP (institutions that measure only D-dimer), 1 point will be added if D-dimer increases ≥2-fold the normal upper limit.
However, in principle, FDP should also be measured and re-evaluation performed after the results are in hand

• Prothrombin time ratio: If ISI is close to 1.0, INR will also be acceptable (However, there is no evidence supporting recommendation of the use of PT-INR for
diagnosis of DIC.)

• Thrombin-antithrombin complex (TAT), soluble fibrin (SF), prothrombin fragment 1+2 (F1+2): For blood sampling in difficult cases and route blood sampling,
false-high values may increase. Thus, in comparison with elevation of FDP and/or D-dimer, re-testing should be done if TAT and/or SF is markedly elevated.
Confirmation is needed even if the results on the same day are not in time

• Regardless of the presence or absence of DIC immediately after surgery, changes in DIC-like markers such as elevation of TAT, SF, FDP, or D-dimer or a decrease
in AT, may be observed, and judgment should be made with care
• (*2) Liver failure: Corresponds to “a prothrombin time activity of ≤40 % or an INR value of ≥1.5 due to severe liver dysfunction seen within eight weeks of onset
of initial symptoms following liver impairment that develops in a normal liver or a liver that is thought to exhibit normal liver function” (acute liver failure) or
“cirrhosis with a Child-Pugh classification of B or C (≥7 points)” (chronic liver failure) that may be viral or autoimmune in origin, drug-induced, or caused by
circulatory failure”

Even when DIC is strongly suspected but these diagnostic criteria are not met, there should be no interference with anti-coagulation therapy based on the
physician's judgment, but repeated evaluation is necessary
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as being caused by viral infection or autoimmune,
drug, or circulatory failure, and “liver failure develops
in a liver that is normal or is thought to exhibit nor-
mal function, and within eight weeks from the initial
appearance of symptoms the prothrombin time activ-
ity is ≤40 % or the INR value is ≥1.5 due to a high
degree of liver dysfunction”. Chronic liver failure was
defined as “Child-Pugh classification B or C cirrhosis
(≥7 points)” [99].

Other tests relating to DIC diagnosis, and their significance
Following diagnosis of DIC, testing should be performed
for the markers listed in Table 5, which are useful for
disease type classification and pathological assessment.

Points of difference between the JMHW criteria and the new
criteria
The new criteria make it clear that the algorithm should
be used, and the diagnostic criteria should be selected
based on the underlying pathology. Even in the JMHW
criteria, the scoring method is different for the leukemia
and non-leukemia groups, whereas the new criteria
make it clear that the diagnostic criteria should be se-
lectively used not only for the hematopoietic disorder
type but also the infectious type.
Regarding elimination of the platelet count from the

score for the hematopoietic disorder type, the JMHW
criteria did the same for the leukemia group, while the
new criteria also eliminate fibrinogen from the score for
the infectious type.
Although scoring was performed for the clinical symp-

toms and underlying disease in the JMHW criteria, it
was omitted from the new criteria for the above-
mentioned reasons.

Points were not added for a temporal decrease in the
platelet count in the JMHW criteria, but this was made
a 1-point item in the new criteria.
At present, AT activity was tentatively included in

the new criteria, and it was decided that validation
will be performed at multiple institutions. However,
even if AT activity is <70 %, the criteria do not rec-
ommend that administration of an AT preparation
always be carried out. The overall decision to admin-
ister an AT preparation always resides with the at-
tending physician.
Verification must be performed as to which coagulation-

fibrinolysis molecular markers are good, but diagnostic
criteria that incorporate molecular markers are completely
novel.
In the JMHW criteria, as well, 3 points are supposed

to be subtracted for liver cirrhosis and chronic hepa-
titis whose pathology approaches that of liver cirrhosis.
However, this has not necessarily been carried out
properly in clinical practice, and it had been one of
the causes of DIC misdiagnosis. For the new criteria,
we took into account that, on that background, the
criteria had not conventionally been applied to cases
of fulminant hepatitis, and we incorporated a 3-point
reduction for liver failure in the table in the new
criteria.

Conclusion
DIC, based on the presence of underlying disease, has a
common pathology in that systemic, persistent, marked
coagulation activation is caused. However, there are
many points of difference in terms of the degree of fi-
brinolytic activation, the way in which clinical symptoms
manifest, and the degree of formation of pathological
blood clots. In regard to diagnosis of DIC, it also makes
sense to apply diagnostic criteria selectively depending
on the pathology.
DIC diagnostic criteria have great significance in re-

gard to patients’ treatment and prognosis. The JMHW
criteria have been extensively used in Japan, but it has
been pointed out that they have many problems, such as
their poor sensitivity in diagnosing DIC due to infec-
tions. Meanwhile, the JAAM criteria are effective for
diagnosing DIC due to infection, but they are not applic-
able to all underlying diseases.
In this paper, we have presented the provisional draft

DIC diagnostic criteria of the Japanese Society on
Thrombosis and Hemostasis. These new criteria have
many laudable aspects, including selective use of diag-
nostic criteria depending on the underlying disease, in-
corporation of molecular markers and antithrombin, and
measures to reduce misdiagnoses. We look forward to
further refinement and improvement of these new cri-
teria in the future.

Table 5 Other tests relating to DIC diagnosis, and their
significance

Test Significance

Plasmin-α2 plasmin
inhibitor complex (PIC)

The higher the values, the greater the
fibrinolytic activation

α2 plasmin inhibitor (α2PI) This is consumed and decreases due to
fibrinolytic activation. However, it is also
decreased by liver failure alone, and it is
elevated in acute inflammatory diseases.

Protein C (PC) Low values correlate with a poor prognosis.
However, it is also decreased by vitamin K
deficiency and/or liver failure alone.

Plasminogen activator
inhibitor-1 (PAI-1)

High values in infectious-type DIC correlate
with a poor prognosis.

HMGB-1 High values correlate with a poor prognosis.

e-XDP Both low and markedly elevated values in
infectious-type DIC correlate with a
poor prognosis.

Asakura et al. Thrombosis Journal  (2016) 14:42 Page 10 of 13



Abbreviations
DIC: Disseminated intravascular coagulation; ISTH: International Society on
Thrombosis and Haemostasis; SSC: Scientific Standardization Committee;
PAI-1: Plasminogen activator inhibitor-1; LPS: Lipopolysaccharide;
TAT: Thrombin-antithrombin complex; SF: Soluble fibrin; F1+2: Prothrombin
fragment 1 + 2; PIC: Plasmin-α2 plasmin inhibitor complex; FDP: Fibrin/fibrinogen
degradation products; α2 PI: α2 plasmin inhibitor; APL: Acute promyelocytic
leukemia; TF: Tissue factor; JMHW: Japanese Ministry of Health and Welfare;
JAAM: Japanese Association for Acute Medicine; JSTH: Japanese Society on
Thrombosis and Hemostasis; AT: Antithrombin

Acknowledgement
None.

Funding
Meeting expenses were funded by Japanese Society on Thrombosis and
Hemostasis.

Availability of data and materials
This review paper includes some of the material contained in a Japanese-
language report that was published in Jpn J Thromb Hemost (Ref. 24.
JSTH/DIC subcommittee. Diagnostic criteria for DIC by the JSTH —tentative
criteria—. Jpn J Thromb Hemost. 2014;25:629–46.). Approval for inclusion of
that material in our present English review paper was obtained from the
Board of Directors of the Japanese Society on Thrombosis and Hemostasis
(JSTH)

Authors’ contributions
HA, HT, TU, YE, KO, KK, SM and HW made substantial contributions to the
conception of the manuscript, revised the manuscript critically for important
intellectual content, provided final approval of the version to be submitted.
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests with this article.
They neither benefited from any source of funding nor sponsorship.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Author details
1Department of Internal Medicine (III), Kanazawa University School of
Medicine, 13-1, Takaramachi, Kanazawa 920-8641, Japan. 2Department of
Internal Medicine, Niigata Prefectural Kamo Hospital, 1-9-1 Aomicho, Kamo,
Niigata 959-1397, Japan. 3Department of Laboratory Medicine, National
Hospital Organization Takasaki General Medical Center, 36 Takamatsu-Cho,
Takasaki, Gunma 370-0829, Japan. 4Department of Critical and Intensive Care
Medicine, Shiga University of Medical Science, Seta Tsukinowa-cho, Otsu,
Shiga 520-2192, Japan. 5Gastroenterology and Hepatology Center, Kitakyushu
City Yahata Hospital, 4-18-1, Nishihon-machi, Yahatahigashi-ku, Kitakyushu,
Fukuoka 805-8534, Japan. 6Department of Hematology, Teikyo University
School of Medicine, 2-11-1 Kaga Itabashi-Ku, Tokyo 173-8605, Japan.
7Department of Clinical and Laboratory Medicine, Tokyo Saiseikai Central
Hospital, 1-4-17, Mita, Minato-ku, Tokyo 108-0073, Japan. 8Department of
Molecular and Laboratory Medicine, Mie University Graduate School of
Medicine, Tsu, Mie 514-8507, Japan.

Received: 13 June 2016 Accepted: 5 September 2016

References
1. Levi M, Ten Cate H. Disseminated intravascular coagulation. N Engl J Med.

1999;341:586–92.
2. Franchini M, Lippi G, Manzato F. Recent acquisitions in the pathophysiology,

diagnosis and treatment of disseminated intravascular coagulation. Thromb
J. 2006;4:4.

3. Gando S. Microvascular thrombosis and multiple organ dysfunction
syndrome. Crit Care Med. 2010;38(2 Suppl):S35–42.

4. Hunt BJ. Bleeding and coagulopathies in critical care. N Engl J Med. 2014;
370:847–59.

5. Wada H, Asakura H, Okamoto K, Iba T, Uchiyama T, et al. Expert consensus
for the treatment of disseminated intravascular coagulation in Japan.
Thromb Res. 2010;125:6–11.

6. Taylor Jr FB, Toh CH, Hoots WK, Wada H, Levi M, Scientific Subcommittee
on Disseminated Intravascular Coagulation (DIC) of the International Society
on Thrombosis and Haemostasis (ISTH). Towards definition, clinical and
laboratory criteria, and a scoring system for disseminated intravascular
coagulation. Thromb Haemost. 2001;86:1327–30.

7. Matsuda T. Clinical aspects of DIC–disseminated intravascular coagulation.
Pol J Pharmacol. 1996;48:73–5.

8. Asakura H, Ontachi Y, Mizutani T, Kato M, Saito M, Kumabashiri I, et al. An
enhanced fibrinolysis prevents the development of multiple organ failure in
disseminated intravascular coagulation in spite of much activation of blood
coagulation. Crit Care Med. 2001;29:1164–8.

9. Asakura H. Classifying types of disseminated intravascular coagulation:
clinical and animal models. J Intensive Care. 2014;2(1):20.

10. Takahashi H, Tatewaki W, Wada K, Hanano M, Shibata A. Thrombin vs.
plasmin generation in disseminated intravascular coagulation associated
with various underlying disorders. Am J Hematol. 1990;33:90–5.

11. Asakura H, Jokaji H, Saito M, Uotani C, Kumabashiri I, Morishita E, Yamazaki
M, Aoshima K, Matsuda T. Study of the balance between coagulation and
fibrinolysis in disseminated intravascular coagulation using molecular
markers. Blood Coagul Fibrinolysis. 1994;5:829–32.

12. Menell JS, Cesarman GM, Jacovina AT, McLaughlin MA, Lev EA, Hajjar KA.
Annexin II and bleeding in acute promyelocytic leukemia. N Engl J Med.
1999;340:994–1004.

13. Madoiwa S, Someya T, Hironaka M, Kobayashi H, Ohmori T, Mimuro J, et al.
Annexin 2 and hemorrhagic disorder in vascular intimal carcinomatosis.
Thromb Res. 2007;119:229–40.

14. Yamamoto K, Ito H, Hiraiwa T, Tanaka K. Effects of nafamostat mesilate on
coagulopathy with chronic aortic dissection. Ann Thorac Surg. 2009;88:1331–3.

15. Takahashi T, Suzukawa M, Akiyama M, Hatao K, Nakamura Y. Systemic AL
amyloidosis with disseminated intravascular coagulation associated with
hyperfibrinolysis. Int J Hematol. 2008;87:371–4.

16. Ontachi Y, Asakura H, Arahata M, Kadohira Y, Maekawa M, Hayashi T, et al.
Effect of combined therapy of danaparoid sodium and tranexamic acid on
chronic disseminated intravascular coagulation associated with abdominal
aortic aneurysm. Circ J. 2005;69:1150–3.

17. Koseki M, Asada N, Uryu H, Takeuchi M, Asakura H, Matsue K. Successful
combined use of tranexamic acid and unfractionated heparin for
life-threatening bleeding associated with intravascular coagulation in
a patient with chronic myelogenous leukemia in blast crisis. Int J
Hematol. 2007;86:403–6.

18. Gando S, Wada H, Thachil J, Scientific and Standardization Committee on
DIC of the International Society on Thrombosis and Haemostasis (ISTH).
Differentiating disseminated intravascular coagulation (DIC) with the
fibrinolytic phenotype from coagulopathy of trauma and acute coagulopathy
of trauma-shock (COT/ACOTS). J Thromb Haemost. 2013;11:826–35.

19. Gando S, Hayakawa M. Pathophysiology of trauma-induced coagulopathy
and management of critical bleeding requiring massive transfusion. Semin
Thromb Hemost. 2016;42:155–65.

20. Asakura H, Suga Y, Yoshida T, Ontachi Y, Mizutani T, Kato M, et al.
Pathophysiology of disseminated intravascular coagulation (DIC) progresses
at a different rate in tissue factor-induced and lipopolysaccharide-induced
DIC models in rats. Blood Coagul Fibrinolysis. 2003;14:221–8.

21. Hayakawa M, Gando S, Ieko M, Honma Y, Homma T, Yanagida Y, et al.
Massive amounts of tissue factor induce fibrinogenolysis without tissue
hypoperfusion in rats. Shock. 2013;39:514–9.

22. Kobayashi N, Maekawa T, Takada M, Tanaka H, Gonmori H. Criteria for
diagnosis of DIC based on the analysis of clinical and laboratory findings in
345 DIC patients collected by the research committee on DIC in Japan. Bibl
Haematol. 1983;49:265–75.

23. Wada H, Gabazza EC, Asakura H, Koike K, Okamoto K, Maruyama I, et al.
Comparison of diagnostic criteria for disseminated intravascular coagulation
(DIC): diagnostic criteria of the International Society of Thrombosis and
Hemostasis and of the Japanese Ministry of Health and Welfare for overt
DIC. Am J Hematol. 2003;74:17–22.

24. Japanese Society on Thrombosis and Hemostasis/DIC subcommittee.
Diagnostic criteria for disseminated intravascular coagulation by the

Asakura et al. Thrombosis Journal  (2016) 14:42 Page 11 of 13



Japanese Society on Thrombosis and Hemostasis —tentative criteria—. Jpn
J Thromb Hemost. 2014;25:629–46. in Japanese.

25. Kienast J, Juers M, Wiedermann CJ, Hoffmann JN, Ostermann H, Strauss R, et
al. Treatment effects of high-dose antithrombin without concomitant
heparin in patients with severe sepsis with or without disseminated
intravascular coagulation. J Thromb Haemost. 2006;4:90–7.

26. Dhainaut JF, Yan SB, Joyce DE, Pettilä V, Basson B, Brandt JT, et al. Treatment
effects of drotrecogin alfa (activated) in patients with severe sepsis with or
without overt disseminated intravascular coagulation. J Thromb Haemost.
2004;2:1924–33.

27. Takemitsu T, Wada H, Hatada T, Ohmori Y, Ishikura K, Takeda T, et al.
Prospective evaluation of three different diagnostic criteria for disseminated
intravascular coagulation. Thromb Haemost. 2011;105:40–4.

28. Wada H, Wakita Y, Nakase T, Shimura M, Hiyoyama K, Nagaya S, Mie DIC Study
Group, et al. Outcome of disseminated intravascular coagulation in relation to
the score when treatment was begun. Thromb Haemost. 1995;74:848–52.

29. Gando S, Iba T, Eguchi Y, Ohtomo Y, Okamoto K, Koseki K, Japanese
Association for Acute Medicine Disseminated Intravascular Coagulation
(JAAM DIC) Study Group, et al. A multicenter, prospective validation of
disseminated intravascular coagulation diagnostic criteria for critically ill
patients: comparing current criteria. Crit Care Med. 2006;34:625–31.

30. Gando S, Saitoh D, Ogura H, Mayumi T, Koseki K, Ikeda T, Japanese
Association for Acute Medicine Disseminated Intravascular Coagulation
(JAAM DIC) Study Group, et al. Natural history of disseminated intravascular
coagulation diagnosed based on the newly established diagnostic criteria
for critically ill patients: results of a multicenter, prospective survey. Crit Care
Med. 2008;36:145–50.

31. Levi M, Toh CH, Thachil J, Watson HG. Guidelines for the diagnosis and
management of disseminated intravascular coagulation. British Committee
for Standards in Haematology. Br J Haematol. 2009;145:24–33.

32. Di Nisio M, Baudo F, Cosmi B, D'Angelo A, De Gasperi A, Malato A,
Schiavoni M, Squizzato A. on behalf of the Italian Society for Thrombosis
and Haemostasis: Diagnosis and treatment of disseminated intravascular
coagulation: Guidelines of the Italian Society for Haemostasis and
Thrombosis (SISET). Thromb Res. 2012;129:e177–184.

33. Wada H, Thachil J, Di Nisio M, Mathew P, Kurosawa S, Gando S, The
Scientific Standardization Committee on DIC of the International Society on
Thrombosis Haemostasis, et al. Guidance for diagnosis and treatment of DIC
from harmonization of the recommendations from three guidelines.
J Thromb Haemost. 2013;11:761–7.

34. Perrier A, Desmarais S, Miron MJ, de Moerloose P, Lepage R, Slosman D, et
al. Non-invasive diagnosis of venous thromboembolism in outpatients.
Lancet. 1999;353(9148):190–5.

35. Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C, Dreyer J, et al.
Evaluation of D-dimer in the diagnosis of suspected deep-vein thrombosis.
N Engl J Med. 2003;349:1227–35.

36. Spadaro A, Tortorella V, Morace C, Fortiguerra A, Composto P, Bonfiglio C, et al.
High circulating D-dimers are associated with ascites and hepatocellular
carcinoma in liver cirrhosis. World J Gastroenterol. 2008;14:1549–52.

37. Takahashi H, Tatewaki W, Wada K, Niwano H, Shibata A. Fibrinolysis and
fibrinogenolysis in disseminated intravascular coagulation. Thromb
Haemost. 1990;63:340–4.

38. Sawamura A, Hayakawa M, Gando S, Kubota N, Sugano M, Wada T, et al.
Disseminated intravascular coagulation with a fibrinolytic phenotype at an
early phase of trauma predicts mortality. Thromb Res. 2009;124:608–13.

39. Madoiwa S, Kitajima I, Ohmori T, Sakata Y, Mimuro J. Distinct reactivity of
the commercially available monoclonal antibodies of d-dimer and plasma
FDP testing to the molecular variants of fibrin degradation products.
Thromb Res. 2013;132:457–64.

40. Levi M, Opal SM. Coagulation abnormalities in critically ill patients. Crit Care.
2006;10:222.

41. Singh RK, Baronia AK, Sahoo JN, Sharma S, Naval R, Pandey CM, Poddar B,
et al. Prospective comparison of new Japanese Association for Acute
Medicine (JAAM) DIC and International Society of Thrombosis and
Hemostasis (ISTH) DIC score in critically ill septic patients. Thromb Res.
2012;129:e119–25.

42. Gando S. The utility of a diagnostic scoring system for disseminated
intravascular coagulation. Crit Care Clin. 2012;28:373–88.

43. Okamoto K, Wada H, Hatada T, Uchiyama T, Kawasugi K, Mayumi T, et al.
Frequency and hemostatic abnormalities in pre-DIC patients. Thromb Res.
2010;126:74–8.

44. Wada H, Sakuragawa N, Mori Y, Takagi M, Nakasaki T, Shimura M, et al.
Hemostatic molecular markers before the onset of disseminated
intravascular coagulation. Am J Hematol. 1999;60:273–8.

45. Bakhtiari K, Meijers JC, de Jonge E, Levi M. Prospective validation of the
international society of thrombosis and haemostasis scoring system for
disseminated intravascular coagulation. Crit Care Med. 2004;32:2416–21.

46. Yu M, Nardella A, Pechet L. Screening tests of disseminated intravascular
coagulation: guidelines for rapid and specific laboratory diagnosis. Crit Care
Med. 2000;28:1777–80.

47. Hyman DM, Soff GA, Kampel LJ. Disseminated intravascular coagulation
with excessive fibrinolysis in prostate cancer: a case series and review of the
literature. Oncology. 2011;81:119–25.

48. Lee HJ, Park HJ, Kim HW, Park SG. Comparison of laboratory characteristics
between acute promyelocytic leukemia and other subtypes of acute
myeloid leukemia with disseminated intravascular coagulation. Blood Res.
2013;48:250–3.

49. Rattray DD, O'Connell CM, Baskett TF. Acute disseminated intravascular
coagulation in obstetrics: a tertiary centre population review (1980 to 2009).
J Obstet Gynaecol Can. 2012;34:341–7.

50. Scherer RU, Spangenberg P. Procoagulant activity in patients with isolated
severe head trauma. Crit Care Med. 1998;26:149–56.

51. Jelenska MM, Szmidt J, Bojakowski K, Grzela T, Palester-Chlebowczyk M.
Compensated activation of coagulation in patients with abdominal aortic
aneurysm: effects of heparin treatment prior to elective surgery. Thromb
Haemost. 2004;92:997–1002.

52. Kushimoto S, Gando S, Saitoh D, Ogura H, Mayumi T, Koseki K, et al. Clinical
course and outcome of disseminated intravascular coagulation diagnosed
by Japanese Association for Acute Medicine criteria: Comparison between
sepais and trauma. Thromb Haemost. 2008;100:1099–105.

53. Pati HP, Saraya AK, Charan VD, Sundaram KR, Sharma MC, Choudhary VP.
Prognostic role of screening tests of haemostasis and underlying diseases in
acute disseminated intra-vascular coagulation in adults. Clin Lab Haematol.
1994;16:9–13.

54. Voves C, Wuillemin WA, Zeerleder S. International Society on Thrombosis
and Haemostasis score for overt disseminated intravascular coagulation
predicts organ dysfunction and fatality in sepsis patients. Blood Coagul
Fibrinolysis. 2006;17.

55. Kinasewitz GT, Zein JG, Lee GL, Nazir SA, Taylor Jr FB. Prognostic value of a
simple evolving disseminated intravascular coagulation score in patients
with severe sepsis. Crit Care Med. 2005;33:2214–21.

56. Tripodi A, Chantarangkul V, Primignani M, Fabris F, Dell'Era A, Sei C,
Mannucci PM. The international normalized ratio calibrated for cirrhosis
(INR(liver)) normalizes prothrombin time results for model for end-stage
liver disease calculation. Hepatology. 2007;46:520–7.

57. Tripodi A, Chantarangkul V, Primignani M, Dell'Era A, Clerici M, Iannuzzi F, et
al. Point-of-care coagulation monitors calibrated for the international
normalized ratio for cirrhosis (INRliver) can help to implement the INRliver
for the calculation of the MELD score. J Hepatol. 2009;51:288–95.

58. Kawasugi K, Wada H, Hatada T, Okamoto K, Uchiyama T, Kushimoto S, et al.
Evaluation of overt DIC in various underlying disease. Thromb Res.
2011;128:186–90.

59. Asakura H, Wada H, Okamoto K, Iba T, Uchiyama T, Eguchi Y, et al.
Evaluation of haemostatic molecular markers for diagnosis of disseminated
intravascular coagulation in patients with infections. Thromb Haemost.
2006;95:282–7.

60. Kushimoto S, Wada H, Kawasugi K, Okamoto K, Uchiyama T, Seki Y, et al.
Increased ratio of soluble fibrin formation/thrombin generation in patients
with DIC. Clin Appl Thromb Hemost. 2012;18:628–32.

61. Wada H, Kobayashi T, Abe Y, Hatada T, Yamada N, Sudo A, et al. Elevated
levels of soluble fibrin or D-dimer indicate high risk of thrombosis. J
Thromb Haemost. 2006;4:1253–8.

62. Dempfle CE, Wurst M, Smolinski M, Lorenz S, Osika A, Olenik D, et al. Use of
soluble fibrin antigen instead of D-dimer as fibrin-related marker may
enhance the prognostic power of the ISTH overt DIC score. Thromb
Haemost. 2004;91:812–8.

63. Okamoto K, Takaki A, Takeda S, Katoh H, Ohsato K. Coagulopathy in
disseminated intravascular coagulation due to abdominal sepsis:
determination of prothrombin fragment 1 + 2 and other markers.
Haemostasis. 1992;22:17–24.

64. Omote M, Asakura H, Takamichi S, Shibayama M, Yoshida T, Kadohira Y, et
al. Changes in molecular markers of hemostatic and fibrinolytic activation

Asakura et al. Thrombosis Journal  (2016) 14:42 Page 12 of 13



under various sampling conditions using vacuum tube samples from
healthy volunteers. Thromb Res. 2008;123:390–5.

65. Dhainaut JF, Shorr AF, Macias WL, Kollef MJ, Levi M, Reinhart K, et al. Dynamic
evolution of coagulopathy in the first day of severe sepsis: relationship with
mortality and organ failure. Crit Care Med. 2005;33:341–8.

66. Lavrentieva A, Kontakiotis T, Bitzani M, Papaioannou-Gaki G, Parlapani A,
Thomareis O, et al. Early coagulation disorders after severe burn injury:
impact on mortality. Intensive Care Med. 2008;34:700–6.

67. Gando S, Sawamura A, Hayakawa M, Hoshino H, Kubota N, Oshiro A. First day
dynamic changes in antithrombin III activity after supplementation have a
predictive value in critically ill patients. Am J Hematol. 2006;81:907–14.

68. Maeda K, Hirota M, Ichihara A, Ohmuraya M, Hashimoto D, Sugita H, et al.
Applicability of disseminated intravascular coagulation parameters in the
assessment of the severity of acute pancreatitis. Pancreas. 2006;32:87–92.

69. Fourrier F, Chopin C, Goudemand J, Hendrycx S, Caron C, Rime A, et al.
Septic shock, multiple organ failure, and disseminated intravascular
coagulation. Compared patterns of antithrombin III, protein C, and protein S
deficiencies. Chest. 1992;101:816–23.

70. Iba T, Saito D, Wada H, Asakura H. Efficacy and bleeding risk of antithrombin
supplementation in septic disseminated intravascular coagulation: a
prospective multicenter survey. Thromb Res. 2012;130:e129–33.

71. Egi M, Morimatsu H, Wiedermann CJ, Tani M, Kanazawa T, Suzuki S, et al.
Non-overt disseminated intravascular coagulation scoring for critically ill
patients: the impact of antithrombin levels. Thromb Haemost.
2009;101:696–705.

72. Sivula M, Tallgren M, Pettila V. Modified score for DIC in the critically ill.
Intensive Care Med. 2005;31:1209–14.

73. Okabayashi K, Wada H, Ohta S, Shiku H, Nobori T, Maruyama K. Hemostatic
markers and the sepsis-related organ failure assessment score in patients
with DIC in an intensive care unit. Am J Hematol. 2004;76:225–9.

74. Gando S, Kameue T, Nanzaki S, Nakanishi Y. Disseminated intravascular
coagulation is a frequent complication of systemic inflammatory response
syndrome. Thromb Haemost. 1996;75:224–8.

75. Mesters RM, Mannucci PM, Coppola R, Keller T, Ostermann H, Kienast J.
Factor VIIa and antithrombin III activity during severe sepsis and septic
shock in neutropenic patients. Blood. 1996;88:881–6.

76. Dixit A, Kannan M, Mahapatra M, Choudhry VP, Saxena R. Roles of protein C,
protein S, and antithrombin III in acute leukemia. Am J Hematol. 2006;81:171–4.

77. Kobayashi A, Matsuda Y, Mitani M, Makino Y, Ohta H. Assessment of the
usefulness of antithrombin-III in the management of DIC in obstetrically ill
patients. Clin Appl Thromb Hemost. 2010;16:688–93.

78. Aibiki M, Fukuoka N, Umakoshi K, Ohtsubo S, Kikuchi S. Serum albumin
levels anticipate antithrombin III activities before and after antithrombin III
agent in critical patients with DIC. Shock. 2007;27:139–44.

79. Asakura H, Ontachi Y, Mizutani T, Kato M, Ito T, Saito M, et al. Decreased
plasma activity of antithrombin or protein C is not due to consumption
coagulopathy in septic patients with disseminated intravascular coagulation.
Eur J Haematol. 2001;67:170–5.

80. Rodeghiero F, Mannucci PM, Vigano S, Barbui T, Gugliotta L, Cortellaro M, et al.
Liver dysfunction rather than intravascular coagulation as the main cause of
low protein C and antithrombin III in acute leukemia. Blood. 1984;63:965–9.

81. Joly B, Barbay V, Borg JY, Le Cam-Duchez V. Comparison of markers of
coagulation activation and thrombin generation test in uncomplicated
pregnancies. Thromb Res. 2013;132:386–91.

82. Choi Q, Hong KH, Kim JE, Kim HK. Changes in plasma levels of natural
anticoagulants in disseminated intravascular coagulation: high prognostic
value of antithrombin and protein C in patients with underlying sepsis or
severe infection. Ann Lab Med. 2014;34:85–91.

83. Ishikura H, Nishida T, Murai A, Nakamura Y, Irie Y, Tanaka J, et al. New
diagnostic strategy for sepsis-induced disseminated intravascular coagulation:
a prospective single-center observational study. Crit Care. 2014;18:R19.

84. Koyama K, Madoiwa S, Tanaka S, Koinuma T, Wada M, Sakata A, et al.
Evaluation of hemostatic biomarker abnormalities that precede platelet
count decline in critically ill patients with sepsis. J Crit Care. 2013;28:556–63.

85. Fukao H, Ueshima S, Okada K, Yamamoto K, Matsuo T, Matsuo O. Tissue-
type plasminogen activator, type 1 plasminogen activator inhibitor and
their complex in plasma with disseminated intravascular coagulation.
Thromb Res. 1992;68:57–65.

86. Garcia-Frade LJ, Lorente JA, Garcia-Avello A, de Pablo R, Landín L. Plasminogen
activator inhibitor-1 levels determine the profibrinolytic response in
disseminated intravascular coagulation. Am J Hematol. 1992;41:303–4.

87. Gando S, Nakanishi Y, Tedo I. Cytokines and plasminogen activator
inhibitor-1 posttrauma disseminated intravascular coagulation: Relationship
to multiorgan dysfunction syndrome. Crit Care Med. 1995;23:1835–42.

88. Watanabe R, Wada H, Miura Y, Murata Y, Watanabe Y, Sakakura M, et al.
Plasma levels of total plasminogen activator inhibitor-1(PAI-1) and tPA/PAI-1
complex in patients with disseminated intravascular coagulation and
thrombotic thrombocytopenic purpura. Clin Appl Thromb Haemost.
2001;7:229–33.

89. Madoiwa S, Nunomiya S, Ono T, Shintani Y, Ohmori T, Mimuro J, et al.
Plasminogen activator inhibitor 1 promotes a poor prognosis in
sepsis-induced disseminated intravascular coagulation. Int J Hematol.
2006;84:398–405.

90. Hatada T, Wada H, Nobori T, Okabayashi K, Maruyama K, Abe Y, et al. Plasma
concentrations and importance of High Mobility Group Box protein in the
prognosis of organ failure in patients with disseminated intravascular
coagulation. Thromb Haemost. 2005;94:975–9.

91. Semeraro N, Ammollo CT, Semeraro F, Colucci M. Sepsis, thrombosis and
organ dysfunction. Thromb Res. 2012;129:290–5.

92. Madoiwa S, Tanaka H, Nagahama Y, Dokai M, Kashiwakura Y, Ishiwata A, et
al. Degradation of cross-linked fibrin by leukocyte elastase as alternative
pathway for plasmin-mediated fibrinolysis in sepsis-induced disseminated
intravascular coagulation. Thromb Res. 2011;127:349–55.

93. Hayakawa M, Sawamura A, Gando S, Kubota N, Uegaki S, Shimojima H, et al.
Disseminated intravascular coagulation at an early phase of trauma is
associated with consumption coagulopathy and excessive fibrinolysis both
by plasmin and neutrophil elastase. Surgery. 2011;149:221–30.

94. Gando S, Hayakawa M, Sawamura A, Hoshino H, Oshiro A, Kubota N, et al.
The activation of neutrophil elastase-mediated fibrinolysis is not sufficient to
overcome the fibrinolytic shutdown of disseminated intravascular
coagulation associated with systemic inflammation. Thromb Res.
2007;121:67–73.

95. Ono T, Mimuro J, Madoiwa S, Soejima K, Kashiwakura Y, Ishiwata A, et al.
Severe secondary deficiency of von Willebrand factor-cleaving protease
(ADAMTS13) in patients with sepsis-induced disseminated intravascular
coagulation: its correlation with development of renal failure. Blood.
2006;107:528–34.

96. Matsumoto T, Wada H, Nobori T, Nakatani K, Onishi K, Nishikawa M, et al.
Elevated plasma levels of fibrin degradation products by granulocyte-
derived elastase in patients with disseminated intravascular coagulation.
Clin Appl Thromb Hemost. 2005;11:391–400.

97. Kohno I, Inuzuka K, Itoh Y, Nakahara K, Eguchi Y, Sugo T, et al. A
monoclonal antibody specific to the granulocyte-derived elastase-fragment
D species of human fibrinogen and fibrin: its application to the
measurement of granulocyte-derived elastase digests in plasma. Blood.
2000;95:1721–8.

98. Mochida S, Takikawa Y, Nakayama N, Oketani M, Naiki T, Yamagishi Y, et al.
Diagnostic criteria of acute liver failure: A report by the Intractable Hepato-
Biliary Diseases Study Group of Japan. Hepatol Res. 2011;41:805–12.

99. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection
of the oesophagus for bleeding oesophageal varices. Br J Surg.
1973;60:646–9.

Asakura et al. Thrombosis Journal  (2016) 14:42 Page 13 of 13


	Abstract
	Background
	Review
	DIC disease type classification
	Representative DIC diagnostic criteria
	Basic concept of these DIC diagnostic criteria
	Significance of various markers for DIC diagnosis
	FDP, D-dimer
	Platelet count
	Fibrinogen
	Prothrombin time (PT)
	Molecular markers of coagulation activation
	Antithrombin (AT) activity
	Considerations for the fields of obstetrics and pediatrics
	Countermeasures for misdiagnoses
	Other molecular markers

	The new DIC diagnostic criteria (JSTH’s provisional draft DIC diagnostic criteria)
	Algorithm of application of the DIC diagnostic criteria (Fig. 1)
	Underlying diseases of DIC
	Representative underlying diseases and pathologies that must be differentiated
	DIC diagnostic criteria
	Other tests relating to DIC diagnosis, and their significance
	Points of difference between the JMHW criteria and the new criteria


	Conclusion
	Abbreviations
	Acknowledgement
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

