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is not transfused; this type of DIC is called the massive
bleeding or consumptive type of DIC. This form of DIC
is observed in patients who exhibit major bleeding after
major surgery or in those with obstetric diseases.

When both vectors are weak, there are almost no clinical
symptoms, although abnormalities in clinical laboratory
tests are observed; this type of DIC is called the non-
symptomatic type of DIC or pre-DIC [14,15]. In a retro-
spective study [15], the treatment of pre-DIC was reported
to be effective. The diagnosis and treatment of the four
types of DIC differ [3]. Furthermore, the diagnosis and
treatment of DIC is complicated by the fact that the types
of DIC may shift or change. Patients with DIC caused by
sepsis (organ failure type), hematological malignancy, or
obstetrics (bleeding type) can be successfully treated for
DIC, whereas DIC associated with solid cancers may not
respond to standard treatments [16]. As DIC associated
with solid cancers differs from the above four types of DIC,
it should be analyzed separately.

Diagnosis of DIC

Scoring system

Various underlying clinical conditions can have an effect
on the laboratory parameters that are usually obtained
to diagnose DIC, such as global coagulation tests, the
platelet count, prothrombin time (PT), and the fibrino-
gen, fibrinogen, and fibrin degradation products (FDPs).
In order to facilitate the diagnostic process for detecting
DIC, the use of a scoring system is recommended by
each of the four different guidelines [3-6]. Three diffe-
rent diagnostic criteria incorporating similar global co-
agulation tests have been established by the ISTH/
SSC [1], Japanese Ministry Health, Labour and Welfare
(JMHLW) [17], and Japanese Association of Acute
Medicine (JAAM) [18]. The JMHLW score is well corre-
lated with the severity of DIC and can be used to predict
the outcome of the disease [14]. The ISTH overt DIC
score is useful and specific for diagnosing DIC due to in-
fective and non-infective etiologies [13,19]. The JAAM
score is sensitive for detecting septic DIC and is corre-
lated with the ISTH and JMHLW scores and disease
outcome [13,18]. A prospective study in Japan reported
no significant differences in the odds ratio for predicting
DIC outcomes among these three diagnostic criteria
[20], suggesting that the identification of molecular
hemostatic markers and changes of global coagulation
tests is required in addition to the application of scoring
systems. The use of a combination of tests repeated over
time in patients with suspected DIC can be used to diag-
nose the disorder with reasonable certainty in most
cases [21-23]. A template for a non-overt-DIC scoring
system, including global coagulation tests, changes in
global coagulation tests as well as hemostatic molecular
markers, has been proposed [1,24,25].

Page 3 of 8

The bleeding type of DIC can be easily diagnosed using
the ISTH overt-DIC [1] and JMHLW [17] criteria, while
the organ failure type of DIC is diagnosed according to
the JAAM diagnostic criteria [18]. The massive bleeding
(consumptive) type of DIC can be diagnosed using any of
the three diagnostic criteria [1,17,18]; however, it is diffi-
cult to diagnose the non-symptomatic type of DIC using
these criteria. The use of hemostatic molecular markers is
required to diagnose the non-symptomatic type of DIC.

Laboratory tests

Global coagulation tests provide important evidence re-
garding the degree of coagulation factor activation and
consumption. Although the PT is prolonged in approxi-
mately 50% of patients with DIC at some point during
their clinical course [21], abnormalities are often ob-
served in patients with liver disease or vitamin K defi-
ciency. A reduction in the platelet count or clear
downward trend in subsequent measurements is a sensi-
tive sign of DIC [3], although this pattern is also ob-
served in patients with bone marrow disorders. A
reduced fibrinogen level is a valuable indicator regarding
a diagnosis of DIC due to leukemia or obstetric diseases;
however, it is not observed in most septic DIC patients
[3]. Elevated fibrin-related markers (FRMs), such as FDP
[26], D-dimer [27], or soluble fibrin (SF), reflect fibrin
formation. SF [28] assays offer theoretical advantages in
detecting DIC, more closely reflecting the effects of
thrombin on fibrinogen, although the half-life is short. It
is important to consider that many conditions, such as
trauma, recent surgery, bleeding, or venous thrombo-
embolism (VTE), are associated with elevated FRMs. Re-
ductions in the levels of natural anticoagulants, such as
antithrombin (AT) and protein C, are common in pa-
tients with DIC. Although measuring the AT activity is
useful for achieving the full efficacy of heparin [29], this
parameter cannot be quickly and easily measured in all
hospitals. These activities are correlated with the liver
function and/or concentration of albumin. A reduced
ADAMTS13 (a disintegrin-like and metalloproteinase
with thrombospondin type 1 motifs 13) activity and ele-
vated soluble thrombomodulin (TM), PAI-I, and von
Willebrand factor propeptide levels are often observed
in patients with DIC and have been shown to have prog-
nostic significance [30-32]. The biphasic waveform of
the activated partial thromboplastin time (APTT) has
been shown to be associated with DIC and appears to
have a positive predictive value for the disease [33,34].
Although many attractive markers for DIC have been re-
ported, no single marker can be used to diagnose DIC
alone (Table 2). Therefore, the above four guidelines
[3-6] recommend that DIC could not be diagnosed ac-
cording to the level of a single marker but rather based
on the combination of laboratory markers. Among the
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Table 2 Laboratory tests for DIC
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Abnormality in DIC

Other cause for the abnormality

Adequate type of DIC

PT Prolongation Liver dysfunction, vitamin K deficiency OF, BL, MB
FOP, D-dimer Elevation Venous thromboembolism, operation BL, NS, OF
Fibrinogen Reduction Liver dysfunction BL, MB
Platelet count Reduction Bone marrow disorders OF, MB, BL, NS
AT/PC Reduction Liver dysfunction, capillary leak syndrome OF

SF/TAT Elevation Venous thromboembolism, operation OF, NS, BL, MS
™ Elevation Renal dysfunction, organ failure OF

VWFpp, PAIH Elevation Organ failure OF
ADATMTS13 Reduction Liver dysfunction, thrombotic microangiopathy OF

APTT Biphasic waveform Infection OF

PPIC Elevation Venous thromboembolism, operation BL, MB

PT, prothrombin time; FDP, fibrinogen and fibrin degradation products; SF, soluble fibrin; AT, antithrombin; PC, protein C; TAT, thrombin AT complex; VWFpp, von
Willebrand factor propeptide; PAl-, plasminogen activator inhibitor-I; APTT, activated partial thromboplastin time; PPIC, plasmin-plasmin inhibitor complex; OF,
organ failure type of DIG BL, bleeding type of DIC; MB, massive bleeding type of DIC; NS, non-symptomatic type of DIC.

four types of DIC, PT, fibrinogen, and platelets are im-
portant parameters for diagnosing the massive bleeding
type of DIC, while fibrinogen, FDP, and plasmin-plasmin
inhibitor complex (PPIC) are important for detecting the
bleeding type of DIC. Meanwhile, platelets, PT, and AT
are important for diagnosing the organ failure type of
DICand hemostatic molecular markers, such as SF and
the thrombin-AT complex, are important for diagnosing
the non-symptomatic type of DIC.

Treatment of DIC

Treatment of the underlying disease

The cornerstone of DIC treatment is providing treat-
ment for the underlying disorders, such as the adminis-
tration of antibiotics or surgical drainage in patients
with infectious diseases and anticancer drugs or surgery
in patients with malignant diseases. All four guidelines
[3-6] agree on this point, although there is no high-
quality evidence for the efficacy of treating the under-
lying disorder in DIC patients. DIC spontaneously resolves
in many cases when the underlying disorder is properly
managed and improved. However, some cases require
additional supportive treatment specifically aimed at ab-
normalities in the coagulation system. A randomized con-
trolled trial (RCT) of the use of all-trans retinoic acid
(ATRA) compared with conventional chemotherapy in pa-
tients with APL showed that the mortality rate was sig-
nificantly lower in the ATRA group [35]. ATRA exerts
differential effects on APL progression, as well as anti-
coagulant and antifibrinolytic effects [36]. Similarly, seve-
ral RCTs of the treatment of sepsis [37-42] and DIC [43]
have shown parallel improvements in coagulation de-
rangement and DIC, although the data have not always
been concordant. Treating the underlying disorder is first
required in patients with bleeding, organ failure, and non-
symptomatic types of DIC, while blood transfusions are

needed in patients with the massive bleeding type of DIC
(Table 3).

Blood transfusion

Markedly low levels of platelets and coagulation factors,
particularly fibrinogen, may increase the risk of bleeding.
The above four guidelines [3-6] recommended the ad-
ministration of platelet concentrate (PC) and fresh fro-
zen plasma (FFP) in DIC patients with active bleeding or
those at high risk of bleeding requiring invasive proce-
dures, without high-quality evidence. The threshold for
transfusing platelets depends on the clinical state of the
DIC patient. In general, PC is administered in DIC pa-
tients with active bleeding and a platelet count of £50 x
10°/1. A much lower threshold of 10 to 20 x 10°/1 is
adopted in non-bleeding patients who develop DIC after
undergoing chemotherapy. PC may be administered at
higher levels in patients perceived to be at high risk of
bleeding based on other clinical or laboratory features
[44]. The transfusion of PC or FFP is usually performed
in patients with the massive bleeding or bleeding types

Table 3 Treatment of DIC in four types of DIC

Treatment Non- Organ Bleeding Massive
symptomatic failure type bleeding
type type type

Underlying conditions R R R

Blood transfusion R R

Heparin R NR NR

Anti-Xa NR NR

Synthetic protease R R

inhibitor

Natural protease inhibitor R NR

Antifibrinolytic treatment  NR NR R R

R, recommended; NR, not recommended.
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of DIC. It is necessary to use large volumes of plasma in
order to correct coagulation defects associated with a pro-
longed APTT or PT (greater than 1.5 times the normal
value) or decreased fibrinogen level (less than 1.5 g/dl).
An initial dose of 15 ml/kg of FFP is clinically recom-
mended and usually administered. As the consequences of
volume overload must be considered in this context,
smaller volumes of prothrombin complex concentrate
may be useful in this setting. As specific deficiencies in fi-
brinogen associated with the massive bleeding type of DIC
can be corrected with the administration of purified fi-
brinogen concentrates or cryoprecipitate, three of the
guidelines recommended these treatments (Table 3). The
response to blood component therapy should be moni-
tored both clinically and with repeated assessments of the
platelet count and coagulation parameters following the
administration of these components. The efficacy and
safety of recombinant factor VIla in DIC patients with
life-threatening bleeding are unknown, and this treatment
should be used with caution or as part of a clinical trial.

Heparin

Although the administration of anticoagulant treatment is
a rational approach based on the notion that DIC is char-
acterized by extensive activation of coagulation, there are
several differences in the recommendations for the use of
heparin in DIC patients between the four guidelines
(Table 1) [3-6]. Therapeutic doses of heparin should be
considered in cases of DIC in which thrombosis predomi-
nates. A small RCT showed that low molecular weight
heparin (LMWH) is superior to unfractionated heparin
(UFH) for treating DIC [45], suggesting that the use of
LMWH is preferred to that of UFH in these cases. The
level of inhibition achieved with LMWH is higher for acti-
vated coagulation factor Xa (Xa) than for thrombin. Pa-
tients with DIC are at high risk of VTE events, and the
administration of VTE prophylaxis using UFH, LMWH,
and/or mechanical methods has become the standard of
care in patients with DIC [46,47]. Although experimental
studies have shown that heparin can at least partly inhibit
the activation of coagulation in the setting of DIC [48],
there are no RCTs demonstrating that the use of heparin
in patients with DIC results in improvements in clinically
relevant outcomes. A recent large trial of patients with se-
vere sepsis showed a non-significant benefit of low-dose
heparin on the 28-day mortality and underscored the im-
portance of not discontinuing heparin treatment in pa-
tients with DIC and abnormal coagulation parameters
[29]. Meanwhile, the 28-day mortality is lower in placebo
groups treated with heparin than in placebo groups with-
out heparin according to subclass analyses [49] of RCT of
severe sepsis [37,38,42]. Although it is not easy to quickly
measure the AT level in all hospitals in order to de-
cide whether to administer urgent heparin treatment,
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measuring this parameter is useful for achieving the full
efficacy of heparin. The administration of heparin is not
recommended in patients with bleeding or massive bleed-
ing type of DIC due to the increased risk of bleeding,
although it is recommended in those with the non-
symptomatic type of DIC in order to prevent the onset of
deep vein thrombosis (DV'T) (Table 3).

Anti-Xa agents

Both Fondaparinux® and Danaparoid sodium® activate
AT specifically to inhibit Xa. Treatment with Fondapari-
nux® is recommended for the prophylaxis of DVT after
orthopedic surgery; however, there is little evidence to
support its use in critically ill patients and those with
other type of DIC. Danaparoid sodium® is used to treat
DIC in Japan, although no RCTs have shown any reduc-
tions in mortality or the rate of resolution of DIC. There
is significant evidence for the use of these drugs as
prophylaxis for DVT [50,51]; however, there is little evi-
dence for the use of these agents in patients with DIC, and
they are not recommended in those with the bleeding or
massive bleeding type of DIC (Table 3). These drugs are
also not recommended in patients with renal failure.

Synthetic protease inhibitors

Synthetic protease inhibitors, such as Gabexate mesilate®
and nafamostat®, exhibit multiple-functions, including
antagonistic effects on the kinin/kallikrein system, fibrin-
olysis, complement system, and coagulation system.
Gabexate mesilate” and nafamostat® have been frequently
used and evaluated in Japan [13,52,53]; however, there
are no RCTs showing any reductions in mortality or
improvements in the rate of resolution of DIC. As
these drugs have mild anticoagulant and antifibrinolytic
effects, they are often used in patients with the bleed-
ing, massive bleeding, and non-symptomatic types of
DIC (Table 3).

Natural protease inhibitor

The use of agents capable of restoring dysfunctional
anticoagulant pathways in patients with DIC has been
studied extensively. Although there are many RCTs of
clinically ill patients, almost all RCTs have been carried
out in patients with sepsis, with few RCTs of patients
with DIC, suggesting that BCSH and SISET determined
their recommendations for DIC treatment based on
studies of sepsis, not DIC.

AT and the heparin/heparinoid complex primarily in-
hibits Xa and thrombin, while the APC/TM system in-
hibits thrombin, FVa, and FVIlIa (Figure 2). Each of the
four guidelines [3-6] provides different recommenda-
tions regarding the use of anticoagulant factor concen-
trates (Table 1). A large-scale multicenter RCT directly
assessing the effects of AT concentrate on mortality in
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patients with severe sepsis showed no significant reduc-
tions in those treated with AT concentrate [37]. Interes-
tingly, the subgroup of patients with DIC and who did
not receive heparin showed a remarkable survival benefit
[54]; however, this finding requires prospective vali-
dation. In one prospective multicenter survey, the efficacy
of AT was higher in the 3,000 units/day group than in the
1,500 units/day group [55].

The clinical efficacy of recombinant human activated
protein C (rhAPC) in patients with severe sepsis was dem-
onstrated in a large RCT [38], although a prospective trial
of septic patients with relatively low disease severity did
not show any benefits of thAPC therapy [39]. The with-
drawal of rhAPC from sepsis treatment regimens was pro-
posed after an RCT of septic shock failed to show any
benefits [40]. Meanwhile, treatment with plasma-derived
APC improved outcomes in a small RCT [56] in Japan;
however, the drug is not approved for the treatment of
DIC. There are no useful RCTs of the administration of
protein C concentrate to treat sepsis or DIC.

One RCT comparing treatment with thTM with that of
UFH [43] showed that thTM therapy significantly increased
the rate of resolution of DIC, although mortality was not
significantly decreased. In another study of DIC, treatment
with rhTM relatively reduced mortality and significantly re-
duced the severity of organ failure compared to a placebo
[57]. Another RCT of severe sepsis showed that the admi-
nistration of rhTM tended to improve mortality [41].

The administration of AT, rhTM, or APC may be con-
sidered in DIC patients. Further prospective evidence
from RCTs confirming a benefit is required [6]. Treat-
ment with AT and rhTM is recommended in patients
with the organ failure type of DIC (Table 3).

Antifibrinolytic treatment
Antifibrinolytic agents are effective in treating bleeding,
although the use of these drugs in patients with the

organ failure or non-symptomatic type of DIC is gene-
rally not recommended [58]. An exception may be made
in those with the bleeding or major bleeding type of
DIC. The four guidelines [3-6] exhibit some differences
in these recommendations (Table 1). One study of APL
demonstrated a beneficial effect of antifibrinolytic agents
in this situation [59]; however, cases complicated with
severe thrombosis due to the combined use of ATRA
and tranexamic acid have been documented [60]. A re-
cent RCT [61] showed that treatment with tranexamic
acid significantly reduces the mortality of patients with
trauma. The administration of antifibrinolytic agents in
these cases must occur in the early period of manage-
ment before the levels of PAI-1 and other endogenous
antifibrinolytics become elevated.

Conclusions

In conclusion, DIC is categorized into bleeding, organ
failure, massive bleeding, and non-symptomatic types.
The diagnosis and treatment of DIC should be carried
out in accordance with the type of DIC based on the
four guidelines on DIC.
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Abnormalities of the hemostatic system in patients with DIC result from the sum of vectors for hypercoagulation
and hyperfibrinolysis. DIC is classified into hyperfibrinolysis, hypercoagulation, massive bleeding or
nonsymptomatic types according to the balance of the two vectors. Both the antithrombin (AT) and protein C
(PC) levels are significantly low in patients with septic DIC, and reduced amounts of AT and PC result in the
lack of inhibition of thrombin and activated FVIII, respectively. Thrombin activates FVIIl, while activated FVIIl ac-
Keywords: celerates the coagulation pathway to generate thrombin; thus activation of the coagulation system persists.

pIC Three sets of diagnostic criteria have been established by the Japanese Ministry of Health, Labour and Welfare,
International Society of Thrombosis and Haemostasis and Japanese Association for Acute Medicine, respectively.

Diagnostic criteria

Mortality Although these three diagnostic criteria score hemostatic abnormalities using similar global coagulation tests, the
Hemostatic abnormality sensitivity and/or specificity for death differ. Treatment with AT or activated PC may notimprove the outcomes of
Treatment patients with sepsis at the early stage, although they may improve the outcomes in those with DIC.
Therefore, new diagnostic criteria for determining the appropriate time to initiate anticoagulant treatment are
required.
© 2014 Elsevier B.V. All rights reserved.
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1. Introduction of the concept of DIC. Although several groups have proposed various

Disseminated intravascular coagulation (DIC) was first reported
in patients with gynecological disease, leukemia and solid cancer
[1,2], and the concept of DIC was established from these reports. Se-
vere bleeding and/or consumptive coagulopathy are observed in
most cases, and it is necessary to detect microthrombi in DIC patients
with bleeding prior to administering heparin before the establishment
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diagnostic criteria for DIC [3-6], the treatment of a pathological state
as DIC does not require antithrombotic or antifibrinolytic therapy in
cases in which the patient is considered to have coagulopathy due
to an underlying disease. Additionally, although previous criteria
have been applied in research, they are difficult to implement in clin-
ical practice. In 1979, the Japanese Ministry of Health, Labour and
Welfare (JMHLW) established diagnostic criteria for DIC involving
the evaluation of global coagulation tests, underlying diseases and
clinical symptoms [7]. Therefore, most Japanese physicians-have
been able to easily diagnose DIC since 1979. In contrast, most physi-
cians in North America and Europe experienced difficulty in diagnosing
DIC before 2001. In 2001, the International Society on Thrombosis and
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Haemostasis (ISTH) published a definition of DIC and overt-DIC diag-
nostic criteria involving the use of global coagulation tests based on
the JMHLW criteria [8]. Subsequently, diagnosing DIC in North
America and Europe has become easier, and these diagnostic criteria
have since been used and analyzed in many clinical studies. Impor-
tantly, the ISTH guidance recommends that the diagnosis of DIC is
made based on the above scoring system not with a single test [9].

Many clinical trials have been conducted using antithrombin (AT)
[10], recombinant human activated protein C (rhAPC) [11,12] and rh
tissue factor pathway inhibitor (rhTFPI) [13]in cases of severe sepsis,
as well as plasma-derived APC [14] and rh-thrombomodulin (rhTM)
[15] in subjects with DIC. Although treatment with AT, rhTFPI and
rhAPC has not been shown to improve mortality, these drugs reduce
the hemostatic abnormalities. Many patients with severe sepsis were
treated with rhAPC before 2012, primarily in North America and
Europe, while those with septic DIC are treated with AT or thTM in
Japan. Therefore, the ISTH guidance proposes that the administration
of AT, thTM or ahAPC might be considered in DIC patients {9].

2. Definition

The definition of DIC differs depending on whether the term is
used by clinicians, laboratory technologists, research scientists, ad-
ministrators or businessmen in the private sector and can also vary
depending on social infrastructure, geographical location, economic
conditions, the level of health care, the history of research on DIC,
etc [16]. DIC may eventually be considered a condition that can be
effectively treated with anticoagulant therapy, rather than a disease
with a poor prognosis. The expression “death is coming (DIC)” is
used to reflect the severity of DIC as a disease with a poor outcome.
The earliest definition and concept of DIC required evidence of the
presence of microthrombi and emphasized the tendency for promi-
nent hemorrhage caused by consumptive coagulopathy resulting
from the formation of multiple microthrombi [1]. It is difficult to di-
rectly prove the presence of microthrombi in most patients with DIC;
therefore, the results of clinical laboratory tests of fibrin-related
markers are used instead. In addition, symptoms of organ failure
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Asymptomatic and
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due to microthrombosis are now considered to be more important
than those deriving from hemorrhagic conditions. The concept of
disseminated intravascular fibrin formation was previously pro-
posed, and researchers have attempted to diagnose DIC based on in-
creases in the level of soluble fibrin (SF) [17,18]. The ISTH confirmed
the importance of fibrin-related products in patients with DIC and
proposed a definition of DIC as follows; “DIC is an acquired syndrome
characterized by the intravascular activation of coagulation with the
loss of localization arising from different causes. It can originate from
and cause damage to the microvasculature, which if sufficiently se-
vere, can produce organ dysfunction [8].”

2.1. Pathophysiology of DIC

Abnormalities of the hemostatic system in patients with DIC result
from the sum of vectors for hypercoagulation and hyperfibrinolysis
(Fig. 1). When the vector for hyperfibrinolysis is remarkable and dom-
inant, bleeding is the primary symptom; this type is called the bleeding
type or hyperfibrinolysis type of DIC. This form of DIC is often observed
in patients with leukemia, such as acute promyelocytic leukemia (APL),
obstetric diseases or aortic aneurysms [1,2]. On the other hand, when
the vector for hypercoagulation is remarkable and dominant, organ fail-
ure due to microthrombi is the main symptom; this type of DIC is called
the organ failure type, hypercoagulation type or hypofibrinolysis type of
DIC. This form of DIC is often observed in patients with infection,
paticularly sepsis [19]. An increase in the level of plasminogen activator
inhibitor I (PAI-I) induced by marked increased levels of cytokines [20,
21] and lipopolysaccharide (LPS) [1,2] in the blood has been reported to
be a cause of hypofibrinolysis. Moreover, neutrophil extracellular traps
(NETs) [22], which release DNA with histone, neutrophil elastase and
cathepsin G in order to trap and kill pathogens, are present in patients
with sepsis. Histones promote the apoptosis of vascular endothelial
cells and platelet aggregation [23], while neutrophil elastase and ca-
thepsin G decompose tissue factor pathway inhibitor (TFPI) to promote
thrombus formation {24]. Moreover, high mobility group box 1 (HMGB-1)
[25] is emitted from injured and dead cells in order to enhance the in-
flammatory reaction. When both vectors for hypercoagulation and
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Fig. 1. Four types of DIC.
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hyperfibrinolysis are remarkable and strong, major bleeding occurs,
followed by death, if a sufficient amount of blood is not transfused;
this type of DIC is called the massive bleeding or consumptive type of
DIC. This form of DIC is observed in patients who exhibit marked con-
sumption of coagulation factors and major bleeding after major surgery
or in those with obstetric diseases. When both vectors are not markedly
strong, there are almost no clinical symptoms, although abnormalities
in clinical laboratory tests are observed; this type of DIC is called the
non-symptomatic type of DIC or pre-DIC [26,27]. In a retrospective
study [28], the treatment of pre-DIC was reported to be effective, The di-
agnosis and treatment of the four types of DIC differ [29]. Furthermore,
the diagnosis and treatment of DIC are complicated by the fact that the
types of DIC may shift or change (Fig. 1). Patients with DIC caused by
sepsis (organ failure type), hematological malignancy or obstetrics
(bleeding type) can be successfully treated for DIC, whereas DIC associ-
ated with solid cancers may not respond to standard treatments [30,31].

H. Wada et al. / Clinica Chimica Acta 436 (2014) 130~134

As the outcome of DIC associated with solid cancers differs from DIC
resulting from infection, leukemia or obstetrical causes, it should be an-
alyzed separately.

The causes of DIC in patients with leukemia (bleeding type) are
considered to include hyper-expression or massive release of tissue
factor (TF), plasminogen activator and annexin If [32-35] from leu-
kemic cells. A large volume of TF and PA strongly activates extrinsic
pathway and fibrinolytic system, thus causing bleeding and throm-
bosis, In such cases, antithrombin (AT) and protein C cannot suffi-
ciently inhibit the activation of the extrinsic pathway (Fig. 2A). In
contrast, the release of TF from activated leukocytes is another
cause of DIC in patients with sepsis [36,37]. In particular, in septic pa-
tients, lipopolysaccharides (LPS) derived from Gram-negative bacte-
ria and peptidoglycans derived from Gram-positive bacteria activate
toll-like receptors (TLRs) [38,39] and CD14 in macrophages. The
activation of TLR and CD14 in turn stimulates nuclear factor-kappa
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B (NF-«B), which results in the production of various inflammatory
cytokines {20,21] as well as TF. Markedly high expressions of TF mes-
senger RNA have been reported in leukocytes obtained from septic pa-
tients with DIC [36]. Both the AT and PC levels are significantly low in
septic patients with DIC [19,40], and a reduced amount of AT and PCre-
sults in the lack of inhibition of thrombin and activated FVII], respective-
ly. Thrombin activates FVIII, while activated FVIII accelerates the
coagulation pathway to generate thrombin; thus, activation of the coag-
ulation system persists (Fig. 2B). In addition, elevated soluble platelet
glycoprotein VI [41] and reduced ADAMTS13 [42] levels have been re-
ported in patients with DIC, suggesting that platelets are also activated
due to the reduction of ADAMTS13 in septic patients with DIC. (See
Fig. 3.)

The fibrinogen and fibrin degradation products (FDP), plasmin-
plasmin inhibitor complex (PPIC) and fibrinogen levels are signifi-
cantly different between hyperfibrinolytic DIC and non-DIC patients,
and the platelets, soluble fibrin (SF), thrombin AT complex (TAT) and
AT levels are significantly different between septic DIC and non-DIC
patients. Therefore, these markers are useful for differential diagno-
sis between hyperfibrinolytic type of DIC and organ failure type of
DIC.

2.2. DIC diagnostic criteria

Three diagnostic criteria are primarily used by physicians in Europe,
North America and East Asia. The diagnostic criteria of the ISTH for
overt-DIC [8] were established based on a modification of the JMHW
DIC diagnostic criteria in 2001 [7]. In a retrospective study using the
JMHW diagnostic criteria [28], the treatment of early-stage of DIC was
reported to be effective. In 2005, the Japanese Association for Acute
Medicine (JAAM) published diagnostic criteria for DIC involving the
use of global coagulation tests, systemic inflammatory response
syndrome (SIRS) [43] scores and changes in global coagulation tests
[4445]. As a gold standard for DIC does not currently exist, the patient
outcome is often used to evaluate diagnostic criteria for DIC. Although
these three diagnostic criteria score hemostatic abnormalities using
similar global coagulation tests, the cut-off values, as well as sensitiv-
ity or specificity for death, differ [46]. The sensitivity for 28th-day
mortality is highest in the JAAM diagnostic criteria, although the
specificity for 28th-day mortality is highest in the ISTH overt-DIC di-
agnostic criteria [46].

The ISTH criteria divide DIC into overt-DIC as non-compensated DIC
and non- overt DIC as compensated DIC. The late onset of DIC from
registration was previously reported to be classified as pre-DIC [1,2].
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Fig. 3. Outcomes of septic DIC treated with and without antithrombotic therapy.

There are no significant differences in the frequency of late-onset DIC
from registration between the three diagnostic criteria for DIC, suggest-
ing that it is difficult to diagnose pre-DIC according to the DIC score
using global coagulation tests [46]. Therefore, the ISTH also proposed
non overt-DIC diagnostic criteria involving the use of global coagulation
tests, changes in global coagulation tests and hemostatic molecular
markers [8], although this template has not been established. Therefore,
several modified versions of non-overt-DIC diagnostic criteria using
global coagulation tests, changes in global coagulation tests, AT and he-
mostatic molecular markers have been proposed [47-51].

2.3. Outcome and diagnosis of DIC

The mortality of severe sepsis patients treated with AT [10], rh
APC [11] and rhTFPI [13] and that of DIC patients treated with
rhTM [15] and plasma-derived APC [14] has been reported to be
37.5%, 24.0%, 34.6%, 28.0% and 20.4 %, respectively. The mortality of
septic patients varies depending on the severity of sepsis, including
the association with DIC. Among placebo-treated patients with se-
vere sepsis, the mortality of non-DIC patients is approximately 22%,
while that of placebo-treated patients with DIC is 40-45% [52], sug-
gesting that complication with DIC worsens the outcomes of patients
with sepsis. Taking into account bias from physicians, the mortality
of patients treated with rhAPC or rthTM is approximately 25-28%. In
cases of infection, treating DIC may reduce mortality by 10-15%.
However, in several randomized controlled trials [10,12,15], treat-
ment with AT, rhAPC or rhTM did not significantly reduce mortality
in patients with sepsis in comparison to a placebo. In a subclass anal-
ysis, AT was found to reduce mortality in patients with severe organ
failure [53] and in those with DIC [54], but not in those with mild
organ failure. APC has also been reported to reduce mortality in pa-
tients with severe, but not mild, organ failure [53].

The sensitivity for death among patient with DIC is highest in the
JAAM diagnostic criteria, although the specificity is highest in the
ISTH overt-DIC diagnostic criteria [46]. While it has been reported
that early treatment reduces mortality when using the JMHLW DIC
diagnostic criteria [28], the odds ratio for 28-day mortality is similar
between the JMHLW, ISTH and JAAM diagnostic criteria [46]. A re-
cent multicenter, prospective validation study of the JAAM criteria
[55] showed that the 28th-day mortality was similar between DIC
patients diagnosed according to the ISTH overt-DIC diagnostic
criteria and those according to the JAAM criteria, suggesting that
the JAAM and ISTH-overt DIC criteria exhibit similar sensitivity for
28th-day mortality [55].

As the presence of NETs [22] and hypercoagulation observed in
patients with DIC induce localization of infection, the administration
of antithrombotic therapies, such as AT and APC, may spread the in-
fection. Treatment with AT or APC may worsen sepsis in the early

stage of the disease, while improving hemostatic abnormalities fol-

lowing organ failure in patients with severe sepsis. In total, treat-
ment with AT or APC may not improve the outcomes of patients
with sepsis in the early stage, although it can potentially improve
the outcomes of those with DIC. The timing of AT or APC treatment
may be too early in septic patients when using only the JAAM diag-
nostic criteria and too late in those with overt-DIC.

Therefore, new diagnostic criteria for determining the appropriate
time to initiate anticoagulant treatment are required.
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s early treatment of disseminated intravascular
coagulation beneficial in septic patients?

Hideo Wada"", Takeshi Matsumoto?, Yoshiki Yamashita® and Tsuyoshi Hatada®
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We read with interest the recent issue of Critical Care,
particularly the article by Gando and colleagues [1] about
the validation of the scoring systems for disseminated
intravascular coagulation (DIC). Mortality in patients
with DIC according to diagnostic criteria of the Japanese
Association of Acute Medicine (JAAM; 31.8%) was similar
to that in patients with International Society of Thrombosis
and Haemostasis (ISTH) overt-DIC (30.1%). A previous
report [2] showed different results; mortality was signifi-
cantly higher in patients with overt-DIC (34.4%) than in
those with JAAM DIC (17.2%). The difference in the
mortality between this report [1] and the previous report
[2] may depend on not only the sensitivity of the diagnostic
criteria, but also on the antithrombotic therapy (ATT).

Although most patients were considered to be treated
with ATT at the early stage of DIC in this study [1], those
treated in the other study [2] had late stage DIC [3]. As the
presence of neutrophil extracellular traps [4] and hyper-
coagulation in DIC induce localization of infection, the
administration of ATT may spread the infection. Therefore,
ATT may worsen sepsis in the early stage of the disease
while improving hemostatic abnormalities following organ
failure in patients with severe sepsis. Overall, ATT may not
improve the outcomes of patients with sepsis in the early
stage, although it can potentially improve the outcomes of
those with overt-DIC (Figure 1). The timing of ATT may
be too early in septic patients when using the JAAM diag-
nostic criteria and too late in those with ISTH overt-DIC.

Authors' response
Satoshi Gando

We appreciate the interest of Wada and colleagues in
our recently published article studying the JAAM DIC
scoring system in patients with severe sepsis [1]. It is now
widely accepted that localized platelet and fibrin throm-
bosis at the site of infection is a physiologic reaction that
protects against dissemination of microorganisms and
pathogen-associated molecular patterns derived from
them into the systemic circulation, which is now called
immunothrombosis [5]. Therefore, we agree that early
anticoagulation therapy for sepsis probably induces un-
controlled immunothrombosis, leading to pathological
systemic DIC. Fourrier [6] clearly demonstrated that the
target for the treatment of sepsis is not sepsis itself, but
DIC as a result of the overwhelming effects of sepsis on
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immunothrombosis. The mortality rate of the severe
sepsis patients who met the JAAM DIC criteria was
31.8%, and the Kaplan-Meier curves clearly demon-
strated that there was a lower 1-year survival rate in the
JAAM DIC patients, which supports our opinjon that the
DIC patients diagnosed by the JAAM scoring system
should be treated as early as possible [1]. The differences
in the mortality rate between the two studies pointed out
by Wada and colleagues were due to differences in the
subjects included in the two studies [1,2]. Our previous
study included diverse clinical conditions that were
associated with DIC [2], but the inclusion criteria for the
current study were restricted to only severe sepsis
patients [1].

© 2014 Wada et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
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Figure 1 Mortality due to sepsis and/or disseminated intravascular

coagulation (DIC). Open circles indicate without DIC treatment, closed
circles with DIC treatment.
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Letter to the Editors-in-Chief

Addition of recommendations for the use of
recombinant human thrombomodulin to the
“Expert consensus for the treatment of disseminated
intravascular coagulation in Japan”

Dear Editors,

When we published the “Expert consensus for the treatment of
disseminated intravascular coagulation in Japan” [1], recombinant
human thrombomodulin (rhTM) had not been marketed; therefore, rec-
ommendations regarding the use of rhTM were not stated at that time. A
phase 1II trial of rhTM [2] subsequently showed the usefulness of this
agent in treating disseminated intravascular coagulation (DIC), and
the results of the postmarketing surveillance of rhTM guided by the
Japanese Society on Thrombosis and Hemostasis (JSTH) confirmed the
results of that trial [3]. In addition, the results of a phase II international
trial of rhTM in patients with sepsis were also recently published [4].
Therefore, the JSTH would like to add a recommendation for the use
of rhTM in the “Expert consensus for the treatment of disseminated
intravascular coagulation in Japan.”

Recommendation for the Use of rhTM

General: B1, asymptomatic type: B2, bleeding type (mild: B1, severe:
C), organ failure type: B1, complication type: B2

B1: Treatment has moderately high quality of evidence, or it has high
quality of evidence but the clinical usefulness is not significant.

B2: Treatment does not have a high quality of evidence, but it has
few deleterious effects and it is carried out clinically.

C: Treatment does not have a high quality of evidence or the clinical
usefulness is not clear.

Mechanisms of rhTM

Thrombomodulin (TM) exists on vascular endothelial cells and com-
bines with thrombin. The thrombin-TM complex does not cleave fibrin-
ogen, although it changes protein C into activated protein C (APC) [5].
APC inhibits the activity of coagulation factor VIII (FVIII) and FV by cleav-
ing activated FVIIl and FV using the protein S as a coenzyme. In addition,
the thrombin-TM complex activates thrombin-activatable fibrinolysis
inhibitor (TAFI) to inhibit fibrinolysis [6). Since TM inhibits the comple-
ment system, it is considered to have an anti-inflammatory effect. In
patients with sepsis, the expression of TM on vascular endothelial cells
is down-regulated to a markedly low level by LPS and inflammatory
cytokines. rhTM is a medication developed as a soluble protein contain-
ing an extracellular domain required to perform the activity of TM [7,8]
and is considered to have an anticoagulant effect via APC production as
well as antifibrinolytic and anti- inflammatory effects.

hitp://dx.doiorg/10.1016/.thromres.2014.07.033
0049-3848/© 2014 Elsevier Ltd. All rights reserved.

Evidence

In a Japanese phase IIl double-blind randomized control trial (RCT) of
rhTM vs unfractionated heparin (UFH) in subjects with DIC [2], including
227 DIC patients with 125 hematological malignancies and 102 infections,
the rate of resolution of DIC was 66.1% vs 49.9%, for absolute risk reduction
of 16.2% (95%Cl: 3.3% to 29.1%). The rate of disappearance of bleeding
conditions was 35.2% in the rhTM group and 20.9% in the UFH group,
for a difference of 14.3% (1.2% to 27.4%). In addition, the 28-day mortality
among the patients with infection was 28.0% in the rhTM group and 34.6%
in the UFH group, for a difference of 6.6% (-24.6% to 11.3%). The frequency
of adverse events of bleeding was up to 7 days after the start of infusion
significantly higher in the UFH group (56.5%) than in the rhTM group
(43.1%), with no significant differences in other adverse events between
the groups. In the present retrospective subanalysis of 80 patients with
DIC secondary to infection [9] among the full analysis sample [2], the
rate of resolution of DIC was 63.2% in the UFH group and 73.2% in the
rhTM group, for a difference of 10.0% (95%Cl:-10.5% to 30.5%). Further-
more, the 28-day mortality was 21.4% in the rhTM group and 31.6% in
the UFH group, for a difference of 10.2% (-9.1% to 29.4%).

In an international double-blind placebo-controlled RCT [4] of 750
septic patients with suspected DIC, the 28- day mortality was 17.8% in
the rhTM group and 21.6% in the placebo group, thus indicating a
trend toward a low value, although the difference was not significant
(p = 0.273), in the rhTM group. Furthermore, the values of hemostatic
markers, such as D-dimer prothrombin fragment F1+2 and thrombin
antithrombin complex, were lower in the thTM group than in the place-
bo group, while there were no significant differences in the levels of
inflammatory marker or rates of organ failure, bleeding, thrombosis or
new infection. In the post hoc analysis, the greatest benefit from rhTM
was seen in the patients with at least one site of organ system dysfunc-
tion and an international normalized ratio greater than 1.4 at baseline.
This trial subsequently shifted to a phase III trial.

In a domestic postmarketing surveillance of rhTM among 3,548
patients with DIC (2,516 cases of infection and 1,032 cases of hema-
tological malignancy)[3], the DIC scores were significantly de-
creased after treatment with rhTM in both groups (p < 0.001). The
frequency of adverse drug reactions of critical bleeding was 2.6%
in the infection group and 2.4% in the hematological malignancy
group, with survival rates at 28 days after the last thTM administra-
tion of 64.1% in the infection group and 70.7% in the hematological
malignancy group.
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Abstract The differential diagnosis of thrombotic microangiopathy (TMA) has become clearer

; ‘ following the establishment of the relationships between (1) ,diarrhea-assoCiated

hemolytic uremic syndrome (HUS) and Shiga toxin- produclng‘EsCherichia coli-HUS

(STEC HUS), (2) a markedly reduced ADAMTS-13 (a dlsmtegrm and metalloproteinase

with a thrombospondln type 1 motxf member 13) level and typlcal thrombotic

thrombocytopenlc purpura (TTP) and (3) abnormalltles in the complement regulatory

, L system and atypical HUS (aHUS). These TMAs include typical TTP, other forms of TMA,

Keywords - STEC-HUS, and aHUS. The pathological mechanlsms of TMA sttll,overlap among several

= TTP. forms of TMA. With respect to the management of TMA, the use of plasma exchange

= TMA - (PE) for typical TTP, additional steroid therapy for TMA and rituximab for typical TTP with

= aHUS a high titer of the inhibitor of ADAMTS-13, as Well as eculizumab for aHUS, have also

= STEC-HUS been established. Although several issues remain in the pathophysmlogy and manage-
= ADAMTS-13

In 1955, Gasser and coworkers were the first to describe
hemolytic uremic syndrome (HUS). Subsequent historical
reports described a case where three similar recurrent epi-
sodes of hemolytic anemia, thrombocytopenia, and uremia
occurred during an 8-year period.”:? The first cases of Shiga
toxin-producing Escherichia coli-HUS (STEC-HUS) were found
in the early 1950s, and the first clinical report in five children
was published in 19953 Thrombotic microangiopathy (TMA),
including HUS and thrombotic thrombocytopenic purpura
(TTP)*7 presents with specific symptoms, such as those
involving microangiopathic hemolytic anemia (MHA), throm-
bocytopenia due to platelet consumption, and organ dysfunc
tion. TTP is thought to be usually caused by an inhibitor of
ADAMTS-13 (a disintegrin and metalloprotease with throm-
bospondin type 1 motif, member 13)*'" andfor genetic
abnormalities in ADAMTS-13, including Upshaw-Schulman
syndrome (USS)'?; however, other TMA patients who exhibit
fluctuating neurological symptoms, renal injury and a high
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ment of TMA, new findings will hopefully resolve these problems in the near future

fever, may also be diagnosed with TTP. HUS comprises
STEC-HUS' and atypical HUS (aHUS) with genetic abnormal-
ities in the complement regulatory system,'* although other
forms of TMA associated with renal failure may be classified as
HUS. In addition, TMA is observed in patients with severe
sepsis,’® disseminated malignancies,'® malignant hyperten-
sion,'” and disseminated intravascular coagulation (DIC).'®
Although the symptoms of TTP, USS, STEC-HUS, and aHUS
are similar, the pathogenic mechanisms and effective treat-
ments for these disorders differ among the types of TMA,
requiring a differential diagnosis. By definition, HUS due to
STEC is diagnosed as STEC-HUS. TMA associated with an
ADAMTS-13 level of < 10%is classified as typical TTP, whereas
patients with TMA in whom a diagnosis of typical TTP,
STEC-HUS, or aHUS is excluded are considered to have another
TMA. Individuals with TMA who exhibit an ADAMTS-13 level
of > 10% in addition to relapse or a family history of TMA are
diagnosed with aHUS (=Table 1 and =Fig. 1).
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Table 1 Definition of TMA

TMA TMA that has specific symptoms such as MHA, thrombocytopenia due to platelet
activation and some organ dysfunctions. '

Typical TTP TMA with < 10% of ADAMTS-13

STEC-HUS TMA due to STEC

aHUS TMA which excludes typical HUS nor STEC-HUS and has > 10% of ADAMTS-13

Other type of TMA TMA which excludes typical HUS, STEC-HUS, or aHUS

Abbreviations: ADAMTS-13: a disintegrin-like and metalloprotease with thrombospondin type 1 motif; HUS, heralytic uremic syndrome; MHA,
microangiopathic hemolytic anemia; STEC, Shiga toxin-producing Escherichia coli; TMA, thrombotic microangiopathy; TTP, thrombotic thrombocy-

topenic purpura,

Clinical Characteristics of Thrombotic
Microangiopathy

The patients with STEC-HUS usually have diarrhea, including
bloody stool, and most patients with USS or aHUS have a
family history of TMA and relapse. Neurological symptoms
are generally dominant in typical TIP, and renal symptoms
are generally dominant in HUS. Most cases of diarrhea-
associated HUS are caused by STEC. The annual incidence of
STEC-HUS is about 2 cases in adults and 6.1 cases in children
younger than 5 years per 10° individuals.? High rates of STEC-
HUS have been reported in regions of South America, espe-
cially Argentina, where HUS is endemic with an incidence 5 to
10 times higher than in North America. The incidence of aHUS
may be less than 0.2 cases per 10° individuals. The annual
incidence of acquired TTP in the United States is estimated to
be 4 cases in 10® individuals and appears to be increasing.'?2°
For example, the Oklahoma TTP-HUS Registry includes 11.3
cases of TMA in 10° individuals® and 1.7 of cases associated
with an ADAMTS-13 activity of less than 5% per 10° individ-
uals.?" Nara Medical University Registry includes approxi-
mately 0.84 of cases of TMA without STEC-HUS per 10°
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Fig. 1 Differential diagnosis of TMA. ADAMTS-13 (a disintegrin and
metalloprotease with thrombospondin type 1 motif, member 13);
aHUS STEC-HUS, Shiga toxin-producing Escherichia coli~HUS; DIC,
disseminated intravascular coagulation; HUS, hemolytic uremic syn-
drome; atypical HUS, TMA, thrombotic microangiopathy; TTP,
thrombotic thrombocytopenic purpura; USS, Upshaw-Schulman
syndrome.
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individuals in Japan,?? while a questionnaire distributed in
2004 to 2005 by the Japanese Ministry, Health, Labor and
Welfare (JMHLW) found approximately 2.0 cases of TMA with
STEC-HUS per 10° cases individuals?® (~Table 2). The inci-
dence of USS may be approximately 0.05 cases per 10°
individuals. Females are at greater risk, with a female-to-
male ratio of at least 3:2'? and 225:152.%% According to the
Oklahoma TTP-HUS registry, the clinical category can be
classified as idiopathic (36.6%), additional or alternative
disorder (25.9%), drug associated (12.3%), STEC-HUS (7.1%),
pregnant/postpartum related (6.8%), allogeneic stem cell
transplant associated (6.0%), and others (5.2%).° In addition,
aquestionnaire distributed by the JMHLW showed the type of
TMA to be STEC-HUS (41.6%), typical TTP (20.9%), other TMA
(10.1%), and TMA without measurement of ADAMTS-13
(27.5%).2 Neurological symptoms were observed in 73.9%
of patients with typical TTP and 44.6% of those with acquired
TMA: renal dysfunction was detected in 40.9% of patients
with typical TTP and 53.9% of those with TMA; and a high
fever was noted in 72.3% of patients with typical TTP and
53.9% of those with TMA.%® Unfortunately, approximately
one-third of acquired TTP cases become chronic, and the
management of significant morbidities remains a clinical
challenge.”*?° The patients with USS often present with
severe unconjugated hyperbilirubinemia and Coombs-nega-
tive hemolytic anemia in the perinatal period. Peripheral
blood smears usually show thrombocytopenia, red cell frag-
mentation and the leukoerythroblastosis as signs of MHA in
patients with acquired TTP. As mentioned earlier, in contrast
to patients with acquired TTP, subjects with familial TTP often
respond well to simple plasma infusion, although nearly all
such cases relapse.

Historical Overview and Pathogenesis of
Thrombotic Microangiopathy

Many studies investigating the pathogenesis of TTP have
historically focused on the roles played by endothelial cell
injury and/or activation,?® platelet abnormalities, and/or
activation®®?’, abnormal von Willebrand factor (VWF)
hemostasis,?® abnormalities in the immune system,?® pros-
tacyclin binding defects,?° and so on. Abnormal VWF hemo-
stasis has recently become the most widely supported
hypothesis regarding the pathogenesis of TTP. Upon vascular



Table 2 Frequency of TMA

Disease | Frequency | Area

TMA 4 United States®®

T™MA 11.4 United States

Typical TP | 1.7 (Oklahoma TTP-HUS registry)®
TMA 2.0 Japan (JMHLW)?3

Typical TTP | 0.4
STEC-HUS 0.8

TMA 0.8 Japan (Nara Medical
University)22
STEC-HUS | 18 World?

Abbreviations: HUS, hemolytic uremic syndrome; JMHLW, Japanese
Ministry of Health Labor and Welfare; STEC, Shiga toxin-producing
Escherichia coli; TMA, thrombotic microangiopathy; TTP, thrombotic
thrombocytopenic purpura.

Note: Frequency in 10° populations.

endothelial cell stimulation or injury, the stored VWF is
released from Weibel-Palade bodies®' into the circulation
in a form that is termed unusual large VWF multimer (UL-
VWFM), which represents the most thrombogenic form of
this molecule.>? UL-VWFMs are processed into smaller and
less thrombogenic multimers by VWF cleaving protease (later
identified as ADAMTS-13); therefore, UL-VWFMSs are not
detected in healthy human plasma.®® In 1982, the presence
of UL-VWFMs was demonstrated in the plasma of patients
with USS,3* suggesting a crucial link between the pathogen-
esis of TTP and metabolism of VWF. These findings indicate
that

UL-VWFMs play an important role in the formation of plate-
lets and VWPF-rich clots characteristic of TTP and that a
deficiency in VWF cleaving protease is the underlying cause
of TTP. In 2001, this VWF cleaving protease was ultimately
identified as the metalloproteinase ADAMTS-13.8-1%3 This
enzyme cleaves VWF within the A2 domain between amino
acid residues tyrosine 1605 and methionine 1606.3° The in
vitro activity of ADAMTS-13 is dependent on the degree of
conformational changes induced by shear stress®’ and mild
denaturants, such as guanidine or urea,>®-° suggesting that
the cleavage of VWF by ADAMTS-13 in vivo is dependent on
factors such as fluid shear stress and binding to platelets, the
vascular endothelium, or possibly other molecules3® The
deficiency of ADAMTS-13 may be caused by genetic muta-
tions*®® or acquired factors, such as the actions of anti-
ADAMTS-13 inhibitors*!*#? and/or consumption due to
sepsis.43

Genetic Abnormality of ADAMTS-13
(Upshaw-Schulman Syndrome)

Although classic USS involves severe neonatal jaundice
requiring plasma exchange (PE) or blood transfusions, and
repeated childhood episodes of MHA can be reversed by the
infusion of fresh frozen plasma (FFP),'? recent reports have
indicated that the clinical signs of USS during childhood may
be milder than expected, with only isolated thrombocytope-
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nia in many cases.** USS is rare, with an estimated 100
patients (approximately) worldwide following the discovery
of ADAMTS-13.4>46 Around 60% of these cases involve mis-
sense single amino acid substitutions, with the remaining
40% being nonsense, frameshift or splice site mutants
expected to result in truncated proteins. In vitro studies of
several missense mutants have demonstrated impaired
secretion in cell culture media.*’ These studies found that
impaired secretion into the circulation may be the dominant
mechanism underlying ADAMTS-13 dysfunction and that
most patients with USS have absent or nearly absent
ADAMTS-13 antigen levels.*® According to the Nara Medical
University registry,2? a total of 41 USS patients have been
identified in 36 different families, ranging in age from early
childhood to 79 years.'? Furthermore, analysis of a large
cohort of patients with familial TTP revealed the age-depen-
dent clustering of cases into two relatively distinct groups,
with approximately half of patients exhibiting disease onset
within the first 5 years of life and the other portion remains
asymptomatic until 20 to 40 years of age.*® Examples of
siblings with the same ADAMTS-13 mutations but markedly
different clinical courses have also been reported.*>>° There-
fore, in patients with familial TTP, ADAMTS-13 deficiency in
and of itself does not appear to be sufficient for disease onset.

Acquired Deficiency due to Inhibitor (Typical
Thrombotic Thrombocytopenic Purpura)

Although the level of ADAMTS-13 activity defining severe
deficiency has not been established, an ADAMTS-13 activity
less than 5% is specific for syndromes associated with the
typical clinical features of TTP.>?! This stringent definition of
severe ADAMTS deficiency excludes some patients with
typical features of TTP, including multiple episodes of relapse.
However, some studies have expanded the definition of
severe deficiency to include all patients with an ADAMTS-
13 activity less than 10%.°" The inhibitor of ADAMTS-13 can
be measured using an ADAMTS-13 activity assay,”? and an
ADAMTS-13 activity less than 5% suggests a high probability
for the presence of an inhibitor in TTP patients.® In addition, it
has been reported that TTP patients with high titers of
inhibitors for ADAMTS-13 have poor outcomes.”® In patients
with an ADAMTS-13 activity lower than 5% without inhib-
itors, PE may result in complete clinical remission and an
increase in the ADAMTS-13 level. In contrast, other patients
with a low ADAMTS-13 activity but high titer of inhibitor
(> 5 units/mL) display neither a rise in the ADAMTS-13
activity nor a reduction in the inhibitor titer.>* Autoanti-
bodies to ADAMTS-13 often develop in patients treated with
antiplatelet agents (drug-associated TTP).>> Some patients
experience persistent severe ADAMTS-13 deficiency, with a
demonstrable titer of inhibitor but no signs of TTP after
recovery, suggesting that ADAMTS-13 deficiency alone is
not sufficient to cause TTP.

Consumption of ADAMTS-13

Although there are reports of a markedly decreased ADAMTS-
13 activity without inhibitors in patients with severe sep-
sis,*>°% severe liver disease,’ liver transplantation,®®
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disseminated malignancies,'® malignant hypertension,'” and
DIC,> these patients do not exhibit a typical clinical course of
TTP, and the earlier-mentioned underlying diseases have
subsequently been discovered to more likely be the etiology
of the presenting features in these cases. In addition, PE
therapy is often not effective in TTP patients.°® Most cases
involving an ADAMTS-13 activity of < 10% are classified
as idiopathic, with some patients presenting postpartum
disorders (pregnancy-induced hypertension, hemolysis,
elevated liver enzymes, and low platelet syndrome; HELLP
syndrome), bone marrow transplantation, collagen diseases
such as systemic lupus erythematosus, or treatment with
specific antiplatelet drugs.”®

Shiga Toxin-Producing Escherichia coli-Hemolytic Uremic
Syndrome

Most cases of diarrhea-associated HUS are caused by STEC,
and 0157:H7 has the strongest association with HUS world-
wide.51:%2 A cytotoxin active in Vero cells, less active in HeLa
cells and inactive in WI38 cells (Vero toxin) was detected in
stool isolates of E. coli from sporadic cases of HUS.%3 HUS is
characterized by the presence of nonimmune hemolytic
anemia, thrombocytopenia, and renal impairment,® and is
the main cause of acute renal failure worldwide. This disorder
occurs most frequently in children younger than 5 years, and
its incidence is increasing.®' This typical form of diarrhea-
associated HUS induces toxin-mediated vascular endothelial
cell damage, thrombotic occlusion of the capillary lumen,
glomerular endothelial cell swelling, apoptosis of glomerular
and tubular cell, and extensive cortical necrosis in the kid-
neys.®* The severity of acute illness, particularly central
nervous system impairment and the need for dialysis, is
strongly associated with a worse long-term prognosis.®> An
outbreak that comprised 3,842 cases (including 54 deaths) of
human infections with enteroaggregative hemorrhagic E. coli
(EAHEC) 0104:H4 occurred in Germany in May 2011. There
was a high proportion of adults (845) affected in this outbreak
and an unusually high number of patients that developed
HUS. EAHEC strains have evolved from enteroaggregative
E. coli by the uptake of a Shiga toxin 2a (Stx2a)-encoding
bacteriophage.®® The activation of the complement system
has been reported in patients with STEC-HUS. The activation
of an alternative pathway because of the upregulation of P-
selection by Stx might be one of causes of this activation of the
complement system.>

Atypical Hemolytic Uremic Syndrome

Approximately 10% of cases of HUS are classified as aHUS, as
they are not caused by either STEC or streptococci.®®” aHUS
has a poor prognosis, with death rates as high as 25% (67)
and progression to end-stage renal disease in half of all
patients.>¢%6% Research has linked aHUS to uncontrolled
activation of the complement system® due to mutations in
complement factor H (CFH),”%”" five CFH-related proteins
(CFHR1 through CFHR5),”> membrane cofactor protein,’%’3
complement factor 1,’%74 complement factor B,”> comple-
ment 3 (C3),7% and thrombomodulin.”” The complement
system consists of several plasma and membrane-bound
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proteins that protect against invading organisms.”® Three
activation pathways—classic, lectin, and alternative—produce
protease complexes termed C3 and C5 convertases that cleave
(3 and C5, respectively, eventually leading to the formation of
the membrane-attack complex.®® Factor H antibodies are
rarely detected in aHUS patients without a family history.
The mechanism leading to factor H antibody production and
disease onset are not completely understood.”® ADAMTS-13
mutations have been found in patients initially diagnosed
with aHUS and Evans syndrome, suggesting that the diagnosis
of USS is missed in many cases and thus the true incidence of
this disease may be underestimated.®® As noted earlier, the
complement system has been reported to be activated in the
patients with STEC-HUS, aHUS or typical TTP.%'

Other Forms of Thrombotic Microangiopathy

TTP-like conditions also occur in association with a variety of
clinical conditions, including cancer, bone marrow transplan-
tation, collagen vascular diseases, and treatment with specific
antiplatelet drugs.3? Interestingly, many of these conditions
appear to occur in the absence of ADAMTS-13 deficiency,
suggesting the presence of different pathogenic mechanisms.
The occurrence of TMA in pregnancy deserves special men-
tion, as pregnancy has long been recognized to involve a
prothrombotic state constituting a particular risk factor for
episodes of both familial and acquired TTP. ADAMTS-13
deficiency also does not appear to be sufficient for the onset
of acquired TTP. There are many patients with typical TTP
who achieve clinical remission with PE continue to exhibit a
persistent severe deficiency in the ADAMTS-13 activity and/
or a significant amount of ADAMTS-13 plasma inhibitor and
the patients with familial ADAMTS-13 mutations who have
not yet developed clinically apparent TTP, despite the pres-
ence of ongoing severe ADAMTS-13 deficiency. These obser-
vations indicate that, in addition to ADAMTS-13 deficiency,
additional genetic and/or environmental factors are required
for the onset of both familial and acquired TTP. Environmental
triggers potentially include infection, pregnancy, surgery,
bone marrow transplantation, and certain medications, while
possible genetic factors include those associated with the
regulation of the coagulation cascade, VWF, or the platelet
function as well as components of the endothelial vessel
surface. The activation of alternative complement pathway
by UL-VWFM has been described.®

Management of Thrombotic
Microangiopathy

Guidelines for the diagnosis and management of TTP and
other forms of TMA were published by the British Committee
for Standards in Haematology in 2012.84 The concept of the
management of TMA will soon become common. Patients
with familial TTP can be successfully treated with plasma
infusions to supplement ADAMTS-13, while the mainstay of
treatment for acquired TTP is PE, which is additionally
thought to remove inhibitory autoantibodies. Although this
therapy carries a considerable risk of morbidity, including
exposure to blood products from multiple donors, the use of



PE has reduced the mortality of acquired TTP from 90 to
approximately 20%.24 In one comparison of the efficacy of PE
and plasma infusion,?* the short-term and long-term survival
rates were higher in the PE group (24/51 and 40/51 patients)
than in the plasma infusion group (13/51 and 25/51 patients),
while the mortality at 6 months was lower in the PE group
(11/51 patients) than in the plasma infusion group (19/51
patients).?* In another prospective study,>* the mortality rate
was 15% among 20 patients with idiopathic TMA, including 16
subjects with TTP with an ADAMTS-13 activity of less than 5%,
and 59% among those with secondary TMA. In addition, the
response to PEwas poor in the TIP patients with a high titer of
ADAMTS-13 inhibitor. In retrospective studies, PE and other
supportive therapies for TMA were found to be effective in
72.3% in Chinese patients®> and 70.6% in the ]MHLW study,??
with a mortality rate of 29.4% in the Chinese study®> and
19.6% in the JMHLW study.?

Patients with suspected or known ADAMTS-13 deficiency
are also treated with glucocorticoids. Glucocorticoid therapy
with PE also improves the mortality of TMA.%%-86 patients who

Table 3 Efficacy of treatment
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exhibit disease exacerbation despite receiving glucocorticoids
may be treated with more intensive immunosuppressive
agents, such as rituximab.2®> In a systematic review®” of 27
patients treated with rituximab, a benefit was described in 25
(93%) patients. Meanwhile, in a prospective study,®® 21 of 22
patients treated with rituximab survived, with a recovery in
the platelet count within 35 days in all 21 survivors. In
addition, in 7 RCTs of 476 young children with STEC-HUS,
none of the evaluated interventions (FFP transfusion, heparin
administration with or without urokinase or dipyridamole,
ST-binding protein therapy, and steroids) were superior to
supportive therapy alone with respect to any of the out-
comes.®® The outcomes of STEC-HUS have improved, and
the acute mortality rate in children is 1 to 4%, and approxi-
mately 70% of patients recover completely from the acute
episode.®® In an outbreak of 0104:H4, 491 patients with
STEC-HUS were treated with best supportive care or thera-
peutic PE with or without eculizumab. Although the short-
term outcome was better than expected when compared with
previous reports, there were no significant differences in the

Therapy Patients Efficacy (%)
Canadian Apheresis Study Group?* Plasma infusion T™A 40/51 (78.4)
Plasma exchange 25/51 (49.0)
Plasma exchange TMA 72.3
Japanese Ministry of Health, Labor and Welfare?®> | Plasma exchange TTP 32/64 (50.0)
TMA 95/182 (52.2)
French TMA Reference Center®’ Plasma exchange, vincristine | TMA 41/53 (77.3)
Rituximab TTP 21/22 (95.5)
Legendre et al®3 Eculizumab aHUsS 88
Abbreviations: TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura.
Table 4 Mortality
, Therapy Patients Mortality (%)
Canadian Apheresis Study Group®® | PI TMA 11/51 (21.6)
PE 19/51 (37.3)
Overall 30/102 (29.4)
Oklahoma TTP-HUS registry” PE, steroid TTP 7/45 (15.6)
IMHLW?3 PE, steroid, etc. TTP 12/54(22.2)
TMA 64/327(19.6)
Zheng et al** PE, etc. Idiopathic TMA 3/20 (15.0)
PE, etc. Secondary TMA 10/17 (59.0)
Chinese study® PE TMA 15/51(29.4)
Bell et al® Steroid + PE TMA 98/108 (9.3)
French TMA Reference Center®’ Rituximab TTP 1/22 (4.5)
Spinale et al® Supportive theraoy STEC-HUS 1-4

Abbreviations: HUS, hemolytic uremic syndrome; Pl, plasma infusion; PE, plasma exchange; TMA, thrombotic microangiopathy; TTP, thrombotic

thrombocytopenic purpura.
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