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20Abnormalities of the hemostatic system in patients with DIC result from the sum of vectors for hypercoagulation
21and hyperfibrinolysis. DIC is classified into hyperfibrinolysis, hypercoagulation, massive bleeding or
22nonsymptomatic types according to the balance of the two vectors. Both the antithrombin (AT) and protein C
23(PC) levels are significantly low in patients with septic DIC, and reduced amounts of AT and PC result in the
24lack of inhibition of thrombin and activated FVIII, respectively. Thrombin activates FVIII, while activated FVIII ac-
25celerates the coagulation pathway to generate thrombin; thus activation of the coagulation system persists.
26Three sets of diagnostic criteria have been established by the Japanese Ministry of Health, Labour and Welfare,
27International Society of Thrombosis and Haemostasis and Japanese Association for Acute Medicine, respectively.
28Although these three diagnostic criteria score hemostatic abnormalities using similar global coagulation tests, the
29sensitivity and/or specificity for death differ. Treatmentwith AT or activated PCmay not improve the outcomes of
30patients with sepsis at the early stage, although they may improve the outcomes in those with DIC.
31Therefore, new diagnostic criteria for determining the appropriate time to initiate anticoagulant treatment are
32required.

33 © 2014 Elsevier B.V. All rights reserved.
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49 1. Introduction

50 Disseminated intravascular coagulation (DIC) was first reported
51 in patients with gynecological disease, leukemia and solid cancer
52 [1,2], and the concept of DIC was established from these reports. Se-
53 vere bleeding and/or consumptive coagulopathy are observed in
54 most cases, and it is necessary to detect microthrombi in DIC patients
55 with bleeding prior to administering heparin before the establishment

56of the concept of DIC. Although several groups have proposed various
57diagnostic criteria for DIC [3–6], the treatment of a pathological state
58as DIC does not require antithrombotic or antifibrinolytic therapy in
59cases in which the patient is considered to have coagulopathy due
60to an underlying disease. Additionally, although previous criteria
61have been applied in research, they are difficult to implement in clin-
62ical practice. In 1979, the Japanese Ministry of Health, Labour and
63Welfare (JMHLW) established diagnostic criteria for DIC involving
64the evaluation of global coagulation tests, underlying diseases and
65clinical symptoms [7]. Therefore, most Japanese physicians have
66been able to easily diagnose DIC since 1979. In contrast, most physi-
67cians in North America and Europe experienced difficulty in diagnosing
68DIC before 2001. In 2001, the International Society on Thrombosis and
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69 Haemostasis (ISTH) published a definition of DIC and overt-DIC diag-
70 nostic criteria involving the use of global coagulation tests based on
71 the JMHLW criteria [8]. Subsequently, diagnosing DIC in North
72 America and Europe has become easier, and these diagnostic criteria
73 have since been used and analyzed in many clinical studies. Impor-
74 tantly, the ISTH guidance recommends that the diagnosis of DIC is
75 made based on the above scoring system not with a single test [9].
76 Many clinical trials have been conducted using antithrombin (AT)
77 [10], recombinant human activated protein C (rhAPC) [10,11] and rh
78 tissue factor pathway inhibitor (rhTFPI) [12] in cases of severe sepsis,
79 as well as plasma-derived APC [14] and rh-thrombomodulin (rhTM)
80 [13] in subjects with DIC. Although treatment with AT, rhTFPI and
81 rhAPC has not been shown to improve mortality, these drugs reduce
82 the hemostatic abnormalities. Many patients with severe sepsis were
83 treated with rhAPC before 2012, primarily in North America and
84 Europe, while those with septic DIC are treated with AT or rhTM in
85 Japan. Therefore, the ISTH guidance proposes that the administration
86 of AT, rhTM or ahAPC might be considered in DIC patients [9].

87 2. Definition

88 The definition of DIC differs depending on whether the term is
89 used by clinicians, laboratory technologists, research scientists, ad-
90 ministrators or businessmen in the private sector and can also vary
91 depending on social infrastructure, geographical location, economic
92 conditions, the level of health care, the history of research on DIC,
93 etc [14]. DIC may eventually be considered a condition that can be
94 effectively treated with anticoagulant therapy, rather than a disease
95 with a poor prognosis. The expression “death is coming (DIC)” is
96 used to reflect the severity of DIC as a disease with a poor outcome.
97 The earliest definition and concept of DIC required evidence of the
98 presence of microthrombi and emphasized the tendency for promi-
99 nent hemorrhage caused by consumptive coagulopathy resulting
100 from the formation of multiple microthrombi [1]. It is difficult to di-
101 rectly prove the presence of microthrombi in most patients with DIC;
102 therefore, the results of clinical laboratory tests of fibrin-related
103 markers are used instead. In addition, symptoms of organ failure

104due to microthrombosis are now considered to be more important
105than those deriving from hemorrhagic conditions. The concept of
106disseminated intravascular fibrin formation was previously pro-
107posed, and researchers have attempted to diagnose DIC based on in-
108creases in the level of soluble fibrin (SF) [17,18]. The ISTH confirmed
109the importance of fibrin-related products in patients with DIC and
110proposed a definition of DIC as follows; “DIC is an acquired syndrome
111characterized by the intravascular activation of coagulation with the
112loss of localization arising from different causes. It can originate from
113and cause damage to the microvasculature, which if sufficiently se-
114vere, can produce organ dysfunction [8].”

1152.1. Pathophysiology of DIC

116Abnormalities of the hemostatic system in patients with DIC result
117from the sum of vectors for hypercoagulation and hyperfibrinolysis
118(Fig. 1). When the vector for hyperfibrinolysis is remarkable and dom-
119inant, bleeding is the primary symptom; this type is called the bleeding
120type or hyperfibrinolysis type of DIC. This form of DIC is often observed
121in patients with leukemia, such as acute promyelocytic leukemia (APL),
122obstetric diseases or aortic aneurysms [1,2]. On the other hand, when
123the vector for hypercoagulation is remarkable and dominant, organ fail-
124ure due tomicrothrombi is themain symptom; this type of DIC is called
125the organ failure type, hypercoagulation type or hypofibrinolysis type of
126DIC. This form of DIC is often observed in patients with infection,
127paticularly sepsis [16]. An increase in the level of plasminogen activator
128inhibitor I (PAI-I) induced by marked increased levels of cytokines [17,
12918] and lipopolysaccharide (LPS) [1,2] in the blood has been reported to
130be a cause of hypofibrinolysis. Moreover, neutrophil extracellular traps
131(NETs) [19], which release DNA with histone, neutrophil elastase and
132cathepsin G in order to trap and kill pathogens, are present in patients
133with sepsis. Histones promote the apoptosis of vascular endothelial
134cells and platelet aggregation [20], while neutrophil elastase and ca-
135thepsin G decompose tissue factor pathway inhibitor (TFPI) to promote
136thrombus formation [21]. Moreover, highmobility group box 1 (HMGB-
1371) [22] is emitted from injured and dead cells in order to enhance the
138inflammatory reaction. When both vectors for hypercoagulation and

Fig. 1. Four types of DIC.
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