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Definition of disseminated intravascular 
coagulation

Disseminated intravascular coagulation (DIC) represents a 
serious condition in which systemic and persistent coagu-
lation activation occurs in the presence of an underlying 
pathology, resulting in the formation of microthrombi in 
microvessels. Activation of fibrinolysis is observed along-
side coagulation, but the degree of fibrinolytic activation 
varies considerably depending on the underlying diseases. 
As DIC progresses, hemostatic factors such as platelets and 
coagulation factors decrease, leading to the pathophysiology 
of consumption coagulopathy [1].

The two major symptoms of DIC are bleeding and organ 
failure, but the prognosis is dire once clinical symptoms 
appear. Ideally, therefore, appropriate treatment for the 
condition should be started before such symptoms arise. 
For that reason, blood tests are crucial (See this Progress 
in Hematology < PIH > : Madoiwa’s paper). Many diseases 
capable of causing DIC are known, with acute leukemia, 
solid tumor, and sepsis considered the three major underly-
ing pathologies.

A definition of DIC has been proposed by the Interna-
tional Society on Thrombosis and Haemostasis (ISTH) [2]. 
This definition takes into account DIC associated with sep-
sis, but not those DICs associated with acute leukemia, aor-
tic aneurysm, obstetric complications, etc. (where bleeding 
symptoms are more likely to be seen than organ failure).

In this PIH, experts in each field wrote on the theme 
of hematopoietic malignancies, sepsis, aortic aneurysm, 
COVID-19, and clinical laboratory medicine under the uni-
fying theme of DIC.

Pathophysiology and classification of DIC

The pathogenic mechanisms underlying DIC differ depend-
ing on the specific disease, but tissue factor (TF) plays an 
important role in many cases. Although the pathogenic 
mechanisms of DIC in aortic aneurysm have not been fully 
elucidated, drugs that suppress active coagulation factors 
such as heparin are known to clinically improve DIC (war-
farin, which lowers coagulation factors as a substrate, is inef-
fective and thus contraindicated). (See this PIH: Yamada’s 
paper).

Suppressed‑fibrinolytic‑type DIC

Inflammatory cytokines play a major role in the development 
of DIC caused by severe infectious diseases such as sepsis. 
In sepsis, lipopolysaccharide (LPS) and cytokines (tumor 
necrosis factor < TNF > , interleukin < IL > -1, etc.) produce 
large amounts of TF from monocytes/macrophages and vas-
cular endothelial cells, resulting in significant activation of 
coagulation. Furthermore, LPS and cytokines suppress the 
expression of thrombomodulin, an important anticoagulant 
protein present on vascular endothelial cells, thus accelerat-
ing the activation of coagulation.

Multiple microthrombi resulting from coagulation 
activation would normally be dissolved by the activation 
of fibrinolysis. However, plasminogen activator inhibitor 
(PAI), a fibrinolytic inhibitor, is overexpressed from vascular 
endothelial cells through the actions of LPS and cytokines, 
resulting in the strong suppression of fibrinolysis. As a 
result, multiple microthrombi remain difficult to dissolve, 
and multiple-organ failure progresses due to microcircula-
tory disorders (see this PIH: Iba’s paper). Such DIC is called 
“suppressed-fibrinolytic-type DIC” [3].

As for findings from blood coagulation tests, the coag-
ulation activation marker thrombin-antithrombin com-
plex (TAT) is markedly elevated, but plasmin-α2 plasmin 
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inhibitor complex (PIC), a fibrinolytic activation marker, is 
only slightly elevated. Fibrin/fibrinogen degradation prod-
ucts (FDP) and D-dimer reflect the dissolution of micro-
thrombi, and are also only slightly increased.

Enhanced‑fibrinolytic‑type DIC

In hematological malignancies such as acute leukemia, 
activation of the extrinsic coagulation pathway by TF from 
leukemia cells is considered to be the main cause of DIC 
(see this PIH: Ikezoe’s paper). In fact, when chemotherapy 
destroys leukemic cells, DIC may be transiently exacerbated 
due to the rapid release of TF from leukemic cells into the 
bloodstream [4]. The involvement of vascular endothelial 
cells and inflammation is relatively small; instead, the condi-
tion is a more direct pathological condition of coagulation 
activation. Fibrinolytic activation remains sufficient due to 
the low expression of PAI. Since multiple microthrombi are 
sufficiently dissolved by fibrinolysis, no microcirculatory 
disorder is present and few organ symptoms arise.

However, dissolution of not only a large number of micro-
thrombi (so-called “bad thrombi”), but also hemostatic 
thrombi (so-called “good thrombi”) causes severe bleeding 
symptoms.

Bleeding symptoms are particularly severe in acute pro-
myelocytic leukemia (APL). Acute leukemia other than 
APL, aortic aneurysm, giant hemangioma, obstetric com-
plications (amniotic fluid embolism, placental abruption of 
the placenta), etc. show similar pathological conditions. This 
type of DIC is called “enhanced-fibrinolytic-type DIC”.

As for blood coagulation test findings, plasma levels of 
both TAT and PIC increase markedly, and FDP and D-dimer 
levels also rise (particularly FDP levels). Since degradation 
of not only fibrin but also fibrinogen progresses, a diver-
gence phenomenon is observed between levels of FDP and 
D-dimer. When fibrinogen and α2 plasmin inhibitor decrease 
markedly with increasing PIC levels, major bleeding is more 
likely to occur.

Balanced‑fibrinolytic‑type DIC

Among malignant tumors, solid tumors display a slower 
course of progression than acute leukemia. Coagulation 
activation and fibrinolysis activation are thus enhanced in a 
well-balanced manner. Bleeding symptoms and organ failure 
are relatively unlikely unless the disease has progressed sig-
nificantly. This type of DIC is called “balanced-fibrinolytic-
type DIC”.

However, among solid cancers, some cancers such as 
advanced prostate cancer with metastasis show enhanced-
fibrinolytic-type DIC.

COVID‑19

In 2020, coagulation abnormalities and DIC associated with 
COVID-19 started drawing attention. Mild cases of COVID-
19 rarely show DIC, but severe cases leading to death show a 
high rate of DIC.

With the progression of cytokine storm, COVID-19 patients 
become highly hypercoagulable and clinically exhibit arterial 
and venous thrombosis, with pulmonary thrombosis being the 
most common. In addition to such macrothrombosis, the exist-
ence of microthrombosis at the microscopic level has also been 
noted at autopsy.

However, bleeding symptoms are often a problem at the 
end of COVID-19 and during extracorporeal membrane oxy-
genation (ECMO) [5]. One of the causes is that COVID-19 is 
complicated by suppressed-fibrinolytic-type DIC in the early-
to-middle stage, but may be transformed into the pathological 
condition of enhanced-fibrinolytic-type DIC in the advanced 
stage (See this PIH: Asakura’s paper).

Diagnostic criteria for DIC

Until relatively recently, the most frequently used diagnostic 
criteria in Japan were those of the Japanese Ministry of Health 
and Welfare (JMHW criteria) [6]. With these diagnostic crite-
ria, the presence or absence of DIC was diagnosed after scor-
ing the underlying disease, clinical symptoms, platelet count, 
FDP level, fibrinogen level, and prothrombin time (PT) ratio 
(for diseases with myelosuppression, bleeding symptoms and 
platelet counts were excluded from scoring). These diagnostic 
criteria covered clinical and laboratory findings in typical DIC, 
but were identified as unsuitable for early diagnosis of DIC.

The acute-stage DIC diagnostic criteria of the Japanese 
Association for Acute Medicine [7] have been expected in the 
emergency field as diagnostic criteria to enable earlier diagno-
sis. These criteria are effective for diagnosing DIC associated 
with infectious diseases, but cannot be applied to hematologi-
cal malignancies. The diagnostic criteria of the ISTH [2] not 
only are modeled after the JMHW criteria, but are also unsuit-
able for early diagnosis.

The DIC Diagnostic Criteria of the Japanese Society on 
Thrombosis and Hemostasis (2017 edition) [8, 9] are diag-
nostic criteria that have been revised to address the problems 
of the JMHW criteria. These criteria are at least superior to 
the JMHW criteria because of the process of creating new 
diagnostic criteria.
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Treatment for DIC

Preventing the development of DIC requires suppression 
of coagulation activation, as the main pathophysiology 
underlying DIC, as well as treatment of the underlying 
disorder. Even with treatment of the underlying disorder, 
cure within a few days is the exception rather that the rule. 
Avoiding exacerbation of the condition due to DIC is thus 
necessary during treatment of the underlying disorder. In 
addition, the pathophysiology of DIC is diverse, and use 
of different treatment methods according to the specific 
pathophysiology in the individual is necessary, rather than 
application of some uniform treatment.

A suitable figure for DIC classification has already been 
published in another journal [10], so this time I would like 
to publish a figure regarding DIC treatment considering 
the disease classification (Fig. 1).

Treatment of the underlying disorder

Treatment of the underlying disorder is of paramount 
importance in all cases of DIC. For example, chemother-
apy for acute leukemia and advanced cancer, and antibiotic 

treatment for sepsis are treatments for the underlying 
disorder.

Anticoagulant therapy

Anticoagulant therapy is performed to prevent coagulation 
activation, as the main pathophysiology behind DIC.

1.	 Heparins and antithrombin concentrates
	   Heparins (e.g., low molecular weight heparin, unfrac-

tionated heparin, danaparoid) display a common char-
acteristic, in that they exert anticoagulant activity in an 
antithrombin (AT)-dependent manner. However, differ-
ences in anti-Xa/thrombin activity ratio and half-life in 
blood.

	   Since heparins cannot be expected to exert sufficient 
effect when AT activity decreases, AT concentrates are 
used in combination with heparins. Insurance coverage 
for AT concentrates in Japan is for DIC cases with AT 
activity ≤ 70%.

2.	 Thrombomodulin preparation
	   Thrombomodulin exerts not only anticoagulant 

effects, but also anti-inflammatory effects, and is thus 
expected to prove particularly useful for DIC associated 
with inflammatory disease [11, 12]. In fact, thrombo-
modulin is frequently used for DIC in Japan [13].

Coagulation

Sepsis
COVID-19

(early to middle stage)

(PIC)

(TAT) FibrinolysisClassification Treatment

Heparins + AT

Heparins

Nafamostat
(Heparins + Tranexamic acid)

Thrombomodulin

Typical
diseases

Enhanced-fibrinolytic
type

Balanced-fibrinolytic
type

Suppressed-fibrinolytic
type

Cancer

COVID-19
(advanced stage)

AA,  APL

Fig. 1   Selection of treatment according to DIC type. TAT​, throm-
bin-antithrombin complex; PIC, plasmin-α2 plasmin inhibitor com-
plex; AA, aortic aneurysm; APL, acute promyelocytic leukemia; AT, 
antithrombin concentrate. Heparins include low molecular weight 
heparin, unfractionated heparin, and danaparoid. 1) Suppressed-
fibrinolytic-type: Treat with heparins. In Japan, AT concentrate can 
also be used for AT activity ≤ 70%. In sepsis, only AT concentrates 
can be used without heparins. 2) Balanced-fibrinolytic-type: When 
DIC is complicated by solid cancer, the solid cancer is often at an 
advanced stage. Heparin treatment may extend over a long period. 
3) Enhanced-fibrinolytic-type: Nafamostat (NM) works well for this 
type, but may be inadequate for this type of DIC associated with solid 

tumors, in which case heparin plus tranexamic acid (TA) is effective. 
However, since TA for DIC has the side effect of thrombosis, con-
firming that this combination therapy lowers TAT and PIC levels is 
important. 4) Thrombomodulin (TM) preparations: Effective against 
DIC caused by many underlying diseases. For enhanced-fibrinolytic-
type DIC, the above treatments may be preferable. However, TM 
preparations are effective when using ATRA for APL. 5) AT con-
centrates: AT concentrates are frequently used in sepsis, because AT 
activity is likely to decrease. In DIC caused by acute leukemia and 
solid tumors, AT activity is unlikely to decrease without a decrease in 
hepatic reserve
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3.	 Synthetic protease inhibitor
	   Synthetic protease inhibitors exert antithrombin activ-

ity in an AT-independent manner. Representative drugs 
are nafamostat and gabexate [14]. These drugs show few 
side effects of bleeding, and are thus indicated when 
heparins are difficult to use due to concerns about side 
effects of bleeding.

	   Nafamostat also shows strong antifibrinolytic activity 
and is particularly effective for enhanced-fibrinolytic-
type DIC. Nafamostat is known to block SARS-CoV-2 
from invading host cells and appears to hold particular 
promise as a drug for DIC associated with COVID-19. 
Heparins have frequently been used as anticoagulant 
therapy for COVID-19. In addition, the combined use 
of nafamostat and heparin may be significant for enhanc-
ing positive effects on patients [15].

	   However, potential side effects of hyperkalemia 
should be noted for nafamostat.

Replacement therapy

If bleeding is observed due to a significant decrease in plate-
lets and coagulation factors (consumption coagulopathy), 
replacement therapy is warranted. Platelet concentrate is 
used for platelet replacement, while fresh frozen plasma is 
used for coagulation factor replacement.

Antifibrinolytic therapy

Fibrinolytic activation in DIC is another aspect of the body’s 
defense response to dissolve microthrombi, and antifibrino-
lytic therapies such as tranexamic acid are contraindicated 
in principle. In particular, antifibrinolytic therapies are abso-
lutely contraindicated for the suppressed-fibrinolytic-type 
DIC associated with sepsis.

Although tranexamic acid is being clinically studied for 
COVID-19, careful selection of cases and combined use of 
anticoagulant therapy are considered essential [16].

Administration of tranexamic acid in combination with 
heparins is often effective against the severe, potentially 
fatal bleeding tendencies seen with enhanced-fibrinolytic-
type DIC (see this PIH: Yamada’s paper). Tranexamic 
acid for DIC has dramatic effects on bleeding when used 
properly with anticoagulant therapy. However, misuse of 
tranexamic acid can lead to fatal systemic thrombosis, mak-
ing tranexamic acid a double-edged sword for DIC.

Tranexamic acid is absolutely contraindicated when 
using all-trans retinoic acid (ATRA) for APL, because 
ATRA transforms the character of APL from enhanced to 
suppressed-fibrinolytic-type DIC (see this PIH: Ikezoe’s 
paper). Several reports have described thrombosis-related 
deaths when tranexamic acid was used with ATRA for APL.

Conclusion

This PIH took up the theme of DIC. The pathophysiology of 
DIC varies depending on the underlying disease, and treat-
ment policies thus need to be changed in accordance with 
the pathophysiology.

This discussion covered COVID-19-related coagulopa-
thies and DIC, as well as hematological malignancies, sep-
sis, and aortic aneurysm, as typical diseases underlying DIC. 
The pathophysiology of COVID-19 is currently unclear, but 
will be elucidated in the future.

In addition, the theme of clinical laboratory medicine, 
which plays an extremely important role from the perspec-
tive of understanding the pathophysiology of DIC, is also 
included in this PIH.
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