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History of DIC

Already in the 19th century, some of the first clinical and
pathological observations related to disseminated intravas-
cular coagulation (DIC) were made. One of the first reports
comes from Dupuy in 1834, who describes the effect of the
intravenous injection of brain material in animals.1 The
animals almost immediately died and at autopsy there
were widespread clots in the circulation, presumably due
to what we would now call tissue factor–dependent systemic
activation of coagulation. After 30 years, Trousseau described
the thrombotic tendency and the inclination of blood to
clot in patients with advanced malignant disease.2 In 1873,
Naunyn showed that disseminated thrombosis could be

evoked by intravenous injection of dissolved red cells, and
Wooldridge demonstrated that the procoagulant involved
was a substance contained in the stroma of the red cells.3–5

A more precise description of DIC and its underlying
pathogenesis had to wait until 1955 when more insight
into the mechanism of blood coagulation was attained and
better laboratory tests had become available. Ratnoff et al
carefully described the hemostatic abnormalities that occur
inwomenwith fetal death and amniotic fluid embolism.6 The
mechanism by which DIC can lead to bleeding was clarified
only in 1961, when Lasch et al introduced the concept of
consumption coagulopathy.7 In 1965 McKay, who was to the
first to realize that DIC was an “intermediary mechanism” in
many diseases, published the first book on the DIC.8
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Abstract Disseminated intravascular coagulation (DIC) is a syndrome characterized by systemic
intravascular activation of coagulation, leading to a widespread deposition of fibrin in
the circulation. There is ample experimental and pathological evidence that the fibrin
deposition contributes to multiple organ failure. The massive and ongoing activation of
coagulation may result in depletion of platelets and coagulation factors, which may
cause bleeding (consumption coagulopathy). The syndrome of DIC is well known in the
medical literature for centuries, although a more precise description of the underlying
mechanisms had to await the 20th century. Initial ideas on a role of the contact
activation system as the primary trigger for the systemic activation of coagulation as
well as a presumed hyperfibrinolytic response in DIC have been found to be miscon-
ceptions. Experimental and clinical evidence now indicate that the initiation of
coagulation in DIC is caused by tissue factor expression, which in combination with
downregulated physiological anticoagulant pathways and impaired fibrinolysis leads to
widespread fibrin deposition. In addition, an extensive bidirectional interaction between
coagulation and inflammation may further contribute to the pathogenesis of DIC.
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In subsequent years, the better understanding and the devel-
opment of specific coagulation assays have enabled a more
precise insight into themechanisms that play a role in DIC.9,10

Nevertheless, despite our increased knowledge and more
refined therapy, the clinical management of patients with
DIC often poses major difficulties for the modern clinician.

Manifestation of DIC

DIC is not a disease in itself, but it always occurs secondary to
an underlying disorder (►Table 1). Nevertheless, signs and
symptoms of DICmay be impressive and dominate the clinical
picture. Patients with DIC may present with manifest throm-
boembolic disease or clinically less apparent microvascular
thrombosis, which predominantly presents as multiple organ
dysfunction.9,11,12 Alternatively, severe bleeding may be the
leading symptom. Quite often a patient with DIC has simul-
taneous thrombosis and bleeding, which does not facilitate a
clinician’s choice for the appropriate therapy. Interestingly,
the clinical picture of a patient with DIC is oftentimes
interpreted differently between specialists. Surgeons may
primarily consider DIC as a bleeding disorder, whereas the
(microvascular) thrombotic aspect is more often appreciated
by hematologists and intensive care specialists. This different
appraisal of DIC is also reflected in the many names that have
been given to the disorder: defibrination syndrome,13 con-
sumption coagulopathy,7 generalized intravascular coagula-
tion,14 thrombohemorrhagic phenomenon and consumptive
thrombohemorrhagic disorder,12 and more recently, dissem-
inated intravascular fibrin formation.15 In fact, both throm-
bosis and bleeding may occur at different locations and in
varying intensity. The thrombotic spectrum ranges from
laboratory signs of hypercoagulability without clinical signif-

icance to vast intravascular deposition of fibrin, which may
jeopardize the circulation. Similarly, the intensity of bleeding
spans frommild blood loss that is only present upon injury to
spontaneous, massive and life-threatening bleeding.

Shift from Contact Activation to Tissue Factor–
Mediated Coagulation Activation
It was initially thought that the systemic activation of coagu-
lation in patients with sepsis was a result of direct activation
of the contact system by microorganisms or endotoxin.16

However, in the 1990s, it became apparent that the principal
initiator of thrombin generation in sepsis is tissue factor and
that the contact system is not involved. In patients with
sepsis, activation of the contact system is detectable with
assays for complexes between activated contact system fac-
tors and their inhibitors17; however, it was elegantly shown
that blocking contact activation by means of a monoclonal
antibody to factor XIIa did not affect Escherichia coli-induced
coagulation abnormalities in baboons.18 More recent experi-
ments in amurine model of streptococcal necrotizing fasciitis
showed no coagulopathy or bleeding, despite dramatically
reduced factor XII and prekallikrein levels.19 In endotoxemic
humans, activation of factor XI did not result in contact
system activation.20 Hence, activation of the contact system
may not be relevant for activation of coagulation. Instead,
abrogation of the tissue factor/factor VII(a) pathway by
monoclonal antibodies specifically directed against tissue
factor or factor VIIa activity resulted in a complete inhibition
of thrombin generation in endotoxin-challenged chimpan-
zees and prevented the occurrence of DIC and mortality in
baboons that were infused with E. coli.21–23 The contact
system seems to play an important role in other physiologic
and pathophysiologic mechanisms, most importantly on the
occurrence of shock in sepsis and other underlying causes of
DIC.24,25 In clinical and experimental studies, contact system
activation was associated with more severe hypoten-
sion.24,26,27 Also, it was demonstrated that blocking contact
system activation in experimental bacteremia in baboons
prevented irreversible hypotension.18 The mechanism by
which the contact system affects the blood pressure regula-
tion is most likely dependent on the formation and release of
bradykinin and other kinins upon contact system activation.
There is also emerging evidence that the contact system plays
a role in fibrinolysis and complement activation in septic
conditions.28

Emerging Role of Physiological Anticoagulant
Pathways in DIC
In the past decades a very prominent role of physiological
inhibitors of coagulation in the pathogenesis of DIC was
identified. In general, procoagulant activity is regulated by
three important anticoagulant pathways: the protein C sys-
tem, antithrombin (AT) and tissue factor pathway inhibitor
(TFPI); in DIC the function of all three pathways is impaired.29

There is ample evidence, starting from the first observa-
tions by the group of Esmon in the 1980s, that decreased
function of the protein C pathway contributes to the derange-
ment of coagulation in DIC.30,31 In patients with DIC, the

Table 1 Clinical conditions that may be complicated by DIC

• Infectious diseases
� Purpura fulminans

• Malignancy
� Solid tumors
� Leukemias

• Trauma
� Brain injury
� Burns

• Liver diseases
• Heat stroke
• Severe allergic/toxic reactions

� Snake bites
• Vascular abnormalities/hemangiomas

� Kasabach�Merritt syndrome
� Other vascular malformations
� Aortic aneurysms

• Severe immunologic reactions
(e.g., transfusion reaction)

• Obstetrical conditions
� Abruptio placentae
� Amniotic fluid embolism
� Preeclampsia/eclampsia
� HELLP syndrome
� Sepsis during pregnancy
� Acute fatty liver

Abbreviation: DIC, disseminated intravascular coagulation.
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protein C pathway malfunctions at virtually all levels. Plasma
levels of the zymogen protein C are decreased because
of impaired synthesis, consumption, and degradation by
proteolytic enzymes, such as neutrophil elastase.32–34

Furthermore, a significant downregulation of thrombomo-
dulin, caused by proinflammatory cytokines, such as tumor
necrosis factor (TNF)-α and interleukin (IL)-1, results in
diminished protein C activation.35,36 Low levels of free pro-
tein S may further compromise the function of the protein C
system. In plasma, 60% of protein S is complexed with a
complement regulatory protein, C4b binding protein (C4bBP),
and exhibits no activity. The remaining protein S in plasma is
free and functional. It was suggested that increased plasma
levels of C4bBP caused by the acute phase reaction in inflam-
matory disease results in a relative protein S deficiency,which
further contributes to a procoagulant state during sepsis.
Indeed, infusion of C4bBP in combination with a sublethal
dose of E. coli into baboons resulted in a lethal response with
severe organ damage because of DIC.37 In DIC, the endothelial
protein C receptor (EPCR) is downregulated, which further
impairs the function of the protein C pathway.38 Sepsis can
also cause resistance to activated protein C (APC) because of a
substantial increase in factor VIII levels.39

The serine protease inhibitor AT is the main inhibitor of
thrombin and factor Xa. In the 1970s, there was a major
interest in the role of this coagulation inhibitor in DIC.40,41

Without heparin, AT neutralizes coagulation enzymes in a
slow, progressive manner.42 Heparin induces conformational
changes in AT that result in at least a 1,000-fold enhancement
of AT activity. Thus, the clinical efficacy of heparin is
attributed to its interaction with AT. Endogenous glycosami-
noglycans, such as heparan sulfate, also promote on the vessel
wall AT-mediated inhibition of thrombin and other coagula-
tion enzymes. During severe inflammatory responses, AT
levels are markedly decreased because of impaired synthesis,
degradation by elastase from activated neutrophils, and
consumption as a consequence of an ongoing thrombin
generation.43 Proinflammatory cytokines also cause reduced
synthesis of glycosaminoglycans on the endothelial surface,
thereby reducing AT function.44

A third inhibitory mechanism of thrombin generation
involves TFPI, the main inhibitor of the tissue factor–factor
VIIa complex and factor Xa. The role of TFPI in the regulation
of DIC was intensely studied at the end of the previous
century but has not been completely elucidated.45,46 Admin-
istration of recombinant TFPI blocks inflammation-induced
thrombin generation in humans, and pharmacological doses
of TFPI prevent mortality during systemic infection and
inflammation in experimental animals suggesting that TFPI
can modulate tissue factor–mediated coagulation.45,47

From the Concept of Hyperfibrinolysis to Impaired
Endogenous Fibrinolysis in DIC
Initially, it was thought that DICwas associatedwith amarked
hyperfibrinolytic state. Indeed, in the course of DIC the
fibrinolytic systemmay be activated concurrently with intra-
vascular coagulation.48,49 Animal experiments have demon-
strated that the activation of fibrinolysis drastically

intensifies the bleeding tendency.50 Nevertheless, there are
many indications that despite activation of the fibrinolytic
system, plasmin generation is insufficiently capable of coun-
teracting the intravascular fibrin formation.51 The activation
of fibrinolysis in the course of intravascular coagulation was
considered a secondary phenomenon. More recent observa-
tions, however, point in the direction of a hypofibrinolytic
state in the early phase of DIC. In fact, clinical and experi-
mental studies indicate that the fibrinolytic system is essen-
tially shut off during the initiation of DIC andmay importantly
contribute to the deposition of fibrin. In experimental models
of DIC, fibrinolysis is initially activated, but subsequently
inhibited, because of an increased release of plasminogen
activator inhibitor-I (PAI-1) by endothelial cells.22,52 These
effects are mediated by TNF-α and IL-1.53,54 In a study of 69
DIC patients, higher levels of tissue-type plasminogen activa-
tor antigen and PAI-1with depressed levels ofα2-antiplasmin
were observed in patientswith DIC andmultiple organ failure
comparedwith DIC patients without multiple organ failure.55

This finding supports the conclusion that fibrinolysis is an
important mechanism in preventing multiple organ failure.
Experiments in mice with targeted disruptions of genes
encoding components of the plasminogen–plasmin system
confirm that fibrinolysis plays a major role in inflammation.
Micewith a deficiency of plasminogen activators have amore
extensive fibrin deposition in organs when challenged with
endotoxin, whereas PAI-1 knockout mice, in contrast towild-
type controls, have no microvascular thrombosis upon endo-
toxin administration.56 Thrombin-activatable fibrinolysis
inhibitor (TAFI), like PAI-1, may play a role in impeding
fibrinolysis and in augmenting formation of microvascular
thrombi. Studies in a DIC cohort demonstrated very low levels
of TAFI proportionate to thrombin generation in such
patients, particularly in those with infection-associated
DIC.57 Hence, TAFI may contribute (along with PAI-1) to
microvascular thrombosis-induced ischemia in organs result-
ing in multiple organ dysfunction.

An exception may be made for those rare cases of DIC,
which are characterized by a severe hyperfibrinolytic state on
top of an activated coagulation system. Examples of such
situations are the DIC that occurs as a complication of acute
promyelocytic leukemia (acute myeloid leukemia M-3,
according to the French–American–British classification) or
the DIC that may occur secondary to some forms of prostatic
cancer.58,59 Although hyperfibrinolysis predominates in this
situation, disseminated thrombosis is found in a considerable
number of patients at autopsy.60 Clinically, these patients
suffer from severe bleeding, which (in contrast to most other
forms of DIC) may benefit from therapy with antifibrinolytic
agents.61

Bidirectional Interaction between Coagulation and
Inflammation
For many decades now it has been established that the
procoagulant changes in DIC are caused by inflammatory
mediators and cells. Indeed, many of these interactions have
been identified in experimental and clinical studies.62 Recent
studies, however, have demonstrated that coagulation
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proteases and protease inhibitors not only interact with
coagulation protein zymogens, but also with specific cell
receptors to induce signaling pathways. In particular, pro-
tease interactions that affect inflammatory processes may
be important in DIC. The pivotal mechanism by which
coagulation proteases modulate inflammation is by bind-
ing to protease activated receptors or PARs. Four types (PAR
1–4) have been identified; all belonging to the family of
transmembrane domain, G-protein-coupled receptors.63 A
typical feature of PARs is that they serve as their own ligand.
Proteolytic cleavage by an activated coagulation factor
leads to exposure of a neoamino terminus, which activates
the same receptor (and possibly adjacent receptors), initi-
ating transmembrane signaling. PARs are localized in the
vasculature on endothelial cells, mononuclear cells, plate-
lets, fibroblasts, and smooth muscle cells.63 PARs 1, 3, and 4
are thrombin receptors and PAR-1 can also serve as a
receptor for the tissue factor–factor VIIa complex and factor
Xa. PAR-2 cannot bind thrombin, but can be activated by the
tissue factor–factor VIIa complex or factor Xa. Binding of
thrombin to its cellular receptor may induce the production
of several cytokines and growth factors. Binding of tissue
factor–factor VIIa to PAR-2 also results in upregulation of
inflammatory responses (production of reactive oxygen
species and expression of MHC class II and cell adhesion
molecules) in macrophages and was shown to affect neu-
trophil infiltration and proinflammatory cytokine (TNF-α,
IL-1β) expression. The in vivo relevance of PARs has been
confirmed in various experimental studies using PAR in-
hibitors or PAR-deficient mice.64,65

There is compelling evidence that besides their role as an
important regulator of coagulation activity, physiological
anticoagulants also have an important function in modulat-
ing inflammation.66,67 APC plays an important role in atten-
uating the systemic inflammatory response in sepsis as
demonstrated in experiments showing that blocking the
protein C pathway in septic baboons exacerbated the inflam-
matory response. In contrast, administration of APC amelio-
rated the inflammatory activation upon the intravenous
infusion of E. coli.68 Similar experiments in rodents showed
identical results and demonstrated a beneficial effect on
inflammatory effects in various tissues.69 Support for the
notion that APC has anti-inflammatory properties come from
in vitro observations, demonstrating an APC binding site on
monocytes, that may mediate downstream inflammatory
processes,70,71 and from experiments showing that APC can
block nuclear factor κB nuclear translocation, which is a
prerequisite for increases in proinflammatory cytokines
and adhesion molecules.72 These in vitro findings are sup-
ported by in vivo studies in mice with targeted disruption of
the protein C gene. In these mice with genetic deficiencies of
protein C, endotoxemia was associated with a more marked
increase in proinflammatory cytokines and other inflamma-
tory responses as compared with wild-type mice.73,74 Apart
from its effect on cytokine levels, APC has been shown to
inhibit leucocyte chemotaxis and adhesion of leukocytes to
activated endothelium.75,76 This notion was confirmed in a
hamster endotoxemiamodel at concentrations of recombinant

human APC (rhAPC) that preclude a significant anticoagu-
lant effect.77 Moreover, in a human model of endotoxin-
induced pulmonary inflammation, systemic administration
of rhAPC resulted in significant local anti-inflammatory
effects.78 A potential mechanism is that APC inhibits expres-
sion of platelet-derived growth factor in the lung.79 In
addition, it has been shown that APC protects against the
disruption of the endothelial cell barrier in sepsis, probably
by interfering with EPCR and PAR-1 on endothelial cells.80

Finally, APC is capable of inhibiting endothelial cell apopto-
sis, which also seems to be mediated by an EPCR-PAR-1-
dependent mechanism.81,82

In recent years increasing evidence has been accumulated
suggesting that AT also possesses potent anti-inflammatory
properties independent of its anticoagulation activity.83 Per-
haps most importantly, AT induces prostacyclin release from
endothelial cells.84,85 Prostacyclin inhibits platelet activation
and aggregation, blocks neutrophil tethering to blood vessels,
and decreases endothelial cell production of various cyto-
kines and chemokines.86 Additional anti-inflammatory ac-
tions of AT aremediated by direct interactionwith leukocytes
and lymphocytes. Antithrombin binds to receptors, such as
syndecan-4, on the cell surfaces of neutrophils, monocytes,
and lymphocytes and blocks the interaction of these cells
with endothelial cells.87 Inhibition of leukocyte–endothelial
cell interactions by AT may be mediated by prostacyclin
release, downregulation of P-selectin, or prevention of leu-
kocyte activation.85 Thus, AT directly hinders leukocyte mi-
gration and adhesion to endothelial cells, which in turn
impacts the severity of capillary leakage and subsequent
organ damage.

Diagnosis and Treatment of DIC in the Past
Two Decades

Over the past 20 years the diagnosis of DIC has been greatly
facilitated by the development of scoring algorithms. For the
diagnosis of overt DIC a simple scoring system has been
developed by the subcommittee on DIC of the International
Society on Thrombosis and Hemostasis (ISTH).88 The score
can be calculated based on routinely available laboratory
tests, that is, platelet count, prothrombin time, a fibrin-
relatedmarker (usually D-dimer), and fibrinogen. Tentatively,
a score of five ormore is compatiblewith DIC, whereas a score
of less than five may be indicative but is not affirmative for
nonovert DIC. For nonovert DICmore refined scoring systems
have been developed, which are currently being evaluated.89

By using receiver operating characteristic curves, an optimal
cutoff for a quantitative D-dimer assay was determined,
thereby optimizing sensitivity and the negative predictive
value of the system.90 Prospective studies show that the
sensitivity of the DIC score is 93%, and the specificity is
98%.91,92 Studies in a series of patients with specific underly-
ing disorders causing DIC (e.g., cancer patients or patients
with obstetric complications) shows similar results.93,94 The
severity of DIC according to this scoring system is related to
the mortality in patients with sepsis.95 Linking prognostic
determinants from critical care measurement scores such as
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Acute Physiology and Chronic Health Evaluation (APACHE-II)
to DIC scores is an important means to assess prognosis in
critically ill patients. Similar scoring systems have been
developed and extensively evaluated in Japan.96 The major
difference between the international and Japanese scoring
systems seems a slightly higher sensitivity of the Japanese
algorithm, although this may be due to different patient
populations (Japanese series typically includes relatively
large numbers of patients with hematological malignancies).

The rule that adequate management of patients with DIC
depends on a vigorous treatment of the underlying disorder
to alleviate or remove the inciting injurious cause has not
been challenged for decades and remains the cornerstone of
treatment. However, supportive treatment aimed at the
coagulopathy has been developed and may form an addition
to intensive support of vital functions.97 These supportive
treatment options consist of anticoagulant treatment, admin-
istration of coagulation inhibitor concentrates, and specific
interventions aimed at the fibrinolytic system in selected
patients.98 The concept that a single intervention, such as
administration of AT concentrate or infusion of rhAPC is
effective to reduce mortality in patients with DIC has never
been confirmed in randomized controlled trials; however,
these interventions may be helpful as adjunctive treatment
strategies.

Conclusion

DIC is a complication of a myriad of underlying disorders and
has been recognized as an important and complex clinical
entity for centuries. The pathogenesis of DIC has for themajor
part been elucidated in the past few decades and this knowl-
edge has been helpful in better defining diagnostic criteria for
DIC and in developing supportive therapeutic interventions.

References
1 DupuyM. Injections dematière cérébrale dans les veines. GazMed

Paris 1834;2:524
2 Trousseau A. Phlegmasia alba dolens. Clin Med Hotel Dieu Paris

1865;3:695
3 Naunyn B. I. Untersuchungen über Blutgerinnung im lebenden

Thiere und ihre Folgen. Arch Exp Pathol Pharmacol 1873;3(1):1–17
4 Wooldridge LC. Note on the relation of the red cell corpuscules to

coagulation. Practitioner 1886;(38):187
5 Wooldridge LC. Ueber intravasculare gerinnungen. Arch Ant Phys-

iol Abt (Leipzig) 1886:397
6 Ratnoff OD, Pritchard JA, Colopy JE. Hemorrhagic states during

pregnancy. N Engl J Med 1955;253(3):97–102
7 Lasch HG, Heene DL, Huth K, Sandritter W. Pathophysiology,

clinical manifestations and therapy of consumption-coagulop-
athy (“Verbrauchskoagulopathie”). Am J Cardiol 1967;20(3):
381–391

8 McKay DG. Disseminated Intravascular Coagulation: An Interme-
diary Mechanism of Disease. New York, NY: Hoeber Medical
Division of Harper and Row; 1965

9 LeviM, Ten Cate H. Disseminated intravascular coagulation. N Engl
J Med 1999;341(8):586–592

10 Levi M, van der Poll T, Schultz M. New insights into pathways that
determine the link between infection and thrombosis. Neth J Med
2012;70(3):114–120

11 Mammen EF, Anderson GF, Barnard MI. Disseminated intravascu-
lar coagulation in man. Thromb Diath Haemorrh 1969;36
(suppl):77–80

12 Marder VJ, Feinstein DI, Colman RW, Levi M. Consumptive hemor-
rhagic disorders. In: Marder VJ, Aird WC, Bennett JS, Schulman S,
White GC, eds. Hemostasis and Thrombosis. Basic Principles and
Clinical Practice. 6th ed. Philadelphia, PA: J. B. Lippincott Company;
2012:1571–1601

13 Merskey C, Johnson AJ, Kleiner GJ, Wohl H. The defibrination
syndrome: clinical features and laboratory diagnosis. Br J Haema-
tol 1967;13(4):528–549

14 Müller-Berghaus G, ten Cate H, Levi M. Disseminated intravascular
coagulation: clinical spectrum and established as well as new
diagnostic approaches. Thromb Haemost 1999;82(2):706–712

15 Muller-Berghaus G, Blomback M, ten Cate JW. Attempts to
define disseminated intravascular coagulation. In: Muller-
Berghaus G, Madlener K, eds. Dic: Pathogenesis, Diagnosis
and Therapy of Disseminated Intravascular Fibrin Formation:
Proceedings of the Workshop on Disseminated Intravascular
(International Congress Series). Amsterdam: Excerpta Medica;
1993:3–8

16 Kalter ES, Daha MR, ten Cate JW, Verhoef J, Bouma BN. Activation
and inhibition of Hageman factor-dependent pathways and the
complement system in uncomplicated bacteremia or bacterial
shock. J Infect Dis 1985;151(6):1019–1027

17 Nuijens JH, Huijbregts CC, Eerenberg-Belmer AJ, et al. Quantifica-
tion of plasma factor XIIa-Cl(-)-inhibitor and kallikrein-Cl(-)-in-
hibitor complexes in sepsis. Blood 1988;72(6):1841–1848

18 Pixley RA, De La Cadena R, Page JD, et al. The contact system
contributes to hypotension but not disseminated intravascular
coagulation in lethal bacteremia. In vivo use of a monoclonal anti-
factor XII antibody to block contact activation in baboons. J Clin
Invest 1993;91(1):61–68

19 Sriskandan S, Kemball-Cook G, Moyes D, Canvin J, Tuddenham E,
Cohen J. Contact activation in shock caused by invasive group A
Streptococcus pyogenes. Crit Care Med 2000;28(11):3684–3691

20 Minnema MC, Pajkrt D, WuilleminWA, et al. Activation of clotting
factor XI without detectable contact activation in experimental
human endotoxemia. Blood 1998;92(9):3294–3301

21 Taylor FBJ Jr, Chang A, Ruf W, et al. Lethal E. coli septic shock is
prevented by blocking tissue factor with monoclonal antibody.
Circ Shock 1991;33(3):127–134

22 LeviM, ten Cate H, Bauer KA, et al. Inhibition of endotoxin-induced
activation of coagulation and fibrinolysis by pentoxifylline or by a
monoclonal anti-tissue factor antibody in chimpanzees. J Clin
Invest 1994;93(1):114–120

23 Biemond BJ, Levi M, ten Cate H, et al. Complete inhibition of
endotoxin-induced coagulation activation in chimpanzees with a
monoclonal Fab fragment against factor VII/VIIa. ThrombHaemost
1995;73(2):223–230

24 Colman RW, Schmaier AH. Contact system: a vascular biology
modulator with anticoagulant, profibrinolytic, antiadhesive, and
proinflammatory attributes. Blood 1997;90(10):3819–3843

25 Levi M. Keep in contact: the role of the contact system in infection
and sepsis. Crit Care Med 2000;28(11):3765–3766

26 O’Donnell TFJ Jr, Clowes GHJ Jr, Talamo RC, Colman RW. Kinin
activation in the blood of patients with sepsis. Surg Gynecol Obstet
1976;143(4):539–545

27 KaufmanN, Page JD, Pixley RA, Schein R, Schmaier AH, Colman RW.
Alpha 2-macroglobulin-kallikrein complexes detect contact sys-
tem activation in hereditary angioedema and human sepsis. Blood
1991;77(12):2660–2667

28 Jansen PM, Pixley RA, Brouwer M, et al. Inhibition of factor XII in
septic baboons attenuates the activation of complement and
fibrinolytic systems and reduces the release of interleukin-6 and
neutrophil elastase. Blood 1996;87(6):2337–2344

29 Levi M, van der Poll T. The role of natural anticoagulants in
the pathogenesis and management of systemic activation of

Seminars in Thrombosis & Hemostasis Vol. 40 No. 8/2014

Contemporary History of DIC Levi, van der Poll878

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



coagulation and inflammation in critically ill patients. Semin
Thromb Hemost 2008;34(5):459–468

30 Esmon CT. Role of coagulation inhibitors in inflammation. Thromb
Haemost 2001;86(1):51–56

31 Levi M, de Jonge E, van der Poll T. Rationale for restoration of
physiological anticoagulant pathways in patients with sepsis and
disseminated intravascular coagulation. Crit Care Med 2001;29(7,
Suppl)S90–S94

32 Mesters RM, Helterbrand J, Utterback BG, et al. Prognostic value of
protein C concentrations in neutropenic patients at high risk of
severe septic complications. Crit CareMed 2000;28(7):2209–2216

33 Vary TC, Kimball SR. Regulation of hepatic protein synthesis in
chronic inflammation and sepsis. Am J Physiol 1992;262(2 Pt 1):
C445–C452

34 Eckle I, Seitz R, Egbring R, Kolb G, Havemann K. Protein C
degradation in vitro by neutrophil elastase. Biol Chem Hoppe
Seyler 1991;372(11):1007–1013

35 Nawroth PP, Stern DM. Modulation of endothelial cell hemostatic
properties by tumor necrosis factor. J Exp Med 1986;163(3):
740–745

36 Faust SN, Levin M, Harrison OB, et al. Dysfunction of endothelial
protein C activation in severe meningococcal sepsis. N Engl J Med
2001;345(6):408–416

37 Taylor FBJ Jr, Dahlback B, Chang AC, et al. Role of free protein S and
C4b binding protein in regulating the coagulant response to
Escherichia coli. Blood 1995;86(7):2642–2652

38 Taylor FBJ Jr, Stearns-Kurosawa DJ, Kurosawa S, et al. The endo-
thelial cell protein C receptor aids in host defense against Escher-
ichia coli sepsis. Blood 2000;95(5):1680–1686

39 de Pont AC, Bakhtiari K, Hutten BA, et al. Endotoxaemia induces
resistance to activated protein C in healthy humans. Br J Haematol
2006;134(2):213–219

40 Büller HR, ten Cate JW. Antithrombin III infusion in patients
undergoing peritoneovenous shunt operation: failure in the pre-
vention of disseminated intravascular coagulation. Thromb Hae-
most 1983;49(2):128–131

41 Mammen EF. Antithrombin: its physiological importance and role
in DIC. Semin Thromb Hemost 1998;24(1):19–25

42 Levi M. Antithrombin in sepsis revisited. Crit Care 2005;9(6):
624–625

43 Levi M, van der Poll T, Büller HR. Bidirectional relation between
inflammation and coagulation. Circulation 2004;109(22):
2698–2704

44 Kobayashi M, Shimada K, Ozawa T. Human recombinant interleu-
kin-1 beta- and tumor necrosis factor alpha-mediated suppression
of heparin-like compounds on cultured porcine aortic endothelial
cells. J Cell Physiol 1990;144(3):383–390

45 de Jonge E, Dekkers PE, Creasey AA, et al. Tissue factor pathway
inhibitor dose-dependently inhibits coagulation activation with-
out influencing the fibrinolytic and cytokine response during
human endotoxemia. Blood 2000;95(4):1124–1129

46 Levi M. The imbalance between tissue factor and tissue factor
pathway inhibitor in sepsis. Crit Care Med 2002;30(8):1914–1915

47 Creasey AA, Chang AC, Feigen L, WünTC, Taylor FBJ Jr, Hinshaw LB.
Tissue factor pathway inhibitor reduces mortality from Escher-
ichia coli septic shock. J Clin Invest 1993;91(6):2850–2860

48 Brandtzaeg P, Joø GB, Brusletto B, Kierulf P. Plasminogen activator
inhibitor 1 and 2, alpha-2-antiplasmin, plasminogen, and endo-
toxin levels in systemic meningococcal disease. Thromb Res 1990;
57(2):271–278

49 Voss R, Matthias FR, Borkowski G, Reitz D. Activation and inhibi-
tion of fibrinolysis in septic patients in an internal intensive care
unit. Br J Haematol 1990;75(1):99–105

50 Alkjaersig N, Fletcher AP, Sherry S. Pathogenesis of the coagula-
tion defect developing during pathological plasma proteolytic
(“fibrinolytic”) states. II. The significance, mechanism and con-
sequences of defective fibrin polymerization. J Clin Invest 1962;
41:917–934

51 Levi M, van der Poll T, de Jonge E, ten Cate H. Relative insuffciency
of fibrinolysis in disseminated intravascular coagulation. Sepsis
2000;3:103–109

52 Biemond BJ, Levi M, Ten Cate H, et al. Plasminogen activator and
plasminogen activator inhibitor I release during experimental
endotoxaemia in chimpanzees: effect of interventions in the
cytokine and coagulation cascades. Clin Sci (Lond) 1995;88(5):
587–594

53 Schleef RR, Bevilacqua MP, Sawdey M, Gimbrone MAJ Jr, Loskutoff
DJ. Cytokine activation of vascular endothelium. Effects on tissue-
type plasminogen activator and type 1 plasminogen activator
inhibitor. J Biol Chem 1988;263(12):5797–5803

54 van Hinsbergh VW, Kooistra T, van den Berg EA, Princen HM, Fiers
W, Emeis JJ. Tumor necrosis factor increases the production of
plasminogen activator inhibitor in human endothelial cells in vitro
and in rats in vivo. Blood 1988;72(5):1467–1473

55 Asakura H, Ontachi Y, Mizutani T, et al. An enhanced fibrinolysis
prevents the development of multiple organ failure in disseminat-
ed intravascular coagulation in spite of much activation of blood
coagulation. Crit Care Med 2001;29(6):1164–1168

56 Yamamoto K, Loskutoff DJ. Fibrin deposition in tissues from
endotoxin-treated mice correlates with decreases in the expres-
sion of urokinase-type but not tissue-type plasminogen activator. J
Clin Invest 1996;97(11):2440–2451

57 Nesheim M, Wang W, Boffa M, Nagashima M, Morser J, Bajzar L.
Thrombin, thrombomodulin and TAFI in the molecular link be-
tween coagulation and fibrinolysis. Thromb Haemost 1997;78(1):
386–391

58 Avvisati G, ten Cate JW, Sturk A, Lamping R, Petti MG, Mandelli F.
Acquired alpha-2-antiplasmin deficiency in acute promyelocytic
leukaemia. Br J Haematol 1988;70(1):43–48

59 Dombret H, Scrobohaci ML, Ghorra P, et al. Coagulation disorders
associatedwith acute promyelocytic leukemia: corrective effect of
all-trans retinoic acid treatment. Leukemia 1993;7(1):2–9

60 Albarracin NS, Haust MD. Intravascular coagulation in promyelo-
cytic leukemia: a case study including ultrastructure. Am J Clin
Pathol 1971;55(6):677–685

61 Avvisati G, ten Cate JW, Büller HR, Mandelli F. Tranexamic acid for
control of haemorrhage in acute promyelocytic leukaemia. Lancet
1989;2(8655):122–124

62 Levi M, van der Poll T. Inflammation and coagulation. Crit Care
Med 2010;38(2, Suppl)S26–S34

63 Coughlin SR. Thrombin signalling and protease-activated recep-
tors. Nature 2000;407(6801):258–264

64 Camerer E, Cornelissen I, Kataoka H, Duong DN, Zheng YW,
Coughlin SR. Roles of protease-activated receptors in a mouse
model of endotoxemia. Blood 2006;107(10):3912–3921

65 Slofstra SH, Bijlsma MF, Groot AP, et al. Protease-activated recep-
tor-4 inhibition protects from multiorgan failure in a murine
model of systemic inflammation. Blood 2007;110(9):3176–3182

66 Esmon CT. Newmechanisms for vascular control of inflammation
mediated by natural anticoagulant proteins. J Exp Med 2002;
196(5):561–564

67 Okajima K. Regulation of inflammatory responses by natural
anticoagulants. Immunol Rev 2001;184:258–274

68 Taylor FBJ Jr, Chang A, Esmon CT, D’Angelo A, Vigano-D’Angelo S,
Blick KE. Protein C prevents the coagulopathic and lethal effects of
Escherichia coli infusion in the baboon. J Clin Invest 1987;79(3):
918–925

69 Murakami K, Okajima K, Uchiba M, et al. Activated protein C
attenuates endotoxin-induced pulmonary vascular injury by in-
hibiting activated leukocytes in rats. Blood 1996;87(2):642–647

70 Hancock WW, Tsuchida A, Hau H, Thomson NM, Salem HH. The
anticoagulants protein C and protein S display potent antiinflam-
matory and immunosuppressive effects relevant to transplant
biology and therapy. Transplant Proc 1992;24(5):2302–2303

71 Hancock WW, Grey ST, Hau L, et al. Binding of activated protein C
to a specific receptor on human mononuclear phagocytes inhibits

Seminars in Thrombosis & Hemostasis Vol. 40 No. 8/2014

Contemporary History of DIC Levi, van der Poll 879

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



intracellular calcium signaling and monocyte-dependent prolifer-
ative responses. Transplantation 1995;60(12):1525–1532

72 White B, Schmidt M, Murphy C, et al. Activated protein C inhibits
lipopolysaccharide-induced nuclear translocation of nuclear fac-
tor kappaB (NF-kappaB) and tumour necrosis factor alpha (TNF-
alpha) production in the THP-1 monocytic cell line. Br J Haematol
2000;110(1):130–134

73 LeviM, Dörffler-Melly J, Reitsma P, et al. Aggravation of endotoxin-
induced disseminated intravascular coagulation and cytokine
activation in heterozygous protein-C-deficient mice. Blood 2003;
101(12):4823–4827

74 Lay AJ, Donahue D, Tsai MJ, Castellino FJ. Acute inflammation is
exacerbated in mice genetically predisposed to a severe protein C
deficiency. Blood 2007;109(5):1984–1991

75 Feistritzer C, Sturn DH, Kaneider NC, Djanani A, Wiedermann CJ.
Endothelial protein C receptor-dependent inhibition of human
eosinophil chemotaxis by protein C. J Allergy Clin Immunol 2003;
112(2):375–381

76 Sturn DH, Kaneider NC, Feistritzer C, Djanani A, Fukudome K,
Wiedermann CJ. Expression and function of the endothelial pro-
tein C receptor in human neutrophils. Blood 2003;102(4):
1499–1505

77 Hoffmann JN, Vollmar B, Laschke MW, et al. Microhemodynamic
and cellular mechanisms of activated protein C action during
endotoxemia. Crit Care Med 2004;32(4):1011–1017

78 Nick JA, Coldren CD, Geraci MW, et al. Recombinant human
activated protein C reduces human endotoxin-induced pulmonary
inflammation via inhibition of neutrophil chemotaxis. Blood
2004;104(13):3878–3885

79 Shimizu S, Gabazza EC, Taguchi O, et al. Activated protein C inhibits
the expression of platelet-derived growth factor in the lung. Am J
Respir Crit Care Med 2003;167(10):1416–1426

80 Zeng W, Matter WF, Yan SB, Um SL, Vlahos CJ, Liu L. Effect of
drotrecogin alfa (activated) on human endothelial cell permeabil-
ity and Rho kinase signaling. Crit Care Med 2004;32(5, Suppl):
S302–S308

81 Cheng T, Liu D, Griffin JH, et al. Activated protein C blocks p53-
mediated apoptosis in ischemic human brain endothelium and is
neuroprotective. Nat Med 2003;9(3):338–342

82 Riewald M, Petrovan RJ, Donner A, Mueller BM, Ruf W. Activation
of endothelial cell protease activated receptor 1 by the protein C
pathway. Science 2002;296(5574):1880–1882

83 Opal SM. Interactions between coagulation and inflammation.
Scand J Infect Dis 2003;35(9):545–554

84 Harada N, Okajima K, Kushimoto S, Isobe H, Tanaka K. Antithrom-
bin reduces ischemia/reperfusion injury of rat liver by increasing
the hepatic level of prostacyclin. Blood 1999;93(1):157–164

85 Mizutani A, Okajima K, Uchiba M, et al. Antithrombin reduces
ischemia/reperfusion-induced renal injury in rats by inhibiting

leukocyte activation through promotion of prostacyclin produc-
tion. Blood 2003;101(8):3029–3036

86 Uchiba M, Okajima K, Murakami K. Effects of various doses of
antithrombin III on endotoxin-induced endothelial cell injury and
coagulation abnormalities in rats. Thromb Res 1998;89(5):233–241

87 Kaneider NC, Förster E, Mosheimer B, Sturn DH, Wiedermann CJ.
Syndecan-4-dependent signaling in the inhibition of endotoxin-
induced endothelial adherence of neutrophils by antithrombin.
Thromb Haemost 2003;90(6):1150–1157

88 Taylor FBJ Jr, Toh CH, Hoots WK, Wada H, Levi M. Scientific
Subcommittee on Disseminated Intravascular Coagulation (DIC)
of the International Society on Thrombosis and Haemostasis
(ISTH). Towards definition, clinical and laboratory criteria, and a
scoring system for disseminated intravascular coagulation.
Thromb Haemost 2001;86(5):1327–1330

89 Wada H, Hatada T, Okamoto K, et al; Japanese Society of Throm-
bosis Hemostasis/DIC subcommittee. Modified non-overt DIC
diagnostic criteria predict the early phase of overt-DIC. Am J
Hematol 2010;85(9):691–694

90 Horan JT, Francis CW. Fibrin degradation products, fibrin mono-
mer and soluble fibrin in disseminated intravascular coagulation.
Semin Thromb Hemost 2001;27(6):657–666

91 Bakhtiari K,Meijers JC, de Jonge E, LeviM. Prospective validation of
the International Society of Thrombosis and Haemostasis scoring
system for disseminated intravascular coagulation. Crit Care Med
2004;32(12):2416–2421

92 Toh CH, HootsWK. SSC on Disseminated Intravascular Coagulation
of the ISTH. The scoring system of the Scientific and Standardisa-
tion Committee on Disseminated Intravascular Coagulation of the
International Society on Thrombosis and Haemostasis: a 5-year
overview. J Thromb Haemost 2007;5(3):604–606

93 Levi M. Disseminated intravascular coagulation in cancer patients.
Best Pract Res Clin Haematol 2009;22(1):129–136

94 Thachil J, Toh CH. Disseminated intravascular coagulation in
obstetric disorders and its acute haematological management.
Blood Rev 2009;23(4):167–176

95 Dhainaut JF, Yan SB, Joyce DE, et al. Treatment effects of drotrecogin
alfa (activated) in patientswith severe sepsiswith or without overt
disseminated intravascular coagulation. J Thromb Haemost 2004;
2(11):1924–1933

96 Wada H, Gabazza EC, Asakura H, et al. Comparison of diagnostic
criteria for disseminated intravascular coagulation (DIC): diagnos-
tic criteria of the International Society of Thrombosis and Hemo-
stasis and of the Japanese Ministry of Health andWelfare for overt
DIC. Am J Hematol 2003;74(1):17–22

97 Levi M, van der Poll T. Disseminated intravascular coagulation: a
review for the internist. Intern Emerg Med 2013;8(1):23–32

98 Levi M, Schultz M, van der Poll T. Sepsis and thrombosis. Semin
Thromb Hemost 2013;39(5):559–566

Seminars in Thrombosis & Hemostasis Vol. 40 No. 8/2014

Contemporary History of DIC Levi, van der Poll880

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



Copyright of Seminars in Thrombosis & Hemostasis is the property of Thieme Medical
Publishing Inc. and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.


