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Abstract

Disseminated intravascular coagulation (DIC) is an acquired clinicobiological syndrome characterized by widespread activation of
coagulation leading to fibrin deposition in the vasculature, organ dysfunction, consumption of clotting factors and platelets, and
life-threatening hemorrhage. Disseminated intravascular coagulation is provoked by several underlying disorders (sepsis, cancer,
trauma, and pregnancy complicated with eclampsia or other calamities). Treatment of the underlying disease and elimination of
the trigger mechanism are the cornerstone therapeutic approaches. Therapeutic strategies specific for DIC aim to control
activation of blood coagulation and bleeding risk. The clinical trials using DIC as entry criterion are limited. Large randomized,
phase Il clinical trials have investigated the efficacy of antithrombin (AT), activated protein C (APC), tissue factor pathway
inhibitor (TFPI), and thrombomodulin (TM) in patients with sepsis, but the diagnosis of DIC was not part of the inclusion criteria.
Treatment with APC reduced 28-day mortality of patients with severe sepsis, including patients retrospectively assigned to a
subgroup with sepsis-associated DIC. Treatment with APC did not have any positive effects in other patient groups. The APC
treatment increased the bleeding risk in patients with sepsis, which led to the withdrawal of this drug from the market. Treatment
with AT failed to reduce 28-day mortality in patients with severe sepsis, but a retrospective subgroup analysis suggested possible
efficacy in patients with DIC. Clinical studies with recombinant TFPI or TM have been carried out showing promising results. The
efficacy and safety of other anticoagulants (ie, unfractionated heparin, low-molecular-weight heparin) or transfusion of platelet
concentrates or clotting factor concentrates have not been objectively assessed.
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Introduction

Disseminated intravascular coagulation (DIC) is a life-
threatening syndrome characterized by disseminated and often
uncontrolled activation of coagulation. This syndrome is asso-
ciated with a high risk of macro- and microvascular thrombosis
and progressive consumption coagulopathy, which leads to an
increased bleeding risk. Several pathological conditions may
trigger DIC (Table 1), with sepsis, cancer, trauma, and obstetric
calamity ranking among the most frequent triggering factors."
The risk of DIC is particularly high in patients with sepsis.
Indeed, DIC occurs in 30% to 50% of them, whereas the fre-
quency of DIC is approximately 10% in patients with solid
tumors, trauma, or obstetric calamities.'™ The overall preva-
lence of DIC in hospitalized patients is unknown because
the established clinical scoring systems for DIC are not system-
atically employed in clinical practice. Furthermore, the preva-
lence of DIC depends on the context of hospitalization and is
higher in critically ill patients hospitalized in intensive care
units (ICUs). In this subset of patients, the prevalence of DIC
ranges from 8.5% to 34% depending on the underlying diag-
noses and the diagnostic scoring system used.>”’

In critically ill patients with DIC, the 28-day mortality rate
is 20% to 50%, significantly higher than that of critically ill
patients who do not fulfill the DIC criteria.> Early diagnosis
and appropriate treatment of DIC is of critical importance to
favorable patient outcomes.

Definition of DIC

Disseminated intravascular coagulation is an acquired syn-
drome characterized by dispersed and uncontrolled activation
of blood coagulation leading to intravascular fibrin formation.
The signature feature of DIC is the loss of localized activation
of coagulation and the inefficiency of natural coagulation inhi-
bitors to downregulate thrombin generation. According to the
definition of the International Society of Thrombosis and Hae-
mostasis scientific subcommittee, DIC is an acquired syndrome
characterized by the intravascular activation of coagulation
with loss of localization arising from different causes. It can
originate from and cause damage to the microvasculature,
which if sufficiently severe, can produce organ dysfunction.®

Pathogenesis of DIC

Although the first clinical and pathological observations
related to DIC were made in the 19th century,’ detailed knowl-
edge on the pathogenesis of the syndrome has only been
attained in past decades. In recent years, some of the mechan-
isms involved in pathological microvascular fibrin deposition
in DIC have been clarified'*'":

e excessive thrombin generation triggered by tissue factor
(TF) overexpression related to the underlying disease
process

e platelet activation

Table I. Clinical Conditions Associated With DIC.

Clinical Conditions

Triggering DIC Causes of DIC

Sepsis or severe °
infection

Potentially any microorganism but
particularly gram-negative bacteria

Viral infections (ie, viral hemorrhagic fever)
Malaria

Rickettsia infection

Severe tissue injury

Head injury

Burns

Fat embolism

Surgery

Heat stroke of shock

Pancreatitis, severe inflammation, tissue
necrosis

Solid tumors (pancreatic, stomach,
colorectal cancer, mucin secreting
adenocarcinoma)

e Hematological malignancies (acute
promyelocytic leukemia)

Trauma

Organ destruction

Malignancy .

Obstetrical e Placental abruption
calamities e Placenta previa
e Amniotic fluid embolism
e Intrauterine death
e Eclampsia
e HELLP syndrome
Vascular e Aortic aneurysm
abnormalities e Giant hemangiomas (Kasabach-Merritt
syndrome)
e Vasculitis
Liver disease e Cirrhosis
e Acute hepatic necrosis
Severe toxic or e Graft-versus-host disease
immunological e Transplant reaction
reactions e Snake bites (such as from those belonging

to the genus Echis)
e Severe transfusion reactions (incompatible
blood transfusion reactions)

Abbreviations: DIC, disseminated intravascular coagulation; HELLP, hemolysis,
elevated liver enzyme levels, and low platelet levels.

e defective natural anticoagulant pathways, including tis-
sue factor pathway inhibitor (TFPI), antithrombin (AT),
and protein C (PC)

e insufficient fibrin degradation due to impaired fibrino-
lysis or exaggerated fibrin and fibrinogen degradation

e concomitant activation of the inflammatory process

Fibrin formation is accompanied by activation of fibrinoly-
sis, the extent of which depends on plasminogen activator inhi-
bitor 1 (PAI-1), thrombin-activatable fibrinolysis inhibitor
(TAFI), and other factors related to the underlying disease and
the capacity of regulatory mechanisms. If not adequately coun-
teracted by fibrinolysis, fibrin deposition may cause diffuse
obstruction of the microvasculature.

Microvascular thrombosis in conjunction with hemody-
namic and metabolic derangements contributes to multi-
organ dysfunction. Signs of organ dysfunction include renal



10S

Clinical and Applied Thrombosis/Hemostasis 24(9S)

Inflammation
Activated monocytes
Cancer cells

Vascular lesion

_

Platelet activation
~> Consumption of natural
coagulation inhibitors

TAFI activation
= Inhibition of fibrinolysis
‘ Fibrin formation

Consumption of
Platelets
Clotting factors
Fibrinogen

Activation of

fibrinolysis

Thrombin generation

:,\y' Hypercoagulable state :> Risk of thrombosis

—; Deposition of fibrin on
the vasculature

@) Hemorrhage

l:$ Multiorgan dysfunction

Figure |. Pathogenetic pathways in DIC. Activation of coagulation is driven by TF overexpression leading to explosive and disseminated
thrombin generation, which results in consumption of natural coagulation inhibitors (mainly AT and PC) and in a hypercoagulable state.
Thrombin, among other inducers, enhances platelet activation. Activated platelets amplify hypercoagulable state. Inhibition of fibrinolysis,
through TAFI activation, increases fibrin formation and deposition in the microvasculature. This mechanism—among others—is implicated in
the pathogenesis of organ dysfunction and multi-organ failure. Sustained thrombin generation has, as a consequence, the consumption of clotting
factors, platelets, and fibrinogen. Severe clotting factor and fibrinogen deficiency together with severe thrombocytopenia are in the origin of the
hemorrhagic syndrome in DIC. AT indicates antithrombin; DIC, disseminated intravascular coagulation; PC, protein C; TF, tissue factor.

insufficiency, respiratory failure, hypotension, and circula-
tory failure or impaired cerebral function. In addition, intra-
vascular coagulation activation may contribute to the
formation of macrovascular thrombi, resulting in venous or
arterial obstruction and embolization. These mechanisms and
the associated clinical manifestations are schematically pre-
sented in Figure 1.

Tissue Factor Triggered Initiation of Thrombin
Generation in DIC

Tissue factor is a major trigger of the coagulation process. The
TF expression on monocytes and endothelial cells is induced by
inflammatory mediators, predominantly through transcrip-
tional mechanisms.'*'> Overexpression of TF by activated
monocytes and endothelial cells triggers activation of coagula-
tion."*!3 It is also overexpressed by some types of cancer
cells.'® Phospholipid microparticles (MPs) originating from
active monocytes and platelet-monocyte complexes are
another source of TF. The TF-bearing MPs have been detected
in plasma of patients with meningococcal sepsis.'”"'® Increased
exposure of negatively charged phospholipid surfaces further

facilitates the assembly of prothrombinase (factor Xa [FXa]/
FVa/phospholipids/Ca**)] and intrinsic tenase (FIXa/FVIIIa/
phospholipids/Ca™™) leading to the propagation of thrombin
generation.'® Cell membrane procoagulant surfaces, rich in
phosphatidylserine, are provided by externalization of the inner
leaflet of cell membranes on activation and apoptosis.*® Addi-
tionally, very-low-density lipoprotein (VLDL) particles, spe-
cifically VLDL complexes with C-reactive protein, are found
at increased levels in severe sepsis and may further enhance
and sustain thrombin generation.*'

In addition, thrombin activates platelets, leading to P-selectin
translocation and the subsequent upregulation of TF expression.
This indicates that P-selectin may play a significant role in the
initiation of thrombin generation in DIC. In addition, P-selectin
is positively correlated with DIC score, fibrinogen consumption,
fibrinolysis, thrombin activation markers, and TFPI.**

Platelets

Disseminated intravascular coagulation is often associated with
a decline in platelet count due to the consumption of platelets in
the course of coagulation activation. Platelet consumption is a
process that implicates platelet activation. Thus, the expression
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of procoagulant phospholipids at the external side of platelet
membrane, the release of procoagulant and pro-inflammatory
proteins and vasoactive molecules (ie, FV, platelet factor 4,
serotonin, adrenaline, prostaglandins) during platelet activa-
tion, and the formation and release of procoagulant MPs
enhance the hypercoagulable state and contribute to the disse-
mination of thrombin generation. Platelets are also actively
involved in the pathogenesis of DIC. Increased expression of
membrane glycoprotein IIb/Illa in its activated form and
increased expression of P-selectin may contribute to the micro-
vascular occlusions observed in DIC.?

Microparticle Formation and Sepsis

The formation of procoagulant MPs, originating from platelets,
endothelial cells, erythrocytes, and leukocytes, is enhanced in
sepsis. Leukocyte and platelet-derived MPs induce the release
of endothelial (interleukin [IL]-1p, IL-6, IL-8, monocyte che-
moattractant protein 1) and monocytic (IL-1p, tumor necrosis
factor [TNF] a, IL-8) cytokines and enhance the level of oxi-
dized phospholipids, which activate endothelial cells and leu-
kocytes in return. Accordingly, MPs have a significant role in
sepsis-induced inflammation.

The role of platelet-derived MP in procoagulant activity was
illustrated by Sinauridze and colleagues who demonstrated that
platelet-derived MPs are 50- to 100-fold more procoagulant
than activated platelets.>* The procoagulant properties of
platelet-derived MP stem from the combined presence of phos-
phatidylserine—a procoagulant aminophospholipid exposed
after stimulation that supports the assembly of the blood clot-
ting enzyme complexes—and TF.

Role of Calpains and Calpastatin in Inflammation, Sepsis,
and DIC

The calcium-activated cysteine proteases, calpains, play a cen-
tral role in MP release from cells, especially platelets. The
Ca2l-activated calpains degrade cytoskeletal proteins such as
talin or vinculin and directly induce MP release into the extra-
cellular microenvironment. In addition, calpains degrade the
nuclear factor (NF) kB inhibitor I-kB and thereby induce the
nuclear translocation of NF-xB, an important mediator of IL-6,
IL-1, and TNF-a gene expression. The inflammatory cytokine
IL-6 is one of the major mediators involved in coagulation
activation and is correlated with the formation of platelet-
derived MP in humans.

Calpastatin, a calpain-specific physiological inhibitor, may
cause selective reduction in inflammation, DIC, lymphocyte
apoptosis, and later immunodepression, without impairing crit-
ical innate immune functions such as neutrophil infiltration or
interfering with the basal calpain activity required for cellular
homeostasis. Calpastatin increases survival and reduces multi-
organ dysfunction during sepsis, mainly through the decrease
of procoagulant MP release.?’

Natural Anticoagulant Pathways in DIC

Under normal conditions, blood coagulation is downregulated
by the stoichiometric inhibitors TFPI and AT and the dynamic
PC anticoagulant pathway. During the evolution of DIC, how-
ever, the natural anticoagulant pathways of TFPI, AT, and PC
are severely compromised. Studies in animal and human mod-
els of sepsis have provided important insight on the role of
natural anticoagulant pathway deficiencies in the pathogenesis
of sepsis-related DIC.?

Tissue factor pathway inhibitor. Tissue factor pathway inhibitor
is a plasma Kunitz-type serine protease inhibitor that inhi-
bits the initiation phase of thrombin generation induced by
TF. The TFPI stoichiometrically inhibits TF-FVIIa complex
in the presence of FXa.?” In vivo administration of recom-
binant TFPI (rTFPI) in experimental animal models pre-
vents thrombosis and fibrin deposition on subendothelial
human matrix, reduces mortality from Escherichia coli-
induced septic shock, and protects against DIC develop-
ment.”® Elevated levels of TFPI have been found in patients
with sepsis-induced DIC in conjunction with elevated TF
levels, suggesting a relative deficiency of TFPI to neutralize
TF pathway activation.?~'

Antithrombin. Antithrombin is a serine protease inhibitor that
stoichiometrically inhibits thrombin (FIla), FXa, FVIIa, FIXa,
and FXIa. Low levels of AT in the plasma of patients with
sepsis-associated DIC are correlated with increased mortal-
ity.*> Low AT levels may lead to diminished inhibition of
thrombin, FXa, and other procoagulant serine proteases. The
decrease in AT during DIC is not exclusively related to the
hypercoagulable state.*** It has been proposed that the AT
deficiency in DIC is attributable to rapid consumption after the
formation of thrombin—antithrombin (TAT) complexes due to
high rate of thrombin generation and the presence of other
coagulation cascade serine proteases.”> However, recent stud-
ies have shown that AT deficiency in sepsis is more closely
related to capillary leak, volume expansion, and reduced synth-
esis. It has been suggested that inactivation and degradation of
AT by neutrophil elastase and other enzymes may also contrib-
ute to AT deficiency in DIC but have failed to prove the pres-
ence of proteolytic fragments of AT in the plasma of patients
with sepsis-induced DIC.>38

The dynamic PC anticoagulant pathway

Protein C. Thrombin binds to thrombomodulin (TM)
expressed on vascular endothelial surfaces in the presence
of the endothelial PC receptor and acquires anticoagulant
properties by activating PC.*° In the presence of protein S
(PS), activated protein C (APC) inhibits FVa and FVIlla,
resulting in degradation of prothrombinase and intrinsic
tenase enzymatic complexes. This leads to downregulation
of thrombin generation processes.*® The role of the PC antic-
oagulant pathway in the pathogenesis of DIC has been studied
in experimental models of sepsis-induced DIC and in patients
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with sepsis. Protein C deficiency is a frequent finding in
patients with sepsis due mainly to enhanced consumption,
impaired liver synthesis, and vascular leakage.*' The acquired
PC deficiency in sepsis-induced DIC is related to hypercoa-
gulable state and increased mortality.**

Thrombomodulin. Reduced TM expression on endothelial
cells due to inflammatory mediators, such as TNF-a, is thought
to explain the impaired activation of PC in patients with
DIC.*** Although soluble TM levels are typically elevated
in the plasma of patients with DIC,** this likely does not rep-
resent enhanced TM production or secretion but rather is indi-
cative of increased cellular damage and shedding of TM from
the vascular endothelium.*® Additionally, these soluble forms
of TM are incapable of efficiently activating PC. The combi-
nation of low levels of TM on the endothelial surface with
reduced availability of intact endothelial surface due to
impaired microvascular perfusion compromises the anticoagu-
lant function of the APC system.

Protein S. In plasma from healthy donors, approximately
60% of the cofactor PS is bound to a complement regulatory
protein, C4-binding protein (C4BP), and thus cannot exert its
role as cofactor for activated PC. The increased C4BP levels in
plasma as a consequence of the acute-phase reaction in sepsis
may result in a further decrease in active (unbound) PS levels
and leads to further impairment of the PC system.*’

Fibrinolysis

Impaired fibrin degradation due to inhibition of the fibrinolytic
system serves as an additional mechanism in the pathogenesis
of some forms of DIC. The initial response to coagulation
activation in bacteremia and endotoxemia is an increase in
fibrinolytic capacity due to enhanced release of tissue plasmi-
nogen activator (tPA) from the endothelium and acceleration of
tPA-induced plasminogen activation by fibrin, a cofactor in
this reaction. Levels of PAI-1, the main inhibitor of fibrinoly-
sis, increase during the course of an inflammatory reaction.
Accordingly, severe sepsis, a condition associated with a pro-
nounced acute inflammatory reaction, can often lead to hypo-
fibrinolytic DIC and subsequent microvascular thrombosis and
organ dysfunction. The PAI-1 is also released from activated
platelets. Studies in patients with DIC have shown that high
plasma levels of PAI-1 were among the strongest predictors of
mortality.® Additionally, patients with genetic variants leading
to increased levels of PAI-1 have a lower survival rate in severe
sepsis. The lack of microvascular thrombi formation in the
kidneys of PAI-1-knockout mice challenged with endotoxin
further demonstrates the important role of PAI-1 in the inhibi-
tion of fibrinolysis in DIC.**

High concentrations of thrombin lead to the activation of
TAFI. Activated TAFI is a carboxypeptidase that cleaves lysine
residues essential for the binding of tPA, plasminogen, and plas-
min to fibrin, rendering fibrin more resistant to fibrinolysis. Sim-
ilar to PC activation, TAFI activation is TM dependent, but the

activation of TAFI by thrombin-TM complexes is favored over
the activation of PC, particularly at low TM concentrations.*’

The role of TAFI in the pathogenesis of the thrombohemor-
rhagic syndrome in patients with DIC has not been fully inves-
tigated. Reduced activity of TAFI in patients with overt DIC is
a biological evidence of enhanced fibrinolysis. Low TAFI
activity is an independent predictor of patient death and mul-
tiple organ dysfunction syndrome. Although the relationship
between TAFT activity and the phases of DIC requires further
investigation, elucidation of the activation of fibrinolysis dur-
ing the course of DIC might allow targeted therapeutic inter-
ventions to optimize fibrinolysis in order to overcome
fibrinolytic shutdown.>

Nucleosomes

Elevated levels of extracellular DNA in plasma, also known as
cell-free DNA, have been reported in diverse pathologies
including cancer, trauma, thrombosis, sepsis, and DIC. Nucleo-
somes are involved in epigenetic regulation and consist of
DNA wound around a histone protein core. Nucleosomes can
be released into the extracellular environment through apopto-
sis, necrosis, and NETosis. Neutrophil extracellular trap
(NETs) formation (NETosis) is a unique form of cell death;
it is an active process whereby neutrophils release NETs in
response to inflammatory stimuli. The NETs are comprised
of a meshwork of DNA, histones, bactericidal factors, and
neutrophil granule enzymes that function to trap and contain
pathogens. NETosis can be triggered not only by infectious
pathogens and their components but also by activated plate-
lets, reactive oxygen species, antibodies, and inflammatory
cytokines in a process called “immunothrombosis.” Although
immunothrombosis plays a role in host defense by trapping
and killing bacteria, fungi, parasites, and viruses, this protec-
tive mechanism can lead to DIC if left unregulated. The his-
tones in NETs can activate platelets, induce endothelial cell
damage, enhance thrombin generation, and inhibit anticoagu-
lant PC activation.

The NETs facilitate local activation of coagulation to form
fibrin clots that entrap pathogens, enhance pathogen clearance,
and stimulate inflammation to recruit leukocytes. Histones
have been shown to activate coagulation in a FXII-dependent
manner in in vitro coagulation assays, and histone—DNA com-
plexes have been shown to correlate significantly with the
FXlIa level in the plasma of patients with suspected DIC.>!
Extracellular DNA can have procoagulant, antifibrinolytic, and
pro-inflammatory effects.

Nucleosomes, histones, and DNA are detectable in the blood
of patients with DIC. In a cohort of 199 patients with suspected
DIC, nucleosome levels were elevated compared to healthy con-
trols. Furthermore, patients with higher levels of DNA-histone
complexes had poorer survival than those with lower levels.>?
Histones were also found to be elevated in patients with sepsis
compared to nonseptic patients in a cohort of 165 patients admit-
ted to medical and surgical ICUs.>* Plasma nucleosome and
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DNA levels were also found to be elevated in patients with DIC
associated with hematologic malignancy.>*

Clinical Manifestations of DIC

Depending on the underlying disease, the intensity of coagula-
tion activation, and the deficiency of the natural anticoagulant
pathways, DIC may present as either:*>>

e Latent and compensated activation of coagulation with
subtle hemostatic dysfunction and potential increase in
thrombotic risk without obvious clinical symptoms. This
phase is characterized by an imbalance between activa-
tion and inhibition of the coagulation system. Rapid
restoration of normal hemostatic functions can be
achieved through a combination of reduction in procoa-
gulant stimulus and enhancement of inhibitory mechan-
isms on the coagulation system. This classification of
DIC is often seen in cases involving obstetrics or severe
immunologic reactions.

e Overt DIC with significantly reduced hemostatic poten-
tial. This phase is characterized by the absence of nor-
mal regulatory mechanisms. Overt DIC is associated
with both bleeding and thrombotic manifestations. This
may include both microvascular thrombosis and throm-
bosis of larger vessels. In most cases, the bleeding is
due to reduced hemostatic capacity, a side effect of
excessive consumption of clotting factors and platelets
during coagulation activation. This condition is also
known as “consumption coagulopathy.” Latent, com-
pensated DIC may progress to overt DIC or become a
chronic condition.

Observed clinical manifestations mainly depend on the
nature and the severity of the underlying disease. Clinical man-
ifestations include multi-organ dysfunction due to microvascu-
lar thrombosis and bleeding.

Diagnostic Scores for DIC

The diagnosis of DIC is based on the clinical suspicion related
to the underlying disorder and the abnormalities of blood coa-
gulation tests, including prothrombin time (PT), activated par-
tial thromboplastin time (aPTT), platelet count, and fibrinogen
levels. There is no gold standard diagnostic test for DIC;
instead, diagnosis is based on diagnostic scoring systems that
evaluate clinical and laboratory parameters.®->>

Today, there are 5 different diagnostic scoring systems for
DIC established by the ISTH, the Japanese Ministry Health
and Welfare (JMHW), the Japanese Association for Acute
Medicine (JAAM), the British Committee for Standards in
Haematology (BCSH), and the Italian Society of thrombosis
and Hemostasis (SISET).®>*>% A scoring system for the diag-
nosis of DIC was first sanctioned by the JMHW and is sum-
marized in Table 2 .

The diagnostic criteria include:

e the stratifying question: “Does the underlying disease
predispose to DIC?”

e the evaluation of typical clinical manifestations (ie,
bleeding or organ dysfunction potentially related to
microvascular thrombosis),

e the assessment of 4 laboratory parameters (platelet
count, PT, fibrinogen and fibrin/fibrinogen degradation
products [FDPs])

The overt DIC scoring system endorsed by the DIC subcom-
mittee of the ISTH, summarized in Table 3, is based on the
JMHW DIC score. The question regarding the presence of a
typical underlying disease predisposing to DIC is the prerequi-
site for the use of the score. The term “fibrin-related marker
(FRM)” which encompasses soluble fibrin (SF) and p-dimers is
used instead of “fibrinogen/fibrin degradation products
(FDP).” This approach is preferable to the evaluation of FDP
as FDP assays are not currently widely available outside Japan.
Currently, the most prevalent FRM is p-dimers antigen.®

An additional version of the ISTH DIC score for the diag-
nosis of “nonovert DIC” has been introduced including the
same parameters, but with an added kinetic component that
compares the results attained at 2 subsequent measure-
ments.®>> Deterioration of the parameters increases the score,
whereas improvement reduces the score. In addition, results of
AT and/or PC measurement may be included. The use of the
ISTH nonovert DIC score has been shown to identify additional
high-risk patients.

The JAAM DIC scoring criteria, summarized in Table 4,
includes platelet count, PT, fibrin/FDPs, and specific criteria
of systemic inflammatory response syndrome. This provides
the JAAM DIC scoring system with an acceptable validity
for the diagnosis of trauma-related DIC with the fibrinolytic
phenotype and a higher sensitivity than the ISTH overt DIC
criteria in trauma patients. However, while the JAAM diag-
nostic criteria displayed a high sensitivity for DIC, the ISTH
overt DIC diagnostic criteria displayed a high specificity for
DIC.>® The Italian clinical practice guidelines for the diag-
nosis and treatment of DIC suggest the use of the diagnostic
scores ISTH, JMHW, or JAAM over standalone tests.>’
Recently, a new set of criteria based on the JAAM DIC cri-
teria has been proposed, including PC activity and PAI-1 lev-
els as additional parameters.®’

Several authors have questioned the inclusion of fibrino-
gen as an indispensable component of the DIC scoring sys-
tems. In patients with sepsis, plasma fibrinogen levels are
generally elevated due to the acute-phase reaction. Thus, low
levels of fibrinogen are rarely encountered in patients with
overt DIC. On the other hand, low fibrinogen levels are a
common and prognostically important feature of conditions
associated with hyperfibrinolytic DIC, such as amniotic fluid
embolism, DIC associated with hematogical malignancies, or
transfusion reactions. The only marker included in the scores
that directly relates to coagulation activation is the FRM. In
Japan, most laboratories use fibrinogen/FDP as the FRM of
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Table 2. Scoring System for DIC Established by the JMHW.?¢ 2

Score

Criteria

Points

|. Underlying disease
2. Symptoms (1) Bleeding tendency
(2) Symptom caused by organ dysfunction

3. Laboratory data (l) Plasma FDP (ug/mL)

(2) Platelet count (x 10°/L)

(3) Plasma fibrinogen (mg/dL)

(4) Prothrombin time ratio (PT of patient/PT of control)

>40
20-40
10-20
<10
<50
50-80
80-120
>120
<100
100-150
>150
>1.67
1.25-1.67
<1.25

O—MNO—MNO—BNWO—MNMNWO—0 —0 —

Supplemental Data

(1) Detection of soluble fibrin monomer

(2) Increase in D-dimers

(3) Increase in thrombin—antithrombin complex

(4) Increase plasmin—antiplasmin complex

(5) Exacerbation of FDP, platelet, fibrinogen within several days
(6) Improvement of data with anticoagulant therapy

Interpretation

|. Definite DIC
not under cancer chemotherapy

(2) Patients who have leukemia, pernicious anemia, or who are under cancer
chemotherapy points for bleeding tendency and platelet are not included

(3) Patients who have liver cirrhosis

2. Probable DIC
not under cancer chemotherapy

(2) Patients who have leukemia, pernicious anemia, or who are under cancer

(I) Patients who do not have leukemia, pernicious anemia, liver cirrhosis, or who are

(1) Patients who do not have leukemia, pernicious anemia, liver cirrhosis, or who are More than 7 or 6 points with more

than 2 of supplemental data
More than 4 or 3 points with more
than 2 of supplemental data
More than 10 or 9 points with more
than 2 of supplemental data
6 points

3 points

chemotherapy points for bleeding tendency and platelet are not included

(3) Patients who have liver cirrhosis

9 points

choice, whereas D-dimers is the only FRM available in most
laboratories worldwide.

Biomarkers for the Diagnosis and Follow-Up
of DIC

Although numerous biomarkers have been studied for their
relevance to the diagnosis and prognosis of sepsis and sepsis-
associated DIC, there is currently no single biomarker or bio-
marker panel accepted for use in this application. Levels of
endogenous anticoagulants, including AT, PC, and TM, are
among the most promising candidates as biomarkers for use

in sepsis and DIC.* In a large cohort of patients with sepsis and
suspected DIC, reduced AT and PC levels were predictive of
mortality, regardless of whether the patient met the ISTH cri-
teria for overt DIC.®® Other markers of various aspects of coa-
gulation and fibrinolysis have also been studied, with
promising results, including TAT, SF, TFPI, PAI-1, von Will-
ebrand factor, and Adamts-13.%> D-dimers, a component of the
ISTH DIC scoring algorithm, and fibrin monomer have been
proposed as individual predictive markers of DIC.°* Other
studies have focused on markers of endothelial activation, on
markers of inflammation, or on novel markers, including
extracellular nucleosomes and histones. Rotational
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Table 3. Scoring System for Overt and Nonovert DIC Endorsed by International Society on Thrombosis and Haemostasis.

55

Score

Fibrin-related marker

No increase
<50

50-100
>100

<l.0

>1.0

>6

3-6

<3

Platelet count (x 10°/L)

Fibrinogen level (mg/dL)

Prothrombin time (second)

Strong increase
Moderate increase

O —MNO—O—DNOMNMNWw

Diagnosis of DIC If Score is >5 Points

Risk assessment: Does the patient have an underlying disorder known to be associated with DIC

Yes =2
No =0 Evolution
Major criteria Rising (=—1) Stable (0) Falling (1)

Platelet count
>100 x 10°L =0
<100 x 10°/L = |
PT prolongation
<3 seconds = (give the value)
>3 seconds = (give the value)
Fibrin-related marker
Normal = (give the value)
Raised = (give the value)
Specific criteria
Antithrombin

(give the value)

(give the value)

(give the value)

Normal (=—1): (give the value)
Low (= I): (give the value)
Protein C
Normal (=—1): (give the value)
Low (= 1): (give the value)
Total score

(give the value) ___ (give the value)

(give the value) ____

(give the value) ____

(give the value) ___ (give the value) ___

Abbreviations: DIC, disseminated intravascular coagulation; PT, prothrombin time.

thromboelastometry has also been explored as a potential
point-of-care test for the diagnosis of sepsis-associated DIC,
with promising results in a small study.®

Therapeutic Strategies for DIC

The basis of DIC treatment is the removal of the underlying
causative factor. In some cases, particularly those associated
with placental abruption and intrauterine death, DIC will
resolve completely within hours of the resolution of the under-
lying condition. However, DIC will most often progress even
after appropriate treatment of the underlying disease, as in
cases of patients with sepsis-induced DIC.

Ideally, an effective treatment for DIC would distinguish
between hyperfibrinolytic and hypofibrinolytic DIC and
between overrun-type and degradation-type DIC. However,
laboratory diagnostic means for such distinctions are not

universally available. In most cases, treatment decisions will
be based solely on routine laboratory tests, such as PT, platelet
count, fibrinogen level, and an FRM (D-dimers, FDP, or SF).
Repeated analyses are helpful to monitor the kinetics of the
reaction and distinguish between rapidly progressing and
chronic forms of DIC.

In most cases, the hallmark clinical indicator of DIC is overt
bleeding, which may be related to consumption of coagulation
factors. Bleeding may also be attributable to a variety of other
factors, including dilution, impaired synthesis of coagulation
factors, vitamin K deficiency, activation of fibrinolysis, or
administration of anticoagulant or antiplatelet drugs. The obvi-
ous treatment for bleeding is replenishment of the procoagulant
components, but this may have detrimental effects under cir-
cumstances of uncontrolled coagulation activation.

Organ dysfunction due to microvascular thrombosis is a less
obvious sign of DIC, as it may also be attributable to various
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Table 4. Scoring System for DIC Established by Japanese Association
for Acute Medicine.>*’

Score

Systemic inflammatory response syndrome criteria

>3 |

0-2 0
Platelet counts (x 10%/L)

<80 or more than 50% decrease within 24 hours 3

80-120 or more than 30% decrease within 24 hours |

>120 0
Prothrombin time (value of patient/normal value)

>1.2 |

<l.2 0
Fibrin/fibrinogen degradation products (mg/L)

>25 3

10-25 |

<10 0
Diagnosis

4 points or more DIC

Criteria for systematic inflammatory response syndrome
Temperature <36°C or >38°C
Heart rate >90 beats/min
Respiratory rate >20 breath/min or PaCO, >32 torr (<4.3 kPa)
White cell blood counts >12 000/mm?, <4000 cells/mm? or 10%
immature (band) forms

Abbreviations: DIC, disseminated intravascular coagulation; Paco,, partial
pressure of carbon dioxide in arterial blood.

other pathophysiological mechanisms in severely ill patients. A
rational treatment for microvascular thrombosis would be the
administration of coagulation inhibitors profibrinolytic agents,
which may have the adverse effect of enhanced bleeding. A
recombinant form of soluble human TM has been approved in
Japan for the management of DIC in various conditions.

In the next part of this review, we discuss the common
treatment options in DIC and analyze the clinical trials that
assessed the efficacy and safety of administration of natural
coagulation inhibitors in patients with DIC.

Restoration of Deficient Natural Anticoagulant Pathways

Antithrombin concentrates. Since AT is one of the most important
physiological inhibitors of coagulation, its role in the treatment
of DIC was supported by favorable results from phase II clin-
ical trials®®-®® that led to a large, double-blind, placebo-
controlled, multicenter phase III clinical trial in patients with
severe sepsis (the KyberSept Trial).** In all, 2314 patients were
randomized to receive either intravenous (IV) high-dose con-
centrate of AT (30 000 IU IV infusion in total over 4 days) or
placebo (1% human albumin). Heparin in prophylactic doses
(<10 000 IU daily) as well as heparin flush for catheter patency
were allowed in the study protocol. The study aimed to attain
supratherapeutic AT levels. Despite the fact that high AT levels
(180% of normal) were attained in AT-treated patients, the
28-day mortality rate was not significantly different between
the 2 groups (37.8% in AT group and 43.6% in placebo group,

P = .08). In patients receiving AT and concomitant heparin, a
significantly increased rate of bleeding was observed (23.8% for
AT group vs 13.5% for the placebo group, P < .001; Table 5).

In a post hoc subgroup analysis of the KyberSept trial,
patients with severe sepsis who did not receive concomitant
heparin were analyzed.69 A group of 563 patients who did not
receive concomitant heparin were identified, and 40.7% of
them (229/563) had DIC. In AT-treated patients with DIC, the
28-day mortality rate of 25.4% was significantly lower com-
pared to placebo-treated patients (40.0%; P = .02). In contrast,
patients with DIC without concomitant heparin administration
AT did not show any favorable effect on 28-day mortality
compared to the placebo group. The frequency of bleeding was
similar in the 2 groups (Table 5).

Another post hoc subgroup analysis of the data from the
KyberSept Trial focused on the influence of heparin coadmi-
nistration with AT on long-term mortality, adverse events, and
thromboembolic events.”® The 28-day mortality in patients
who received only AT (n = 698) was 37.8% compared to
43.6% in the placebo group and was not statistically significant.
Combination of AT and heparin treatment resulted in a signif-
icantly increased risk of bleeding that was related to increased
mortality. Moreover, the incidence of serious thromboembolic
events was not increased in patients who received only AT
compared to those who received AT and heparin. Interestingly,
mortality was lowest (36.3%) in the patients receiving heparin
without AT concentrate. Since heparin administration was
given based on the discretion of the treating physician, and
patients were only randomized to receive either AT concentrate
or placebo, no conclusions can be drawn concerning the effect
of heparin alone.

A retrospective study of 435 critically ill patients treated
with AT (30 IU/kg/h) showed that on the first day of the treat-
ment, 50% of the patients responded to the treatment and had
AT plasma levels higher than 60%. Patients who responded to
AT on the first day of the treatment showed resolution of DIC
(according to the ISTH DIC score) and improved mortality.”’

A prospective nonrandomized survey was conducted on
patients with sepsis-induced DIC with AT activity levels less
than or equal to 70%. Patients were treated with AT at 1500 TU/
d (n = 650) or 3000 1U/d (n = 79) for 3 consecutive days.
Bleeding events occurred in 6.52% of patients (severe bleed-
ing, 1.71%). A significant decrease in initial AT level (below
50%) was observed in 69.6% of patients in the AT3000 group
and 48.2% in the AT1500 group (P <.01). A logistic regression
analysis conducted using age, gender, body weight, initial AT
activity, and supplemented AT dose revealed that higher initial
AT activity (odds ratio [OR], 1.032; P <.001), AT dose of 3000
IU/d (OR, 1.912; P = .026), and age (OR, 0.985; P = .023)
were significant factors for improved survival. The risk of
severe bleeding was less than 2%, and concomitant adminis-
tration of heparin did not increase the risk. The survival in
AT1500 group was 65.2%, while that in AT3000 group was
74.7% (Table 5).”* An additional study examined infected
patients meeting JAAM DIC criteria and with an AT level of
<70% who received AT at 1500 or 3000 TU/d and determined
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Table 5. Clinical Trials Assessing the Efficacy and Safety of Treatment With Natural Coagulation Inhibitors (Antithrombin, Activated Protein C,
or Thrombomodulin) Concentrates in Patients With Sepsis and/or DIC.

28-Day Mortality Bleeding
Natural Coagulation Inhibitor (NCI) Versus NCI Comparator NCI Comparator
Clinical Trial Clinical Context Comparator (%) (%) (%) (%)
Warren et al*? Severe sepsis AT (3000 IU IV infusion over 96 hours) vs placebo 37.8 43.6 23.8 13.5
KyberSept
N =2314
Kienast et al®’ Severe sepsis AT (3000 IU IV over 96 hours without concomitant 25.4 40* 7 52
Post hoc analysis of use of heparin) vs placebo
KyberSept
N = 563
Iba et al”? Sepsis + DIC AT (3000 1U/d for 3 consecutive days) vs AT (1500 25.3 34.8° 4.17 1.40
N =729 IU/d for 3 consecutive days)
Bernard et al’® Severe sepsis DAA (0.024 mg /kg/h over 96 hours) vs placebo 24.7 30.8* 35 2
PROWESS
N = 1520
Aoki et al”® Severe sepsis rAPC (12.5 IU/kg/h for 6 days) vs UFH (IV dose 204 40° Higher in heparin
N =132 adjusted according to aPTT for 6 days) group®
Dhainaut et al® Severe sepsis + DAA (0.024 mg/kg/h over 96 hours) vs placebo 30.5 43* 4.72 271
Post hoc analysis of overt DIC
PROWVESS

Abraham et al®' Sepsis DAA (0.024 mg/kg/h for 96 hours) vs placebo 18.5 17 22 3.9%
ADDRESS
N =2613
Nadel et al®? Severe sepsis DAA (0.024 mg/kg/h for 96 hours) vs placebo 17.2 17.5 6.7 6.8
RESOLVE
N = 477
Bernard et al®® Severe sepsis DAA (0.024 mg/kg/h for 96 hours) vs placebo 253 24.7 6.5 35
ENHANCE
N = 2375
Ranieri et al®* Severe sepsis APC (0.024 mg/kg/h over 96 hours) vs placebo 264 242 1.2
PROWESS-SHOCK
N = 1696
Levi et al” Severe sepsis APC + UFH or LMWH vs APC (0.024 mg/kg/h) 283 31.9 10.8 8.1
XPRESS
N = 1994
Abraham et al*’ Severe sepsis rTFPI (0.025 mg/kg/h for 96 hours) vs placebo 342 339 6.5 4.8
OPTIMIST 12 22.9 6.0 33
INR >1.2; N = 1754
INR <1.2; N = 201
Saito et al’' Infection, malignancy TM (0.06 mg/kg once per day for 6 days) vs UFH 28 34.6 43.1 56.5
N =234 (8 IU/kglh for 6 days)
Kawano et al*? DIC with infectious rTM (380 IU/kg/d for 6 consecutive days. In patients 20
N =235 disease, hematological ~ with renal insufficiency, the dose was 130 IU/kg/d

disease

Abbreviations: aPTT, activated partial thromboplastin time; AT, antithrombin; DAA, drotrecogin alfa activated; DIC, disseminated intravascular coagulation; INR,
international normalized ratio; IV, intravenous; LMWH, low-molecular-weight heparin; rAPC, recombinant activated protein C; rTFPI, recombinant tissue factor

pathway inhibitor; TM, thrombomodulin; UFH, unfractionated heparin.
P < .05.

that survivors exhibited significantly higher peak levels of AT
at day 4 than nonsurvivors (65.0% in nonsurvivors vs 85.1% in
survivors, P < .001).”

A retrospective study of patients mechanically ventilated
with septic shock and confirmed DIC by the JAAM criteria
following emergency surgery for lower intestinal tract per-
foration was performed in Japan. This study showed no
overall difference in mortality between patients receiving

and not receiving AT. However, when propensity score
matching was used to create matched groups of 518 patients
receiving AT and 518 patients not receiving AT, a reduction
in 28-day mortality was observed (27.6% for AT vs 19.9%
for control; difference, 7.7%; 95% confidence interval [CI],
2.5-12.9).7

These results must be interpreted with caution, as they stem
from subgroup or retrospective analyses and not from
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randomized controlled clinical trials. However, they suggest
that AT treatment might be effective and safe in patients with
sepsis-associated DIC, but not in patients without DIC. The
post hoc analysis of the data from the KyberSept trial only
apply to high-dose AT treatment, resulting in supranormal
AT levels, and prospective data using the diagnosis of DIC
as entry criterion are not available. A recent systematic review
and meta-analysis of trials of AT in critically ill patients con-
cluded that the administration of AT is not supported in criti-
cally ill patients, including patients with sepsis and DIC, as no
overall impact is seen on mortality and a significant increase in
bleeding is observed.”” There is currently no data supporting
the administration of AT concentrate to attain normal AT levels
in patients with DIC and no evidence to support or discourage
the concomitant administration of heparins for prophylaxis of
venous thromboembolism (VTE). Currently, treatment with
AT concentrate is only mandated in patients with congenital
AT deficiency, or as a supplement to heparin therapy in
selected patients with acquired AT deficiency, such as in extra-
corporeal circulation.

Protein C and APC concentrates. The dynamic natural anticoagu-
lant pathway of PC is of major importance in the inhibition of
thrombin generation. In addition, APC—drotrecogin alfa acti-
vated (DAA)—exerts anti-inflammatory activity by inhibiting
cytokine production, preventing neutrophil activation, and
inhibiting leukocyte adhesion and rolling.”® In patients with
sepsis-induced DIC, plasma levels of PC are decreased. Thus,
supplementation treatment with APC concentrates is a rational
therapeutic approach. The PC concentrates have been used for
treatment of patients with sepsis-associated purpura fulminans,
a form of DIC typically observed in patients with meningococ-
cal and pneumococcal sepsis. Purpura fulminans is character-
ized by microvascular thrombosis in the skin due to a strongly
hypercoagulant and hypofibrinolytic condition, ultimately
leading to tissue necrosis and secondary hemorrhage.

A Dbeneficial effect of DAA was seen in an early dose-
finding randomized placebo-controlled clinical trial including
131 patients with sepsis. This study showed that administration
of DAA caused a dose-dependent decrease in the levels of
D-dimers and IL-6 with an acceptable safety profile.”” The
dose of 24 pg/kg/h for 96 hours was considered optimal and
was assessed in a phase III randomized, double-blind, placebo-
controlled multicenter trial (Recombinant Human Activated
Protein C Worldwide Evaluation in Severe Sepsis [PROWESS]
trial).”®

The PROWESS trial planned to enroll 1690 patients with
severe sepsis associated with organ dysfunction and rando-
mized them to receive recombinant human APC (rhAPC;
24 ng/kg/h over 96 hours) or placebo. Reduction of 28-day
mortality was defined as the primary end point of the study.
After the second interim analysis of 1520 patients, it was found
that treatment with DAA leads to significant reduction of
28-day mortality. For this reason, the trial was stopped before
complete enrollment of the initially planned number of
patients. Mortality was 24.7% in the DAA group as compared

to 30.8% in the placebo group (relative risk [RR] reduction,
19.4%; 95% CI, 6.6-30.5; P < .05). In patients receiving DAA,
D-dimer levels in plasma dropped by 25% after 2 days of DAA
administration, whereas they increased by 10% in the placebo
group, indicating an inhibition of coagulation activation by
DAA treatment. The levels of IL-6 decreased more rapidly in
patients receiving DAA, as compared to placebo group, show-
ing that DAA treatment has some anti-inflammatory effects in
patients with sepsis. In the DAA-treated group, an increased
rate of bleeding complications was observed compared to the
placebo group, particularly following invasive procedures. The
incidence of severe hemorrhage was 3.5% in the DAA group
and 2% in the placebo group (P = .06; Table 5).

A smaller randomized double-blind prospective trial was
performed to evaluate the efficacy and safety of APC (not
DAA) and unfractionated heparin (UFH) in 132 patients with
sepsis-associated DIC.”® Patients were randomized to receive
APC (12.5 U/kg/h 1V) and/or UFH (8 IU/kg/h IV) by contin-
uous [V infusion for 6 days. The 28-day mortality rate tended to
be lower in APC group than in UFH group (20.4% in APC
group vs 40% in heparin group; P < .05). These results suggest
that low doses of DAA can improve DIC more effectively than
heparin, although the study was too small to demonstrate
effects on organ failure and mortality (Table 5).

A post hoc analysis of the data from the PROWESS trial
(using DAA) showed that 29% of the patients (454/1568
patients) were classified as having overt DIC (as defined by
the ISTH score).®” In the placebo group, the 28-day mortality in
patients with overt DIC was 43%, compared to 27% in patients
without DIC. Thus, the presence of overt DIC is a significant
predictor of mortality, independently of the Acute Physiology
and Chronic Health Evaluation score (APACHE II) and age.
Treatment with DAA tended to improve mortality in patients
without DIC (22.1%; RR, 0.81; 95% CI, 0.66-1) and in patients
with overt DIC (30.5%; RR, 0.71; 95% CI, 0.55-0.9); however,
the difference did not reach statistical significance compared to
placebo (P > .05). The rate of serious bleeding during DAA
treatment in patients with overt DIC was 4.7% compared to the
placebo group (2.7%), but was not statistically significant
(P > .05). These data support the idea that DAA is particularly
beneficial in patients with DIC and that uncontrolled activation
of blood coagulation is one of the main contributors to mortal-
ity in severe sepsis (Table 5).

In another randomized, double-blind, placebo-controlled
trial (Administration of Drotrecogin Alfa (Activated) in Early
Stage Severe Sepsis [ADDRESS]), 2613 patients with sepsis
were randomized to receive DAA or placebo.®’ These patients
were deemed low mortality risk because they had an APACHE
score lower than 25 or only suffered a single-organ failure. The
28-day mortality, the in-hospital mortality, and the incidence of
serious bleeding were defined as composite efficacy and safety
primary end points of the study. The 28-day mortality was
18.5% in DAA group and 17% in placebo group, (P = .34)
and the in-hospital mortality was 20.6% in DAA group and
20.5% in the placebo group (P = .98). In contrast, severe
hemorrhagic episodes were significantly more frequent in
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DAA group (3.9%) compared to the placebo group (2.2%; P =
.01).

In pediatric patients, the REsearching severe Sepsis and
Organ dysfunction in children: a gLobal perspectiVE
(RESOLVE) study was performed to evaluate the use of DAA
in children with severe sepsis (n = 477). The patients were
randomized into 2 groups, 237 received placebo and 240
patients received treatment with DAA (24 pg/kg/h for 96
hours). This study also showed no clinical benefit of DAA
treatment in 28-day mortality (17.5% in placebo group vs
17.2% in DAA group). In contrast, an increased incidence of
intracranial bleeding was observed (4.6% in DAA group vs
2.1% in the placebo group), but the difference was not statis-
tically significant (P = .13).%

An increased bleeding risk was also observed in the
Extended Evaluation of Recombinant human Activated Protein
C trial, an open-label study where the incidence of serious
bleeding at 28 days was 6.5% and that of intracranial hemor-
rhage at 28 days was 1.5%.%

The Italian guidelines for the treatment of DIC suggest the
use of thAPC (grade D) but not in obstetric or pediatric patients
with sepsis-associated DIC.>® The BCSH guideline recom-
mended against DAA administration in thrombocytopenic
patients and those at high risk of bleeding.>®

With the increasing uncertainty about efficacy and the con-
cerns about bleeding risk, the Committee for Medicinal Prod-
ucts for Human Use section of the European Medicines Agency
(EMA) called for reexamination of the risk/benefit profile of
DAA. An industry-sponsored placebo-controlled trial, named
PROWESS-SHOCK, was initiated. The primary objective of
the PROWESS-SHOCK trial was all-cause mortality at 28
days.® At the recent completion of the PROWESS-SHOCK
trial involving 1697 patients, preliminary analyses showed a
28-day all-cause mortality rate of 26.4% in DAA-treated
patients compared to 24.2% in placebo-treated patients with
an RR of 1.09 (95% CI, 0.92-1.28; P = .31). The study also
failed in its secondary end point: the reduction of mortality in
the population of patients with severe PC deficiency. The risk
of severe bleeding was 1.2% in the DAA group and 1% in the
placebo group, suggesting there was no increased harm
(Table 5). Following these results, the manufacturer decided
to withdraw the product from the market worldwide, and both
the EMA and the US Federal Drug Administration Agency
have advised physicians not to initiate treatment with DAA
in new patients and to stop ongoing treatment. In this context,
the Activated Protein C and Corticosteroids for Human Septic
Shock trial started in 2010 to evaluate DAA in combination
with low-dose corticosteroids for the management of septic
shock. In 2011, the trial was suspended after the withdrawal
of DAA from the market. The Scientific Committee continued
the trial according to a 2-parallel group design comparing low-
dose steroids with placebo and analyzed the effects of DAA on
patients included before trial suspension.** At the time of trial
suspension, 411 patients had been recruited, 208 had received
DAA, and 203 had received placebo. On day 90, there were
99 deaths (47.6%) among the 208 patients receiving DAA and

94 deaths (46.3%) among the 203 patients receiving placebo
(P =.79). There was no evidence of a difference between DAA
and placebo for any secondary outcomes or serious adverse
events.®> In view of the above, Thachil et al withdrew the
recommendations given by the BCSH guideline on the use of
APC in DIC.*

Tissue factor pathway inhibitor. Since coagulation activation in
sepsis-induced DIC is mediated primarily through the
TF/FVIla pathway and the increase in TF expression compared
to TFPI, substitution of rTFPI is a rational treatment approach.
A pilot randomized, double-blind, placebo-controlled study
was performed in 16 healthy volunteers who received IV bac-
terial lipopolysaccharide. Intravenous infusion of TFPI induced
a dose-dependent inhibition of thrombin generation but had no
influence on the fibrinolytic and cytokine response.®’

A randomized, placebo-controlled phase II clinical trial
assessed the efficacy and safety of rTFPI administration in
210 patients with severe sepsis.*® Patients were randomized
to receive a continuous infusion of rTFPI (0.025 or 0.05 mg/
kg/h for 4 days) or placebo. Administration of rTFPI led to
inhibition of coagulation activation and suppressed the inflam-
matory response (shown by reduction in TAT complexes and
IL-6 levels in plasma). Although the trial was not powered to
show efficacy, a trend toward reduction of the 28-day mortality
was found, and the treatment was found to be safe with both
studied doses.

Based on these results, a large randomized, double-blind,
placebo-controlled phase III trial (OPTIMIST) was conducted
to evaluate the efficacy and safety of rTFPI (tifacogin) in
severe sepsis.®® The studied population consisted of 1754
patients with severe sepsis having international normalized
ratio (INR) greater than or equal to 1.2 and 201 patients with
INR lower than 1.2. Patients from each group randomly
received either rTFPI (0.025 mg/kg/g for 96 hours) or pla-
cebo. The 28-day mortality in patients with high INR who
received rTFPI was 34.2%, similar to that observed in the
placebo group (33.9%; P = .88). In contrast, patients with
low INR who received rTFPI had a lower 28-day mortality
of 12% compared to 22.9% in the placebo group. However,
the difference was not statistically significant (P >.05). More-
over, in both cohorts, there was a nonsignificant increase in
the overall incidence of serious bleeding (6.5% in rTFPI
group and 4.8% in the placebo group with high INR and 6%
in rTFPI group and 3.3% in the placebo group with low INR;
P > .05 in both INR groups; Table 5).

Recombinant Human Soluble TM

Recombinant human soluble TM (ART-123) has a high affinity
for thrombin. The thrombin—ART-123 complex activates PC,
which in the presence of PS inactivates FVIIla and FVa,
thereby inhibiting the propagation of thrombin generation. Ini-
tial studies have shown that TM plays a central role in inhibit-
ing coagulation activation and the inflammatory response.””
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Based on these observations, TM is studied as an antithrombo-
tic treatment in patients with DIC.

A multicenter, double-blind, randomized, parallel-group,
phase III trial compared the efficacy and safety of ART-123
to that of low-dose UFH for the treatment of DIC.”" Two
hundred thirty-four patients with DIC caused by infection or
hematological malignancy were randomized to receive ART-
123 (0.06 mg/kg once daily) or UFH (8 IU/kg/h for 24 hours
continuous IV infusion) for 6 days. The primary efficacy end
point was DIC resolution. Resolution of DIC was observed in
66.1% of patients treated with ART-123 compared to 49.9%
of the patients treated with UFH (absolute difference, 16.2%;
95% CI, 3.3-29.1). Moreover, patients in the ART-123 group
showed greater improvement in clinical course of bleeding
symptoms (P = .027). The 28-day mortality rate in patients
with infection treated with ART-123 was 28% versus 35% in
the placebo group (absolute difference, —6.6%; 95% CI,
—24.6to 11.3, P> .05), whereas in patients with malignancy,
it was 17.2% in ART group versus 18% in heparin group
(absolute difference, —0.8%; 95% CI, —14.2 to 12.5;
P > .05). The incidence of bleeding during 7 days after the
start of treatment was significantly lower in the ART group as
compared to the heparin group (43.1% in ART group vs
56.5% respectively, P = .048; Table 5).

To elucidate the clinical characteristics and outcomes of
DIC, a retrospective study analyzed 35 patients with DIC
treated with recombinant TM (rTM). In addition to the treat-
ment of underlying diseases, patients received rTM for 6
consecutive days. Disseminated intravascular coagulation
was resolved in 21 (60%) of the patients at 7 days after
administration. Furthermore, 7 of the remaining 14 patients
with DIC who did not attain resolution at 7 days attained
resolution at an average of 12.1 days. Consequently,
28 (80%) of 35 patients were alive with resolution of DIC
after a 28-day observation period.””

The rTM is currently approved for use in Japan, and several
retrospective analyses of the safety and efficacy of rTM have
been performed on Japanese patient cohorts. A retrospective
analysis was performed on 452 propensity-matched pairs of
patients (with and without rTM administration) admitted to
ICU with sepsis and DIC, diagnosed according to the JAAM
criteria. Patients treated with rTM demonstrated a significantly
lower rate of in-hospital mortality as compared to those who
did not receive this treatment (OR, 0.757; 95% CI, 0.576-0.999,
P = .049). Furthermore, no increase in bleeding was observed
in patients treated with rTM.”* A retrospective study of the use
of r'TM in obstetric DIC demonstrated improvement in labora-
tory parameters, including platelets, p-dimers, fibrinogen, and
INR, compared to the control group. However, no significant
differences were observed for any measurement of organ dam-
age or failure.”* A post hoc subgroup analysis of a retrospective
analysis of patients with sepsis-associated DIC treated with or
without r'TM aimed to identify subgroups of patients with DIC
who may benefit the most from this treatment. This analysis
showed that treatment with rTM was associated with reduced
mortality only in the highest risk patient group, as defined by an

APACHE 1I score of 24 to 29 (adjusted hazard ratio, 0.281;
95% CI, 0.093-0.850; P = .025).”

Successful use of r'TM has also been documented in small
analyses of patients with DIC secondary to hematological
malignancy. A retrospective analysis including 47 patients with
DIC, diagnosed according the JAAM criteria, secondary to
acute myeloid leukemia, demonstrated greater survival among
patients treated with rTM than patients treated with the low-
molecular-weight heparin (LMWH) dalteparin (P = .016), with
fewer bleeding-associated deaths and a higher rate of DIC res-
olution also seen in the rTM treatment group.”®

In a recent study, administration of ART-123 at a dosage of
0.06 mg/kg/d for 6 days was associated with decreased gen-
eration of thrombin and its markers in critically ill patients
with sepsis-associated coagulopathy. This study demonstrated
that ART-123 is a safe intervention in critically ill patients
with coagulopathy due to sepsis. These results of this study
support the hypothesis that TM exerts therapeutic actions at
multiple sites in sepsis-associated coagulopathy and war-
ranted further studies.”’ A phase III Safety and Efficacy Study
of ART-123 in Subjects With Severe Sepsis and Coagulopa-
thy is currently undergoing and is expected to complete by
May 2018.

Antithrombotic Drugs

Administration of rapidly acting anticoagulant agents to
increase the inhibition of upregulated thrombin generation is
a possible therapeutic approach for patients with DIC. Both
UFH and LMWH are the most widely used rapidly acting
antithrombotic drugs. A small randomized controlled trial
showed that LMWH is superior to UFH for treating DIC.”®

In a randomized, double-blind phase I'V trial, LMWH, UFH,
or placebo was administrated every 12 hours during DAA
(24 TU/kg/h for 96 hours) infusion in patients with severe sepsis
(n = 1994).°° This trial showed that heparin administration
concomitant with DAA slightly decreased the 28-day mortality
(28.3%) compared to the placebo group (31.9%; P = .08).
During the first 6 days of treatment, there was a significantly
higher frequency of bleeding in patients treated with heparin
(10.8%) compared to placebo (8.1%; P = .049). The incidence
of ischemic stroke during the first 6 days was significantly
higher in the group treated with DAA alone (1.3%) than in the
group treated with DAA and heparin (0.3%; P = .02). The
incidence of VTE was not significantly different between
the 2 groups (5.7% in DAA and heparin group vs 7% in DAA
group, P > .05; Table 5).

Another randomized clinical trial assessed the efficacy and
safety of UFH in patients with sepsis (n = 319). The patients
were randomized to receive placebo or UFH (500 IU/h IV for
7 days), and the end points were the median length of stay in the
ICU and the 28-day mortality. This trial failed to demonstrate a
beneficial effect either in the hospitalization (12.5 days for
placebo group and 12 days for UFH group; P = .97) or in the
28-day mortality rate (16% in the placebo group vs 14% in
UFH group; P = .65).'%°
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A meta-analysis of trials of anticoagulant therapy in
patients with sepsis analyzed 24 randomized controlled trials
that assessed the efficacy and safety of anticoagulant thera-
pies including AT, APC, TFPI, UFH, LMWH, r'TM, gabexate
mesilate, and TF antagonist in patients with DIC.'°! Pooled
analysis of these trials demonstrated no reduction in overall
mortality for patients with sepsis-induced coagulopathy,
defined as changes in INR, platelet count, AT activity, and
D-dimer levels. However, a significant reduction in mortality
was observed overall in the population with sepsis-associated
DIC as defined by either the ISTH or JAAM criteria who
received any of the examined treatments as compared to those
who did not receive any anticoagulant treatment (RR, 0.72,
95% CI, 0.62-0.85, P < .01). Pooled analysis demonstrated a
significant increase in bleeding associated with the anticoa-
gulant treatment (RR, 1.33, 95% CI, 1.12-1.57, P < .01).
Based on this analysis, the authors concluded that anticoagu-
lant therapy might be appropriate in patients with sepsis-
associated DIC, but not necessarily in patients with less
severe coagulation dysfunction.

Currently, UFH and LMWH are recommended for the pro-
phylaxis against VTE in severely ill patients. Moreover,
according to current guidelines, LMWH is preferable over
UFH due to safety advantages, such as lower risk of
heparin-induced thrombocytopenia, more predictable and sta-
ble anticoagulant effect, and lower risk of dosing errors.

Beyond heparins, some limited experimental evidence sug-
gests that the direct inhibitors of thrombin, such as lepirudin,
might downregulate coagulation activation in DIC."* The role
of specific AT-dependent inhibitors of FXa, such as fondapar-
inux, and direct inhibitors of FXa, such as rivaroxaban or apix-
aban, in the management of hypercoagulability in patients with
DIC has not been investigated.

Plasma and Platelet Substitution Therapy

Replacement of coagulation factors and platelets may be nec-
essary in patients with DIC presenting with consumption coa-
gulopathy, especially in those with active bleeding or those
who need an invasive procedure. The theory that administra-
tion of blood components might exacerbate disseminated coa-
gulation activation has never been proven in clinical or
experimental studies.

In patients with DIC with active bleeding or those at high
risk of bleeding, the administration of platelet concentrate and
fresh-frozen plasma (FFP) is recommended, without high-
quality evidence. The threshold for transfusion platelets
depends on the clinical state of patients with DIC. Platelet
concentrate usually is administered in patients with DIC with
active bleeding and a platelet count lower than 50 x 10°/L or in
nonbleeding patients undergoing chemotherapy who develop
DIC and a platelet count less than 20 x 10%/L.'%

Another strategy for coagulation factor replacement is the
use of specific concentrates. Fibrinogen is the final substrate of
blood coagulation activation and thrombin generation and is
also required for effective platelet aggregation. In patients with

fibrinogen levels lower than 1.5 g/dL, treatment with fibrino-
gen concentrate may considerably reverse the hemorrhagic dia-
thesis. However, the recommendations on the use of fibrinogen
concentrates in the management of bleeding related to DIC are
based mainly on case reports.

For replacement of vitamin K—dependent coagulation fac-
tors, prothrombin complex concentrates (PCCs) may be used.
These concentrates provide coagulation FII, FVII, FIX, and FX
in a low volume and can be rapidly administered. In coagula-
tion factor deficiency due to liver dysfunction, PCCs combined
with FFP as a source of FV can be administered (typically 2000
units of PCC plus 2 units of FFP), although there are no clinical
trials to assess the efficacy of this therapeutic option.

Patients with severe overt DIC often display low FVII levels
or hemorrhage refractory to transfusion with FFP, PCCs, and
platelet concentrates. Treatment with rFVIla (Eptacog alfa
activated) may be helpful to alleviate severe bleeding in these
patients.'®*!'%5 Treatment with rFVIla might be beneficial in
patients with impaired platelet function, a possible side effect,
potentially due to DIC-associated platelet exhaustion or treat-
ment with various drugs, including nonsteroid anti-
inflammatory drugs and antibiotics. Recombinant FVIIa has
been shown to of interest in the management of obstetrical DIC
secondary to placental abruption or amniotic fluid embolism
and other conditions associated with severe peripartum hemor-
rhage.'®® However, this treatment should be used with caution
because of the increased thromboembolic risk associated with
the administration for rFVIla.

The FVIII or von Willebrand factor concentrates are rarely
used in patients with sepsis-associated DIC, since these factors
are already typically elevated due to the acute-phase reaction.
Repeated measurement of global clotting tests might be useful
to monitor the progression of coagulation defects. Vitamin K
deficiency may be distinguished from global coagulation factor
deficits by comparing the levels of the vitamin K—dependent
coagulation FII, FVII, or FX, and the non-vitamin K-dependent
FV. In the case of a vitamin K deficiency, administration of
vitamin K by IV route is helpful.

Recommendations for the Treatment of DIC

So far, no universal consensus has been reached for the treat-
ment of DIC. Although less than half of all DIC cases are
caused by sepsis, the majority of existing reviews, including
guidelines in Europe and North America on the treatment of
DIC, concern only septic DIC. Three guidelines for diagnosis
and treatment of DIC have been published in the literature by
the Japanese Society of Thrombosis Hemostasis/DIC Subcom-
mittee (JSTH),>” the BCSH,>® and the SISET.>® The JSTH has
established an expert consensus for DIC treatment that has been
approved by its inside evaluation committee and outside eva-
luation committees of the JAAM, the Japanese Society of
Intensive Care Medicine, and the Japanese Association for
Infectious Diseases. The subcommittee for DIC of the Scien-
tific and Standardization Committee (SSC/ISTH) harmonized
these guidelines in a report entitled “Guidance for the
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Table 6. Recommendations for the Treatment of DIC.5>-% 2

Anticoagulation Therapy

Treatment for

Blood Transfusion

Underlying Antifibrinolytic  Fibrinolytic Platelet
Classification (Symptom) Disease UFH LMWH DS SPI AT Therapy Therapy FFP Concentrates
General o C B C B, B D D o* o°
Asymptomatic Blood Not (@) C B, C B, BY D D
transfusion necessary
Necessary o) C B, C B, B D D B,* B,°
Bleeding Minor o) C B, C B, BY D D
Severe o D D D B B ce D o° o*
Organ failure o) C B, C B, BP D D
Complication  Major (@] B, B, B, C B’ D d
thrombosis
TTP ©) C B, C B, B D D ©) D
HIT o D D D B, B D D D

Recommendation Levels (Modified Kish Guide)?

Recommendation

Consensus Treatment does not have a high quality of evidence, but it should be carried out as
common sense

A Treatment has high quality of evidence, and the clinical usefulness is clear

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

B, 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

D Treatment has high quality of evidence, and it has deleterious effects

Abbreviations: AT, antithrombin; DIC, disseminated intravascular coagulation; DS, danaparoid sodium; FFP, fresh-frozen plasma; HIT, heparin-induced thrombo-
cytopenia; LMWH, low-molecular-weight heparin; SPI, serine protease inhibitor; TTP, thrombotic thrombocytopenic purpura; UFH, unfractionated heparin.

?O denotes consensus.

PLimited in patients with less than 70% of AT.
€According to the guideline for blood transfusion.
dConsultation with specialist for fibrinolytic therapy.
fConsultation with specialist for antifibrinolytic therapy.

8Recommendation levels determined according to “the guidelines of DIC treatment preparation committee” according to the evidence level and medical care of
Japan. Physician should decide on the adequate treatment, not only according to the guidelines but also according to the condition of each patient and institute.

diagnosis and treatment of DIC from harmonization of the
recommendations from three guidelines.”>®

Disseminated intravascular coagulation is, therefore, classi-
fied as follows: asymptomatic type (marked clinical symptoms
of DIC not observed but laboratory findings confirm DIC),
marked bleeding type, and organ failure type. The appropriate
treatment differs and is based on the type of DIC. These treat-
ments are summarized in Table 6.

An international group of experts published recommen-
dations for the supportive treatment of DIC based on results
from clinical trials and expert opinion. Overall, for treat-
ment of patients with nonovert DIC in the absence of
bleeding or thrombosis, recommendations are based on the
treatment of the underlying triggering pathology.'®” For
sepsis-associated DIC, most of the experts recommend mon-
itoring accompanied by prophylactic LMWH for thrombo-
prophylaxis. In patients with overt DIC, platelet transfusion
is recommended to maintain a platelet count of at least 50 x

10°/L for patients with active bleeding or 20 x 10°/L for
patients with no bleeding signs.

For patients with acute deep vein thrombosis or pulmonary
embolism with overt DIC and bleeding, the use of an inferior
vena cava filter was recommended, with anticoagulant therapy
started after the cessation of bleeding.

Recommendations have also been made for DIC associ-
ated with specific conditions, including cancer'®® and post-
partum hemorrhage.'®” For patients with cancer-associated
DIC, the Scientific and Standardization Committee of the
ISTH has laid out recommendations for treatment with
UFH, LMWH, platelet concentrates, and FFP. This con-
trasts with the Japanese recommendations, which include
the use of rTM, AT, gabexate mesilate, and nafamostat
mesilate.'®® For women with coagulopathy associated with
postpartum hemorrhage, the Scientific and Standardization
Committee of the ISTH recommends monitoring of hemos-
tasis through PT, aPTT, Clauss fibrinogen testing, or
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thromboelastometry. For ongoing postpartum hemorrhage
with prolonged PT or aPTT, the administration of FFP is
recommended, particularly if the PT or aPTT is greater
than 1.5 times normal. For ongoing postpartum hemor-
rhage resistant to other treatments, tranexamic acid or acti-
vated FVII can be considered.'®’

Discussion

Disseminated intravascular coagulation is a life-threatening
disorder of hemostasis, occurring in about 10% of acutely ill
patients. Although different underlying pathologies can induce
DIC, there is usually a common pathogenic mechanism
observed. The main trigger of DIC stems from widespread
overexpression of TF in blood circulation, which leads to
excessive thrombin generation, low levels of natural coagula-
tion inhibitors (mainly AT and PC), imbalance of the equili-
brium between TFPI and TF, fibrinolysis impairment or
activation, fibrin deposition in microvasculature, and consump-
tion of platelets and clotting factors. The clinical manifesta-
tions of DIC depend on the underlying disease, individual
predisposing factors, and the phase of the degradation of
defense mechanisms. The inefficiency of natural anticoagulant
pathways in general precedes the profound deficiency of clot-
ting factors. The high mortality rate of 20% to 50% in DIC
drives the need for early diagnosis of DIC and aggressive treat-
ment of both the underlying disease and the coagulation
abnormalities. Early diagnosis of DIC is of major importance
for restoration of blood coagulation abnormalities and patient’s
survival. From the beginning of the 21st century, the ISTH
launched a concreted action for the systematization of a scoring
system for the diagnosis of DIC.”> Following comprehensive
work from several national and international expert consensus
statements on diagnosis of DIC,’*® the ISTH endorsed inte-
gral diagnostic scoring systems that evaluate clinical and
laboratory parameters for diagnosis of DIC.®

Rational therapeutic strategies include supplementation
with natural coagulation inhibitors, such as AT, PC, APC,
rTFPI, or agents that enhance activation of PC in plasma such
as rTM. However, as of yet, these therapies have shown no
demonstrable beneficial effects on mortality rate of patients
with severe sepsis, with or without DIC. It is noteworthy that
these treatments have not been tested in a prospective rando-
mized clinical trial using DIC as an entry criterion. The proper
management of patients with DIC remains controversial, and
the clinical trials assessing the efficacy and safety of the dif-
ferent therapeutic strategies in DIC are yet to be done.

The KyberSept,”> PROWESS,”® and OPTIMIST® trials are
3 large-scale phase III placebo-controlled randomized clinical
trials that assessed the efficacy and safety of treatment with
natural coagulation inhibitors (AT, activated PC, and rTFPI,
respectively) in patients with sepsis. In these trials, 28-day
mortality was defined as the primary efficacy end point.
Among the 3 trials, only the PROWESS showed a clear bene-
ficial effect of treatment with APC with an absolute risk reduc-
tion of 6% in 28-day mortality in patients with severe sepsis. In

contrast, further studies failed to demonstrate a clear beneficial
effect of APC in the treatment of DIC. Results of these studies
suggest that the 3 studied natural coagulation inhibitors do not
have similar importance in the progression of sepsis. However,
the results of these trials are not directly comparable due to the
heterogeneity of disease severity between trial populations.

A common characteristic of trials of natural coagulation
inhibitors is the enrollment of patients with sepsis, rather than
patients diagnosed specifically with DIC. Sepsis is one of the
most frequent causes of DIC. However, less than 50% of
patients with sepsis fulfill the diagnostic criteria of DIC.3>78
Mortality in sepsis is a multifactorial event and is not caused
exclusively by DIC. In the absence of DIC, clinical progression
in sepsis is dominated by the consequences of the inflammatory
response.’'%!'"!! The results of the PROWESS trial support the
concept that the potential anti-inflammatory activity of DAA
likely has some beneficial effect in patients with severe sepsis.
This is in accordance with experimental studies on animal
models, which showed that the PC anticoagulant pathway inter-
feres closely with inflammation process.*'*** However, this
favorable effect was not confirmed by the PROWESS-
SHOCK study.®* In addition, the ADDRESS trial showed that
in patients with less severe sepsis, DAA has no beneficial effect
on 28-day mortality compared to placebo, and it increases the
bleeding risk compared to placebo.®' Although results of sub-
group analysis of phase III clinical trials have major limita-
tions, they indicate that treatment with natural coagulation
inhibitors might have a favorable effect on mortality in patients
with sepsis-associated DIC, leading to the hypothesis that a
better definition of inclusion criteria regarding the presence
of DIC is needed in order to demonstrate the efficacy of these
treatments. In accordance with this hypothesis, the results of
the study with rTM conducted in patients with DIC induced by
infection or hematological malignancy showed a benefit con-
cerning 28-day mortality compared with treatment with UFH.
Treatment with rTM appeared to be superior to UFH concern-
ing mortality of patients with DIC.”" In order to clarify the
benefits of natural coagulation inhibitors in the treatment of
DIC, future clinical trials must target homogenous groups of
patients with DIC induced by sepsis, cancer or other relevant
causes, and use DIC as the primary entry criterion.

Since patients with DIC present with a hypercoagulable
state, administration of rapidly acting antithrombotic agents
in patients is a rational therapeutic approach. Among them,
heparins (UFH and LMWHs) appear to be the most widely
used antithrombotic drug in DIC, although this is not supported
by sufficient clinical data. A consistent finding of post hoc
analysis of the trials with natural coagulation inhibitors is that
coadministration of heparin has a marginal beneficial effect on
the efficacy but substantially increases the bleeding risk. Non-
specific binding of heparin chains with plasma proteins other
than AT and the risk of heparin-induced thrombocytopenia are
potential limitations in the use of heparin in patients with DIC.
Specific direct inhibitors of FXa (rivaroxaban, apixaban, edox-
aban) or thrombin (hirudin, argatroban, or dabigatran) might
have some place in the antithrombotic treatment in patients
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with DIC due to their predictable antithrombotic activity and
lack of risk of heparin-induced thrombocytopenia.''*'"* How-
ever, the renal elimination of these agents is a major limitation
in their use in patients hospitalized in ICU. Fondaparinux could
also have a place in the treatment of DIC-associated hypercoa-
gulability since its high affinity for AT could optimize the
residual activity of this important natural coagulation inhibitor
if renal function is normal. The efficacy and safety of these
drugs in the treatment of DIC should be assessed in future
clinical studies.

Although there is very limited data to support the efficacy of
FFP, fibrinogen concentrate, PCCs, and platelet transfusion in
controlling DIC, these are still the standard of care in patients
with severe DIC-associated hemorrhage. The controversy of
this therapeutic approach stems from the presence of a hyper-
coagulable state. The FFP, fibrinogen concentrates, PCCs, and
platelet concentrates are routinely given when severe clotting
factor deficiencies, severe thrombocytopenia, or active bleed-
ing are present. Transfusions are generally monitored by rou-
tine clotting tests such as PT, aPTT, and fibrinogen. Assays
based on thromboelastography may aid in the identification of
patients with hyperfibrinolysis as well as early diagnosis of
hypofibrinogenemia and severe clotting factor deficiency.'"
The impact on the clinical outcome and the resolution of DIC
is unknown. Case reports show that administration of
rFVIla might have some power to control refractory and
life-threatening bleeding, but the risk of thrombosis should
be considered in light of systemic coagulation activation and
possible hypofibrinolysis. Recombinant FVIIa could be used in
life-threatening hemorrhage associated with hyperfibrinolytic
DIC, as typically observed in obstetrical calamities. In patients
with DIC of other causes than sepsis, the level of evidence is
even lower. Clinicians have to rely on a small number of case
reports or case series, as well as “expert opinions” expressed in
various review articles. A frequent reaction is to ignore DIC
and concentrate on treatment of bleeding by replacement of
coagulation factors and platelets.

Conclusion

The rationale of DIC treatment is based on the pathogenic
mechanism and the phase of the syndrome but currently lacks
substantial evidence from clinical trials. Although data from
phase I1I clinical trials on the treatment of patients with DIC are
not available, the subgroup analysis of the studies presented in
this review propose a rational therapeutic strategy for DIC
following these principles:

e Downregulation of the hypercoagulable state
O via administration of rapidly acting antithrombotic
drugs mainly LMWH and use of UFH when the
renal function is compromised
O via administration of concentrates of natural coagu-
lation inhibitors (AT, rhAPC, rTFPI, and rTM) in
order to restore the efficiency of the natural

anticoagulant pathways when there is documented
deficiency.

e Restoration of clotting factor deficiencies when plasma
levels are very low as confirmed by specific laboratory
assessment and the bleeding risk is high or active bleed-
ing is present.

e Administration of rapidly acting hemostatic agents or
antifibrinolytic drugs to control active major bleeding.

The analysis of clinical trials and the pathophysiologic
mechanism show that DIC is a heterogeneous condition requir-
ing individualized treatment. Optimal treatment is based on
close laboratory monitoring and new global coagulation assays
such as whole blood thromboelastography/thromboelastometry
or other global assays for thrombin generation.

The use of new specific antithrombotic agents to downre-
gulate the hypercoagulable state in DIC, the identification of
the specific coagulation abnormalities, and the adaptation of
the therapeutic intervention are approaches for DIC treatment
that still require further exploration.
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