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Introduction

Two phenotypes of disseminated intravascular coagulation (DIC) are systematically
reviewed. DIC is classified into thrombotic and fibrinolytic phenotypes characterized by
thrombosis and hemorrhage, respectively. Major pathology of DIC with thrombotic pheno-
type is the activation of coagulation, insufficient anticoagulation with endothelial injury, and
plasminogen activator inhibitor-1-mediated inhibition of fibrinolysis, leading to microvascu-
lar fibrin thrombosis and organ dysfunction. DIC with fibrinolytic phenotype is defined as
massive thrombin generation commonly observed in any type of DIC, combined with
systemic pathologic hyperfibrinogenolysis caused by underlying disorder that results in
severe bleeding due to excessive plasmin formation. Three major pathomechanisms of
systemic hyperfibrinogenolysis have been considered: (1) acceleration of tissue-type
plasminogen activator (t-PA) release from hypoxic endothelial cells and t-PA-rich storage
pools, (2) enhancement of the conversion of plasminogen to plasmin due to specific proteins
and receptors that are expressed on cancer cells and endothelial cells, and (3) alternative
pathways of fibrinolysis. DIC with fibrinolytic phenotype can be diagnosed by DIC diagnosis
followed by the recognition of systemic pathologic hyperfibrin(ogen)olysis. Low fibrinogen
levels, high fibrinogen and fibrin degradation products (FDPs), and the FDP/D-dimer ratio are
important for the diagnosis of systemic pathologic hyperfibrin(ogen)olysis. Currently,
evidence-based treatment strategies for DIC with fibrinolytic phenotypes are lacking.
Tranexamic acid appears to be one of the few methods to be effective in the treatment
of systemic pathologic hyperfibrin(ogen)olysis. International cooperation for the elucidation
of pathomechanisms, establishment of diagnostic criteria, and treatment strategies for DIC
with fibrinolytic phenotype are urgent issues in the field of thrombosis and hemostasis.

rhage.! Thrombosis is caused by the activation of intravas-
cular coagulation, not restricted to the site of insult that it

Disseminated intravascular coagulation (DIC) is a consump-
tive thrombohemorrhagic disorder characterized by two
opposing manifestations, namely thrombosis and hemor-
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originates from, and causes damage to microvascular endo-
thelial cells, which can lead to organ dysfunction associated
with poor outcomes.? The pathogenesis of hemorrhage is
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diverse and complex. One mechanism involves the consump-
tion and exhaustion of platelets and coagulation factors
sensitive to thrombin, such as factors I (fibrinogen), II
(prothrombin), V, VIII, and XIII, leading to consumptive
coagulopathy that accelerates oozing-type bleeding.! Anoth-
er mechanism of hemorrhage is increased plasmin-mediated
fibrinolysis and the degradation of fibrinogen in cases of
excessive plasmin formation. Plasmin consumes factors V
and VIII, and a2-antiplasmin, also called a2-plasmin inhibi-
tor, a predominant inhibitor of plasmin that enhances con-
sumptive coagulopathy and fibrin(ogen)olysis.

To date, two DIC phenotypes have been identified based
on the degree of thrombosis and hemorrhage.> Massive
thrombin generation always underlies the pathogenetic
mechanisms of the two phenotypes of DIC; however, the
amount of plasmin generation determines whether the DIC
phenotype is thrombotic, characterized by thrombosis and
organ dysfunction due to reduced plasmin levels by plasmin
activator inhibitor-1 (PAI-1), or fibrinolytic, characterized by
bleeding due to excessive plasmin formation. This review
provides a brief overview of DIC with a thrombotic pheno-
type, followed by an in-depth review of DIC with a fibrino-
lytic phenotype.

Thrombotic Phenotype

Thrombotic phenotype is a basic principle of DIC, which has
long been recognized as a consumptive thrombohemorrha-
gic disorder. Its main pathophysiology is sustained activation
of coagulation, impaired control of anticoagulation, and PAI-
1-mediated inhibition of ﬁbrinolysis.3

The Scientific Subcommittee (Scientific and Standardiza-
tion Committee) on DIC of the International Society on
Thrombosis and Haemostasis reported that generalized in-
flammatory responses with inflammatory cytokine release
initiate extensive injury to the microvascular endothelium.?
These processes activate coagulation pathways that escape
local regulatory anticoagulation controls, resulting in exces-
sive thrombin generation with systemic fibrin microthrom-
bus formation. Microvascular fibrin thrombosis leads to
tissue ischemia and organ dysfunction, and the subsequent
consumption of platelets and coagulation factors associated
with hemorrhage in tissues. Therefore, microvascular throm-
bosis and consumptive hemorrhage coexist in the DIC with
thrombotic phenotype.

Endothelial injury induces insufficient control of anti-
coagulation systems, such as tissue factor pathway inhibitor,
antithrombin, and protein C/thrombomodulin pathways,
propagates coagulation activation, and enhances microvas-
cular fibrin thrombosis.> Experimental and clinical studies
have shown that inflammatory mediator-induced immedi-
ate release of tissue-type plasminogen activator (t-PA) is
followed by persistent increases in the levels of PAI-1, the
most important inhibitor of t-PA, which results in the
sustained inhibition of fibrinolysis with enhanced thrombus
formation, leading to organ dysfunction.*~” Many studies
have demonstrated that persistently high PAI-1 levels are
correlated with organ dysfunction and poor prognosis in
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patients with DIC, and that PAI-1 levels are a good prognostic
factor in underlying disorders of DIC.>° Elevated PAI-1
causes insufficient fibrinolytic responses to coagulation
activation, followed by relatively mild elevations of
fibrinogen/fibrin degradation products (FDPs) and D-dimer
levels, resulting in the formation of microvascular fibrin
thrombosis and subsequent organ dysfunctions. Activation
of coagulation, insufficient anticoagulation control, and in-
hibition of fibrinolysis are the major pathologies of DIC with
a thrombotic phenotype. Excessive thrombin generation
induces consumption coagulopathy with oozing-type hem-
orrhage in the mucosa and at venipuncture sites, as well as in
injured or surgical fields. Indeed, this DIC is called the
thrombotic phenotype but is associated with some degree
of consumptive hemorrhage. Typical underlying diseases of
DIC with thrombotic phenotypes are sepsis, late-phase trau-
ma, late-phase cardiac arrest, resuscitation called postcar-
diac arrest syndrome, and solid malignant tumors.

The involvement of innate immune responses in the
initiation and propagation of coagulation in DIC is well
established.>'%"" In addition to coagulation, immune mech-
anisms impair anticoagulation control through endothelial
injury and the inhibition of fibrinolysis.'® The association of
DIC with thrombotic phenotypes and innate immunity has
been extensively reviewed.'%!

Fibrinolytic Phenotype
Brief Overview of Fibrinolysis

Activation of Plasminogen
Thrombin generation at the injury site is followed by fibrin
formation in the endothelium. During these processes, both
thrombin and hypoxia of endothelial cells under the fibrin
thrombus immediately stimulate t-PA release from the Wei-
bel-Palade bodies and small storage vesicles in endothelial
cells.”>'* Brain neurons, microglial cells, astrocytes, and
cerebral endothelial cells have been recognized as alternative
storage pools of t-PA."*1> t-PA and plasminogen in circula-
tion assemble on the surface of fibrin through the lysine-
binding site (LBS) in their kringle domains and form a ternary
complex of t-PA-plasminogen-fibrin, which enhances the
activation of plasminogen by t-PA using fibrin as a cofactor to
produce plasmin.'® Fibrin degradation by plasmin exposes
the C-terminal lysine residue of fibrin, which has high
affinity for the LBS of plasminogen, leading to the accelera-
tion of plasminogen binding to fibrin and enhancement of
the proteolytic activity of t-PA. Therefore, fibrin provides a
platform for positive feedback mechanisms of fibrinolysis.
Another plasminogen activator, urokinase (urinary)-type
plasminogen activator (u-PA), is found in urine and is syn-
thesized in monocytes/macrophages and epithelial cells. u-
PA is characterized by the action of plasminogen through the
u-PA receptor, without fibrin as a cofactor. Its primary
function in inflammation and wound healing is related to
cell migration and degradation of the extracellular matrix.'®
Typically, u-PA does not exist in the plasma; however,
once fibrin-bound plasmin is generated, plasmin converts



single-chain u-PA (scuPA) (also called proUK) in the circula-
tion into u-PA, which cleaves plasminogen to plasmin. The
role of the u-PA receptor is the co-localization of scuPA and
plasminogen on the cell surface expressing the u-PA recep-
tor, enhancing plasmin generation.16

Plasmin cleaves non-cross-linked fibrin and factor Xllla-
cross-linked fibrin, with the subsequent formation of each
degradation product. Cross-linked FDPs consist of various
complexes of DD/E and DY/YD, of which DDJE is considered
the fundamental unit and is called a D-dimer. In the DD/E
complex, the two D moieties are covalently bound, and the E
fragment exists freely and is noncovalently complexed with
DD.'® Clinically, elevated D-dimer levels indicate ongoing
fibrin formation and degradation by plasmin, which is
distinct from fibrinogenolysis.'” Plasmin escapes from its
physiological inhibitor of a2-antiplasmin and degrades fi-
brinogen in the circulation into fragments X, Y, D, and E. FDP
measured using plasma usually includes fibrinogen and
FDPs.

Controls of Fibrinolysis
Fibrinolytic pathways are controlled in three steps: inhibi-
tion of plasminogen activation, neutralization of plasmin
action, and modification of the fibrin structure. PAI-1, a
serine protease inhibitor, efficiently forms a 1:1 complex
with t-PA and inhibits the action of t-PA on plasminogen in
the circulation. Another serine protease inhibitor, a2-anti-
plasmin, rapidly complexes with plasmin at the LBS through
its C-terminal lysine residue and inhibits the action of
plasmin on fibrin. Furthermore, a2-antiplasmin is cross-
linked to fibrin through factor Xllla, which protects fibrin
from plasmin binding and stabilizes fibrin thrombi. The third
mechanism controlling fibrinolysis occurs in a thrombin-
dependent manner. The thrombin-thrombomodulin com-
plex converts thrombin-activatable fibrinolysis inhibitor
(TAFI) to activated TAFI (TAFla), which cleaves the C-terminal
lysine residue of partially degraded fibrin, resulting in the
inhibition of t-PA and plasminogen binding to this residue,
thus attenuating fibrinolysis.'®

o2-macroglobulin acts as a backup for the plasmin inhib-
itor of a2-antiplasmin. When o2-antiplasmin is consumed,
a2-macroglobulin also complexes with t-PA.'® The C1-(es-
terase) inhibitor (C1-INH) inhibits plasmin formation by
controlling factor Xlla and kallikrein-kinin system (KKS),
and acts as a major inhibitor of complement pathways.

Alternative Pathways of Fibrinolysis

Factor Xlla-driven KKS is deeply involved in inflammation
and fibrinolysis.'® Extracellular RNA from injured cells,
neutrophil extracellular traps adhering neutrophil DNA,
polyphosphates of the microorganisms and released from
platelets activate factor XII-dependent coagulation pathway,
subsequently initiate KKS.20-22 Factor Xlla directly activates
plasminogen to generate plasmin and inhibits PAI-1. Kalli-
krein, which is converted from prekallikrein by factor Xlla,
also activates plasminogen to plasmin and cleaves high-
molecular-weight kininogen to generate bradykinin. Brady-
kinin and its metabolite, des-Arg9-bradykinin (DABK), bind
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to kinin B2 and kinin B1 receptors, respectively, both of
which produce inflammatory cytokines. Furthermore, bra-
dykinin stimulates the release of t-PA from endothelial cells
via the kinin B2 receptor.19

Another alternative pathway is leukocyte-mediated fibri-
nolysis.”>> Leukocyte elastase has been known to cleave
fibrinogen and fibrin and inactivates PAI-1, with subsequent
promotion of fibrinolysis.2*?° Leukocyte elastase degrades
crosslinked fibrin, which is distinct from the plasmin-medi-
ated digestion of crosslinked fibrin.>> However, leukocyte
elastase also impairs clot lysis degrading plasminogen and
plasmin.?®27 The net results on the fibrinolysis by leukocyte
elastase have not yet been confirmed.

The activators and inhibitors of fibrinolysis and factor
Xlla-induced KKS-mediated fibrinolysis are shown in
~Figs. 1 and 2, respectively.

Definition

DIC with a fibrinolytic phenotype is defined as the co-
existence of uncontrollable thrombin generation and sys-
temic pathologic hyperfibrinogenolysis due to fibrin-inde-
pendent fibrinolytic system activation during the same
insult.’>1%2% Generally, pure fibrinogenolysis is consider-
ably rare and may only be observed when pharmaceutical t-
PA is administered to healthy volunteers; however, in the
pathological milieu, irrespective of infectious and noninfec-
tious insults, some amount of fibrin is always formed.
Therefore, massive thrombin generation and systemic path-
ologic hyperfibrin(ogen)olysis usually coexist in the DIC with
fibrinolytic phenotype. Similar to the thrombotic phenotype,
systemic thrombin generation and insufficient anticoagula-
tion controls associated with endothelial injury always un-
derlie on the increased fibrin(ogen)olysis in this type of DIC.
In contrast, the degree of fibrinolysis inhibition by PAI-1
depends on the underlying disorders of DIC and systemic
pathological fibrin(ogen)olysis.?®?® ~Fig. 3 shows the over-
laps and distinctions between the two DIC phenotypes.

Diagnosis

DIC with a fibrinolytic phenotype can be diagnosed in two
steps: the first step is the diagnosis of DIC using published
DIC diagnostic criteria, and the second step is the proof of
systemic pathologic hyperfibrin(ogen)olysis. Shortening the
euglobulin clot lysis time without thrombocytopenia may be
useful for characterizing an isolated increase in fibrin(ogen)
olysis." However, in the clinical setting, extremely high FDP
levels that exceed D-dimer levels and low fibrinogen levels
suggest hyperfibrinogenolysis in addition to fibrinolysis.
Asakura proposed cutoff values for these parameters as
FDP >80 pg/mL and fibrinogen <100 mg/dL.>® Because of
the acute-phase reactant, fibrinogen levels less than the
lower limit of normal may be a reasonable cutoff value
instead of 100 mg/dL. Hyperfibrinogenolysis exceeding fibri-
nolysis was confirmed by an increased FDP/D-dimer ratio
>2.0, which is supported by previous reports studying
representative diseases of DIC with a fibrinolytic phenotype,
including postcardiac arrest syndrome,® trauma,' and
postpartum hemorrhage.3?
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Fig. 1 Brief summary of fibrinolytic system. Primary stimulators of secondary fibrinolysis are thrombin and hypoxia of endothelial cells
under fibrin thrombus. Plasminogen and t-PA released from endothelial cells due to these stimulations meet on the fibrin thrombus, and
subsequently degrade fibrin. Three major inhibitors of fibrinolysis are PAI-1, a2-antiplasmin, and TAFI. Fibrin degradation by plasmin forms
D-dimer, while excessive plasmin escaped from a2-antiplasmin degrades fibrinogen in the circulation. a2AP, a2-antiplasmin; FDP,
fibrinogen/fibrin degradation products; FgDP, fibrinogen degradation products: LBS, lysine binding site; PAI-1, plasminogen activator inhibitor-1;
Plg, plasminogen, TAFI, thrombin activatable fibrinolysis inhibitor; t-PA, tissue-type plasminogen activators.

In DIC patients associated with acute promyelocytic leu-
kemia, a typical underlying DIC disorder with a fibrinolytic
phenotype, the differences between FDP and D-dimer levels
were only observed when the o2-antiplasmin levels de-
creased to <60%, which suggests that oa2-antiplasmin
<60% may be used as a supportive measure for the diagnosis
of systemic pathologic hyperfibrin(ogen)olysis.>* Extremely
low a2-antiplasmin levels associated with high FDP and low
fibrinogen levels have also been observed in patients with
DIC with a fibrinolytic phenotype at an early stage of trauma
and in patients with solid malignant tumors.>*3° ~Table 1
shows examples of the diagnostic criteria for DIC with a
fibrinolytic phenotype.

Pathomechanisms and Underlying Disorders

The control of fibrin(gen)olysis requires a balance between
the promotion by lysis activators and impairment by lysis
inhibitors. Systemic pathologic hyperfibrin(ogen)olysis
develops under basic disorders that accelerate the promotion
of lysis, which leads to the consumption of lysis inhibitors
and degradation of coagulation factors, further enhancing
bleeding.! t-PA and u-PA are the two major lysis activators
that promote hyperfibrin(gen)olysis in patients with DIC
with a fibrinolytic phenotype. The prominent acceleration
of t-PA release from endothelial cells or tissues composed of a
large amount of t-PA has been considered a mechanism of
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systemic pathologic hyperfibrin(ogen)olysis.'**® Other
mechanisms include increased production of t-PA and pro-
motion of t-PA- and u-PA-mediated conversion of plasmino-
gen to plasmin via specific protein or receptor.37 Excessive
plasmin generation as a result of these mechanisms con-
sumes a2-antiplasmin in the circulation, further enhancing
fibrin(gen)olysis. The main pathomechanisms and underly-
ing disorders of systemic pathologic hyperfibrin(ogen)olysis
are shown in =Table 2 and ~Fig. 4.

Acceleration of t-PA Release from Endothelial Cells

Hypoxia stimulates t-PA release from endothelial cells
within minutes by promoting Weibel-Palade body exocyto-
sis.'?714.38 Both Weibel-Palade bodies and small storage gran-
ules are expected to release t-PA through hypoxia-induced
increases in intracellular ionized calcium, similar to the mech-
anism of thrombin.'* Hypoxia due to shock-induced hypo-
perfusion also elicits an approximately 300% increase in t-PA
levels associated with the lowering and elevation of plasmino-
gen and FDP, respectively.3® Oxygen deprivation decreased t-
PA gene transcription and then t-PA mRNA levels remained
unchanged for 24 hours, whereas the expression of PAI-1
mRNA was increased through induction of hypoxia-inducible
factor-1a, consequently increasing PAI-1 activity and antigen
levels in plasma for 4 to 16 hours.*®~*3 These studies indicate
that t-PA-mediated systemic pathologic hyperfibrin(ogen)
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Fig. 2 Factor Xlla and KKS in fibrinolysis. Factor Xlla and KKS are
involved in the fibrinolytic system through plasmin formation by
factor Xlla and kallikrein, and bradykinin-induced t-PA release from
endothelial cells via kinin B2 receptor. Major inhibitor in these
fibrinolytic systems is C1-INH. ACE, angiotensin converting enzyme;
C1-INH, C1-(esterase) inhibitor; DABK, des-Arg9-bradykinin; KB1R,
kinin B1 receptor; KB2R, kinin B2 receptor; PAI-1, plasminogen
activator inhibitor-1; t-PA, tissue-type plasminogen activator.

olysis continues for several hours after exposure to hypoxia
and then progresses to the inhibition of t-PA by complexing
with PAI-1. DIC with a fibrinolytic phenotype progresses to a
thrombotic phenotype because of increased levels of PAI-1
within short hours after the insult.

Examples of this type of systemic pathologic hyperfibrin
(ogen)olysis are early phases of cardiac arrest and resuscita-

Underlying disorder

DIC DIC
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Table 1 Proposed diagnostic criteria for DIC with a fibrinolytic
phenotype

1. Diagnosis of DIC

This can be achieved by using a published DIC scoring
system.

2. Diagnosis of systemic pathologic hyperfibrin(ogen)olysis.
Can be achieved when (1), (2), and (3) are satisfied.

Alternatively, can be made when two of (1), (2), (3), and
(4) are satisfied.

(1)

(2) FDP > 80 pg/MI

(3) FDP/D-dimer ratio > 2.0

Supportive measurements when possible
(4) o2-antiplasmin < 60%

Fibrinogen < lower limit of normal

Diagnosis

The fulfillment of both criteria 1 and 2 met the diagnosis of
DIC with a fibrinolytic phenotype.

Abbreviations: DIC, disseminated intravascular coagulation; FDP,
fibrinogen/fibrin degradation product.

tion, trauma and traumatic shock, and postpartum critical
bleeding.®28:3444-46 Massive and immediate t-PA release,
followed by PAI-1 increase several hours later, has been
confirmed in DIC with a fibrinolytic phenotype due to these
insults. Details of systemic pathologic hyperfibrin(ogen)olysis
caused by cardiac arrest and trauma are reviewed else-
where.828:34 Among the underlying disorders of critical post-
partum bleeding, amniotic fluid embolism is associated with
high t-PA levels and typical hyperfibrin(ogen)olysis.*’ The
significance of amniotic fluid embolism-induced hyperfibrin
(ogen)olysis in the postpartum bleeding is still debated.**
Asphyxia- and drawing-induced hypoxia also causes typical

Underlying disorder

Systemic pathologic hyperfibrin(ogen)olysis

Inhibition of fibrinolysis |

I Insufficient anticoagulation | | Activation of coagulation |

| Systemic pathologic hyperfibrin(ogen)olysis

| DIC with thrombotic phenotype |

| DIC with fibrinolytic phenotype

Fig. 3 Two phenotypes of DIC. Basic principle of DIC is a thrombotic phenotype characterized by activation of coagulation, insufficient
anticoagulation with endothelial injury, and inhibition of fibrinolysis by PAI-1. Thrombotic phenotype gives rise to organ dysfunction due to
microvascular fibrin thrombosis. DIC with fibrinolytic phenotype is defined as simultaneous development of both DIC and systemic pathologic
hyperfibrin(ogen)olysis under one insult, which shows typical oozing-type bleeding. Thrombin generation due to activation of coagulation and
insufficient anticoagulation always underlies both phenotypes of DIC. DIC, disseminated intravascular coagulation.
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Table 2 Pathomechanism-related underlying diseases of DIC with a fibrinolytic phenotype

t-PA release from endothelial cells

t-PA release from storage pools

Conversion of plasminogen to plasmin

¢ Trauma and traumatic shock

¢ Cardiac arrest and resuscitation
* Postpartum critical bleeding

¢ Asphyxia and drawing

¢ Heat stroke

Prostate cancer
Breast cancer
Lung cancer

* Isolated traumatic brain injury
¢ Malignant solid tumor

Cell surface expression of u-PA receptor

* Prostate cancer

Cell surface expression of Annexin A2 and S1T00A10
* Acute promyelocytic leukemia

Endothelial expression of Annexin A2 and S100A10
* Trauma and traumatic shock

* Cardiac arrest and resuscitation

* Postpartum critical bleeding

* Asphyxia and drawing

* Heat stroke

DIC with a fibrinolytic phenotype associated with massive
bleeding by high amount of t-PA release.*® The early stage of
heat stroke elicits hyperfibrin(ogen)olysis due to heat-induced
direct endothelial injury associated with high t-PA and FDP and
low fibrinogen and a2-antiplasmin without elevation of PAI-1,
especially in bleeders and those with bleeding with DIC.4%-!

Acceleration of t-PA Release from Storage Pools

The storage pool of t-PA is released into the circulation, which
leads to systemic pathologic hyperfibrin(ogen)olysis inde-
pendent of hypoxia and hypoperfusion. Expression of t-PA is
observed in neurons, microglial cells, astrocytes, oligoden-
drocytes, and endothelial and epithelial cells in the

| Traumatic brain injury l ’ Prostate cancer | ‘ Acute promyelocytic leukemia | | Malignant solid tumor ‘

Thrombin

R
S$100A10
@ AnnexinA2 @

Weibel-Palade body

u-PA receptor

* Thrombin
* Hypoxia
* Heat stress

» Trauma and traumatic shock
+ Cardiac arrest and resuscitation
* Post-partum critical bleeding

* Asphyxia and drawing
* Heat stroke

Fig. 4 Pathomechanisms of systemic pathologic hyperfibrin(ogen)olysis and underlying disorders. Three major pathomechanisms are
acceleration of t-PA release from hypoxic endothelial cells and t-PA rich storage pools and enhancement of conversion of plasminogen to plasmin
due to specific protein and receptor. Plg, plasminogen; t-PA, tissue-type plasminogen activator; u-PA, urokinase (urinary)-type plasminogen

activator.
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brain.'*'® Specific areas, such as the hypothalamus, corpus
callosum, hippocampus, amygdala, cerebellum, and spinal
cord, are rich in t-PA.3® Experimentally isolated traumatic
brain injury demonstrated immediate t-PA release in the
cerebrospinal fluid, not based on de novo synthesis, which
peaked at 3 hours.>? A clinical study confirmed that hyper-
fibrinolysis in isolated traumatic brain injury was not asso-
ciated with shock and hypoperfusion, which supports the
hypothesis that t-PA is released from brain storage pools
through disruption of the blood-brain barrier (BBB).>3->®
Isolated traumatic brain injury usually causes DIC with a
thrombotic phenotype associated with remote organ micro-
vascular fibrin thrombosis.”®>’” However, some of these
patients develop DIC with a fibrinolytic phenotype at an
early stage of trauma, showing high t-PA levels associated
with elevated FDP, D-dimer, and FDP/D-dimer ratios and low
a2-antiplasmin levels.>*>%5% Systemic pathologic hyperfi-
brin(ogen)olysis progresses to fibrinolysis inhibition by in-
creased PAI-1 shortly after injury, which is consistent with
DIC with a thrombotic phenotype.”*>® Development of
systemic pathologic hyperfibrin(ogen)olysis may depend
on the severity of brain injuries, types of injury (with and
without BBB disruption), and areas of injured brain abound
with t-PA.36:53.58

Malignant solid tumors such as breast, lung, and prostate
cancers produce t-PA, and exhibit high plasma t-PA lev-
els.3>%0.61 The release of t-PA from prostate cancer cells
may be a mechanism of systemic pathologic hyperfibrin
(ogen)olysis.Gz’63 However, in addition to t-PA, solid cancers
can produce u-PA and express u-PA receptors on their
membranes, suggesting other mechanisms of systemic path-
ologic hyperfibrin(ogen)olysis in solid cancers.>>®!

Acceleration of Conversion of Plasminogen to Plasmin
The u-PA and u-PA receptor system controls matrix degra-
dation and remodeling through the conversion of plasmino-
gen to plasmin, followed by fibrinolysis in the local tumor
microenvironment, which also plays a role in tumor invasion
and metastasis.®* Increased levels of u-PA both in plasma and
cancer tissues and overexpression of the u-PA receptor in
cancer cells have been observed in patients with solid
cancers, especially prostate cancer.3>60:61.6% y_PA receptor-
bound u-PA promotes the co-localization of circulating scuPA
and plasminogen on the cancer cell surface, enhancing
plasmin production through increased efficiency of plasmin-
ogen activation and reciprocal activation of scuPA.'®% This
has been considered one of the mechanisms of systemic
pathologic hyperfibrin(ogen)olysis observed in prostate
cancer.

Acute promyelocytic leukemia is a typical example of DIC
with a fibrinolytic phenotype associated with systemic
pathologic hyperfibrin(ogen)olysis due to the accelerated
conversion of plasminogen to plasmin.®’” Annexin A2 forms
a heterotetramer with S100A10 (also designated as p11),
known as the plasminogen receptor on various cells, which
binds t-PA and plasminogen through its C-terminal lysine
residue.®®%° The close localization of t-PA and plasminogen
on this heterotetramer accelerates the t-PA-mediated rapid

Phenotypes of DIC Wada & Gando

conversion of plasminogen to plasmin, reinforcing fibrinoly-
sis. The heterotetramer provides a platform for the assembly
of t-PA and plasminogen on the cell surface; therefore,
overexpression of annexin A2 and S100A10 in acute pro-
myelocytic leukemia cells may be the main mechanism of
systemic pathologic hyperfibrin(ogen)olysis and bleeding in
this type of leukemia.3”-68:6

As discussed previously, fibrin thrombosis provides a scaf-
fold for the acceleration of fibrinolysis through the exposure of
its C-terminal lysine residue to t-PA and plasminogen. The
heterotetramer of annexin A2 and S100A10, with a C-terminal
lysine residue on the endothelial cells, plays the same role and
acts as a backup system for fibrin-enhanced fibrinolysis.
Thrombin, hypoxia, and heat stress immediately upregulate
endothelial cytoplasm annexin A2 on the endothelial cell
surface with the simultaneous expression of S100A10, which
elicits heterotetramer-mediated fibrinolysis.”%72 Taken to-
gether, the annexin A2 and S100A10 systems may be strength-
ening mechanisms for systemic pathologic hyperfibrin(ogen)
olysis due to cardiac arrest, trauma, postpartum bleeding,
drawing, and heat stroke.

Aortic aneurysms are recognized as localized intravascu-
lar coagulation with increased fibrin(ogen)olysis; however,
some patients develop DIC with a fibrinolytic phenotype
associated with bleeding and enlargement of the aneu-
rysm."7374 Although increased expression of mRNA levels
of t-PA, u-PA, and annexin A2 in aneurysmal tissues suggests
the involvement of these systems in increased fibrin(ogen)
olysis,”>”® further studies are needed to elucidate the exact
pathomechanisms of increased fibrin(ogen)olysis in patients
with aortic aneurysms.

Alternative Pathways of Fibrinolysis

Participation of leukocyte elastase-induced fibrin(ogen)olysis
has been speculated in the pathomechanisms of systemic
pathologic hyperfibrin(ogen)olysis in trauma and acute pro-
myelocytic leukemia.””’8 As discussed above, the net contri-
bution of leukocyte elastase to fibrin(ogen)olysis has not yet
been confirmed. Critically low levels of C1-INH have been
reported in cases of amniotic fluid embolism, including in
patients who develop DIC.”® Administration of C1-INH con-
centrate to patients with DIC with fibrinolytic phenotype
improved vital signs, consciousness, and uterine bleeding.®°
These studies suggest the participation of factors XIla and KKS
in bradykinin generation in the pathomechanisms of systemic
pathologic hyperfibrin(ogen)olysis in postpartum critical
bleeding caused by amniotic fluid embolism. =Table 2 sum-
marizes the underlying disorders of DIC with fibrinolytic
phenotype.

Prognosis and Treatment

DIC with fibrinolytic phenotype due to cardiac arrest,*? trau-
ma,>"87 isolated traumatic brain injury,”® drawing*® and
amniotic fluid embolism-induced postpartum bleeding®’ pre-
dicted poor outcome and low probability of survival of the
patients. Severe coagulopathy complicated by systemic patho-
logic hyperfibrin(ogen)olysis is associated with fatal outcomes
of postpartum bleeding.** Although the phenotype was not
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mentioned, heat stroke associated with DIC significantly cor-
related with hospital mortality.3? Primary hyperfibrinolysis
due to malignant solid tumors is rare; however, it is a critical,
life-threatening condition.3 Before the induction of all-trans-
retinoic acid (ATRA), DIC with a fibrinolytic phenotype in acute
promyelocytic leukemia was acknowledged as a fatal compli-
cation due to severe bleeding.”-83

Two strategies are required for the treatment of DIC with a
fibrinolytic phenotype: one for DIC and the other for sys-
temic pathologic hyperfibrin(ogen)olysis. For DIC treatment,
refer to the guidelines published by the International Society
on Thrombosis and Haemostasis.?* Recognizing the duration
is important for the treatment of systemic pathologic hyper-
fibrin(ogen)olysis. Systemic pathologic hyperfibrin(ogen)
olysis due to t-PA release from endothelial cells and its
storage pool continues for several hours after the insult,
followed by the inhibition of fibrinolysis by PAI-1. In con-
trast, systemic pathologic hyperfibrin(ogen)olysis caused by
the acceleration of plasminogen activation lasts until recov-
ery from underlying disorders.

Although the target populations were different, the
results of CRASH-2, CRASH-3, and WOMAN provided useful
information for the treatment of systemic pathologic hyper-
fibrin(ogen)olysis.2>~87 Common points of these megatrials
are the early administration of tranexamic acid, if possible
within 3 hours of insults, which improves patient outcomes.
Delay may exacerbate inhibition of fibrinolysis by PAI-1 or u-
PA-related bleeding.”>%® The use of tranexamic acid in
trauma has been debated regarding the presence or absence
of shock-induced fibrinolysis.®*° Shock-induced hypoper-
fusion and hypoxia are potent stimulators of thrombin and
plasmin generation,'**? which has been confirmed in trau-
ma patients irrespective of tranexamic use, especially in
those with DIC with fibrinolytic phenotype.®’-?% Prospective
validation of target patients for tranexamic use for short-
duration DIC with fibrinolytic phenotypes such as trauma is
mandatory. Plasma transfusion has received attention as
another method of controlling hyperfibrin(ogen)olysis. In
recent clinical trauma research, transfusion of cryoprecipi-
tate, which includes antifibrinolytic factors such as PAI-1 and
factor XIII, restored key fibrinolytic regulators and limited
plasmin generation to form stronger clots.?> Valid therapeu-
tics for systemic pathologic hyperfibrin(ogen)olysis induced
by malignant solid tumors are scarce. Antifibrinolytic thera-
pies based on the physician’s experience may be common
worldwide. Regulation of expressions of annexin A2 and
S100A10 by ATRA has dramatically changed treatment strat-
egies for acute promyelocytic leukemia and disease-induced
DIC with fibrinolytic phenotype.83-4 Thrombosis is an
intriguing complication of ATRA therapy, and the use of
tranexamic acid during ATRA therapy triggers fatal throm-
boembolism.?3-%® Therefore, a valid therapeutic strategy for
both DIC and systemic pathologic hyperfibrin(ogen)olysis in
acute promyelocytic leukemia remains lacking.®” Anticoag-
ulant therapies against DIC may be potentially effective;
however, there can be a risk of exacerbating hemorrhage
in DIC with the fibrinolytic phenotype, which is character-
ized by bleeding symptoms. A randomized control trial
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published in 1998 failed to show the efficacy of high-dose
antithrombin treatment for severely injured patients, while a
recent basic study using a porcine trauma model demon-
strated that antithrombin administration in addition to
coagulation factors resulted in a significant reduction of
blood loss compared with supplementation of coagulation
factors alone.?” A recent clinical study has also indicated that
the correction of antithrombin activity may contribute to
improving the outcomes of trauma cases.’® Importantly, this
study suggested that it is necessary to consider the type of
hemorrhage (simple type bleeding or oozing type bleeding),
the type of coagulation changes (DIC or not), and when
antithrombin should be administered (acute phase or sub-
acute phase) to effectively identify target populations that
benefit from anticoagulant therapies.®®

Definite DIC diagnosis and confirmation of the existence
of systemic pathologic hyperfibrin(ogen)olysis appear to be
the initial steps in the treatment of DIC with a fibrinolytic
phenotype. Therefore, the development of diagnostic criteria
for systemic pathologic hyperfibrin(ogen)olysis is an urgent
issue. Next, the selection of antifibrinolytic drugs and the
duration of their use should be considered. Elucidation of
these points will improve the prognosis of patients with DIC
with fibrinolytic phenotype.

Conclusion

Two phenotypes of DIC have been systematically reviewed
for the first time. DIC is a consumptive thrombohemorrhagic
disorder with two opposing manifestations: thrombosis
and hemorrhage. Hemorrhage originates from DIC-
induced secondary fibrinolysis and primary hyperfibrin
(ogen)olysis, independent of fibrin clot formation. DIC
with a fibrinolytic phenotype is defined as the co-existence
of DIC and systemic pathologic primary hyperfibrin(ogen)
olysis. Elucidation of clear pathomechanisms and establish-
ment of diagnostic criteria and treatment strategies for
systemic pathologic hyperfibrin(ogen)olysis seem to be crit-
ical for the improvement of patient prognosis in DIC with a
fibrinolytic phenotype. The international cooperation of
experts on DIC and fibrinolysis is warranted to solve these
issues.
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