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Bleeding event at the presentation or during the clinical course of a disease has often
been an element of concern or emergency situation. Identifying the cause and man-
aging it may require emergency diagnostic procedures and the need for specific
counselling for appropriate diagnosis and symptom management. Knowledge of the
main mechanisms underlying the coagulation process remains fundamental to cor-
rectly understanding the various moments in which these mechanisms can be altered
and their consequences and therapeutic measures. Alongside the most well-known
congenital diseases that are associated with haemorrhagic events, often already
manifested in early childhood (haemophilia, von Willebrand disease,...), there are
much more frequent clinical conditions that involve several branches of medicine
across the board. It is now well appreciated how the use of antithrombotic or anti-
platelet drugs can be complicated with haemorrhagic events, even severe, which
require timely and individualized therapeutic interventions. The bleeding risk asso-
ciated with relatively frequent diseases such as liver disease, disseminated intravas-
cular coagulation and acute leukaemia must always be considered as one of the
potential symptoms that can endanger the patient’s life. Trauma coagulopathy has
received a lot of attention in recent years, identifying prognostic factors for a better
clinical outcome, emphasizing the importance of urgent haemostatic treatment.
Obviously, the haemorrhagic risk associated with more specific haematological
situations, such as immune thrombocytopenia, acquired haemophilia and acquired
von Willebrand disease, should not be overlooked, in which sometimes the diagnos-
tic delay can weigh on the risk and unfortunate evolution for the haemorrhagic
symptom. Finally, the management of the haemorrhagic event during pregnancy or
childbirth can sometimes take on the connotations of a true emergency, which often
requires a coordinated multidisciplinary approach.

All these topics are dealt with in this book by colleagues of well-recognized
value in the specific theme assigned to them. The chapters have above all tried to
give a practical slant of management of the specific event to meet the needs not only
of the colleagues involved but also of the young specialists in training in several
branches of medicine. In thanking all the co-authors for their excellent contribution,
our hope is that the text can be of useful and quick help in chaos of need.

Florence, Italy Giancarlo Castaman
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Fabrizio Semeraro, Nicola Semeraro, and Mario Colucci

Introduction

Haemostasis is a finely orchestrated process meant to stop bleeding whenever the
vascular tree is broken. Upon vascular injury, an ordered sequence of reactions rap-
idly leads to the localized formation of the so-called haemostatic plug, a provisional
matrix formed by blood cells (mainly platelets) and fibrin, which fills the gap within
the vessel wall thereby preventing or limiting blood loss (Fig. 1).

The blood components that first react to the loss of vascular integrity are the
platelets, which tend to lie along the injured vascular wall by adhering to subendo-
thelial structures via specific receptors. This process, called platelet adhesion, is
rapidly amplified by the accumulation of additional platelets on the adherent ones
(platelet aggregation), as a consequence of the release of mediators by activated
platelets progressively recruited at the vascular lesion site. These phenomena result
in the formation of the “primary haemostatic plug” or “platelet plug” (primary hae-
mostasis), which might be sufficient to stop bleeding in small vessels. Simultaneously,
blood coagulation (secondary haemostasis) is also triggered by vascular injury and
amplified by activated platelets in the plug. Blood coagulation is an enzymatic cas-
cade that results in the transformation of a soluble plasma protein, fibrinogen, into
an insoluble polymer, fibrin, that stabilizes the primary haemostatic plug and makes
it more resistant to pressure stresses. In addition, because of the platelet contraction,
the haemostatic plug retracts, thus acquiring more firmness and rigidity (definitive
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Fig. 1 Overview of the haemostatic process. (a). Following the vascular lesion, blood platelets
adhere to sub-endothelial collagen fibres (platelet adhesion) and are activated (shape change). (b).
Adherent platelets secrete agonists (release reaction) that recruit and activate additional platelets
giving rise to the platelet aggregate (platelet plug or primary haemostasis). (¢). Vascular injury also
triggers the coagulation process (secondary haemostasis), leading to the formation of a fibrin net-
work that stabilizes the platelet plug and makes it more resistant to shear stresses (definitive hae-
mostatic plug). (d). Once the bleeding has stopped, the repair process begins and, as the vascular
integrity is being restored, the haemostatic plug is gradually solubilized by the fibrinolytic process.
(Courtesy of Dr. Mario Colucci)

haemostatic plug). Once the bleeding has stopped, repair of the injured vessel begins
with platelets themselves contributing through the release of growth factors. As the
vascular integrity is being restored, the fibrinolytic process solubilizes the haemo-
static plug through the degradation of fibrin and protein bridges connecting plate-
lets, eventually resulting in the “restitutio ad integrum” of the vessel wall (Fig. 1).
Haemostasis takes place in a confined space and in proportion to the extent of vas-
cular injury, thanks to control mechanisms that regulate each phase of the process.

This chapter briefly describes the basic mechanisms of primary and secondary
haemostasis, the main factors involved, the mechanisms of regulation and how these
processes influence the fibrinolytic system. Priority has been given to the informa-
tion that may help in understanding the pathogenetic mechanisms of bleeding disor-
ders. Additional details on cellular and molecular mechanisms involved in each
phase of the haemostatic process will be given in the following chapters.
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Primary Haemostasis

The first response to vascular injury is a localized (arteriolar) vasoconstriction
which occurs immediately and markedly reduces blood flow to the injured area. The
process is mediated by neurogenic reflexes and by the local secretion of vasocon-
strictor substances such as endothelium-derived endothelin and platelet-derived
thromboxane A, (TxA,). This effect is transient, however, and is not sufficient to
control blood loss. The key players of haemostasis are the platelets, also known as
thrombocytes [1-4]. These are anucleated, flattened discoid cells with a diameter of
2—4 pm derived from bone marrow megakaryocytes. They are present in blood at
the concentration of 150.000—450.000/pl and have a mean lifespan of 8—10 days.
Platelets have a rather complex structure, with the following components being
critical for their role in haemostasis: (1) numerous membrane glycoproteins (glyco-
calyx) that are very important for adhesion and aggregation (see below); (2) the
dense tubular system which serves as a store for calcium and various enzymes
involved in platelet activation; (3) the open canalicular system, a network of deep
membrane invaginations that are connected with the extracellular space through
multiple small pores; (4) the granule system with three major classes of granules,
namely dense granules (8-granules), a-granules and lysosomes. Dense granules
contain adenosine-5-diphosphate (ADP), one of the most important physiological
platelet-aggregating substances, serotonin and calcium. Alpha granules are rich in
numerous proteins, among which are p-thromboglobulin and platelet factor 4 (PF4),
two platelet-specific molecules whose presence in the circulation represents a
marker of in vivo platelet activation. Moreover, a-granules contain growth factors
such as PDGF (platelet-derived growth factor), cytokines and chemokines, several
haemostatic factors including von Willebrand factor (VWF), coagulation factor V,
and fibrinogen, and some inhibitors of fibrinolysis, among which are plasminogen
activator inhibitor 1 and thrombin activatable fibrinolysis inhibitor (see below).
Platelet adhesion to subendothelial collagen fibres exposed by the vascular injury
is the first event in haemostatic plug formation (Fig. 2) and is mediated by various
glycoproteins of the platelet membrane, by the high molecular weight glycoprotein
VWEF and by some proteins of the extravascular matrix [4—9]. The most important
membrane glycoprotein (GP) involved in platelet adhesion is GPIb, which consists
of two subunits (GPIba and GPIbp) associated with two other molecules, GPV and
GPIX (GPIb-V-IX complex). Specifically, the extracellular domain of GPIba con-
tains the molecular structures responsible for binding to VWFE. GPVI is the main
platelet receptor for collagen, particularly types I and III fibrillar collagen. It is
covalently linked to the y chain of Fc receptor (FcRy), through which it induces
signal transduction. Finally, GPIa-1la is a f, integrin (o,f3,) that, in resting platelets,
has a low affinity for collagen. However, after platelet activation, GPla-Ila under-
goes a conformational change thus acquiring the capacity to bind collagen. VWF is
a large glycoprotein composed of a varying number of dimers that polymerize into
multimers of molecular weight ranging from 500 to 20,000 kDa. The higher the
molecular weight, the greater the haemostatic efficiency of VWFE. Monomers con-
sist of different domains, which contain binding sites for cell receptors, plasma
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Fig.2 Platelet adhesion and aggregation. (a). The binding to sub-endothelial collagen induces the
unfolding of VWF and the unmasking of the sites interacting with platelet GPIb. This results in the
tethering and rolling of platelets on VWF and leads to the activation of the GPla-Ila integrin. (b).
The slowing of platelet scrolling facilitates the interaction of GPVI and GPIa-IIa with collagen and
the arrest of rolling platelets. Adherent cells then release several agonists that stimulate nearby
platelets. At this stage, the key event is the activation of GPIIb-IIla integrin which, by interacting
with fibrinogen, mediates the aggregation of platelets (c). (Courtesy of Dr. Mario Colucci)

proteins and matrix proteins. VWF is synthesized by endothelial cells and mega-
karyocytes and is contained in the a-granules of platelets. In endothelial cells, VWF
multimers are stored in Weibel-Palade bodies, from which they are released consti-
tutively (basal secretion) or upon endothelial stimulation (regulated secretion) or
damage. Under normal conditions, circulating VWF has a globular shape, which
conceals the binding sites for platelet receptors. Upon stimulation, endothelial cells
(and platelets) secrete ultra-large (ULVWF) multimers which are extremely effec-
tive but potentially toxic because, at the high shear rate occurring in small arteries
and arterioles, they can unfold and interact with platelets. ULVWF multimers, how-
ever, are not normally present in blood because, upon unfolding, they expose the
sites sensitive to ADAMTS-13 (a disintegrin and metalloproteinase with a thrombo-
spondin type 1 motif 13), which cleaves ULVWF giving rise to folded proteins of
different size. The relevance of this control mechanism is attested by ADAMTS-13
deficiency, in which ULVWF multimers induce platelet clumping in the circulation
and thrombosis, as seen in thrombotic thrombocytopenic purpura [6, 7]. Another
important function of VWF is to bind coagulation factor VIII and protect it from
proteolysis, thereby prolonging its half-life [8].

The critical event in platelet adhesion to subendothelial structures is the interac-
tion between the platelet GPIb and VWF linked to collagen [3, 4, 6, 9] (Fig. 2a). The
binding to collagen, along with shear stress, induces conformational changes in
VWEF (unfolding of the globular molecule) that expose the binding sites for platelet
GPIb, so that VWF may act as a bridge between platelets and collagen. However,
this interaction is transient, and the rapid and repeated attachment and detachment
of GPIb to VWF causes platelet rolling in the flow direction. This slows down plate-
let scrolling and allows the firm adhesion of platelets through the direct interaction
between GPVI and collagen, and between GPIa-Ila and extracellular matrix pro-
teins including collagen, fibronectin and laminin (Fig. 2b). The pathophysiological
importance of these mechanisms is documented by the bleeding manifestations
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associated with the hereditary deficiency of each of these molecules [10, 11].
According to the critical role of GPIb-VWF interaction in platelet adhesion, the
most severe haemorrhagic diatheses are the deficiency of GPIb (Bernard-Soulier
syndrome) and the deficiency of VWF (von Willebrand disease). Bleeding symp-
toms, albeit less severe, may also be seen in patients with GPVI deficiency, whereas
they are almost absent in the very rare cases of GPla-Ila deficiency, likely because
other GPs such as the glycoprotein complex IIb-IIIa (GPIIb-1IIa) (see below) can
enhance the firm adhesion of platelets to subendothelial structures.

Adherent platelets undergo a series of morphological and biochemical modifi-
cations, known as activation process [1, 3-5, 9]. They lose the discoid shape and
become more spherical, often with pseudopodal protrusions (shape change).
Simultaneously, the intracellular granules move towards the platelet centre, fuse
with the open canalicular system and release their content in the extracellular
space (release reaction). Besides ADP contained in dense granules, activated
platelets release TxA,, produced by the platelet enzyme cyclooxygenase from
arachidonic acid. These compounds, together with thrombin (generated in the
meantime by the activation of blood coagulation), recruit other platelets and pro-
mote their aggregation close to the adherent ones (Fig. 2¢). The progressive accu-
mulation of platelets leads to the formation of primary haemostatic plug or platelet
plug, which might be sufficient to stop bleeding in very small vessels with low-
pressure regimen. Platelet aggregation is mediated by a membrane glycoprotein,
the GPIIb-IIIa and by some plasma proteins. GPIIb-I1Ia, the most important inte-
grin present on the platelet surface (allbf3), is a multifunctional receptor that
binds fibrinogen and other adhesive molecules, including VWF, fibronectin and
vitronectin, via the recognition of a specific sequence of three amino acids (RGD
sequence: arginine, glycine, aspartic acid) [1, 3-5, 9]. In resting platelets, GPIIb-
IITa is inactive and thus unable to bind the target molecules. The binding of plate-
let agonists ADP, TxA, and thrombin to their respective receptors (P2Y1 and
P2Y12 for ADP, TP for TxA,, protease-activated receptors, PARs for thrombin)
activates the platelets and induces a conformational change in GPIIb-IIla that
confers a great affinity for its ligands. Fibrinogen, thanks to its symmetric struc-
ture, acts as an intercellular bridge linking two GPIIb-IIIa molecules located on
adjacent platelets (Fig. 2c). Under specific flow conditions, particularly at arterio-
lar level, fibrinogen may be replaced by other bridging molecules such as VWF
and fibronectin [4, 9, 12]. The importance of GPIIb-IIla complex in physiological
haemostasis is testified by the Glanzmann thrombasthenia, a severe hereditary
bleeding disorder in which a quantitative or qualitative deficiency of GPIIb-IIIa or
one of its components makes the platelets unable to aggregate [5, 10]. Rare con-
genital deficiency of platelet ADP or TxA, receptors and defects in release reac-
tion are associated with a mild bleeding diathesis [10].

Platelets play a key role also in the coagulation process [13, 14]. An important
consequence of platelet activation is the rearrangement of membrane phospholipids
with the exposure on the outer platelet surface of anionic phospholipids (especially
phosphatidylserine) that in resting platelets are located on the inner side of the
membrane. These phospholipids (originally called platelet factor 3, PF3) represent
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Table 1 Antithrombotic factors expressed by endothelial cells

Factor Mechanism(s) of action

Nitric oxide (NO) Vasodilation, inhibition of platelet adhesion and
Prostaglandin I, (PGI,, prostacyclin) aggregation

Ectonucleoside triphosphate Vasodilation, inhibition of platelet aggregation
diphosphohydrolase-1 (E-NTPDasel) Conversion of ATP and ADP into adenosine and

inhibition of ADP-induced platelet aggregation
Tissue factor pathway inhibitor (TFPI) Inhibition of TF-VIIa complex (and FXa)

Heparan sulphate Inhibition of activated clotting factors
Thrombomodulin (TM) and endothelial (AT-dependent)

protein C receptor (EPCR) Protein C (PC) conversion into activated PC (APC)
Protein S Cofactor of APC

Tissue plasminogen activator (t-PA) Plasminogen activation

the ideal surface to speed up numerous coagulation reactions, which are further
potentiated by other platelet procoagulant properties (see below).

Since platelet activation is a self-amplifying process, it requires appropriate con-
trol mechanisms to avoid excessive growth of the haemostatic plug that might lead
to vessel occlusion (thrombosis). This control is largely ensured by intact endothe-
lial cells, which, on the one hand, produce substances that strongly inhibit platelets
and induce vasodilation, like prostacyclin (prostaglandin I,, PGI,) and nitric oxide
(NO), and, on the other hand, neutralize platelet agonists, like ADP, and activated
coagulation factors [15] (Table 1).

Coagulation

The blood coagulation process consists in a complex and orderly sequence of enzy-
matic reactions that occur at the level of vascular lesion and lead to the generation
of thrombin, the enzyme responsible for fibrinogen to fibrin conversion. The main
function is to stabilize the platelet plug in order to achieve definitive haemostasis.
For it to be effective, the coagulation process should be rapid and produce a response
(blood transformation to a solid mass) strictly localized at the site of vascular injury
and proportional to the injury extent. It involves numerous plasma proteins (coagu-
lation factors), mostly synthesized by the liver, and a tissue protein (tissue factor,
TF). Based on structural and functional analogies, coagulation factors are divided
into different groups [9, 16-24]: (1) the contact system, (2) the vitamin K-dependent
factors and (3) the cofactors. The contact system includes three enzyme precursors,
namely factor (F) XII (Hageman factor), FXI and prekallikrein (PK), and a cofactor,
the high molecular weight kininogen (HWWK), which circulates in complex with
PK and FXI [9, 17]. These factors can bind to negatively charged surfaces, either
directly (FXII) or indirectly through HMWK (FXI and PK). This results in the auto-
activation of factor XII and the reciprocal activation of PK by FXIlIa and of FXII by
kallikrein. FXIIa then converts FXI to FXIa, which, in turn, activates FIX thus ini-
tiating the intrinsic clotting pathway. Artificial negatively charged surfaces include
glass, silica, kaolin and ellagic acid while natural surfaces are collagen and more
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recently discovered molecules such as DNA, RNA and linear phosphate polymers
termed polyphosphates, present in platelet 5-granules and released upon platelet
activation [9, 17]. The vitamin K-dependent factors, namely FII or prothrombin,
FVII, FIX and FX, are synthesized in the liver and are enzyme precursors character-
ized by the presence of 10-12 y-carboxyglutamate (Gla) residues in the amino-
terminal region referred to as the Gla domain [9, 16, 18]. These residues are
functionally essential because they bind calcium and undergo a conformational
change that makes the Gla domain able to bind to procoagulant phospholipid sur-
faces, which is a strict requirement for efficient coagulation to occur. Gla formation
is a posttranslational modification induced by the liver enzyme y-glutamyl carbox-
ylase (GGCX) that, in the presence of reduced vitamin K (KH2, hydroquinone),
converts glutamate residues within the NH2-terminal domain into
y-carboxyglutamate. During this reaction, KH2 is oxidized to vitamin K 2,3-epoxide
(KO) and loses its coenzyme function. Next, KO is converted back to KH2 by vita-
min K epoxide reductase (VKOR) and vitamin K reductase (VKR) in a pathway
known as the vitamin K cycle. In the case of vitamin K deficiency (low intake,
malabsorption, liver diseases), Gla residues are variably reduced thus leading to
hypocoagulability and increased bleeding risk. A similar condition may occur in
patients undergoing anticoagulant therapy with vitamin K antagonists which work
by suppressing the activity of VKOR. Other vitamin K-dependent proteins are pro-
tein C and protein S, two physiological inhibitors of coagulation (see below). It
should be emphasized that, with the discovery of new Gla proteins, vitamin
K-dependent carboxylation has been implicated in several biological functions
beyond coagulation [18]. The cofactors include FV, FVIII and TF and are non-
enzymatic proteins that serve to increase the catalytic activity of specific coagula-
tion enzymes [9, 16]. FV is synthesized in the liver and is contained in platelet
a-granules, whereas FVIII (antihemophilic A factor) is produced by liver’s sinusoi-
dal cells and other extrahepatic endothelial cells. They are endowed with low activ-
ity (procofactors) and become fully active upon conversion into FVa and VIIla by
thrombin and other enzymes. FVa and VIlla bind to the membrane of activated
platelets and other cells and are part of well-organized membrane-bound complexes,
namely the tenase complex (FVIIIa/FIXa) that catalyzes the conversion of FX to
FXa and the prothrombinase complex (FVa/FXa) that catalyzes the conversion of
prothrombin to thrombin. TF is a transmembrane glycoprotein constitutively
expressed in a variety of normal human tissues. It is strategically localized in some
smooth muscle cells of the tunica media and fibroblasts of the tunica adventitia sur-
rounding blood vessels, in cells of organ capsules, epithelial surfaces, renal glom-
eruli, cerebral cortex, cardiac myocytes, alveolar macrophages and stromal cells of
human endometrium [9, 16, 19, 20]. Under normal conditions, TF is barely detect-
able in endothelial cells (ECs) and peripheral blood cells. Therefore, it appears to
form a protective lining around tissues and blood vessels ready to activate blood
coagulation after vascular injury. Indeed, the large extracellular domain of TF binds
coagulation factor VIla and serves as an essential cofactor for factor VIla to effi-
ciently activate its physiological substrates, factor IX and factor X (see below). TF
on the surface of resting TF-bearing cells is almost inactive (latent or “encrypted”).
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Unmasking of its procoagulant activity (“decryption”) occurs through mechanisms
that are still debated and probably different depending on the cell type [9, 20].
Among these, an important one is the exposure of anionic phospholipids, particu-
larly phosphatidylserine, on perturbed cells. Notably, ECs and blood monocytes
and, according to some investigators, also polymorphonuclear leukocytes and plate-
lets can express TF in response to a variety of stimuli of pathophysiological rele-
vance, including bacterial endotoxin, some viruses, immune complexes, cytokines,
complement activation products, hemodynamic stress, hypoxia and many others
[19-22]. Therefore, inappropriate expression of TF by these cells may be responsi-
ble for coagulation activation occurring in numerous pathological conditions,
among which are arterial and venous thrombosis, immune-inflammatory diseases,
sepsis and malignancies. Fibrinogen is a 340 kDa glycoprotein synthesized mainly
in the liver and belongs to the class of acute-phase proteins that are upregulated dur-
ing the inflammatory response. The fibrinogen molecule comprises two identical
units, each composed of three polypeptide chains (Aa, Bf and y) [23]. The mole-
cule has a trinodular aspect with two external nodules (named D domains, corre-
sponding to the carboxy-terminal ends of the three chains) and a smaller central one
(E domain, containing the amino-terminal regions of all chains and several disulfide
bridges that link the two fibrinogen units). Fibrinopeptides A and B are the amino-
terminal portions of the Aa e Bf chains. Plasma factor XIII (FXIII) is a heterologous
tetramer consisting of two catalytic A subunits (XIII A) produced by bone marrow
cells and two inhibitory/carrier B subunits (XIII B) produced by hepatocytes (A2B2)
[24]. FXIII is activated by thrombin, which first cleaves off the activation peptides
from the A subunits and then dissociates the B subunits in the presence of calcium
ions. The resulting XIIT A dimer is the enzymatically active configuration of FXIII
(FXIIIa). Another form of FXIII, contained in megakaryocytes, platelets, mono-
cytes/macrophages and other cells, consists of A chains only (A2). It has similar
activity as the circulating form but does not require thrombin as it is activated by an
increase of intracellular Ca*™ [24].

Most clotting factors are precursors of serine proteases that are activated by the
upstream enzyme (coagulation cascade). Such a conversion occurs by “limited and
selective” proteolysis, i.e. the cleavage of a few peptide bonds that leads to the expo-
sure of the active site. In some instances, the activation process causes the release of
small fragments, named activation peptides (for example, the fragment 1 + 2 of
prothrombin), whose presence in the circulation represents a marker of in vivo
blood clotting activation. Another basic principle of the coagulation process is that
the reactions must occur on appropriate cell surfaces that expose specific receptors
for some clotting factors and anionic phospholipids (above all phosphatidylserine),
which bind vitamin K-dependent factors via a calcium-dependent mechanism.
Finally, each reaction requires a non-enzymatic cofactor that facilitates the enzyme-
substrate interaction thus greatly increasing the reaction velocity. In other words,
when adsorbed on a proper cell surface in the presence of the specific cofactor,
coagulation factors achieve an optimal concentration and the best steric assembly to
facilitate their interaction (enzyme complex formation). Moreover, the surface of
activated cells protects activated clotting factors from physiological inhibitors [25],
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thereby creating a niche where coagulation proceeds virtually undisturbed. During
physiological haemostasis, the surfaces for the assembly of enzyme complexes are
provided by vascular cells and by activated platelets. The in vivo coagulation cas-
cade during physiological haemostasis differs substantially from the in vitro path-
ways taking place in the classical coagulation tests (PT and APTT), as shown
in Fig. 3.

It is now widely recognized that physiological coagulation occurs in three dis-
tinct steps—initiation, amplification and propagation (Fig. 4) [9, 25]—on the sur-
face of two distinct cell types: TF-bearing cells and platelets. The first ones are
present in the vessel wall and extravascular tissues while platelets, being an integral
part of the haemostatic plug, accumulate in large numbers at the site of vascu-
lar injury.

Initiation. In blood, about 1% of FVII is present in the activated form (FVIla).
This small amount of enzyme, however, does not appreciably trigger blood coagula-
tion in intact vessels because of the lack of adequate phospholipid surface and active
cofactors required for clotting reactions. Following vascular injury, the exposed TF
binds circulating FVIla, which then activates the specific substrates FIX and FX on
the cellular anionic phospholipid surface. In this phase, FX activation is of promi-
nent importance (Fig. 4a). Indeed, FXa can convert prothrombin (FII) to thrombin
(FIIa) owing to the availability of its specific cofactor FVa, released by the platelets
and partly generated by FXa via activation of plasma FV [25]. Initiation, however,
does not depend solely on the small amounts of plasma FVIla. Indeed, cell TF binds
with similar affinity also to plasma FVII and promotes its activation by FIXa and

a In Vitro b In Vvivo

Extrinsic
':::1\& Pathway

Intrinsic a4
Pathway

Fig. 3 Coagulation pathway(s). (a). In the classical in vitro assays (APTT and PT), coagulation
takes place via two distinct pathways, the intrinsic and extrinsic pathways. (b). In vivo, under
physiological conditions, coagulation is triggered by TF-FVIIa complex, which activates FX either
directly or indirectly through the activation of FIX. The arrows indicate activation; proenzymes are
depicted in blue and cofactors in purple. TF tissue factor, PK prekallikrein, HMWK high molecular
weight kininogen. (Courtesy of Dr. Mario Colucci)
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Fig. 4 The three phases of physiological coagulation. (a). Initiation. Circulating FVIIa binds to
TF expressed by vascular cells and activates its substrates (FX and FIX). Then, thanks to the avail-
ability of FVa released by platelets, FXa activates prothrombin (FII) giving rise to the first traces
of thrombin. (b). Amplification. The tiny amounts of thrombin initiate an amplification loop
through the activation of plasma FVIII and FV and the exposure of procoagulant phospholipids on
the surface of platelets. (c). Propagation. FIXa generated on vascular cells translocates on the
platelet surface where the optimal conditions for clotting reactions (availability of active plasma
cofactors and procoagulant phospholipids) lead to the generation of huge amounts of thrombin.
Moreover, platelets enhance the ability of thrombin to activate FXI, creating an additional positive
feedback. The insets in A and C show a simplified outline of the main pathways during initiation
and propagation. SMC, smooth muscle cells. See text for additional details. (Courtesy of Dr. Mario
Colucci)

Xa, by a variety of proteases present in damaged tissues or by FVIla (autoactiva-
tion). This notwithstanding, coagulation triggered by the vascular TF-expressing
cells does not generate sufficient amounts of thrombin for two main reasons: (1) in
a relatively short time, TF-VIla complex is inactivated by a specific inhibitor (see
below); (2) fibrin and platelet deposition mask TF and hinder its interaction with
plasma clotting factors.

Amplification. Thrombin generated in the initiation phase, albeit in modest
amounts, is sufficient to trigger an amplification loop through the activation of
plasma factors V and VIII and further activation of platelets (Fig. 4b). As to the lat-
ter aspect, the combined action of thrombin, collagen and aggregating agents (ADP,
TxA,) causes the maximal exposure of anionic phospholipids on the platelet surface
along with the expression of receptors for several clotting factors. Therefore, the
platelet surface becomes the optimal site for coagulation reactions.

Propagation. The initial event is the translocation of FIXa from the cells of the
vessel wall to the platelet surface (Fig. 4c). Here, thanks to the availability of the
active cofactors FVIIIa and FVa and the exposure of anionic phospholipids, FIXa
causes the rapid formation of FXa, which, in turn, generates new thrombin. Clotting
activation on the platelet surface, however, does not depend only on FIXa generated
by the TF-VIIa complex. Indeed, thrombin bound to the platelet surface converts
FXIT to FXIa, which generates new molecules of FIXa, thus creating a potent posi-
tive feedback that leads to prolonged and marked thrombin formation. Theoretically,
FXa produced by the TF-VIIa complex might also translocate on the platelet surface
and contribute to thrombin generation in the propagation phase. However, this does
not occur to a significant extent because FXa, once dissociated from the cell surface,
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is rapidly inhibited by antithrombin (see below). FIXa, instead, has more chances to
reach the platelet thanks to its lower affinity for AT.

The cascade mechanism and the numerous positive feedback lead to a progres-
sive amplification of the process, eventually resulting in the formation of huge
amounts of thrombin. Rather surprisingly, more than 90% of thrombin is generated
after clot formation. This additional thrombin is thought to play other important
roles in physiological haemostasis [25] such as remodelling of fibrin structure, acti-
vation of FXIII and thrombin activatable fibrinolysis inhibitor (see below) and ini-
tiation of vessel wall repair process.

The coagulation model described above harmonizes well with the clinical find-
ings in patients with single-factor deficiency. Subjects with severe deficiency of
FXII, prekallikrein or high molecular weight kininogen have no bleeding symp-
toms, indicating that the classical intrinsic pathway (Fig. 3), initiated by contact
system activation and easily demonstrable in vitro, is dispensable for physiological
haemostasis [9, 16, 17]. On the contrary, patients with FVIII (haemophilia A) or
FIX (haemophilia B) deficiency may experience severe bleeding [16, 26, 27], under-
scoring the importance of FIX activation by TF-VIla complex. A special mention
deserves FXI deficiency that may be associated with bleeding secondary to surgery
or trauma, usually localized in tissues with high fibrinolytic activity (mouth, nose,
urinary tract). A distinctive feature of this defect is the absence of a relationship
between bleeding manifestations and plasma levels of FXI [26, 27], which suggests
that the tendency to bleed might be due to alternative mechanisms such as, for
example, a hastened fibrinolysis [28]. The chief role of TF in blood clotting activa-
tion can be indirectly extrapolated from the observation that patients with severe
FVII deficiency may present with a serious haemorrhagic diathesis. Of note, a natu-
ral deficiency of TF has never been reported, likely because it is incompatible with
life, as suggested by the fact that deletion of the TF gene in mice leads to death
during embryonic development or shortly after birth, due to severe bleeding and
loss of vascular integrity. TF, indeed, plays a central role also in vasculogenesis and
angiogenesis [29]. Finally, the importance of FX, FV, FII and fibrinogen is testified
by the bleeding manifestations associated with the deficiency of each one of them,
whose severity is, in general, proportional to the magnitude of the defect [26, 27].

The last reaction of the coagulation cascade is the conversion of fibrinogen to
fibrin which occurs in three phases: proteolysis, spontaneous polymerization and
stabilization [23]. In the first phase, thrombin cleaves four small peptides (two fibri-
nopeptides A and two fibrinopeptides B) from the amino-terminal ends of Aa and
Bp fibrinogen chains, originating the fibrin monomer. The removal of fibrinopep-
tides unmasks polymerization sites in the E domain that can interact with comple-
mentary structures located at the carboxy-terminal end of native fibrinogen
(spontaneous polymerization sites located in D domains). The interaction between
complementary sites leads to the spontaneous polymerization of fibrin monomers
and the formation of a linear polymer that represents the basic unit of fibrin (proto-
fibrils). Other still unclear interactions then allow the lateral development of proto-
fibrils and the formation of thicker, intertwining fibres that form a tridimensional
structure, the fibrin clot. This fibrin is unstable because the bonds that hold
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monomers and protofibrils together are rather weak and easily dissociable. Stabilized
or cross-linked fibrin (definitive haemostatic plug) is formed via the introduction of
covalent bonds between y-chains and a-chains of adjacent monomers induced by
FXIIIa [23, 24]. The latter also incorporates o,-antiplasmin into a-chains of fibrin to
prevent lysis of the blood clot (see below). The importance of FXIII is underscored
by the association of its deficiency with bleeding manifestations. The severity of
bleeding is proportional to the extent of the defect [30] and is due to untimely
removal of the haemostatic plug because of its instability.

Control Mechanisms of Blood Coagulation

Considering the multiple amplification loops in the coagulation process, it is appar-
ent that control mechanisms are vital to avoid excessive thrombin formation that
might cause thrombotic manifestations. A non-specific control is exerted by mono-
nuclear phagocytes, which can remove coagulation activators, activated clotting
factors and fibrin debris. In addition, fibrin can bind thrombin thus preventing its
diffusion in the circulation [25]. The specific inhibitors are plasma proteins able to
act at all levels of the coagulation cascade and require an intact endothelium for
their proper functioning (Table 1). The main natural anticoagulants are tissue factor
pathway inhibitor, antithrombin and the protein C system [9, 16] (Fig. 5).

Tissue factor pathway inhibitor (TFPI), by inhibiting TF-VIIa complex, regu-
lates the initiation phase of coagulation [9, 16, 31]. There are different isoforms of
this inhibitor, the most important being TFPIa and TFPIP. TFPIa is the prevalent
one and is formed by three Kunitz-type structural domains, named K1, K2 and K3,

QTissue Factor Pathway Inhibitor (TFPI) bAntithrombin (AT) (C Protein C (PC) system
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Fig. 5 Inhibitors of coagulation. (a). TFPI is released by endothelial cells and binds to FXa
through the K2 domain. This leads to a conformational change of TFPI that makes domain K1
capable of binding TF-associated FVIIa giving rise to an inactive quaternary complex. (b). AT
binds to heparan sulphate (HS) on endothelial cells and undergoes a conformational change that
greatly increases its affinity for target enzymes. In the case of thrombin (Ila) inhibition, both AT
and thrombin bind to heparan sulphate and form a stoichiometric inactive complex, which then
dissociates from heparan sulphate. (¢). PC is a vitamin K-dependent factor. It binds to EPCR and
is efficiently activated by TM-thrombin complex on the endothelial surface. Activated PC (APC),
in turn, degrades and inactivates FVa (and FVIIIa) on the phospholipid surface of endothelial and
other cells. In this reaction, endothelial-derived PS serves as a cofactor of APC. See text for addi-
tional details. (Courtesy of Dr. Mario Colucci)
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and a basic carboxy-terminal domain. It is synthesized by endothelial cells and, to a
lesser extent, by megakaryocytes; therefore, it is contained in platelets and released
upon platelet activation. In the circulation, TFPIa is found both in a free form (about
20%) and bound to plasma lipoproteins (60-80%); an aliquot is associated with
endothelial glycosaminoglycans. TFPIp is produced by endothelial cells only and
differs from TFPIa in that (1) it is devoid of K3 domain and (2) it is bound to an
anchor structure (glycosylphosphatidylinositol, GPI) present on endothelial cell
surface through its carboxy-terminal domain. Both isoforms inhibit FXa and FVIIa
in two phases (Fig. 5a): in the first one, TFPI binds to and inactivates FXa via the
K2 domain; in the second phase, because of a conformational change, TFPI-Xa
complex binds to TF-associated FVIIa through K1 domain thus forming an inactive
quaternary complex. An alternative hypothesis proposes that K1 and K2 TFPI
domains bind to and inhibit simultaneously FVIIa and Xa associated with cell
TF. The two TFPI isoforms, because of their different location, appear to play dif-
ferent roles. TFPIa, present in plasma and platelets, would have the function to
control coagulation in the nascent haemostatic plug; TFPIp, instead, being anchored
to endothelial surface, would control blood clotting activation induced by TF pro-
duced by endothelial cells themselves during inflammatory and infectious diseases.
Hereditary deficiency of TFPI has never been reported. This, together with the
observation that TFPI gene inactivation in animals causes embryonal lethality due
to severe consumption coagulopathy [31, 32], clearly suggests that the lack of this
important inhibitor is incompatible with life.

Antithrombin (AT), previously known as ATIII, is a plasma glycoprotein synthe-
sized in the liver that belongs to the SERPIN (SERine Proteinases INhibitors) fam-
ily. It is the most important physiological inhibitor of activated clotting factors,
especially of thrombin and FXa [9, 16]. The inhibition occurs through the formation
of a stoichiometric complex between the active centre of the enzyme and an argi-
nine residue in the reactive site of AT. In vivo, AT function depends strictly on
heparin-like molecules (heparan sulphate) present on the surface of endothelial
cells. Indeed, upon binding to heparan sulphate, AT undergoes a conformational
change that markedly increases its affinity for the enzyme and accelerates the speed
of inactive complex formation by about 2000-fold (Fig. 5b). Then, the enzyme-AT
complex detaches from heparan sulphate, which becomes again available to interact
with other AT molecules. There is an important difference in the inhibition of throm-
bin and FXa. In the first case, both thrombin and AT bind to heparan sulphate which
practically serves as a guide for the rapid interaction between enzyme and inhibitor,
whereas, in the case of FXa inhibition, only AT binds to heparan sulphate. This
implies that, in order to inhibit thrombin, the molecules of glycosaminoglycans
(polysaccharide chains of heparan sulphate) should be long enough to host both the
enzyme and the inhibitor. On the contrary, FXa inhibition requires very short sac-
charide chains to bind just AT. These differences are the basis for the development
of low molecular weight heparins (LMWH). Heparin is one of the most widely used
anticoagulant drugs in the prevention and therapy of thrombosis and it works exactly
like heparan sulphate [33]. The traditional preparations (unfractionated heparins)
consist of polysaccharide chains of different lengths (3—30 kDa) and, therefore, they
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inhibit thrombin and FXa with equal efficiency. LMWHs are obtained by the frac-
tionation of traditional heparins and consist of shorter molecules that act preferen-
tially on FXa. The smallest LMWH, able to bind AT with high affinity and to inhibit
exclusively FXa, is a pentasaccharide named fondaparinux that represents an effica-
cious anticoagulant drug. The biological rationale for the development of LMWHs
is threefold. In the coagulation cascade, the amount of enzyme formed increases as
the cascade progresses. Therefore, the drug concentration required to inhibit coagu-
lation will be lower when acting at the FXa level rather than on thrombin. Moreover,
as discussed below, thrombin exerts an anticoagulant function when bound to
thrombomodulin and, therefore, a drug inhibiting thrombin would have the disad-
vantage of interfering with a natural anticoagulant mechanism. Finally, because of
a better homogeneity and a lower interaction with plasma proteins, LMWHs will
have more predictable pharmacodynamics than the unfractionated ones and thus
will not require laboratory control. The physiological role of AT is documented by
the known observation that its deficiency, even partial, is associated with an
increased incidence of venous thrombosis, especially at a young age [16, 34]. Both
quantitative (more frequently) and qualitative defects of AT have been reported. The
latter can affect the site of interaction with the target enzyme, the binding site for
heparan sulphate or heparin, or both.

The protein C system (Fig. 5c) consists of two circulating vitamin K-dependent
proteins, protein C (PC) and protein S (PS), and two transmembrane endothelial
proteins, thrombomodulin (TM) and endothelial PC receptor (EPCR) [9, 16, 35,
36]. PC is synthesized by liver cells and is the precursor of a proteolytic enzyme
(activated PC, APC) that degrades and inactivates cofactors Va and VIIla and, to a
much lesser extent, their inactive precursors (FV and FVIII). Degradation occurs
through the sequential splitting of peptide bonds at the level of specific arginine
residues. In the case of FVa, for instance, APC cleaves the molecule at Arg306,
Arg506 and Arg679 [36], originating inactive fragments. Point mutations of these
arginine residues modify the susceptibility of FVa to APC. A typical example is the
Leiden mutation in which Arg506 of FVa is replaced by glutamic acid with conse-
quent loss of one of three APC cleavage sites. This results in a marked slowdown of
FVa inactivation by APC, a condition known as APC resistance. It should be noted
that the Leiden mutation does not affect at all the procoagulant function of FVa
(cofactor of FXa) and therefore, in carriers of this mutation, thrombin generation is
increased because of the higher FVa survival. Being a vitamin K-dependent protein,
PC is equipped with the Gla domain through which it binds to phospholipids of the
membrane where it exerts its proteolytic activity in the presence of its cofactor PS
(Fig. 5¢). Experimental evidence suggests that the optimal phospholipid composi-
tion for APC is partly different from that required by vitamin K-dependent factors
involved in coagulation reactions [37]. The maximal APC activity is observed on
phosphatidylethanolamine-rich membranes whereas the activity of procoagulant
enzyme complexes is optimal on phosphatidylserine-rich membranes. According to
some investigators, this difference could be the basis for one of the prothrombotic
mechanisms of antiphospholipid antibodies, which would show a higher affinity for
phosphatidylethanolamine [37]. PS is a rather anomalous vitamin K-dependent



Pathophysiology of Primary and Secondary Haemostasis 15

protein: it is synthesized by endothelial cells and it is not an enzyme precursor. PS
exerts the typical function of non-enzymatic cofactors, facilitating the interaction
between enzyme (APC) and substrate (FVa or FVIIIa) on phospholipid surfaces. In
addition, PS has other anticoagulant activities, independent of APC [9, 36]: it binds
to and inhibits FXa and FVa and promotes FXa inhibition by TFPI. In plasma, about
60% of PS circulates in complex with the complement regulatory protein C4bBP
(C4b binding protein), and, therefore, functionally active PS is less than 50% of the
total. PC is activated by thrombin bound to TM on the surface of intact endothelial
cells, in which case the catalytic efficiency of the reaction is increased by about
1000-fold (Fig. 5c¢). Activation is further boosted (= 20-fold) by the binding of PC
to its specific endothelial receptor EPCR. TM and EPCR have a different distribu-
tion, the first being mainly expressed on the endothelium of small vessels, the sec-
ond in large vessels [36]. Therefore, the maximal anticoagulant activity is expressed
in the microcirculation. The binding to TM dramatically changes the thrombin
properties; indeed, besides acquiring the capacity to activate PC, thrombin associ-
ated with TM loses its pro-haemostatic properties (fibrinogen to fibrin conversion,
activation of cofactors FV and FVIII, platelet activation). This dramatic functional
change, thanks to which thrombin becomes a physiological anticoagulant, is the
basis of the so-called thrombin paradox, exemplified by the observation that the
infusion of low thrombin doses into the animals results in a marked anticoagulant
and pro-fibrinolytic effect, both mediated by PC activation resulting from binding of
infused thrombin to endothelial TM [38]. Finally, it is worth mentioning that APC
exerts other important functions, including (1) cytoprotection, through anti-
inflammatory and anti-apoptotic activities and (2) regenerative functions through
the stimulation of neurogenesis, angiogenesis and wound healing [39]. The physi-
ological importance of the PC system is indicated by the increased risk of venous
thromboembolism in subjects with partial deficiency of PC or PS [16, 35, 36]. There
are also multiple qualitative alterations of these two proteins because of their numer-
ous interactions with other factors involved in the correct functioning of the
PC system.

Impact of Primary and Secondary Haemostasis on Fibrinolysis

Fibrinolysis is the final step of the haemostatic process and has the function of
removing the haemostatic plug once the damaged vascular wall has been repaired.
Compelling evidence indicates that platelets and thrombin play a key role in the
regulation of fibrinolysis, meaning that alterations in primary or secondary haemo-
stasis may either accelerate or delay the removal of the haemostatic plug, thereby
contributing to bleeding or thrombotic complications.

The fibrinolytic process is characterized by two main reactions: (1) the activation
of plasminogen into plasmin by tissue plasminogen activator (t-PA) and urokinase
(u-PA) and (2) the degradation of the fibrin network into soluble fragments (fibrin
degradation products, FDP) by plasmin [40]. t-PA is primarily involved in intravas-
cular fibrinolysis, while u-PA participates mainly in extravascular proteolysis in
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phenomena such as cell migration and tissue remodelling [41]. The fibrinolytic
enzymes are controlled by specific inhibitors, the most important of which are plas-
minogen activator inhibitor-1 (PAI-1), which inactivates both t-PA and u-PA, and
a,-antiplasmin (a,-AP), a fast-acting plasmin inhibitor.

Under resting conditions, t-PA is constantly released by endothelial cells as an
active enzyme and, once in circulation, it is rapidly neutralized by PAI-1. Upon
stimulation, the endothelium releases larger amounts of t-PA, which exceed the
inhibitory capacity of PAI-1. Still, no appreciable plasmin is formed because, in the
absence of fibrin or fibrin-derived products, t-PA is a poor activator of plasminogen.
During the haemostatic process, t-PA and plasminogen bind to fibrin, forming a
ternary complex that greatly enhances the catalytic efficiency of the reaction so that
plasmin is efficiently generated. Moreover, when bound to fibrin, both t-PA and
plasmin are protected from their respective inhibitors. The strict dependence on
fibrin for t-PA-mediated plasminogen activation ensures that the generation of an
enzyme of broad specificity and thus potentially harmful, such as plasmin, is prop-
erly confined in space and time [40, 42].

One important feature of the haemostatic plug is that, to be effective, it must
survive long enough to permit the healing process. This implies that the fibrinolytic
process must be halted for a quite long period to avoid bleeding due to the prema-
ture lysis of the haemostatic plug. Platelet activation and thrombin generation con-
tribute to making the plug resistant to fibrinolysis by multiple mechanisms (Fig. 6).
As alluded to above, clot retraction secondary to platelet contraction greatly reduces
the lysability of the haemostatic plug (Fig. 6b) through different mechanisms, which
include (1) extrusion of serum from the clot, which reduces the availability of plas-
minogen; (2) reduced transport of fibrinolytic molecules from the outside; (3) less
t-PA binding and increased resistance to plasmin by compacted and stretched fibrin
fibres [43]. Fibrinolytic resistance is also induced by the release of PAI-1 from
platelet a-granules (Fig. 6a). Platelet PAI-1 accounts for more than 90% of blood
PAI-1 and, even though it is largely inactive (latent form), it represents a huge res-
ervoir of inhibitor at sites of platelet aggregates, where PAI-1 concentration may be
up to three orders of magnitude greater than the blood concentration. Both in vitro
and in vivo data indicate that platelet-rich clots are more resistant to fibrinolysis, a
phenomenon that can be attenuated either by inhibiting platelet contraction or by
using plasminogen activators that are insensitive to PAI-1 [43].

As for thrombin, it inhibits fibrinolysis through a direct effect on the clot archi-
tecture and through the activation of factor XIII and thrombin activatable fibrinoly-
sis inhibitor (TAFI). Fibrin clots formed in the presence of low thrombin consist of
thick fibres that are more permeable and highly susceptible to fibrinolysis; by con-
trast, clots generated by high thrombin concentrations are made up of thinner, more
tightly packed fibrin filaments that are resistant to lysis (Fig. 6¢) [44]. The impor-
tance of fibrin structure in bleeding and thrombotic conditions in humans is sup-
ported by several studies [44—46]. The role of FXIIIa in stabilizing the fibrin clot has
been discussed above. It should be noted that the cross-linking of a,-AP to fibrin by
FXIIIa is one of the most effective mechanisms of fibrinolysis inhibition (Fig. 6d).
Indeed, if the binding of a,-AP is prevented, the resulting clot is highly sensitive to
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Fig. 6 Antifibrinolytic effects of platelets (a, b) and thrombin (c—e). (a) Upon activation, platelets
release a huge amount of PAI-1, which binds to fibrin and neutralizes t-PA continuously released
from endothelial cells until platelet PAI-1 is saturated. (b) Clot retraction due to platelet contrac-
tion makes the clot resistant to fibrinolysis through different mechanisms. (¢) The amount of
thrombin generated during clot development has a great impact on the fibrin structure. Clots gener-
ated by high thrombin concentrations consist of thinner, more tightly packed fibrin filaments that
are resistant to lysis. (d) Through the activation of FXIII, thrombin promotes the cross-linking of
fibrin chains and a,-AP. Similarly to platelet PAI-1, fibrin-bound o,-AP keeps fibrinolysis in check
until it is saturated by plasmin generated within the clot. (e¢) Thrombin is the main activator of
TAFI, a procarboxypeptidase that, once activated (TAFIa), removes the plasminogen binding sites
from partially degraded fibrin, thereby preventing plasminogen activation by t-PA. PAI-1 plas-
minogen activator inhibitor 1, a,-AP o,-antiplasmin, #-PA tissue plasminogen activator, TAFI
thrombin activatable fibrinolysis inhibitor. See text for additional details. (Courtesy of Dr. Mario
Colucci)

lysis despite normal levels of soluble a,-AP [47]. TAFI is the precursor of a car-
boxypeptidase (TAFIa) which, by removing the c-terminal lysine residues from par-
tially degraded fibrin, impedes the binding of plasminogen to fibrin thereby
preventing t-PA-mediated plasmin generation (Fig. 6e) [48]. Even though different
enzymes can activate TAFI, several lines of evidence indicate that thrombin, either
alone or in complex with thrombomodulin, is the main physiological activator of
TAFI [48]. A typical example of accelerated fibrinolysis due to defective thrombin
formation and insufficient TAFI activation is haemophilia, in which the premature
lysis of the haemostatic plug is believed to be one major mechanism of bleeding
[49, 50].

In conclusion, given the multiple anti-fibrinolytic effects of platelets and throm-
bin, it is conceivable that fibrinolytic derangements may contribute to the clinical
manifestations associated with platelet and coagulation disorders, including
acquired bleeding diseases, as discussed in the following chapters.
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Introduction

Acquired hemophilia A (AHA) is a rare bleeding disorder, caused by autoanti-
bodies inhibiting the function of coagulation factor VIII. The disease is charac-
terized by either spontaneous or induced hemorrhage in patients with no
previous family or personal history of bleeding. In contrast to congenital hemo-
philia A, this disorder tends to occur later in life in male or female patients
without previous coagulation disorder, and the bleeding phenotype is quite dif-
ferent. In most cases, bleeding leads to further diagnostic workup and the rec-
ognition of AHA. The properties of AHA are well known since many years from
large registries, case series, and some prospective studies (Table 1), and com-
prehensive reviews of this disease have been published [1-3]. International
management guidelines have been established [4, 5]. This chapter summarizes
the current knowledge on the characteristics of AHA, the necessary diagnostic
approach, and gives an overview on the latest data on optimal and individual
therapeutic management.
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Clinical Characteristics of Acquired Hemophilia A

Acquired hemophilia A is a rare disease, its incidence is estimated with 1.5 per million
population per year, but probably more patients remain undiagnosed. Since 1980, data
from several large registries and case series have been published (Table 1), demon-
strating a consistent pattern of clinical properties [6—24], at least in patients from
Western countries. AHA affects mostly patients of a higher age (median above
70 years) [1, 9], except a smaller population of women, who develop AHA in associa-
tion with pregnancy (postpartum inhibitors) (Fig. 1) [25]. Interestingly, there are cer-
tain ethnical and geographical differences, registries from China report a remarkably
lower age of patients [14], obviously associated with a lower rate of underlying malig-
nancy and a lower mortality. There are no reports from other geographical regions.

In most cases, bleeding is the first clinical sign that triggers further investigation
and coagulation testing, which ultimately leads to the diagnosis. Data from the
European EACH?2 registry [9], still the largest collection of AHA patients, suggest
that about 95% of patients have signs of bleeding at diagnosis, classified as severe
in 70% and mild in 30%. About 10% of patients are not bleeding and are diagnosed
by chance, when a prolonged APTT is evaluated, but a high rate of under-reporting
has to be expected. The same registry reported a considerably delay between first
bleeding signs to the final diagnosis, which is more than 1 month in 11% of patients,
even with signs of bleeding.

The bleeding pattern in AHA is different from that observed in congenital hemo-
philia A (Fig. 2). Typically, bleeding occurs spontaneously and presents with skin or
soft-tissue bleeding in individuals with no personal or family history of bleeding.
Extensive skin hematomas, severe muscle bleeding, retroperitoneal bleeding, epi-
staxis, hematuria, gastrointestinal bleeding, and even intracerebral bleeds are more
frequent than joint bleeding. Data from the EACH2 registry [9] have provided detailed
information on the bleeding phenotype of AHA: in the majority of patients (90%), a
bleeding event triggered clotting testing and lead to the diagnosis of AHA. Most of

25 —
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Fig. 1 Typical distribution of the age at diagnosis of patients with acquired hemophilia A from
Western countries. Data from the EACH?2 registry. Red bars: females, blue bars: males
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Fig.2 Examples of bleeding manifestations in acquired hemophilia A. Panel A: chest wall hema-
toma. Panel B: extensive skin hematoma. Panel C: sublingual hematoma, with immediate risk for
airway compression. Panel D: CT scan revealing a large hematoma in the iliopsoas muscle. (©
Paul Knobl, reproduction prohibited)

these bleedings (77.4%) were spontaneous, and less than 10% were associated with
trauma, surgery, or pregnancy complications. Two-thirds of the patients had only one
bleeding event, but one-third had one or more (up to six) relapses.

Although the bleeding phenotype had not changed over the last decades, the risk to
die from bleeding has been considerably reduced due to the development of effective
hemostatic therapy. Green and Lechner reported a 20% mortality from bleeding before
1981 [6], whereas in the GTH trial from 2010, only 2.9% of patients had fatal bleeding
[26, 27]. The introduction of emicizumab had further reduced the rate of bleeding [28].

Pathophysiology of Acquired Hemophilia A

Acquired hemophilia A is caused by autoantibodies binding to coagulation factor
VIII. This immune response is not monoclonal, but oligo- or polyclonal, with differ-
ent antibodies binding to various domains on the factor VIII molecule with various
affinities [29-31]. The immune process is prone to evolution prior and in response
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to immunosuppression, and various immunoglobulin subclasses can occur during
this process [31]. Almost all patients have IgG4 antibodies to factor VIII, but some
also have autoantibodies of other subclasses [31]. The subclasses are important for
the estimation of the prognosis: patients with IgA anti-factor VIII antibodies have a
lower probability of remission and a higher mortality [31].

The autoantibodies can affect factor VIII in different ways, dependent on the
binding domains and affinity: some bind to the target without obvious effects, but
these immune complexes can be detected. Others bind to factor VIII and enhance
the clearance from the circulation, thus affecting half-life and plasma levels. Most
important are antibodies inhibiting the procoagulant function of factor VIII, result-
ing in a reduced plasma activity. Per definition [32], factor VIII activity below 50%
of normal should be evaluated for AHA, especially in the target population.

In about half of the cases, conditions or concomitant diseases can be identified
that seem to be associated with the development of the autoimmune process; the
proportion is rather consistent with minor variations in the reported series: in
approximately 10-15% of patients with AHA, a malignant disease is present or
diagnosed during workup. Other autoimmune diseases, pregnancy, infections, cer-
tain drugs, or systemic diseases have been reported in patients with AHA, but it
remains unclear whether these modalities are causative or coincidental, as they are
quite common in an elderly population (Table 1). About half of cases are classified
as idiopathic AHA, as no potential trigger can be identified.

Diagnosis of Acquired Hemophilia A

AHA should be suspected when new, unexpected bleeding occurs in a patient
with no previous personal and family history of bleeding, especially in elderly
and postpartum patients [1, 32]. Global coagulation tests usually show an iso-
lated prolongation of the activated partial thromboplastin time (APTT) (normal
prothrombin time, fibrinogen level, platelet counts). Such a constellation should
prompt advanced clotting tests to confirm the diagnosis. However, the lack of
familiarity with the disease can result in a considerable delay of the diagnosis,
which may impact on treatment selection, initiation, and outcomes [9]. The
detection and quantification of these inhibitors can be quite tricky, as they have a
time- and temperature-dependent kinetics [32] (Table 2, Fig. 3). In a first step,
anticoagulant treatment or overdose should be ruled out by appropriate assays, as
many of the patients in the AHA age group will be on anticoagulant treatment
because of coexisting diseases (atrial fibrillation, venous thromboembolism, or
artificial heart valves). In centers with appropriate lab possibilities, specific
quantification of the respective anticoagulant, especially in patients with impaired
kidney function, should be performed. Otherwise, conventional assays are help-
ful to detect anticoagulants: a prolonged thrombin clotting time is very sensitive
to unfractionated heparin (UFH) and direct thrombin inhibitors, a standard anti-
Xa assay is sensitive to UFH, low-molecular weight heparin (LMWH), and direct
Xa inhibitors. It should be recognized, however, that even patients on anticoagu-
lant treatment may have additional coagulopathy, such as AHA.
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Table 2 Initial workup of patients with acquired hemophilia A

Severity of disease and bleeding phenotype:
Vital signs, patient’s general condition, need for intensive care unit or immediate
interventions
Documentation of bleeding manifestations (documentation tool)
Assessment of bleeding severity and impact on vital functions
General information:
Medical history, comorbidities, comedications
Course of development of clinical signs and symptoms
Identification of possible triggers
Estimation of the thrombotic risk: artificial valves, previous arterial or venous
thromboembolism, atrial fibrillation, cancer, arteriosclerosis
Assessment of patient’s ability to understand and comply with the diagnostic and
therapeutic necessities
Lab analysis:
Blood counts, serum chemistry, ferritin
Blood group typing, crossmatch if need for transfusions
Coagulation: PT, APTT, fibrinogen, antithrombin, D-dimer, thrombin clotting time, anti-Xa
test, plasma mixing studies, clotting factor activities, Bethesda assay, inhibitor titer to
porcine FVIIL, von Willebrand factor activity
Pregnancy test, if appropriate
Immunology (ANA, anti-cardiolipin antibodies, other autoantibodies as appropriate
Tumor markers, if appropriate
Imaging:
Whole body CT scan (to assess deep bleeding manifestations and screen for cancer)

APTT activated partial thromboplastin time, PT prothrombin time

Prolonged APTT
in a patient with new, unexpected bleeding

1

‘ pathological PT => other coagulopathy |
u

‘ Prolonged TCT => heparin, DTI |
| |

‘ Anti-Xa activity detectable ‘

=> LMWH, heparinoids, fondaparinux, DXal

| ion testing not availabl |4— -" ion testing avail |
[ Plasma mixing studies (with APTT) | Factor VIll activity < 50 % [ Factorvinactivity 250% |
|
No APTT correction Suggestive of lupus Factor VIIl Inhibitor | AHA excluded |
without incubation anticoagulant detectable
(Bethesda assay or ELISA)
No APTT correction JE—— 1 (;hGCk.fOT OthE!' fathJr ]
after 2 hours S ggestl - deficiencies and -inhibitors:
. . inhibitor Rule out acquired VWS
incubation at 37°C L
I (VWF activity > 50 %) Factor IX, XI, XIl activities
atany step Factor deficiency * Test for Lupus Anticoagulants

* * AHA confirmed

Proceed to extended coagulation testing as soon as
possible

Test for anti-porcine factor VIll inhibitor
(to check baseline cross-reactivity and elicit
weather rpFVIIl could be a treatment option)

-> Initiate hemostatic therapy if severe bleeding
-> Initiate immunosuppressive therapy
- follow guidelines for AHA

Fig. 3 Diagnostic algorithm for patients with unexplained bleeding. AHA acquired hemophilia A,
APTT activated partial thromboplastin time, DXal direct Xa inhibitors, DTI direct thrombin inhibi-
tors, LMWH low molecular weight heparin, PT prothrombin time, 7CT thrombin clotting time,
VWEF von Willebrand factor, VWS von Willebrand syndrome
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Therefore, clotting factor activities should be determined in bleeding patients
with a prolonged APTT, at least factors XII, XI, VIII, IX, and the von Willebrand
factor activity.

In situations without fast clotting factor assays, an attempt to identify inhibitors
in the patient’s plasma could be tried with plasma mixing studies: the APTT of a
control plasma, patient’s plasma, and a 1:1 mixture immediately after mixing and
after 2 h incubation at 37 °C is measured. If the APTT of the mixture is still pro-
longed after mixing, this indicates either anticoagulants or a lupus anticoagulant. In
patients with inhibitors to factor VIII, the APTT of the mixture will still be almost
normal but will be prolonged after 2 h incubation. This is due to the time- and
temperature-dependent kinetics of factor VIII inhibitors.

Quantification of inhibitor titers can be performed with various approaches: the
classical Bethesda assay, with the Nijmegen modification [33], is widely used, but
due to the non-linear kinetics of the dilution curve, exact quantification is often not
possible. Heat inactivation can be used to eliminate the effects of intrinsic factor
VIII, but all these methods require long incubation steps and an elaborate assay
and quantification procedure. Recently, a new, fast assay has been proposed, using
full-length recombinant factor VIII as a substrate and an automated analyzer pro-
grammed with the complete assay procedure [33]. This assay is insensitive to emi-
cizumab and can provide accurate factor VIII inhibitor titers within 20 min.

Initial Workup of Patients with Acquired Hemophilia A

During the initial workup of patients with AHA (Table 2), it is important to assess the
patient’s fitness for treatment [1, 5]. A comprehensive medical history, including
comorbidities, medication, and patient’s ability to understand and comply with the
diagnostic and therapeutic necessities is essential. It should also aim to identify possi-
ble triggers of autoimmunity, the dynamics of bleeding, and a structured assessment of
bleeding sites, best using a bleeding assessment tool and pictures for documentation.

Imaging studies are necessary in case of unexplained anemia or suspected deep
muscle bleeding (iliopsoas muscles are often affected, see Fig. 2, panel D) or intra-
cerebral bleeding. In addition, imaging studies are also helpful to look for hidden
cancer as possible trigger of AHA. Some centers even order a whole-body CT scan
in all patients admitted with AHA, both for assessment of bleeding sites and the
search for cancer.

In addition, the thrombotic risk of the patient should be estimated: artificial
valves, previous arterial or venous thromboembolism, atrial fibrillation, cancer,
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arteriosclerosis, etc. can lead to thrombosis if procoagulant treatment is used and
when the patient’s own factor VIII increases in response to immunosuppression.

If the patient is treated with antithrombotic drugs (anticoagulants, antiplatelet
agents), these need to be stopped as long as factor VIII is below 50%, but reinitiated
when remission is achieved.

In any case, invasive procedures should strictly be avoided unless needed for life-
threatening conditions, as major bleeding has to be expected, as well as a need for
several days of good hemostatic treatment. In cases of very poor venous access, a
central venous line could be placed carefully under ultrasound guidance in a femoral
vein, considering the thrombotic risk during hemostatic improvement; drainage of
large hematomas or fasciotomy of muscle hematomas can lead to catastrophic bleed-
ing and are, in fact, unnecessary as these will improve quickly with hemostatic therapy.

Choice of Initial Hemostatic Therapy

The choice of the initial hemostatic therapy is dependent on the bleeding pattern,
the patient’s general situation, recent invasive procedures, and the long-term thera-
peutic aims [5]. The various methods for hemostatic improvement (Table 3) require
special attention and should be used only in experienced centers, as they require
specific monitoring and response assessment.

Life-threatening bleeding (e.g., airway compression, hemodynamic instability,
severe anemia, recent surgery, etc.) requires immediate highly effective hemostatic
medication with appropriately dosed and repeated bypassing agents. Mild bleeding
(skin hematomas, mucosal bleeding, etc.) can often be left untreated under tight
observation or be treated with emicizumab. It is important to continue structured
assessment of the response to treatment [34] to guide therapy and economics.

The residual factor VIII activity and the inhibitor titer are helpful to decide between
bypassing therapy and factor VIII replacement: patients with some residual factor VIII
activity (>10%) will probably have low titer or low affinity inhibitors that could be
overcome with high doses of human factor VIII concentrates. In contrast, all bleeding
patients with higher inhibitor titers (>5 BU/mL) or severe factor VIII deficiency (<1%)
have a longer time until remission [12], and individualized treatment is necessary.
These patients, and those with a need for invasive procedures or a well-known bleed-
ing risk, are better treated with bypassing agents or recombinant porcine factor VIIL.

Other factors may also influence the choice of first-line hemostatic treatment:
availability and financial coverage of the medications, venous access, comorbidity,
remaining life span, etc.
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Possible Hemostatic Agents

There are several possibilities to improve hemostasis in patients with AHA: bypass-
ing agents, factor VIII replacement, emicizumab and other non-factor treatment,
and supportive measures (Table 2).

Bypassing Agents

The bypassing agents recombinant human factor VIIa (thFVIIa, Novoseven®) and
activated prothrombin complex concentrates (APCC, FEIBA®) have long been
hemostatic treatment of first choice in AHA [35]. Both have a high efficacy (93%)
to stop bleeding [36]. Thus, bypassing agents are currently still the treatment of
choice for AHA patients with bleeding. Still, they have several disadvantages: both
drugs are very expensive and require frequent intravenous (iv) injections (rhFVIla
every 2-4 h, APCC every 8—12 h). There is no possibility to monitor the effects of
these drugs with conventional lab assays, even not with the modern thrombin gen-
eration assays. Therefore, only the clinical response of the bleeding is helpful to
guide treatment (increase or reduce dose and/or intervals), which is rather unsatis-
factorily for such expensive medications. In addition, both agents have some risk for
thromboembolic events, especially in this high-risk population.

Recombinant Human Activated Factor VII

Recombinant human activated factor VII is approved since many years for the ther-
apy of patients with congenital and acquired hemophilia with inhibitors, for factor
VII deficiency and Glanzmann’s thrombasthenia [35, 37, 38]. Excess of activated
factor VII leads to a burst of thrombin generation without the need for factor VIIIL. As
the half-life of rhFVIla is short, it is dosed with typically 90 mcg/kg body weight
every 2 hours. Dose and intervals may be modified according to clinical response.
Trial and registry data show that rhFVIla is used in the majority of patients with
AHA with a high rate of success and a low rate of associated thromboembolic com-
plications [35]. Data from EACH2 show that patients were treated with a median of
12 doses in 3 h intervals for their initial bleeding [36]. Treatment with rhFVIIa is
available in most hospitals, as it is frequently used (off-label) in trauma centers or
emergency departments as a potent hemostatic medication.

Activated Prothrombin Complex Concentrates (APCC)

Activated prothrombin complex concentrates are approved since many years for the
therapy of patients with congenital and acquired hemophilia with inhibitors. As
APCC are comprised of activated clotting factors, mostly of activated factor VII, its
way of action is quite similar to that of rhFVIIa [39]. APCC are usually given at a
dose of 70 U/kg every 8 h (with a warning not to exceed 100 U/kg single dose and
200 U/kg daily dose). Dose and intervals may be modified according to clinical
response. Trial and registry data show that APCC is used frequently in patients with
AHA with a high rate of success and a low rate of associated thromboembolic
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complications [23, 36, 40]. There is, however, a low risk of consumption coagulopa-
thy, especially in patients with other risk factors (active cancer, infection, higher
age, trauma, surgery, etc.), and APCC should be used with special attention in such
patients (monitoring of platelet counts, fibrinogen, D-dimer, and antithrombin
levels).

Factor VIIl Replacement

Human Factor VIIl Concentrates

Human factor VIII concentrates have frequently been used but proven to be less
effective, only in 68% of cases, bleeding could be stopped [36], as even high doses
of concentrates will be neutralized by the inhibitors. Only low-titer factor VIII
inhibitors can sometimes be overcome by high doses of factor VIII concentrates.
Any commercial concentrate could be used, but many centers use plasma-derived
concentrates for AHA because of pharmacoeconomic considerations. A test infu-
sion with about 70-100 U/kg of a factor VIII concentrate can be tried and the 1-h
post-infusion (in vivo) recovery determined. In patients with sufficient factor VIII
recovery, further replacement treatment could be tried, but a short half-life and low
trough levels have to be expected. Therefore, frequent infusions of appropriate
doses (e.g., two to three times daily 40-70 IU/kg) with regular monitoring of trough
factor VIII levels will be necessary. If the aim of trough factor VIII levels >50% in
bleeding patients is not obtained, further treatment with human factor VIII concen-
trates is not useful.

In contrast to congenital hemophilia, there is no risk of an anamnestic response
(boostering of the inhibitor titers after infusion of factor VIII concentrates) in AHA,
as the immune system knows the factor VIII molecule. One advantage is the possi-
bility to measure factor VIII levels and guide dosing and intervals.

Recombinant Porcine Factor VIl (Obizur’)

Recombinant porcine factor VIII (rpFVIII) concentrate has been developed for
AHA patients, as in 56% of cases, the autoantibodies do not interact with the por-
cine protein [41]. Therefore, some factor VIII activity can be achieved after infusion
of rpFVIII concentrate, leading to the resolution of bleeding in 85.7% of cases [24].
In some cases, even the cross-reactive antibodies that target both, patient’s factor
VIII and porcine factor VIII, can be overcome with repetitive high doses of rpFVIII
concentrate. In about 30% of cases, immunization to rpFVIII can occur during treat-
ment, rendering that treatment ineffective [24]. One advantage of rpFVIII is the
possibility to measure factor VIII levels to guide dosing and intervals.

Emicizumab

The bispecific factor VIIIa mimetic antibody emicizumab (Hemlibra®) has been
approved for hemostatic prophylaxis in congenital hemophilia A with and without



34 P.Knobl

inhibitors [42, 43]. It offers effective bleeding prophylaxis with sc. injections in
intervals of 1, 2, or 4 weeks.

Recently, several reports on the use of emicizumab in AHA suggested consider-
able benefits [44, 45]: subcutaneous (sc.) treatment every 1-3 weeks instead of mul-
tiple iv injections per day; possibility of home treatment; reduction of costs; effective
prophylaxis of bleedings; possibility to postpone or reduce the intensity of immuno-
suppression [46]. A large prospective study [28] demonstrated a highly significant
reduction of weekly breakthrough bleedings, side effects, and mortality. This study
used a fast initial loading dose of emicizumab (6 mg/kg on day 1, 3 mg/kg on day
2, then weekly 3 mg/kg, resulting on an immediate achievement of therapeutic emi-
cizumab levels within 2 days. A similar study in Japan [47] demonstrated similar
results and led to the approval of emicizumab for the indication AHA in Japan.
Another similar study is still ongoing in the US (NCT05345197).

There are some reports, however, suggesting that lower dose emicizumab in lon-
ger intervals may be equally effective in reducing the rate of breakthrough bleeding,
with a lower resource consumption and a lower rate of thromboembolic adverse
events [44].

The possibility of severe thrombotic microangiopathy needs to be kept in mind
when combining emicizumab with APCC, a combination which is strictly discour-
aged. In contrast, combination with thFVIIa or factor VIII concentrates does not
cause such problems.

Special attention is necessary during lab monitoring of AHA patients under emi-
cizumab [48, 49]. Conventional one-stage clotting assays will report artificially nor-
mal APTT and high factor VIII levels and should not be used. Chromogenic factor
VIII activity assays with bovine reagents are sensitive to patient’s factor VIII and
emicizumab and can be used to estimate emicizumab plasma concentrations [49].
To measure patient’s factor VIII level, detect remission and relapses, and quantify
inhibitor titers, chromogenic factor VIII activity assays using bovine reagents are
necessary.

Due to its excellent hemostatic efficacy, emicizumab protects the patients from
breakthrough bleeding and therefore reduces the need for fast-acting but toxic
immunosuppression, which finally results in a better survival of the patients [50].

Other Hemostatic Treatment Options

Antifibrinolytic therapy with tranexamic acid is an uncomplicated, cheap, and safe
method to reduce bleeding, but its efficacy in AHA is limited [51].

The use of desmopressin in AHA has been reported but is of almost no efficacy,
except in patients with very low inhibitor titers. Considering its short-term efficacy
and the exhaustion of VWF/factor VIII storages after 3—4 days suggests that desmo-
pressin should not be used in AHA anymore.

There are some reports to block the autoantibodies with high-dose iv IgG con-
centrates, but the efficacy of such a therapy is limited, expensive, and only
short-lasting.
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Several reports on the elimination of the autoantibodies by extracorporeal immu-
noadsorption have been published, aiming to lower the inhibitor titers and enable
better replacement therapy with factor VIII concentrates [52-54]. Due to the intro-
duction of emicizumab and other technical difficulties, and the fact that therapeutic
antibodies are also removed, this approach is no more discussed now.

Future Possibilities

In the near future, other non-factor therapies will be available and studied for poten-
tial use in AHA: concizumab (Alhemo®), a therapeutic antibody blocking the tissue
factor pathway, has already been approved in some countries for the prophylaxis of
bleeding in patients with hemophilia A and B with and without inhibitors [1].

Mim8, a next-generation factor VIIIa mimetic therapeutic antibody has shown
promising results in patients with congenital hemophilia, even with monthly sc.
injections, and has probably a similar potential as emicizumab in AHA [1].

Other non-factor therapies, such as fitusiran or inhibitors of protein C and S, are
currently under investigation for congenital hemophilia and may have the potential
to improve hemostasis also in AHA [1].

Evaluation of Response to Hemostatic Treatment

Every hemostatic treatment should be evaluated for treatment response to guide
further therapy and reduce costs and rate of side effects [34]. In AHA, response
evaluation can frequently be based on clinical observations only, as quantitative
assessment of bleeding resolution is often not possible. Therefore, a consensus
paper has been published, suggesting evaluation procedures for various types of
bleeding in AHA [34]. In any case, at least daily documented evaluation of the
bleeding intensity should be mandatory in all stationary patients to estimate treat-
ment efficacy. During follow-up, regular visits should be scheduled and the patients
and relatives educated to recognize bleeding symptoms and adverse effects of
hemostatic and immunosuppressive therapy.

Immunosuppressive Therapy

As AHA is an autoimmune disease, immunosuppressive therapy (IST) is necessary
to terminate the autoantibody production and enable restoration of factor VIII lev-
els. Spontaneous remissions are rare and unpredictable. In the GTH-AHA-EMI
trial, where IST was omitted for 12 weeks under bleeding protection with emici-
zumab, only one spontaneous remission was observed in the 47 patients within the
first 12 weeks [28, 50].

One prospective trial evaluated risk factors that could help in the prediction of
time to remission or survival [12, 30, 31]: time to remission was significantly longer
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in patients with initial severe factor VIII deficiency (<1%), higher inhibitor titers, a
poor WHO performance state or with IgA autoantibodies to factor VIII. Overall
survival was significantly lower in patients with IgA autoantibodies to factor VIII, a
poor performance state or with malignancy.

Historical Immunosuppressive Therapy

For many decades, corticosteroids and cyclophosphamide were considered standard
of care for AHA, but various dosing protocols were used, all based on several weeks
of oral treatment [55, 56]. The GTH AH-01/2010 trial studied 102 patients with
AHA using an escalating immunosuppressive protocol with an initial 3 weeks phase
with steroids alone, addition of cyclophosphamide in non-responding patients, and
switch to rituximab after 3 further weeks in refractory patients [12]. In this study,
48% of patients achieved partial remission on steroids alone, 21% to steroids plus
cyclophosphamide, and 12% switched to rituximab. Overall rate of partial remis-
sion was 83% after a median of 31 days, rate of complete remission 61% after
79 days. However, with this protocol, a rather high rate of adverse events related to
immunosuppression was observed (30%), with a 16% mortality. This outcome is in
line with the data from several other registries [7, 13, 55]. The reason for this high
rate of adverse events lies in the fact that the affected patients are often of an older
age, frail from comorbidities, and in an impaired condition at diagnosis, rendering
them intolerant to long-term toxic immunosuppression.

In contrast, some publications reported rather low rates of infections or side
effects with steroid and cyclophosphamide-based IST protocols [14, 18, 57].
Notably, most of them were from China, where the median age of AHA patients was
considerably younger than reported from other regions of the world. Only one ret-
rospective analysis from Hungary reported a low rate of IST adverse effects with a
regimen consisting of low dose rituximab and short bolus of cyclophosphamide and
dexamethasone [18].

Other immunosuppressive therapy has been used in AHA, especially in refrac-
tory or slow-responding cases, but no prospective studies have been published: aza-
thioprine, cyclosporine, MMF, daratumumab [55, 58]. Currently, these substances
are indicated only in special cases with AHA (refractoriness or intolerance).

The Role of Rituximab for Inmunosuppression in AHA

The therapeutic anti-CD20 antibody rituximab has been used as immunotherapy of
several types of B cell lymphoma since 1997 with a high rate of success and a low
rate of adverse effects [59]. It is also approved for rheumatoid arthritis and used off-
label for a variety of other autoimmune diseases. Due to its low rate of adverse
effects even in older or frail patients, it is a safe immunosuppression for AHA [19,
60-66]. One prospective randomized trial from France, however, could not find
mayor differences in the outcome parameters of patients treated with rituximab/
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steroids compared to cyclophosphamide/steroids [19]. The time to remission with
rituximab is longer than with steroids and cyclophosphamide [67] but can be cov-
ered with emicizumab for bleeding prevention. Currently, off-label rituximab is
considered standard of care immunosuppression for AHA in many experienced cen-
ters. In general, IST should be guided with appropriate clinical and lab parameters
to avoid under- and overtreatment. It is not useful to continue IST once remission of
AHA has been achieved. In case of IST-related adverse events, IST intensity needs
to be reduced, interrupted, or stopped. In case of refractory or progressing AHA, at
least in patients not treated with emicizumab, IST intensity could be increased or
the protocol switched to other substances. As mentioned, emicizumab provides
effective protection from bleeding, and there is no need for aggressive IST.

Individualized Therapy and Supportive Care

Acquired hemophilia A is a rare, quite heterogeneous disease in a heterogeneous
population of patients. Therefore, clinical studies comparing various therapeutic
strategies in a sufficient number of patients cannot be expected. Even the various
recommendations that have been published recently can only give some guidance,
but important individual circumstances are often not covered. Thus, treatment strat-
egies (the choice of first-line hemostatic agent, response criteria, immunosuppres-
sive regimen, patient’s setting, monitoring, comedications, etc.) need to be
individualized. Special attention is necessary for patients with active cancer, infec-
tion, poor general condition, diabetes, high age, major surgery, large hematomas,
compressing vascular structures or other organs. Other concomitant factors enhanc-
ing the thromboembolic risk are atrial fibrillation, a history of thromboembolism, a
high body mass index, intracoronary and other intravascular stents, immobilization,
indwelling catheters, or artificial heart valves. Supportive care needs to include pro-
phylaxis of thromboembolism and even therapeutic anticoagulation as soon as fac-
tor VIII levels increase, but that transition is challenging.

Several other supportive therapies may be indicated in patients with AHA [5]:
airway management in patients with bleeding in locations that can lead to airway
compression; central venous lines in patients with poor venous access, inserted
under caution; invasive procedures only in life-threatening conditions; transfusions
of packed red cells in case of severe anemia or ongoing bleeding; assessment of side
effects (glucose metabolism, neuropsychiatric conditions, etc.)

Follow-up

Patients with AHA should be followed with regular visits in a specialized center for
many years, as relapses can occur. Table 4 summarizes the necessary investigations
during follow-up, structured according to the phase of treatment. During episodes
of acute bleeding, assessment of bleeding locations and severity should be per-
formed in short intervals (612 h) [34]. In addition, it is mandatory to look for
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Table4 Follow-up investigations and outcome parameters in patients with acquired hemophilia A

General Bleeding assessment (resolved/decreasing/stable/progredient)
Bleeding location and severity
General condition, vital signs
Comorbidity, comedications
Adverse events (infections, neutropenia, thrombocytopenia, anemia,
renal failure, drug reactions, steroid-induced adverse events,
thromboembolic complications, etc.)
Retrospective detection of cancer or other AHA triggering factors
During hemostatic Vital signs
therapy Blood cell counts, serum chemistry, infection parameters
Muscle enzymes when appropriate
Coagulation: PT?, APTT?, fibrinogen®, D-dimer®, antithrombin®, Factor

VIII:C
During treatment Factor VIII human chromogenic assay, factor VIII bovine chromogenic
with emicizumab assay, inhibitor titer

Emicizumab plasma concentration
During IST with Blood cell counts, infection parameters, blood glucose levels, liver and
steroids or cytotoxics | renal parameters
During IST with Blood cell counts, infection parameters, serum immunoglobulin levels,
rituximab B cell counts

Outcome parameters: | Rate and date of partial remission (factor VIII >50% and hemostatic
therapy stopped)
Rate and date of complete remission (factor VIII >50% and
immunosuppression stopped)
Rate and date of adverse events and serious adverse events
Date of relapse
Date of death, reason of death

AHA acquired hemophilia A, APTT activated partial thromboplastin time, /ST immunosuppressive
therapy, PT prothrombin time

2 PT artificially unplausible during treatment with bypassing agents; APTT artificially normalized
during emicizumab

" To assess the development of DIC during treatment with bypassing agents, especially in patients
with cancer or active infections

efficacy, response, and side effects of the applied hemostatic and immunosuppres-
sive therapy. Lab tests should cover not only blood counts and clotting factor levels
but also parameters detecting neutropenia, infections, diabetes, disseminated coagu-
lopathy, thromboembolism, muscle damage, and organ function. Imaging studies
are often necessary to follow hematoma size [34].

During the active treatment phase with emicizumab and immunosuppression,
visit intervals should be no longer than 4 weeks. The aim of the visits is the recogni-
tion of remission or adverse effects and necessary modifications of treatment.

After achievement of remission, follow-up intervals can be extended to
3—6 months, and patients should be educated to recognize new onset of bleeding.
Late relapses can occur, especially when B cells reappear upon rituximab, which
can occur 1-2 years after treatment. Relapses can be recognized by decreasing fac-
tor VIII activity and should be preemptively treated with short-term steroids or
rituximab. Patients with recurrent relapses may benefit from maintenance therapy
with subcutaneous rituximab every 6 months (personal observation).



Management of Acquired Hemophilia 39

Outcome Parameters

An important outcome parameter that needs to be assessed, and which is important
to guide therapy, is the time to remission. The old definitions of partial remission
(factor VIII >50% with factor VIII replacement stopped for 48 h) and complete
remission (factor VIII >50% and off hemostatic and immunosuppressive therapy)
[5] are still important for patients on bypassing therapy, factor VIII replacement, or
observation only during immunosuppression with steroids and cytotoxics. They are
no more useful in patients treated with emicizumab and rituximab, as both therapeu-
tic antibodies have delayed on/off effects and a long half-life. Therefore, the time to
remission, by detection of patient’s factor VIII with chromogenic assays using
bovine reagents, is the most important outcome parameter.

Summary

AHA is a rare, autoimmune bleeding disorder. The management is based on an
elaborate initial work-up, avoiding invasive procedures. Immediate hemostatic ther-
apy is necessary for patients with life-threatening or very severe bleeding. In this
case, rthFVIla is current treatment of choice. For all other patients, off-label emici-
zumab should be considered whenever possible, because of its impressive advan-
tages. Immunosuppression to terminate the autoimmune process is the causal
treatment. Because of severe side effects, low-intensity protocol, like rituximab,
should be preferred and initiated only in fit patients. The management of AHA is
best conducted in association with specialized hemophilia treatment centers with
appropriate experience and lab resources.
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Introduction

Acquired von Willebrand syndrome (AVWY) is a rare bleeding disorder character-
ized by clinical symptoms and laboratory abnormalities overlapping those observed
in inherited von Willebrand disease (VWD). Characteristic features of AVWS
include lack of previous clinical bleeding, late onset, negative family history, and no
mutations in the von Willebrand factor (VWF) gene [1]. The key pathogenetic
mechanism is represented by the quantitative reduction or structural abnormalities
of VWE, which plays an essential role in both primary and secondary hemostasis.
The primary function of VWF is to promote platelet binding to the subendothelial
tissue at the site of a vascular injury and to mediate platelet-platelet interactions. A
second critical role for VWF is serving as carrier of coagulation factor VIII (FVIII)
and protecting it from proteolytic degradation in plasma [2]. VWF is a large multi-
meric adhesive plasma glycoprotein, synthesized in megakaryocytes and endothe-
lial cells [3], stored as multimeric form in a-granules or in Weibel-Palade bodies,
respectively [4], then secreted in plasma or abluminal in subendothelial space.
While secreted into the plasma, the VWF propeptide is cleaved off and the mature
protein undergoes proteolysis by ADAMTS13, with the production of an array of
multimers ranging from the basic dimer to very large multimers [5], whose
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clearance occurs by macrophages mainly in the liver and spleen [6]. VWF consists
of four repeated molecular domains (D1, D2, D’, D3, A1, A2, A3, D4, C1-C6, CK),
responsible for its different binding abilities [4]. The D’-D3 domains are essential in
binding FVIII to VWFE. The Al domain is important in binding VWF to platelets
through the platelet receptor glycoprotein, GPIb, and contains binding sites for hep-
arin and collagen. The A2 domain contains the cleavage site post-secretion process-
ing of VWF by the VWF-cleaving protease, ADAMTS13. The A3 domain contains
a binding site for collagen. The C1 domain contains an Arg-Gly-Asp-Ser sequence
for binding the platelet glycoprotein GPIIb/IIIa.

Epidemiology

AVWS was first described in 1968, in a 13-year-old boy with systemic lupus erythe-
matosus [7]. Later, the disease was diagnosed in association with several other clini-
cal conditions. Based on the data from the International Society of Thrombosis and
Hemostasis (ISTH) registry, AVWS was diagnosed most often in patients with lym-
phoproliferative diseases and monoclonal gammopathies (48%), myeloproliferative
neoplasms (15%), cardiovascular diseases (21%), solid tumors (5%), autoimmune
disorders (2%) and miscellaneous, i.e., medications, hypothyroidism, diabetes, ure-
mia, sarcoidosis, and chronic inflammatory bowel diseases (9%) [8]. However, in
recent cohort studies, an increased association with cardiovascular disorders
(40-46%) has been found [9, 10], and AVWS has been frequently diagnosed in
patients with aortic valve stenosis (79%) [11] and in those treated with continuous-
flow left ventricular assist devices (LVADs, up to 100%) [12—-14].

These data suggest that AVWS is becoming more prevalent than previously
assumed, at least in certain groups of patients. According to the age distribution of
underlying disorders, AVWS occurs in every age group but is most frequent in the
elderly with a median age of 62 years (range, 2-96 years) at the time of diagnosis
[8]. However, the actual prevalence of the disease has not yet been established and
its incidence may be underestimated due to the diagnostic complexity.

Pathogenesis

The pathogenesis of AVWS is complex and various and different mechanisms can
be involved. Usually, VWF synthesis and release into the plasma are normal, with
the only exception of patients with hypothyroidism, in whom these processes are
impaired due to low protein synthesis. This results in a VWF reduction [15] associ-
ated with possible resistance to the release action of desmopressin due to VWF
decreased in storage compartments [16]. More frequently, AVWS is due to an
increased plasma clearance of VWF caused by three main pathogenetic mecha-
nisms: (1) development of specific or nonspecific autoantibodies able to form
immune complexes with subsequent clearance by Fc-bearing cells or more rarely



Management of Acquired von Willebrand Syndrome 45

inactivating specific VWF functions by inhibitory binding to a specific VWF
domain; (2) VWF adsorption on cancer cells, activated platelets, or macromole-
cules; and (3) increased proteolytic degradation of VWF.

With the first mechanism, VWF is eliminated from circulation by the pres-
ence of specific or nonspecific autoantibodies, more frequently belonging to the
IgG class. Anti-VWF autoantibodies can interact with VWF active domains
responsible for binding to collagen and platelet receptors, without interfering
with FVIII [17]. Upon binding to functional or nonfunctional VWF domains,
immune complexes are formed and removed by reticular endothelial system.
The second mechanism, associated with the VWF adsorption on cancer cells
with its increased clearance, may be observed in lymphoproliferative (multiple
myeloma, Waldenstrom macroglobulinemia, lymphoma, hairy cells leukemia)
disorders and Wilm’s tumor. Using immunofluorescence with anti-VWF anti-
bodies or flow cytometry, the VWF absorption on cancer cells has been demon-
strated. Similar mechanism may also occur in myeloproliferative neoplasms. In
essential thrombocythemia, the absorption of high-molecular weight (HMW)
multimers on the activated platelets leads to VWF functional reduction, with an
inverse correlation between platelet count and VWF multimers concentration
[18]. Similarly, in clinical situations characterized by high shear stress, such as
aortic stenosis, adsorption of VWF HMW multimers onto platelets may also
occur [19]. VWF can also be adsorbed on macromolecules such as glucosylce-
ramide in Gaucher’s disease [20] or hydroxyethyl starch [21]. The third mecha-
nism is associated with either mechanical or proteolytic loss of VWF HMW
multimers. In aortic stenosis, HMW VWF multimers can be reduced by enhanced
shear stress induced by the turbulent flow through the stenosed valve [22], as in
the increasingly frequent use of mechanical circulatory support devices (contin-
uous-flow left ventricular assist device, LVAD, and extracorporeal membrane
oxygenation, ECMO) [23]. Increased shear stress resulting in increased access
of VWF cleavage sites to ADAMTS13 action. This enhanced clearance of HMW
multimers results in decreased levels of circulating VWF and reduction of HMW
multimers, as is seen in some patients with congenital VWD 2A. Instead, in
essential thrombocythemia, the proteolysis of VWF HMW multimers can be
triggered by platelet-released calcium ions, with activation of proteases and
elastases [24]. Uremia, pancreatitis, liver cirrhosis, leukemia, use of different
drugs (ciprofloxacin, cefotaxime, valproic acid) can also cause increased VWF
HMW multimers proteolysis [25, 26].

Also, other pathogenetic mechanisms, still not completely understood, may be
associated with the occurrence of AVWS. In Wilms’ tumors, the VWF activity
reduction would be due to large quantities of hyaluronic acid produced by the
nephroblastoma cells [27].

Therefore, several specific diseases can trigger diverse AVWS pathogenic
mechanisms, none of which is, however, disease specific, and the same mech-
anism can be responsible for AVWS in different underlying disorders (Table 1).

Sometimes, the mechanism responsible for the disease remains unknown.
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Table 1 Pathogenetic mechanisms of AVWS and underlying disorders

Mechanism

Decreased synthesis of VWF
Presence of specific or nonspecific
autoantibodies that form circulating
immune complexes and enhance the
VWEF clearance

VWEF adsorption on cancer cells or
other surfaces

Underlying disorders
Hypothyroidism
Lymphoproliferative disorders
Non-hematological malignancies
Autoimmune disease

Lymphoproliferative disorders
Myeloproliferative disorders

Non-hematological malignancies
Cardiovascular disease (high shear stress)
Macromolecules
Myeloproliferative disorders
Enhanced shear stress:
Cardiovascular diseases (congenital cardiac
defects, aortic stenosis, endocarditis, ventricular
assist device [VAD], extracorporeal membrane
oxygenation [ECMO])
Vascular malformations (Kasabach-Merritt
syndrome, Osler’s disease)
Severe atherosclerosis
Hemoglobinopathies
Uremia
Therapeutic agents: ciprofloxacin, cefotaxime,
valproic acid, allopurinol

Increased proteolytic degradation of
VWEF

Clinical Manifestations

AVWS may result in a severe bleeding diathesis, not only due to the reduced VWF level
but also due to the concomitant decrease of FVIIL. However, in several cases, a mild
bleeding tendency is observed, which can be aggravated by the concomitant use of anti-
coagulant or antiplatelet agents (e.g., myeloproliferative disorders). The bleeding spec-
trum ranges from mucosal bleeding, including nose bleeds, cutaneous hematomas,
hematuria, and gastrointestinal bleeding, to joint and muscle bleeds, which are, however,
rare. Under conditions of major trauma or surgery, AVWS may be associated with a risk
of significant bleeding. Life-threatening intracranial bleedings, although rare, may also
occur [8]. The presence of specific neutralising autoantibodies seems to be associated
with a more severe bleeding tendency, as well as conditions associated with significant
loss of HMW VWEF multimers [28]. The association between AVWS and gastrointestinal
bleeding is well known in Heyde syndrome, in which aortic stenosis, AVWS, and angio-
dysplasia are associated [29]. Angiodysplasia responsible for gastrointestinal bleeding in
over a third of patients is also described in AVWS caused by LVAD implantation [30].

Diagnosis
The diagnosis of AVWS is based on negative family history, lack of previous per-

sonal bleeding symptoms, and laboratory abnormalities of VWF parameters.
Diagnostic protocol should include careful history taking and examination for most
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Table 2 Diagnostic assays to diagnose AVWS

Hemostasis

Bleeding time Prolonged

Closure time (PFA-100) Prolonged

aPTT Normal or prolonged

FVIIL:C Normal or decreased

VWEF:Ag Normal or mildly decreased
VWF:RCo/VWF:GPIbM/ Decreased

VWE:GPIbR Decreased

VWE:CB Decreased

Ristocetin-induced agglutination <0.7

VWEF:RCo/VWEF:Ag ratio <0.7

VWEF:RCo/VWEF:CB ratio HMW loss or markedly decreased concentration of all
Multimer analysis forms

VWEF propeptide (VWFpp) Normal

Anti-VWF antibodies Present (rare) or absent (frequent)
VWEF mutations Absent

common comorbidities predisposing AVWS [31]. Laboratory assays useful in VWS
diagnosis are listed in Table 2.

A primary hemostasis defect is indicated by prolonged skin bleeding time and
closure time with PFA-100 [32]. The plasma concentration of VWF (VWF:Ag) and
procoagulant activity of FVIII (FVIII:C) is typically normal or slightly decreased,
but they can be severely reduced in patients with autoantibodies. VWF-platelet bind-
ing activity, usually using the VWF-ristocetin cofactor activity assay (VWF:RCo) or
less widely used newer tests (VWF:GPIbM, VWF:GPIbR), together with the meas-
rement of the ability to bind collagen (VWF:CB), is significantly reduced [33]. In
addition, VWF:RCo/VWF:Ag and VWF:RCo/VWF:CB ratios should be deter-
mined, as they are typically reduced in AVWS with a cut-off <0.7 [34]. This is espe-
cially important in patients with cardiovascular diseases or lymphoproliferative
syndromes, as they often have normal or increased levels of VWF:Ag, VWF:RCo,
and VWF:CB, but reduced ratios [35]. An important assay for a differential diagnosis
between AVWS and VWD is VWF multimer electrophoresis, because the first is usu-
ally associated with complete loss or a significant decrease of HMW multimers [9].

The routine determination of VWF propeptide (pp), which is an index of VWF
normal biosynthesis, is not recommended, as its plasma level is normal, except in
AVWS associated with hypothyroidism [36].

Although the presence of anti-VWF autoantibodies plays a pathogenetic role
only in patients with lymphoproliferative disorders, their screening should always
be done as they confer a more severe hemorrhagic phenotype [31].

Anti-VWF autoantibodies can be detected by mixing tests, in which patient
plasma is mixed with normal plasma and incubated at 37 °C and subsequent dosing
of both residual VWF:RCo and VWF:CB [33]. The mixing test can only identify
neutralizing antibodies, but not the most frequent antibodies that bind VWF and
accelerate its plasma clearance, for which a still poorly standardized enzyme-linked
immunosorbent assay (ELISA) is necessary.

The search for mutations in the VWF gene, which are absent, is not usually
required unless the patient is young and differentiation with inherited VWD is
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unclear. In conclusion, laboratory diagnosis of AVWS takes advantage of the tests
used for inherited VWD, but a high suspicion is sometimes required when VWF
levels are not severely reduced and evaluation of VWF:RCo/VWF:Ag ratio or
VWEF:CB/VWEF:Ag ratio is required. The evidence of an abnormal multimer pat-
tern, with the lack of HMW VWF multimers, may further corroborate the diagnosis.

Treatment

The treatment of AVWS must consider three different scenarios. First, the control of
acute bleeding, often occurring at presentation and prompting its diagnosis; second,
the prevention of bleeding in high-risk situations (e.g., surgery); and third, the
achievement of a stable remission or cure of the syndrome [31]. The removal of the
underlying disorder is the priority since its remission is often associated with the
AVWS resolution [37]. Surgical removal of a malignancy and heart surgery with
valve replacement are associated with disappearance of bleeding and laboratory
abnormalities. Immunosuppressive treatment in autoimmune diseases or specific
therapies for lymphoproliferative or myeloproliferative disorders may also lead to
the removal of anti-VWF antibodies. Finally, thyroxin substitution during hypothy-
roidism and withdrawing drugs (ciprofloxacin, cefotaxime, valproic acid, alopuri-
nol) may result in AVWS remission.

With regard to hemostatic therapies used in management and prevention of
bleeding in AVWS, several options are available [31] (Table 3).

The synthetic analog of vasopressin, desmopressin, administered intravenously or
subcutaneously at the dose of 0.3 microg/kg, may be used to control or prevent
bleeding in the AVWS [38]. According the ISTH registry, desmopressin has an over-
all success rate of 32%, which varies depending on the underlying disorder. Lower
efficacy of desmopressin is described in AVWS associated with cardiovascular disor-
ders (10%) and myeloproliferative neoplasms (21%), whereas it is higher in autoim-
mune (33%) and lymphoproliferative (44%) disorders and non-hematological

Table 3 Therapeutic agents for the management of AVWS associated bleeding

Agent Dosage

Desmopressin 0.3 pg/kg b.w. subcutaneously or
0.3 pg/kg b.w. intravenously (diluted in 100 mL of 0.9% NaCl, in
30 min)

VWE-FVIII 30-100 units/kg (with dosing frequency depending on FVIII/VWF

concentrates activity half-life)

rFVIla 90 pg/kg b.w. every 2—4 h

Immunoglobulin 1 g/kg b.w. intravenously for 2 days or

(IGIV) 0.4 g/kg b.w. for 5 days; 1 g/kg every 15-21 days as prophylaxis for
recurrent GI bleeding

Tranexamic acid 20-25 mg/kg b.w. orally or intravenously every 8—12 h

e-aminocaproic acid | 50-60 mg/kg b.w. orally or intravenously every 4-6 h
Plasmapheresis -
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malignancies (75%) [8]. In patients with monoclonal gammopathy of undetermined
significance (MGUS), the effect of desmopressin is transient, with increased plasma
VWEF levels after administration but returning to basal levels after 4 h [39]. Similar
transient response to desmopressin is obtained in patients with other lymphoprolif-
erative disorders, likely due to the presence of antibodies binding to VWF and pro-
moting accelerated clearance, and in those with myeloproliferative disorders, mainly
due to adsorption or proteolytic cleavage of the released VWE. Close monitoring of
VWEF:Ag, VWF:RCo, and FVIII:C is needed when desmopressin is administered for
prophylaxis and treatment of bleeds. Additionally, desmopressin should be pre-
scribed with caution in patients with cardiovascular disorders and in the elderly, due
to its common adverse effects of fluid overload and hyponatremia.

Several plasma-derived concentrates containing VWF can be used for replace-
ment therapy. Depending on the patient’s residual activity, severity of bleeding or
type of surgery, and presence of inhibitors, doses around VWF:RCo 30-50 U/kg are
administered, but higher doses up to 100 U/kg may be needed [8]. As observed with
desmopressin, the half-life of infused VWF can be very short, especially in patients
with MGUS or with anti-VWF antibodies [39]. Therefore, close monitoring of the
clinical response and FVIII and VWF measurements is required for tailoring doses
and dosing intervals, especially in patients undergoing invasive or surgical
procedures.

In patients with AVWS with neutralizing alloantibodies against VWF or those
not responsive to other hemostatic treatments, a therapeutic option is represented by
the bypassing agent recombinant activated FVII (rFVIla) [40, 41]. rFVIla is usually
administered at a dose of 90 pg/kg for a median of three doses at 3—4-h intervals,
with a 96% rate of efficacy.

Antifibrinolytic agents represent an important therapeutic aid for the manage-
ment of mucocutaneous bleeding [42, 43]. They act through the reversible blocking
of lysine binding sites on plasminogen molecules. The most widely used molecules
are tranexamic acid, administered at a dose of 20-25 mg/kg every 8—12 h, and the
lysine analog e-aminocaproic acid, at a dose of 50-60 mg/kg every 4-6 h. These
drugs can be administered orally, intravenously, or topically and are primarily used
as adjunct therapies together with desmopressin or VWF-containing concentrates.
For minor bleeds in these areas, treatment with antifibrinolytics alone may be suf-
ficient. No evidence of increased thromboembolic or other significant adverse
events has been reported in different large populations treated with antifibrinolytic
agents; however, caution must be exerted in patients with hematuria because of the
risk of obstruction by clots formed in the urinary tract.

The use of intravenous immunoglobulins (/VIg) represents an important thera-
peutic option in AVWS associated with IgG monoclonal gammopathies, lymphop-
roliferative disorders, and multiple myeloma-associated IgG paraproteins [44]. On
the contrary, [VIg are often ineffective in AVWS patients with IlgM gammopathies.
The recommended doses of IVIg are 1 g/kg/day for 2 days or 0.4 g/kg/day for
5 days [45, 46]. The increase in VWF and FVIIL:C levels usually occur within
24-48 h and may last up to 3—4 weeks; thus, additional courses of IVIg every
21 days (also at 1 g/kg as a single shot) are recommended to maintain a clinical
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Table 4 Therapeutic options for AVWS management according to underlying disorder

Underlying disorder

Hypothyroidism

Lymphoproliferative disorders:
1gG MGUS

IgM MGUS
Lymphoma, myeloma

Autoimmune disorders

Myeloproliferative disorders

Cardiovascular disorders:
Aortic valve stenosis and

Causal treatment

Thyroid hormone
replacement

Usually untreated
Usually untreated
Specific chemotherapy

Steroids,
immunosoppressive
agents

Cytoreductive therapy,
specific chemotherapy

Corrective surgery
Corrective surgery

Option for treatment or
prevention of bleeding
VWEF/FVIII concentrates,
antifibrinolytics

IVIG

Plasmapheresis, desmopressin,
VWEF/FVIII concentrates,
antifibrinolytics, rFVIIa
Desmopressin, VWF/FVIII
concentrates, antifibrinolytics,
rFVIla, IVIG

IVIG, desmopressin, VWF/FVIII
concentrates, antifibrinolytics,
rFVIla, plasmapheresis
Withdraw acetylsalicylic acid (if
applicable)

Desmopressin, VWF/FVIII
concentrates, antifibrinolytics
VWEF/FVIII concentrates,
antifibrinolytics

Reduce or withdraw
anticoagulation, VWF/FVIII
concentrates

other diseases with increased
shear stress

Dysfunctional heart valve
prosthesis, LVAD

response, especially in patients with recurrent gastro-intestinal bleeding [47]. For
the latency time before the onset of IVIg effectiveness, patients with active bleeding
may initially require concomitant administration of other hemostatic agents.

Finally, plasmapheresis can be used to deplete autoantibodies and paraproteins
of any immunoglobulin class and has been reported in patients with AVWS result-
ing from IgM-gammopathies, which unfortunately respond poorly to all other thera-
peutic approaches [31]. Concomitant infusion of fresh frozen plasma is suggested to
correct fibrinogen and other clotting factors depletion.

In Table 4, the multiple therapeutic options available for the treatment or preven-
tion of bleeding in AvWS, according to underlying disorder, are summarized.
Figures 1, 2, and 3 outline the comprehensive management of the most frequent
forms of AVWS.

In conclusion, the extreme heterogeneity of AVWS makes it particularly chal-
lenging for clinicians to diagnose and treat. Patients are at risk of severe, even
potentially fatal bleeding, and require management at hemophilia treatment center
with expertise. To date, most recommendations on management of AVWS still
depend on expert opinion and registry data; therefore, prospective studies to develop
a more evidence-based approach would be necessary.
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Lymphoproliferative disorders
1. Increased VWF clearance due to formation of immunocomplexes with specific or non-specific antibodies
2. VWEF adsorption onto i cells

/ \

1gG MGUS, lymphoma and multiple myeloma with 1gG

tei 1gM MGUS, Waldenstrom's macroglobulinemia
paraprotein

| |

VWF:Ag, VWF activity, VWF:CB normal or reduced value
VWF activity/VWF:Ag ratio reduced or normal
VWF:CB/VWF:Ag ratio reduced or normal

HMW multimers decreased

Possible presence of anti-VWF antibodies

' '

Specific treatment for lymphoma and multiple myeloma

‘ | Specific treatment for Waldenstrém's macroglobulinemia

} ‘
IVIG Plasmapheresis
Desmopressin, VWF/FVIII concentrates, antifibrinolytics, rFVila, Desmopressin, VWF/FVIII concentrates, antifibrinolitics, rFVila,

Fig. 1 AVWS associated with lymphoproliferative disorders

Myeloproliferative disorders
VWEF adsorption on platelets or neoplastic cells and VWF increased proteolytic degradation

|

Essential thrombocythemia, polycythemia vera, chronic myeloid leukemia, primary myelofibrosis, more rarely acute myeloid leukemia

Platelet count > 1500 x 103/pL is a significant risk factor for bleeding
Leukocytosis, bone marrow fibrosis, JAK2 mutation are risk factors for thrombosis

|

VWF:Ag, VWF activity, VWF:CB normal or increased value
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'
Cytoreductive therapy
Specific chemotherapy
Individualized balance between hemorrhagic and thrombotic risk with antiaggregation reduction or discontinuation
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VWEF/FVIII concentrates
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Fig.2 AVWS associated with myeloproliferative disorders
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Cardiovascular disorders
High shear stress in flowing blood

/ \

Congenital cardiac defects, aortic stenosis, aortic
insufficiency, mitral insufficiency, hypertrophic
cardiomyopathy, ventricular septal defects, endocarditis

Aortic valve replacement, mitral valve replacement,
mechanical circulatory support devices (LVAD, ECMO)

} l

VWF:Ag, VWF activity, VWF:CB normal or increased
VWF activity/VWF:Ag ratio reduced or normal
VWF:CB/VWF:Ag ratio reduced or normal
HMW multimers decreased or loss

‘ }

Surgical correction of cardiac defect, treatment of endocarditis

Replacement of malfunctioning prosthesis, removal of LVAD, ECMO

4 }

Individualized balance between thrombotic and hemorrhagic risk with antithrombotic reduction or discontinuation
VWF/FVIII concentrates
Antifibrinolytics

Fig. 3 AVWS associated with cardiovascular disorders. LVAD continuous-flow left ventricular
assist device, ECMO extracorporeal membrane oxygenation
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Hemostatic Changes Associated with Liver Diseases

The liver is a crucial player in the hemostatic system as many hemostatic proteins
are synthesized in the liver. Hepatocytes are the primary site of synthesis of most
coagulation factors, of inhibitors of coagulation such as protein C, proteins S, and
antithrombin, and fibrinolytic proteins. In addition, hepatocytes synthesize throm-
bopoietin, which is a key hormone in production of platelets. The liver also clears
hemostatic proteins and protein-inhibitor complexes. In patients with advancing
liver disease, synthetic and clearance capacity of the liver decreases. The net effect
is a decrease in circulating levels of hepatocyte-derived hemostatic proteins.

In patients with chronic liver disease caused, for example, by excess liver fat,
chronic alcohol use, or viral hepatitis, complex hemostatic changes occur when liver
disease progresses [1]. Although the hemostatic changes differ slightly according to
the underlying cause of chronic liver disease, the effects are very similar [2]. Firstly,
patients develop thrombocytopenia and ill-defined platelet function defects. There is
an ongoing debate on platelet functionality in patients with chronic liver disease with
studies suggesting platelet hyperfunction, normal platelet function, or platelet hypo-
function [3]. Part of the discrepant results in literature are likely related to the fact that
it is difficult to measure platelet function under conditions of thrombocytopenia.
Thrombocytopenia in patients with chronic liver disease is caused by a combination
of decreased platelet production related to decreased thrombopoietin synthesis,
increased platelet sequestration in the enlarged spleen, a decreased platelet half-life,
for example, due to autoantibodies, and inhibition of thrombopoiesis, for example,
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due to toxic effects of alcohol on the bone marrow [4]. Secondly, there are simultane-
ous decreases in circulating levels of coagulation factors and inhibitors of coagulation
that are synthesized by hepatocytes [5]. In addition, circulating levels of fibrinolytic
proteins synthesized in hepatocytes decrease [6]. Thirdly, a discrete number of hemo-
static proteins are not synthesized in hepatocytes but rather in endothelial cells and are
present in elevated levels in patients with chronic liver disease. Specifically, von
Willebrand factor (VWF) plasma levels are highly elevated [7], as are levels of factor
VIII, although the increase of factor VIII is less pronounced compared to that of VWF
[2]. Levels of tissue-type plasminogen activator and plasminogen activator inhibitor
type 1 may also be increased [8]. In contrast, levels of tissue factor pathway inhibitor
are close to values observed in healthy individuals [9].

Besides quantitative changes, qualitative changes in hemostatic protein also
occur. Vitamin K deficiency may lead to incomplete gamma carboxylation of the
vitamin K-dependent coagulation factors. However, almost always this abnormality
is mild and not substantially corrected by vitamin K supplementation [10, 11].
Multiple qualitative changes in the fibrinogen molecule have been described.
Specifically, fibrinogen in patients with cirrhosis has a substantial excess of sialic
acid residues, and it has been demonstrated that hypersialylated fibrinogen has a
delayed fibrinogen to fibrin conversion [12]. In addition, fibrinogen is oxidated,
which has been suggested to improve fibrinogen function [13], although ex vivo
fibrinogen function in patients with cirrhosis differs depending on the methodology
used to quantify clot quality [14].

Hemostatic changes in patients with liver disease are proportional to disease
severity. For example, VWF plasma levels in patients with chronic liver failure are
a marker for portal hypertension and are predictors of mortality [15]. The platelet
count is also a marker of portal hypertension in chronic liver disease [16]. The inter-
national normalized ratio (INR) is a marker of disease severity in chronic liver fail-
ure. In fact, the INR is part of the model for end-stage liver disease score, which is
used to prioritize patients for liver transplantation [17].

The Concept of Rebalanced Hemostasis in Patients
with Liver Disease

Routine diagnostic tests of hemostasis suggest that patients with liver disease have
a bleeding phenotype. The combination of thrombocytopenia and prolongations in
the prothrombin time (PT) and activated partial thromboplastin time (APTT) have
contributed to the classical dogma that liver diseases are associated with a hemosta-
sis-related bleeding tendency [18]. However, the interpretation of routine diagnostic
hemostatic tests in patients with complex hemostatic changes is not straightforward.
For example, although patients with liver disease are frequently thrombocytopenic,
the low platelet count is accompanied by highly elevated levels of VWF and
decreased levels of ADAMTSI13 [7, 19]. In vitro experiments using flow-based
models of platelet adhesion and aggregation have demonstrated that the elevated
VWEF levels at least in part compensate for the decreased platelet count both in
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chronic and acute liver failure. The interpretation of a prolonged PT and APTT in
patients with liver disease is complicated as these tests are only sensitive for plasma
levels of procoagulant proteins. As levels of pro- and anticoagulant proteins change
simultaneously in these patients, tests that take these opposing changes into account
should be used to interpret the status of the coagulation system. The use of throm-
bomodulin-modified thrombin generation tests has been instrumental in under-
standing the net effects of the complex changes in the coagulation system in patients
with chronic and acute liver failure [20]. Thrombomodulin-modified thrombin gen-
eration tests that take activity of both pro- and anticoagulant systems (including the
protein C system) into account demonstrate normal or even enhanced thrombin-
generating capacity in patients with liver disease, even in those who are critically ill
and have profoundly abnormal PT values [21]. Similarly, the fibrinolytic capacity of
patients with liver disease is well maintained in most patients due to simultaneous
changes in pro- and antifibrinolytic pathways [6].

Hemostatic changes in patients with liver diseases that promote bleeding are thus
compensated for by hemostatic changes that promote clotting as outlined in Fig. 1.

normal normal
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\?/\S‘
normal situation situation in patient with liver disease
antihaemostatic changes ‘+ ‘rebalance’ -—I—» | prohaemostatic changes
- Thrombocytopaenia R - Elevated levels of VWF
- Platelet function defects - Decreased levels of ADAMTS13
- Enhanced production of nitric - Platelet activation by
oxide and prostacyclin endotoxaemia

primary haemostasis

- Decreased levels of coagulation Q - Elevated levels of factor VIII

factors Il, V, VII, IX, X, XI - Decreased levels of protein C, protein S
- Vitamine K deficiciency and antithrombin
- Hypo- and dysfibrinogenaemia - Prothrombotic fibrin clot structure
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antiplasmin, factor Xlll and TAFI plasminogen
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Fig.1 Schematic presentation of the rebalanced hemostatic status in patients with liver disease. In
healthy individuals (a), hemostasis is in solid balance. In patients with liver disease (b and table),
both pro- and antihemostatic changes result in a “rebalance” of the hemostatic system. This new
balance is, however, more fragile and may therefore tip more easily toward bleeding or thrombosis.
Abbreviations: ADAMTS13 a disintegrin and metalloproteinase with a thrombospondin type 1
motif, member 13, PAI-] plasminogen activator inhibitor-1, TAFI thrombin activatable fibrinolysis
inhibitor, tPA tissue plasminogen activator, VWF von Willebrand factor. (Reprinted from van den
Boom et al. [22], with permission)
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The net result is a hemostatic system that remains in balance [23]. However, since
there is less weight on both ends of the hemostatic scale, the hemostatic balance in
liver disease patients may be less stable compared to that in individuals with normal
liver function.

The concept of rebalanced hemostasis in liver disease patients is supported by
clinical observations. Historically, the abnormalities in routine diagnostic tests of
hemostasis and the occurrence of clinical bleeding led to the dogma of liver diseases
as a clear example of an acquired hemostasis-related bleeding tendency. However,
careful interpretation of clinical observations has convincingly demonstrated that
bleeding in patients with liver disease frequently is not attributed to hemostatic
failure. Rather, most bleeding complications are caused by portal hypertension or
by mechanical injury to blood vessels as summarized in Fig. 2. For example, vari-
ceal bleeding, a common complication in patients with chronic liver disease is
related to portal hypertension. Three observations argue against a contribution of
hemostatic failure to this common bleeding complication. First, use of anticoagu-
lant drugs does not appear to increase the risk of variceal bleeding [25]. Second,
when a variceal bleeding occurs, severity and outcome of the bleed do not appear to
be different in patients who are or who are not using anticoagulant drugs at the time
of the bleed [26]. Third, recombinant factor VIIa, a potent prohemostatic drug has
little effect on severity and outcome of a variceal bleed [27]. In other words, exog-
enous modification of hemostasis does not affect risk for, or outcome of, a variceal
bleed. Another frequent bleeding event is bleeding during liver transplant surgery.
When liver transplantation was introduced as a life-saving solution for patients with
liver disease, bleeding during the procedure was tremendous and, on occasion, was
a direct cause of perioperative death. The magnitude of the bleeding problem in the
early days of liver transplantation is illustrated by the experience of the Pittsburgh
team [28], who were among the first to start a successful clinical liver transplant
program and reported very large transfusion requirements in the initial years of their
clinical program. However, over time, blood product requirements decreased sub-
stantially, and it even became possible to perform a liver transplantation without the
requirement for any blood products [29, 30]. Many centers now report transfusion-
free liver transplantation in part of the population, even in patients with profoundly
abnormal preoperative platelet count and PT/APTT values. Many factors have
likely contributed to this decline in blood product use, including improvements in
surgical and anesthesiological techniques, better preservation techniques, but also a
better understanding of the hemostatic alterations prior to and during liver trans-
plantation. One of the key factors in reducing blood loss may ironically be a more
restrictive approach to prophylactic blood component transfusion. As blood prod-
ucts are high-volume products, their administration leads to volume overload, which
paradoxically may increase rather than decrease bleeding, as it leads to exacerbation
of portal hypertension and increases in central venous pressure.

Thus, there is clinical evidence arguing against liver diseases as a hemostatic-
related bleeding tendency. Although bleeding complications that may be attributed
to hemostatic failure do occur, these bleeds are frequently cosmetic or minor and
almost never require prohemostatic interventions. Examples of bleeding issues that
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Fig. 2 Common sources of bleeding in patients with cirrhosis. Many bleeding events are due to
spontaneous mechanical sources such as ruptured esophageal varices, while others are related to
related to trauma to blood vessels and tissues, often related to medical interventions. The minority
of bleeding events is purely due to the hemostatic failure of end-stage liver disease. (Reprinted
from Northup et al. [24], with permission)
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are likely attributed to hemostatic failure include bruising, gum bleeds, nose bleeds,
menorrhagia, and bleeding from puncture wounds.

Additional clinical evidence in support of the concept of rebalanced hemostasis
relates to the risk of thrombotic complications. In contrast to the historic assumption
that patients with liver disease are “autoanticoagulated” and thus protected from
development of thrombotic disease, large epidemiological studies have convinc-
ingly demonstrated that liver diseases are associated with an increased risk for
venous thrombosis [31].

The concept of rebalanced hemostasis has led to substantial alterations in the
clinical approach to prevention and treatment of bleeding in patients with
chronic and acute liver disease. Although some contemporary clinical manage-
ment strategies are still perceived as controversial or provocative by some, mul-
tiple large international clinical societies have issued clinical guidance
documents [32-35] in support of such strategies, which will be discussed in
more detail in the next sections. Although large randomized clinical trials to
support these management strategies are largely lacking, clinical observation
combined with extensive studies and concepts on biological mechanisms under-
lying bleeding in patients with liver disease provide a firm foundation for these
recommendations.

Spontaneous Bleeding
Introduction

The combination of a low platelet count and prolongations in the PT and APTT
have historically been interpreted as the indication of an elevated spontaneous
bleeding risk in patients with cirrhosis. Although spontaneous bleeding compli-
cations in patients with cirrhosis are common, the most important spontaneous
bleeding event, bleeding from esophageal varices, is unrelated to hemostatic
failure. Rather, these bleeds are a consequence of portal hypertension, and the
risk for variceal bleeding increases with increasing severity of disease and
increasing portal hypertension [36]. Hemostasis-related bleeds are also com-
mon, although the exact frequency has not been documented, which may relate
to the fact that spontaneous bleeding in patients with cirrhosis is not commonly
classified as hemostasis-related or unrelated. A large proportion of bleeds that
are likely related to hemostatic failure in patients with cirrhosis is cosmetic or
mild. Such bleeds include bruising, gum bleeds, nose bleeds, menorrhagia, and
bleeding from puncture wounds. Clinically relevant spontaneous bleeds, such as
intracerebral hemorrhage, seem to occur at similar or perhaps slightly increased
rates in patients with liver diseases compared to those without [37, 38]. Even
though patients with liver disease are perceived to have a high bleeding risk, the
rate of clinically relevant bleeds is modest, even in critically ill patients. In a
study of >600 patients, bleeding occurred in 14% and was mostly related to
portal hypertension [39].
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Prevention

Prevention of portal hypertensive bleeds requires pharmacological treatment of por-
tal hypertension using nonselective beta blockers and management of varices by
endoscopic band ligation [36]. There is no benefit from optimizing hemostasis with
the aim to reduce risk of variceal bleeding. Importantly, prophylactic prohemostatic
treatment may be harmful, as will be discussed in the section on treatment of spon-
taneous bleeding.

Prevention of spontaneous hemostatic bleeds is generally not required as such
bleeds are self-limiting and relatively mild. Although correction of hemostatic
abnormalities is generally not indicated, as will be further discussed in the section
on treatment of spontaneous bleeds, management of comorbidities that may increase
the risk of bleeding may be helpful. Such comorbidities include infection and renal
failure that are associated with further changes in the hemostatic system of a patient
with cirrhosis [40]. These additional hemostatic changes may shift the hemostatic
balance to a true hypocoagulable state and contribute to spontaneous hemostasis-
related bleeding.

Treatment

Treatment of variceal bleeding again necessitates management of portal pressure by
vasoactive medication and endoscopic variceal band ligation. When a variceal bleed
is not readily controlled, red blood cell transfusion may become necessary due to
anemia or the development of hypotension. A restrictive approach to red cell trans-
fusion, with a hemoglobin threshold of 7 g/dL, is recommended based on random-
ized trials comparing a restrictive to a liberal transfusion policy in this setting [41].
When red blood cells are transfused, clinicians are inclined to transfuse fresh frozen
plasma (FFP) and platelet concentrates as recommended in general major bleeding
protocols. However, in the setting of variceal bleeding in patients with cirrhosis,
co-transfusion of FFP and platelet concentrates are not indicated as they are ineffec-
tive and likely cause harm [42]. FFP and platelet concentrates have little effect in
improving hemostatic capacity in patients with cirrhosis as a result of their “rebal-
anced” hemostatic status [43, 44], and as variceal bleeding is not caused by hemo-
static failure, improvement of hemostatic capacity will likely have little to no effect
in controlling the bleed. Indeed, administration of recombinant factor VIla was inef-
fective in the setting of acute variceal bleeding in patients with cirrhosis [27]. In
addition, FFP and platelet concentrate transfusion may be harmful as this leads to
volume overload and exacerbation of portal hypertension, which will exacerbate
rather than stop the bleeding [45]. Tranexamic acid, which has shown benefit in dif-
ferent settings of acute bleeding, should be avoided in patients with variceal bleed-
ing based on the results of the HALT-IT trial [46]. In this trial that included patients
with and without chronic liver disease and acute gastrointestinal bleeding,
tranexamic acid did not reduce early mortality but increased venous throm-
botic events.
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Treatment of spontaneous hemostasis-related bleeds can frequently consist of
watchful waiting or topical treatment [24]. As most bleeds are relatively minor and
are in patients who are in hemostatic rebalance, prohemostatic treatment is usually
not indicated and may do harm, again by exacerbation of portal hypertension.

Procedure-Related Bleeding
Introduction

Historically, invasive procedures in patients with cirrhosis were feared for their high
bleeding risk. As discussed in the introductory section, bleeding during liver trans-
plant surgery was often exceptionally severe in the early days of liver transplanta-
tion. However, nowadays liver transplant procedures can frequently be performed
without the requirement for any blood product transfusion. Other common invasive
procedures including paracentesis, thoracentesis, central line insertions, and dental
extractions were perceived as risky in terms of bleeding risk. However, recent stud-
ies that have quantified bleeding risk of common procedures have shown that this
risk is remarkably low [47]. In a study of more than 3000 procedures, the risk of
major bleeding was less than 1% [48].

The pathogenesis of bleeding following invasive procedures is incompletely
understood, but it is likely that many of the bleeds are mechanical rather than hemo-
static bleeds. Such mechanical bleeds are caused by inadvertent puncture of larger
vessels and require specific non-hemostatic strategies for prevention or treatment.
Abnormal hemostatic tests generally do not predict procedural bleeding in patients
with cirrhosis. An abnormal PT/INR is not related to bleeding risk as shown by a
meta-analysis [49]. There is some debate in literature on whether a low platelet
count predicts procedural bleeding risk [50]. However, even when platelet count
would predict bleeding risk, it is uncertain whether this relation is causal. Importantly,
platelet count is directly related to portal hypertension, and a low platelet count thus
may predict portal hypertension-related bleeds. Similarly, although fibrinogen lev-
els may be associated with bleeding risk, this may reflect a relation between bleed-
ing risk and severity of disease. Indeed, prophylactic administration of fibrinogen
concentrates did not reduce bleeding risk [51].

Prevention

It used to be common practice to prophylactically administer blood products, nota-
bly FFP and platelet concentrates, prior to invasive procedures in patients with cir-
rhosis with the aim to reduce bleeding risk. Contemporary guidance documents
[33-35, 52] argue against prophylactic administration of blood products prior to
invasive procedures in these patients as there is no evidence that this practice is
effective, whereas there is evidence that blood component transfusion in these
patients may be harmful.
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Arguments against prophylactic FFP or platelet concentrate infusion include the
following:

1. Although FFP improves plasma levels of individual coagulation factors to some
extent, the overall (ex vivo) hemostatic balance is not changed because of the
simultaneous infusion of procoagulants and anticoagulants [43, 53, 54]. Notably,
the coagulation system appears to be normal or even hypercoagulable when
tested with modern laboratory tests such as thrombomodulin-modified thrombin
generation tests [21], which questions the need for therapy that would improve
coagulation.

2. The yield of platelet concentrate is low and results in very little improvement
of (ex vivo) hemostatic status [44, 54]. Importantly, the thrombocytopenia of
cirrhosis appears compensated for, at least partly, by highly elevated levels
of VWF [7], which questions the need for therapy that improves platelet
function.

3. FFP and platelet concentrate are high-volume products, which carry the risk of
volume overload, particularly in patients with compromised cardiac output, and
transfusion of these products results in increased systemic and portal pressure
[55]. Avoidance of exacerbation of portal hypertension is essential as portal
hypertension itself is an important driver of procedural bleeding. Notably, avoid-
ance of fluid overload [30] and, in some centers, even preoperative phlebotomy
with the aim to reduce central venous pressures [56] are key in hemostatic man-
agement during liver transplantation.

4. Blood products are associated with various transfusion-related side effects and
some of these are particularly relevant for patients with liver diseases. For
instance, in patients with liver diseases, the risk for transfusion-associated acute
lung injury is higher compared to transfused patients without any underlying
liver disease [57]. Also, platelet transfusion has been suggested to exacerbate
immune dysfunction in patients with cirrhosis [58].

5. Blood products (and the potential side effects) are associated with significant
health care costs [59].

6. Blood products might “fuel the fire,” not only by exacerbation of portal hyper-
tension but also by increasing intravascular or intrahepatic clot formation that
could exacerbate hepatic or extrahepatic organ failure [1].

An alternative to platelet concentrate transfusions is the administration of throm-
bopoietin receptor agonists. Although these drugs safely increase the platelet count
in patients with cirrhosis, randomized studies did not demonstrate a reduction in
procedural bleeding risk and therefore it is uncertain whether these drugs have a
relevant impact [60].

Strategies to avoid procedural bleeding should thus not be directed at improve-
ment of hemostatic status. Rather, technical factors appear to play an important role
in procedural bleeding risk. For example, the experience of the operator is a deter-
minant of bleeding risk as, for example, documented in studies on liver biopsy [61].
Also, the use of image guidance helps to reduce bleeding risk [62].
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Procedural bleeding risk may be elevated in the risk of comorbidities, notably
renal failure and infection. Both renal failure and infection in patients with cirrhosis
are accompanied by additional hemostatic changes that may tip the hemostatic bal-
ance to a true hypocoagulable state [40]. Optimization of comorbidities prior to a
procedure should thus, whenever possible, be performed.

Treatment

When bleeding occurs during or after an invasive procedure, it is key to estab-
lish the nature of the bleed. When bleeding has a mechanical cause, first line
treatment consists of local measures. Such local measures may consist of sutur-
ing or cauterization when the damaged vessel is accessible, for example during
liver transplant surgery. Alternatively, bleeds may be treated by local measures
including procedures performed by interventional radiologists. The first line
treatment of procedural bleeds most often does not consist of prohemostatic
therapy, and strategies to improve the platelet count or a prolonged PT/INR are
frequently not indicated [24]. This seemingly counterintuitive strategy of
restrictive use of blood components in patients with cirrhosis does require for-
mal evaluation in clinical studies.

Only in patients who continue to bleed, despite attempts to locally treat the site
of vessel rupture, prohemostatic intervention may be necessary. In these patients,
prohemostatic therapy may be guided by routine diagnostic laboratory tests or more
advanced tests such as viscoelastic assays [63]. Preferably, prohemostatic treatment
in these cases consists of low-volume products, including fibrinogen concentrate,
tranexamic acid, and prothrombin complex concentrates, because platelet concen-
trates and FFP carry the risk of volume overload, which may contribute to (portal
hypertension-related) bleeding.

Concluding Remarks

Patients with cirrhosis, even those that are critically ill, appear to have preserved
hemostatic capacity. Bleeding in these patients is common, but most clinically rel-
evant bleeds are unrelated to hemostatic failure, but rather a consequence of portal
hypertension or mechanical injury. Prevention and treatment of spontaneous or
procedure-related bleeding thus should not be performed by administration of pro-
hemostatic treatment, but rather by using strategies to manage portal hypertension
and mechanical injury (Fig. 3). Contemporary clinical guidance documents advise
against prophylactic administration of blood products, as these are ineffective in
preventing bleeding and may cause harm. Nevertheless, prophylactic FFP or plate-
let transfusions are still common but only appear to reassure the clinician (“I have
treated abnormal laboratory tests”). In addition, medicolegal considerations appear
an important driver of prophylactic blood component transfusion [65]. Well-
designed clinical studies are thus urgently needed to obtain high-quality evidence
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Bleeding complications in patients with liver disease
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Fig.3 How to prevent or treat the different sources of bleeding in patients with liver disease. FFP,
fresh-frozen plasma. (Reprinted from Lisman [64], with permission)

for the current guidance recommendation, which will hopefully facilitate imple-
mentation of these guidelines in clinical practice.
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Introduction

Disrupted hematopoiesis can lead to the most common presenting symptoms of
acute leukemia, such as anemia, infection, and bleeding tendency. Both acute
myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) are associated
with hemostatic abnormalities, bleeding, and disseminated intravascular coagula-
tion (DIC). Bleeding in acute leukemia can occur in various sites, each presenting
unique challenges. Central nervous system bleeding, a rare but severe complication,
has been reported in a small percentage of AML patients, with acute promyelocytic
leukemia (APL) showing the highest risk. Additionally, pulmonary hemorrhage and
gastrointestinal bleeding are of significant concern. The incidence of bleeding is
particularly high in acute leukemia due to disease- and treatment-related thrombo-
cytopenia, emphasizing the need for comprehensive management strategies.
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Grading Systems for Bleeding Severity

An essential aspect of constructing a bleeding grading system for acute leukemia is
that it should be easily applicable and reproducible, even at the bedside, to be valu-
able in real-world scenarios. Many systems have been proposed to evaluate the
severity of bleeding. Here the most utilized grading systems are summarized.

WHO Grading of Bleeding

For hematological patients, although not specifically validated for this purpose, the
WHO bleeding scale or its variations are commonly used. The WHO bleeding scale
includes grades 0—4 to reflect the severity of bleeding, ranging from no bleeding
(grade 0) to serious bleeding with debilitating or fatal consequences (grade 4). The
WHO scale details are provided in Table 1 [1].

ISTH Grading of Bleeding

Major bleeding is defined according to the Scientific and Standardization Committee
of the International Society on Thrombosis and Haemostasis (ISTH) when it is fatal
and/or symptomatic in critical areas or organs, such as intracranial, intraspinal,
intraocular, retroperitoneal, intrarticular or pericardial, or intramuscular with com-
partment syndrome. Major bleeding also includes cases where bleeding led to a
reduction of 2 g/dL. or more in hemoglobin concentration or when necessitating
transfusion of two or more blood units [2].

Clinically relevant nonmajor bleeding is defined as any sign or symptom of hem-
orrhage that does not fit the criteria for major bleeding but requires medical

Table 1 WHO grading scale of bleeding

WHO O | No bleeding

WHO'1 | Minor bleeding: petechiae, oropharyngeal bleeding and/or epistaxis <30 min.,
purpura <1 inch, microscopic haematuria, abnormal vaginal bleeding with spotting

WHO 2 | Mild blood loss, never requiring red cell transfusion over routine needs:
oropharyngeal bleeding or epistaxis >30 min, purpura >linch, spontaneous
haematoma deeper tissue, joint bleeding visible haematuria, abnormal vaginal
bleeding more than spotting, haemoptysis, blood in broncho-alveolar lavage of body
cavity fluid, haematochezia, melanotic stool, haematemesis, bleeding at invasive site
>1 h, retinal bleeding without visual impairment, lumbar puncture with blood

WHO 3 | Haemorrhage requiring red blood cell transfusion over routine needs and specifically
related to treatment of bleeding (<24 h) or any bleeding associated with moderate
hemodynamic instability

WHO 4 | Bleeding associated with severe hemodynamic instability and requiring red blood
cell transfusion, fatal bleeding, any CNS bleeding (except for traumatic lumbar
puncture with blood), retinal bleeding with visual impairment
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intervention, leads to hospitalization or increased level of care, or prompts a face-to-
face evaluation by a healthcare professional [3].

Incidence and Sites of Bleeding in Acute Leukemia

AML and acute promyelocytic leukemia (APL), a subtype of AML, have a similar
incidence of severe bleeding, ranging from 5% to 26% [4—7] (Table 2). However, in
APL, the incidence of severe bleeding is consistently higher, with rates from 6.5%
to 34.9% [6-8]. The trial data in the latter setting note a rate of hemorrhagic early
death of 3-5%, which is as high as 16% in real-world data [8]. This significant dif-
ference may be attributed to selection bias, with trials recruiting patients who have
survived after diagnosis and have minimal comorbidities. Before the introduction of
all-trans retinoic acid (ATRA) for the treatment of APL, early hemorrhagic deaths
occurred in up to 20% of new patients with APL. Unfortunately, also with this treat-
ment the rate of early hemorrhagic deaths still remains 3—10%, with most occurring
within the first 2-3 weeks [9].

Decreases in fibrinogen and procoagulant factors can enhance the bleeding risk
in ALL patients treated with asparaginase. In a meta-analysis of prospective studies,
overall bleeding complications occurred in 2% of ALL pediatric cases [10]. In con-
trast, bleeding occurred in 31 of 214 ALL adult patients (14.5%) [11]. The most
common sites of acute bleeding are the skin, oral and nasal mucosa, stomach, lungs,
and urogenital system. There are also other minor sites or types, such as hemarthro-
sis and central nervous system bleeding.

Intracranial Hemorrhage
Bleeding in the brain produces the most severe complications for patients with acute

leukemia. The common sites of intracranial bleeding are subarachnoid, intra-
parenchymal, and subdural.

Table 2 Incidence of major bleeding in adult patients with acute leukemia

Ref. [4] Ref. [5] Ref. [5] Ref. [7]
Bleeding Bleeding Bleeding Ref. [6] Major
WHO grade WHO grade WHO grade Bleeding bleeding
3/4 3/4 3/4 WHO grade 4 |ISTH
APL N/A N/A N/A 25% (of 24 24.1% (of 29
pts.) pts.)
Non-APL | 12.9% (of 355 |8.2% (of 341 |26.6% (of 143 | 12% (of 167 | 5.5% (of 253
AML pts.) pts.) pts.) pts.) pts.)
ALL N/A N/A N/A 25.7% (of 70 | 2.6% (of 76
pts.) pts.)

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, APL acute promyelocytic leu-
kemia, N/A not available
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In a series of 423 patients with newly diagnosed non-promyelocytic AML who
underwent intensive induction chemotherapy, 17 (4%) had intracranial hemorrhage
(ICH). Patients with ICH had higher blast percentages in peripheral blood, higher
leukocyte counts, lower platelet counts, and lower fibrinogen levels than those with-
out ICH [12].

In a cohort of 859 patients with leukemia, 30 patients suffered an ICH (cumula-
tive incidence 3.5%); 17 of them were selected for matching with 55 control patients.
Low platelet count, especially in the 3—7 days preceding the bleeding event, was
associated with higher incidence of ICH; moreover, the amount of platelet transfu-
sions during the week before the hemorrhage was associated with a higher inci-
dence of ICH [13]. Preexisting hypertension and ischemic heart disease in the
medical history were associated with ICH, with an incidence rate ratio of 12.9 and
12.1, respectively [14].

Among 1467 patients with non-promyelocytic acute leukemia, 90 patients
(6.1%) developed ICH (AML, n = 77/962, 8.0%; ALL, n = 13/304, 2.6%). In this
series, prolonged prothrombin time and leukocytosis were risk factors for ICH [15].

Decreases in fibrinogen and procoagulant factors can enhance the bleeding risk
in ALL patients treated with asparaginase. Several cases of patients with intracra-
nial hemorrhages due to severe asparaginase-related hypofibrinogenaemia have
been reported [16—18]; in a series of 1547 children with ALL, nine had intracranial
bleeding (0.58%) [19].

In a series of 792 patients with acute leukemia newly diagnosed, there were 188
(23.7%) patients with ALL, 575 (72.6%) with AML, 28 (3.5%) with acute bipheno-
typhic leukemia, and one (0.1%) with unclassified acute leukemia. Seventy-nine
died of hemorrhages, and fatal ICH occurred in 41 (5.1%); among them, APL was
the most common subtype (18/41, 43.9%). Female gender (relative risk (RR) =5.2),
APL (RR = 4.0), leukocytosis (RR = 3.3), thrombocytopenia (RR = 3.2), and pro-
longed prothrombin time (RR = 3.2) were significantly associated with the occur-
rence of fatal ICH [20].

In a cohort of 261 patients (167 AML, 24 APL, 70 ALL), the incidence of ICH
was 3.1%, with a higher rate in APL cases (8.3%) in comparison with AML (3%)
and ALL (1.4%) [6]. In conclusion, ICH can occur in 3—-6% of patients with acute
leukemia, with a higher incidence in APL and AML.

Gastrointestinal Bleeding

Gastrointestinal (GI) bleeding is another frequent site of bleeding in acute leukemia
and occurs later in the disease course.

In a series of 261 patients (167 AML, 24 APL, 70 ALL), the incidence of GI
bleeding was 13/261 (5%), involving the upper GI tract in 2.7% of cases and the
lower GI tract in 2.3% of cases. No patient with APL had GI bleeding, whereas
upper and lower GI bleeding occurred in 3% and 1.8% of AML patients, respec-
tively, and in 2.9% and 4.3% of ALL patients, respectively [6]. In another series of
291 patients with acute leukemia (207 AML, 84 ALL), GI bleeding occurred in 17
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cases (5.8%); upper GI bleeding occurred in 12 cases (9/207 AML, 4.3%, and 3/84
ALL, 3.6%), and lower GI bleeding occurred in 5/207 AML cases (2.4%) [21]. In
conclusion, GI bleeding can occur in up to 5% of patients with acute leukemia.

Mucosal Bleeding

Bleeding from the mucous membranes is the most common site of bleeding in acute
leukemia. Bleeding from the oral cavity, characterized by gingival hematomas and
other types of hematomas, such as those affecting the tongue, flaccid palate, and
buccal vestibules, is also observed. Other types of mucosal bleeding include gingi-
val bleeding, a common sign seen in patients with untreated acute leukemia, and
epistaxis, often the first presenting symptom in children. The nasopharynx is also
one of the common sites of mucosal bleeding. Bleeding from the posterior nares
after infiltration of leukemic cells into the nasopharynx may destroy the bony septum.

In a series of 261 patients with acute leukemia at diagnosis, WHO 3/4 grade
bleeding occurred in the nose (1.1%), oropharynx (1.5%), vagina (1.5%), and uri-
nary tract (1.5%) [6].

Pathophysiology of Bleeding in Acute Leukemia
and Risk Factors

The pathophysiology of severe bleeding, therefore, is multifactorial. There are at
least two immediately identifiable major contributory factors and other influences
on the hemostatic process. First, thrombocytopenia is a volume-dependent major
primary hemostatic defect arising either from inadequate/ineffective thrombopoie-
sis and consumption of the few platelets formed from the disordered quality of
degenerating and short-lived megakaryocytes. Second, adequate intravascular fibrin
formation and its concomitant crosslinking results in intravascular consumption
coagulopathy—disseminated intravascular coagulation (DIC). DIC-associated
manifestations may be clinically evident or manifesting as a laboratory diagnosis
at best.

Thrombocytopenia

Thrombocytopenia is a well established risk factor for bleeding in acute leukemia.
In the seminal article of Gaydos et al. [22], the relationship between platelet count
and the frequency of all types of hemorrhage was studied in 92 patients with acute
leukemia. In patients with platelet counts <1 x 10%L, major bleeding occurred on
33% of the days. In contrast, at platelet counts between 5 x 10°/L and 20 x 10°/L,
major bleeding occurred on only 3% of the days.

In a prospective study on 102 consecutive patients being treated for acute leukae-
mia, 31 major bleeding episodes occurred on 1.9% of the study days when platelet
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count was 10 x 10%L or less and on 0-07% of study days when counts were
10-20 x 10°/L [23].

However, the platelet count is not the only determinant of bleeding risk in throm-
bocytopenia, since in AML there are consistent evidences of multiple platelet
defects, involving adhesion, aggregation, and secretion [24-27].

Overall, thrombocytopenia is a complex condition; it can be caused by a variety
of factors, including deficiencies in macrothrombocytes, defective megakaryocytic
processes, drug-induced complications, infections, and alloimmunization.

Disseminated Intravascular Coagulation

DIC is a pathological process characterized by the systemic activation of blood clot-
ting. Although the activation of clotting is widespread in the microcirculation,
which could translate into ischemic symptoms, bleeding mediated by the local con-
sumption of platelets and clotting factors represents the main clinical manifestation
of the pathologic process. Intravascular microthrombosis of vessels can develop,
causing organ dysfunction or failure in some patients. Increased thrombin genera-
tion results in activation of clotting factors and platelets, with consequent enhanced
fibrinolysis, which contributes to the bleeding tendency, especially in APL. An
imbalance between procoagulant, anticoagulant, and fibrinolytic factors occurs in
APL patient’s hemostatic system, triggered by the interaction of circulating APL
cells with the different compartments of hemostasis. The cellular differentiation
induced by ATRA results in the loss of procoagulant and fibrinolytic properties in
APL cells, with a parallel improvement of the hypercoagulable state.

The prevalence of DIC is highly variable among different studies, partially due
to the type of leukemia and diverse patient populations, and ranges from 8.5% to
25% of patients with non-promyelocytic AML or ALL, with another 15% of patients
also developing DIC soon after the initiation of chemotherapy [28-31]. In children,
DIC has been reported in 14% of cases of AML, in 3-14% of cases in ALL, and
between 17% and 100% of cases in APL [32].

Although secondary fibrinolysis in the context of DIC is important, previous
studies have shown differences in DIC in APL patients and DIC related to other
conditions. Several findings indicate that primary, rather than secondary, fibrinoly-
sis is instead the major constituent of the coagulopathy occurring during APL, giv-
ing reason for the higher hemorrhagic potential [8].

In acute leukemia, the occurrence of a DIC-like coagulopathy is associated with
bleeding risk. In one study, in patients with acute leukemia, a simplified bleeding
risk score identified D-dimer > 5000 pg/L and/or fibrinogen < 150 mg/dL as signifi-
cant risk factors for major bleeding [6] (Table 3).

Another predictive scoring system was developed in a cohort of non-
promyelocytic AML patients and validated in an independent cohort. Predictors of
grade 4 bleeding were PT-INR 1.3 to 1.5 (1 point), 1.5 (2 points), and platelet count
<40 x 10°/L (1 point), measured at the start of induction. The risk was defined as
low (0-1 points) or high (2-3 points) (Table 3). The majority of patients had a low
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Table 3 Bleeding scores in acute leukemia (Ref. [6]) or in non-promyelocytic AML (Ref. [5])

Grade 4 bleeding score (Ref. [5]) SiAML bleeding score (Ref. [6])
Platelets >40 x 10°/L =0 Fibrinogen (F) > 150 mg/dL =0
Platelets <40 x 10°/L = 1 Fibrinogen (F) < 150 mg/dL =1
INR<13=0 D-dimer (D) < 5000 pg FEU/L =0
INR>1.3-15=1 D-dimer (D) > 5000 pg FEU/L = 1
INR>1.5=2

Risk groups Score: (-1 xF) + D

Low risk of bleeding: 01 points Low risk of bleeding: Score < 0
High risk of bleeding: 2-3 points High risk of bleeding: Score > 0

bleeding score and a 2% cumulative incidence of early bleeding. In contrast, 12% of
patients with a high bleeding score had a 31% cumulative incidence of early bleed-
ing [5]. Notably, in this study, a high-risk bleeding score was predictive of noncath-
eter-associated thrombosis both in the development cohort (subdistribution hazard
ratio, SHR, 4.52) and in the validation cohort (SHR, 5.09), mirroring the dual risk
of bleeding and thrombosis in patients with DIC-like coagulopathy [5].

Prevention and Management of Bleeding in Acute Leukemia

Various strategies and interventions are used to manage bleeding in acute leukemia.
These include the administration of blood components and pro-hemostatic drugs,
replacing coagulation factors with plasma or cryoprecipitate, platelet transfusions,
and using antifibrinolytic agents. Desmopressin is a synthetic vasopressin derivative
that can temporarily raise platelet counts. While it has been used in the past to man-
age severe bleeding episodes in patients with acute leukemia and thrombocytopenia
[33], its limited hemostatic effect, lasting only a few hours, and concerns of tachy-
phylaxis have led to discouragement of its use for this purpose. Additionally, the
ISTH advises against the use of thrombopoietin receptor agonists for managing
chemotherapy-induced thrombocytopenia in AML or high-risk myelodysplasia out-
side of a clinical trial [34].

Finally, in the special setting of ALL patients treated with asparaginase, the
ISTH suggests replacement of fibrinogen for a level < 0.5 g/L. In patients with
active bleeding, targeting a higher fibrinogen level is suggested [34].

Platelet Transfusions

Several studies have suggested that the threshold for prophylactic platelet transfu-
sion can be safely reduced to a count of 20 x 10°L in specific patient groups [23,
35-38]. This may lead to economic benefits, reduced transfusion requirements, and
decreased risk of developing antiplatelet antibodies.



78 V. De Stefano and G. Castaman

A Cochrane analysis of three randomized clinical trials was published in 2015
[39]. One study focused on patients with AML [36], another on patients with acute
leukemia [37], and the third on patients who had undergone allogeneic transplanta-
tion [38]. Two of these studies compared a prophylactic transfusion threshold of
10 x 10°/L with a threshold of 20 x 10%L [36, 37], while one study compared a
threshold of 10 x 10°/L with a threshold of 30 x 10°/L [38].

The review’s main conclusions were that a transfusion trigger of 10 x 10°/L
seemed to be as effective as higher triggers (20 x 10°/L or 30 x 10°/L) in preventing
clinically significant bleeding. This includes no evidence of differences in the num-
ber of participants with clinically significant bleeding events (WHO grade 2 or
above), the number of days with clinically significant bleeding, the number of par-
ticipants with severe or life-threatening bleeding, and time to the first clinically
significant bleeding episode [39].

The ISTH recommends empirical platelet transfusion for a platelet count
<10 x 10%/L, suggests platelet transfusion for serious bleeding (WHO grade 2 or
higher) in patients with less severe thrombocytopenia (e.g., <50 x 10°/L), and rec-
ommends against prophylactic platelet transfusion to maintain platelet count to sup-
port full-dose chemotherapy [34]. In APL, an expert panel recommended maintaining
a platelet threshold of 30 x 10°/L to 50 x 10%/L [40].

Management of Disseminated Intravascular Coagulation

Preventing bleeding in patients with acute leukemia may rely on ensuring that coag-
ulation defects are fully addressed with transfused hemostatic factor concentrates, if
necessary, followed by platelet transfusions to maintain the platelet count within a
safe range.

ISTH recommends a high level of vigilance for DIC in patients with acute leuke-
mia, with systemic evaluation for coagulopathy (including platelet counts and rou-
tine coagulation parameters such as PT, aPTT, fibrinogen) at least daily until
normalization and utilization at least one of the standardized scores to diagnose
DIC [41].

Moreover, ISTH recommends transfusion support for patients with DIC associ-
ated with acute leukemia [41]. For non-promyelocytic patients with evidence of
DIC, the ISTH suggests transfusion when the platelet count is <20 x 10%/L in
patients without active bleeding, and a higher platelet count for patients with clini-
cally significant active bleeding.

In APL patients, due to the high risk of hemorrhagic mortality during early
induction, a higher transfusion threshold of platelet count <30 x 10°/L is suggested.
During induction treatment, this target could require transfusing platelets even twice
daily, with frequent daily platelet count monitoring during the initial days of
treatment.

For patients with acute leukemia-associated DIC, particularly APL, the ISTH
suggests transfusion support when the fibrinogen level is <1.5 g/L, using either
fibrinogen concentrates or cryoprecipitate [41]. Finally, the ISTH advises against
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the routine use of heparin, antifibrinolytic agents, or rFVIIa to treat DIC associated
with acute leukemia [41].

Antifibrinolytic Agents

Tranexamic acid (TXA) and e-aminocaproic acid (EACA) work by inhibiting the
breakdown of blood clots. They do this by blocking specific binding sites on a pro-
tein called plasminogen. These drugs are often used to prevent and treat bleeding in
patients with platelet function disorders and inherited clotting disorders. Platelets
are the main source of inhibitors that prevent plasminogen from breaking down
blood clots. In the presence of thrombocytopenia, the clots formed are weak, break
down quickly, and do not effectively stop bleeding. This could be due to a defi-
ciency in the inhibitors of plasminogen. Therefore, using TXA might be helpful for
bleeding in people with thrombocytopenia.

In 2016, a Cochrane review of three small randomized clinical trials comparing
TXA or EACA versus placebo in a total number of 86 patients with acute leukemia
concluded that the trials were too small to assess whether antifibrinolytics decrease
bleeding [42]. A recent multicenter, double-blinded, placebo-controlled random-
ized clinical trial of TXA vs. placebo (in addition to standard platelet transfusion)
randomized 337 patients with hematological malignancies to 1300 mg TXA orally
or 1000 mg TXA iv (n = 168, 84 with non-promyelocytic acute leukemia) vs. pla-
cebo (n = 169, 88 with non- promyelocytic acute leukemia) thrice daily for a maxi-
mum of 30 days. Three hundred thirty patients were activated when their platelet
counts fell below 30 x 10%/L. There was no significant impact on the 30-day rate of
WHO grade > 2 bleeding and no statistically significant difference in the mean
number of platelet transfusions or thrombotic events [43]. In a retrospective study,
no difference in bleeding or thrombosis was noticed between 36 AML patients
receiving TXA 500 mg three times daily versus 77 patients not receiving TXA [44].

In conclusion, the data prompted ISTH to recommend against using prophylactic
TXA in chemotherapy-induced thrombocytopenia [34]. However, tranexamic use
for mucosal bleeding may still have a role in patients with acute leukemia, espe-
cially when used orally (also as wash-mouth) or topically [45, 46], while it should
not be used parenterally in presence of DIC [41].

Conclusions

Bleeding is a common and serious complication of acute leukemia, with significant
implications for patient management. Bleeding manifestations and their severity are
largely attributable to the variable severity of thrombocytopenia and the presence of
DIC. Effective management requires a comprehensive approach that encompasses
supportive care, treatment of the leukemia, and close clinical and laboratory moni-
toring. Continued research is necessary to develop more targeted therapies and
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improve outcomes for patients suffering from bleeding associated with acute
leukemia.
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Introduction

Immune thrombocytopenia (ITP), previously known as immune thrombocytopenic
purpura, is an immune-mediated acquired disease of adults and children character-
ized by thrombocytopenia—defined as a platelet count <100 x 10°/L—and, depend-
ing upon the degree of thrombocytopenia, by an increased risk of bleeding [1, 2]. In
recent years, a slightly increased risk of venous and arterial thrombosis has also
been reported in adults [3, 4]. The disease has a significant negative impact on the
quality of life (QoL) and may result in relevant limitations in patients’ physical
activities and lifestyle [5, 6].

Incidence of ITP among European adults varies from 1.6 to 3.9 per 100,000 per-
sons per year with a prevalence estimated from 9.5 to 23.6 per 100,000 persons [7-9].

ITP is caused by the loss of immune tolerance to self-antigens due to an abnor-
mal expansion of autoreactive T cell stimulating autoreactive B cells which dif-
ferentiate into plasma cells producing autoantibodies. These autoantibodies are
mainly directed against GPIIb-IIla and/or GPIb which are integral membrane
receptors present on platelets and megakaryocytes. A concomitant increase in
inflammatory cytokines is also observed. The main mechanism of thrombocytope-
nia—formerly attributed to increased platelet destruction of circulating platelet
opsonized by the autoantibodies undergoing phagocytosis by the macrophagic
system—has shifted to a more complex pathogenetic mechanism, in which the
impaired platelet production by megakaryocytes and an inappropriate availability
of thrombopoietin substantially contribute to the severity of thrombocytopenia
[10]. This new paradigm led to the introduction of thrombopoietin receptor
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agonists (TPO-RA), representing nowadays one of the most frequently adopted
therapeutic strategies, after failure of initial treatment with corticosteroids [11].
The diagnosis of ITP remains one of exclusion in presence of isolated thrombocy-
topenia. Testing for the presence of antiplatelet autoantibodies in serum is useless
due to severe limitation in sensitivity and specificity so that a positive test does not
confirm ITP and a negative test does not exclude it. In primary ITP, no underlying
disease is evident at the time of diagnosis, and a full blood cell count, peripheral
blood examination, and a few common assays, including autoimmunity testing,
are sufficient for a clinically useful diagnosis. At variance with primary ITP (from
here shortly ITP), in secondary ITP, a lymphoproliferative or autoimmune disease
is already present, and this, together with drug-induced thrombocytopenia, repre-
sents the most commons forms. Based on the duration of thrombocytopenia, three
phases of the disease can be distinguished with a progressively lower chance of
spontaneous resolution: newly diagnosed ITP (from diagnosis to 3 months); per-
sistent ITP (more than 3 and up to 12 months); chronic ITP (more than 12 months).
These phases should not be used to guide the treatment, which remains based on
the criteria that will be outlined below.

Principles of Therapy

The main goal of ITP treatment in clinical practice remains control and prevention
of significant bleeding by the achievement of a safe platelet count. There is a general
agreement that a platelet count >20-30 x 10%L is sufficient to avoid overt cutane-
ous or mucosal bleeding and organ bleeding at least in subjects not exposed to major
trauma and without any concomitant hemostatic defects, either inherited or due to
anticoagulation or antiplatelet treatment. Furthermore, a platelet count >30 x 10°/L
is considered safe during the entire pregnancy.

A watch and wait approach could be appropriate even in cases with a platelet
count below 20 x 10°/L, in absence of significant bleeding, especially in multi-
refractory patients, in order to avoid treatment-induced unacceptable toxicity as, for
example, by using corticosteroids above minimal dose (equivalent to prednisone
5 mg/day) for prolonged periods. More in general, minimization of adverse events
and treatment-related toxicity, in particular infective and thromboembolic events,
clearly remains a fundamental rule.

For particular at-risk situations, specific minimal platelet counts are considered
safe as shown in Table 1 [12].

Current international guidelines still recommend corticosteroids as initial treat-
ment of patients considered at risk of bleeding [12, 13]. In general, treatment is
indicated with a platelet count below 20 x 10°/L or even higher if there are bleeding
manifestations or a significant negative impact on patients’ quality of life. Prednisone
at 1 mg/kg (maximum dose 80 mg) for a maximum of 3 weeks followed by a taper-
ing in the next 3 weeks is the preferred choice. To avoid unjustified side effects, if
there is no improvement within 2 weeks (e.g., no platelet count >50 x 10°/L), it is
safe to rapidly taper the dose and stop treatment, since a significant stabilization or
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Table 1 Consensus-based recommendations for minimal platelet counts (x 10°/L) in specific at-
risk situations

Complex dental extraction >50
Minor surgery >50
Major surgery >80
Major neurosurgery > 100
Vaginal/caesarean delivery >50
Axial anesthesia for delivery >70
Antithrombotic treatment

Single antiplatelet agent or warfarin or single direct > 30-50

oral anticoagulant (DOAC)

Dual antiplatelet agents or one antiplatelet plus warfarin or DOAC > 50-70

normalization or a stable safe platelet count is not expected. In case of acute presen-
tation with significant bleeding, a 4-day cycle of dexamethasone at 40 mg/kg/day for
4 days may give a more rapid response. A second dexamethasone cycle may be given
after at least 10 days. Intravenous immunoglobulins (IVIg) administration (1 g/kg on
1-2 consecutive days or 400 mg/kg/day for 5 days) may be required in patients with
ongoing bleeding or at risk of major bleeding. Since no more than 20-30% of patients
benefit from a durable response, most will need second-line treatments.

As anticipated, TPO-RA (romiplostim, given subcutaneously, eltrombopag
and avatrombopag orally administered) were introduced, creating a new para-
digm for treatment shifting from immunosuppression (corticosteroids and ritux-
imab) to megakaryopoiesis stimulation. These agents, first introduced more than
10 years ago (romiplostim and eltrombopag), are the more widely adopted sec-
ond-line treatment (noteworthy, a patient not responsive to one specific TPO-RA
may be successfully shifted to another one) [11] and have currently largely
replaced splenectomy, despite it is still the only potentially curative approach in
over 50% of patients with long lasting ITP [14, 15]. In the 2019 international
guidelines, due to the lack of strong evidence, particularly in ASH guidelines
[13], there was a substantial equipoise between the three main second-line treat-
ments, namely rituximab, splenectomy, and TPO-RA, and the choice was left to
patients’ preferences. This undesirable situation will be re-addressed in the ASH
project for new guidelines focusing on update on second-line management for
adults with ITP [16].

With TPO-RA treatment, reaching a sustained off-treatment response (SOR) is a
realistic goal for up to 20% of patients, but we still lack robust evidence regarding
the achievement of target levels of QoL or reduction of fatigue. In children, 70-80%
of cases presenting with ITP resolve spontaneously, and even in chronic cases, the
major bleeding events are quite rarer than in adults, so a watch-and-wait policy can
be adopted in most cases. IVIg represents the most rapid way to increase platelet
count. More recently, fostamatinib, an inhibitor agent of Syk, blocking the macro-
phagic action on opsonized platelets, has been made available as a second line-
treatment [17] (Fig. 1).
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This scheme is based on 2019 ASH guidelines [13]. Arrows point to subsequent decisional levels, each with different treatments. Each decisional level comes into play after
insufficient response or intolerance to the previous treatment. In the lack of evidence for superiority of a particular approach, it is assumed that in each level patients are
treated according to their preferences for a particular second line treatment. It is assumed that patients who choose to avoid splenectomy may prefer either TPO-RA or
rituximab whereas patients who place a high value on achieving a durable response may prefer splenectomy or TPO-RA. Furthermore, based o[n their initial preference,
patients would reasonably maintain the same personal attitude to the different approaches, for example choose splenectomy as last option, but possibly some more patients
would accept surgery after experiencing failure to other treatments. Anyway, it is recommended to postpone splenectomy for at least 12 months and to avoid it in the elderly
or in patients with relevant co-morbidities.

Dotted lines assume that there is equipoise between the two options.

*Fostamatinib could be preferred over other treatments in patients at high risk of thrombosis, since in patients treated with this agent in controlled clinical trials and in some
real word experiences no excess of thrombotic events was reported so far.

Fig. 1 Proposed treatment algorithm in patients with ITP at risk of bleeding who are unresponsive
to corticosteroids and/or IVIg

This scheme is based on 2019 ASH guidelines [13]. Arrows point to subsequent decisional levels,
each with different treatments. Each decisional level comes into play after insufficient response or
intolerance to the previous treatment. In the lack of evidence for superiority of a particular
approach, it is assumed that in each level, patients are treated according to their preferences for a
particular second line treatment. It is assumed that patients who choose to avoid splenectomy may
prefer either TPO-RA or rituximab whereas patients who place a high value on achieving a durable
response may prefer splenectomy or TPO-RA. Furthermore, based on their initial preference,
patients would reasonably maintain the same personal attitude to the different approaches, for
example, choosing splenectomy as the last option, but possibly, some more patients would accept
surgery after experiencing failure to other treatments. Anyway, it is recommended to postpone
splenectomy for at least 12 months and to avoid it in the elderly or in patients with relevant comor-
bidities. Dotted lines assume that there is equipoise between the two options

*Fostamatinib could be preferred over other treatments in patients at high risk of thrombosis, since
in patients treated with this agent in controlled clinical trials and in some real-world experiences
no excess of thrombotic events was reported so far

Other new agents based on specific actions including the inhibition of Fc recep-
tor neonatal (FcRn), Bruton tyrosine kinase (BTK), or complement are under inves-
tigation. For a comprehensive review, see Rodeghiero [18].

Epidemiology of Bleeding in ITP

Bleeding manifestation in ITP are typical of primary hemostasis defect and can
manifest as cutaneous (dry purpura), mucosal (wet purpura, menorrhagia), or
organ bleeding, including intracranial hemorrhage (ICH). In general, there is
some relationship between platelet count and bleeding manifestations or risk of
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major bleeding. However, the distinction of severe bleeding from other less rele-
vant hemorrhagic manifestations suffers from inconsistent definitions across the
different studies. This limitation hampers a precise identification of a safe platelet
count for the different situations at risk. Usually, with a platelet count above
30 x 10°%/L patients, do not incur significant bleeding with manifestations gener-
ally restricted to petechiae or ecchymoses. However, the risk is increased in
patient taking antiplatelet agents or anticoagulant, having another hemorrhagic
disorder, or in case of sports or job-related traumas. Some cutaneous or mucosal
bleedings (hemorrhagic bullae, epistaxis, or menorrhagia in fertile women) are
usually observed with platelet counts <20 x 10%/L, but even platelet counts lower
than 5-10 x 10°/L may be tolerated in absence of additional risk factors, even for
long periods. This is particularly true for children, and they can be safely managed
with observation alone [19-21]. On the overall, however, a platelet count below
20 x 10°/L is correlated with a significant increase of bleeding manifestations in
registry studies [22, 23].

Intracranial hemorrhage (ICH) is the most devastating bleeding that may occur
in ITP. Nevertheless, the incidence of ICH is relatively low if compared with other
clinical conditions accompanying thrombocytopenia like aplastic anemia, hemato-
logic malignant disorders, or after chemotherapy—clinical situations in which
platelet transfusions are a regular practice when the platelet count is lower than
10 x 10°/L [24, 25].

Neunert et al. conducted a systematic review of all prospective ITP studies that
enrolled 20 or more patients published up to mid-2014, identifying 118 studies that
reported bleeding (n = 10,908 patients) [26]. Weighted proportions for ICH were
1.4% for adults (95% confidence interval [CI], 0.9-2.1%) and 0.4% for children
(95% CI, 0.2-0.7%; P < 0.01), most of whom had chronic ITP. The weighted pro-
portion for severe (non-ICH) bleeding was 9.6% for adults (95% CI, 4.1-17.1%)
and 20.2% for children (95% CI, 10.0-32.9%; P < 0.01) with newly diagnosed or
chronic ITP. As a comparative figure, 3.5-4% of the neonate patients with severe
hemophilia A and B experience ICH, an incidence 40-80 times higher than in the
normal population [27].

A higher incidence of fatal hemorrhage is reported in selected series. For exam-
ple, by looking at relatively old series considering cases unresponsive to various
treatment, the mortality rate including intracranial and other organs hemorrhages
can raise up to 5-20% [28-31]. The bleeding risk is higher in the elderly. Cohen
et al. reviewed 17 case series including 1817 patients with ITP [32]. There were 49
cases of fatal hemorrhage over an estimated 1258-3023 patient-years at risk. Age-
adjusted rates were 0.004, 0.012, and 0.130 cases per patient-year for age groups
younger than 40, 40-60, and older than 60 years, respectively. Predicted 5-year
mortality rates ranged from 2.2% for patients <40 years to 47.8% for those >60 years.

Cortelazzo et al. estimated a risk of fatal hemorrhage in a retrospective cohort of
117 consecutive and unselected patients with chronic ITP treated with steroids [33].
At equivalent platelet count, the incidence of major hemorrhagic complications was
significantly higher in patients older than 60 than in those younger than 40 years
(10.4% vs. 0.4%/patient-years, relative risk = 28.9, P < 0.01). A previous
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hemorrhagic event was identified as another major risk factor for hemorrhage, and
in all cases, platelet count was <30 x 10°/L, mostly <20 x 10°/L.

More reassuring data derive from the US National Inpatient Sample database
from 2007 to 2016 in which ITP hospitalizations were identified using International
Classification of Diseases (ICD-9-CM) and appropriate code for intracranial hem-
orrhage (ICH). Between 2007 and 2016, 348,906 ITP hospitalizations were identi-
fied. The incidence of ICH was stable and lower than 1% (0.98%, n = 3,408) with a
mortality rate around 27%, both incidence and mortality of ICH were associated
with older age and male gender [34]. For comparison, although no precise estimates
of postnatal ICH risk in severe congenital hemophilia A and B are available, a much
higher incidence of 3-7% has been reported in large series observed for
5-9 years [27].

Children may also be at risk of intracerebral bleeding, although less than adults.
Psaila et al. through a survey in the United States on ICH from 1987 to 2000 accrued
40 patients with ICH and 80 matched ITP controls with a platelet count lower than
30 x 10°/L [35]. Platelet counts were less than 20 x 10°/L in 90% and less than
10 x 10°/L in 75% of children with ICH; 45% of children developed ICH within
7 days of diagnosis of ITP, and for 10, ICH was the presenting feature of ITP; 30%
had chronic ITP. Head trauma and hematuria were the most prominent features
associated with ICH, identified in 33% and 22.5% of the patients with ICH. Bleeding
beyond petechiae and ecchymoses was also linked to ICH. Mortality was 25%.
Assuming a yearly incidence of 3850 new cases of ITP per year, the authors (AA)
estimated an incidence of ICH in children with ITP in the United States between
0.19% and 0.78%.

Recently, Mannering et al. identified 1762 patients with chronic ITP and com-
pared them with 74,781 age-sex-matched individuals from general population using
nationwide Danish health registries from 1980 to 2016 [36]. The overall median
survival in patients with ITP was reduced by 5.1 years (95% CI, 0.7-9.4) in
ITP. Bleeding with a sub-hazard ratio of 3.25 (95% CI, 2.33-4.52) versus compara-
tors adjusted for comorbidities was the leading cause of death, followed by infection
and hematological cancer. During the last years, an improving survival was
observed, probably due to the increased availability of new treatments like TPO-RA.

An unexpected finding consisting in cerebral microbleeds (CMBs) detected by
susceptibility-weighted magnetic resonance imaging was reported by Cooper et al.
[37]. In 49 adult patients with ITP diagnosed up to 11 years before and experiencing
a nadir platelet counts <30 x 10°/L, asymptomatic cerebral microbleeds were identi-
fied in 43% of cases with a platelet nadir <15 x 10°/L. None of the remaining
patients and the 18 healthy controls had CMBs. Negative prognostic factors were
disease duration and a higher organ bleeding score measured using the SMOG-BAT
system (see below). These findings need confirmation in prospective longitudinal
studies. Reassuringly, in patients with severe hemophilia, a much more harmful
hemorrhagic disease, CMBs were only slightly increased compared with healthy
controls [38].

In addition to intracerebral bleeding, other major or even life-threatening bleed-
ing manifestations may occur in various districts of the body, including epistaxis,
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gastrointestinal hemorrhage, macrohematuria, menorrhagia, and postpartum in fer-
tile women. However, deaths attributed to these causes are only exceptionally
reported and have never been observed by this author.

Bleeding Risk Assessment

Apart from ICH and fatal hemorrhage, no unequivocal and consistent definition of
what should constitute a major bleeding is available, and none of the currently pro-
posed bleeding assessment tool for ITP (ITP-BAT) is universally accepted or proved
to be predictive of major or fatal bleeding [20, 26].

Among the most relevant ITP BATSs, some could be worthy of a brief description.
For example, the ITP bleeding scale (IBLS) which assigns a bleeding severity score
from O (no bleeding) to 2 (marked bleeding) at nine anatomical sites by history
(skin, oral, epistaxis, gastrointestinal, urinary, gynecologic, pulmonary, intracranial,
and subconjunctival) as well as two anatomical sites by physical examination (skin
and oral) [39]. Another tool often referred to is the one developed by Khellaf et al.
with the scope to validate a therapeutic strategy based on a bleeding score for the
short-term management of adults with ITP and a platelet count <20 x 10°/L with or
without bleeding manifestations [40]. Scores were based on a numerical scale con-
sidering the presence and severity of bleeding at cutaneous, mucosal, gastrointesti-
nal, urinary, genitourinary, and CNS sites and include age as a factor (5 point for
older than 75). For scores >8, patients received IVIg (1-2 g/kg) in combination with
oral steroids, whereas patients with a score < 8 received only corticosteroids. In a
study on 60 adults, using this strategy, [IVIg was required in only 50% of the patients,
and no life-threatening bleeding occurred in patients treated with steroids alone.
However, this score system has not been tested as a predictive tool for future major
bleeding events in untreated patients.

Unfortunately, after more than 40 years from its proposal, the WHO bleeding
assessment scale (sometimes with minimal variations) is still used in several current
trial on new drugs for ITP notwithstanding it was originally proposed for grading of
acute and subacute toxicity, including hemorrhage, in cancer patients treated with che-
motherapy. The proposed scale does not consider the different sites of hemorrhage and
indicates the following grading: 0, no hemorrhage; 1, petechiae; 2, mild blood loss; 3,
gross blood loss; 4, debilitating blood loss. Deaths must be reported separately [41].

More recently, an international working group led by this author has proposed a
comprehensive SMOG ITP-BAT where a severity grade from 0 (none) to 5 (fatal) is
assigned for different types of bleeding in three distinct domains, including skin,
mucosae, and organ (SMOG). Importantly, only bleeding observed or confirmed by
a doctor or experienced nurse can be graded >1, making this tool more objective
than those based on patients’ reports. A cumulative score is calculated taking the
highest grade occurred in a fixed period, usually the time since the last visit, dis-
tinctly for each domain. Since the three domains do not have similar severity impli-
cations (e.g., a grade 3 for skin is much lower than a grade 1 or 2 for an organ), they
cannot be summed [42] (Table 2).
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Identification and Management of Conditions at Different Risk
of Bleeding

The current limitations of the different ITP-BAT in categorizing the different grades
of ITP bleeding severity and their relationship with individual platelet counts and
additional risk factors make recommendations based more on clinical experience
than on evidence-based criteria. In any case, both risk of bleeding assessment and
actual platelet count are fundamental in determining the best prevention or treat-
ment approach. We propose four different scenarios and the relative appropriate
management. This classification reflects an unpublished work in progress by an
International Working Group coordinated by the author

1. Life-Threatening Bleedings

Definition Any ongoing external or internal organ hemorrhage that poses immedi-
ate risk for the patient’s life if not immediately controlled (e.g., intracranial, intra-
spinal, intraocular, retroperitoneal, pericardial, massive gastrointestinal hemorrhage,
or intramuscular with compartment syndrome). Any ongoing bleed that results in
hemodynamic instability or respiratory compromise, posttraumatic or uncontrolled
massive hemorrhage.

This definition reflects the proposal made by the Platelet Inmunology Scientific
Standardization Committee (SSC) of the International Society on Thrombosis and
Haemostasis for the definition of critical bleed in patients with confirmed or sus-
pected ITP who typically have severe thrombocytopenia (platelet count below
20 x 10°/L) [43].

Management Exclude or manage any antiplatelet or anticoagulation. If the patient
is unconscious and without a previous diagnosis, platelet count is <20 x 10°/L and
no major coagulation abnormalities are found, presume a diagnosis of ITP.

Start immediately IVIg 1 g/kg on 1-2 consecutive days plus methylpredniso(lo)
ne 1 g/kg in adults or 15 mg/kg in children for 3 days. If the situation is not rapidly
improving and there is an impending risk of death, platelet transfusions can be
attempted, despite minimal and short-lived increase of platelet count is expected.
Emergency splenectomy has been attempted in patients unresponsive to all these
treatments. Antifibrinolytics are generally not indicated. Obtaining and maintaining
a platelet count >50-70 x 10°/L for a few days is advised but in some refractory
patients this goal cannot be achieved.

2. Major Bleeding
Definition Any bleeding that is not life-threatening but needs urgent treatment to

avoid organ-threatening or long-term functional disability. Any drop in hemoglobin
(= 2 g/dL) that can be ascribed to acute bleeding. Based on SMOG ITP-BAT, any



100 F. Rodeghiero

bleeding with score > 3 in the mucosal or organ domains or any similar extent of
bleeding using other classification systems.

Management Hospitalization is advised to monitor the patient. Exclude or manage
any antiplatelet or anticoagulation. If bleeding is ongoing, IVIg 1 g/kg on 1-2 con-
secutive days plus high dose dexamethasone or methylpredniso(lo)ne or oral stan-
dard corticosteroids. Obtaining and maintaining a platelet count >50-70 x 10°/L for
a few days is advised.

3. Clinically Relevant Nonmajor Bleeding

Definition Any relevant bleeding that does not require hospitalization over 24 h.
Based on SMOG ITP-BAT, any organ bleeding scored >1 or any mucosal bleeding
scored >2 or any similar extent of bleeding using other classification systems.

Management Consider suspension of any antiplatelet treatment or anticoagulation
if in place and if the patient tailored thrombotic risk assessment is not a prevailing
risk. Treatment may follow the general indications provided above, considering
optimizing treatment by adding corticosteroids to TPO-RA or titration of TPO-RA
to their maximum dose or by adding another second line treatment such as fostama-
tinib. A single day infusion of IVIg 1 g/kg for 1 day may be required. A target mini-
mum platelet count of 50 x 10°/L is advised.

4. Minor Bleeding

Definition Any bleeding that does not qualify as clinically relevant. Based on
SMOG ITP-BAT, any skin bleeding scored <2 or any mucosal bleeding scored 1 or
any similar extent of bleeding using other classification systems.

Treatment Patient reassurance and counseling on life style. No treatment modifica-
tions are usually required. In some cases, target treatment to obtain a platelet count
around 50 x 10°/L may be advisable.

Conclusion

The availability of many effective treatments has made ITP much less an ominous
disease that it was up to 20 years ago, but motility or organ impairment for bleeding
may still occur in any phase of the disease. It is mandatory that the treating physi-
cian has specific expertise in ITP avoiding to unduly aggravate the patient’s quality
of life but also on the same time not overlooking the risk of bleeding that may
change during time without apparent causes.
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Introduction

There is a variety of clinical conditions, such as severe infections, malignancies, or
trauma, that lead to activation of the coagulation system. This hemostatic activation
is often subclinical and will not be detectable by routinely performed blood tests,
but it can be captured by highly sensitive assays for coagulation activation that
detect peptides released from activated clotting proteins or complexes between acti-
vated coagulation factors and their specific inhibitors [1]. When the hemostatic acti-
vation is stronger, consumption of coagulation enzymes and platelets may become
visible through prolongation of routinely performed hemostatic test (e.g., prothrom-
bin time (PT) and activated partial thromboplastin time (aPTT)) and a low or
decreasing platelet count. An even more prominent activation of hemostasis may
manifest as disseminated intravascular coagulation (DIC) [2]. DIC is classically
characterized by the simultaneous formation of extensive (micro)clots in the sys-
temic circulation and an increased bleeding tendency. The constant coagulation
activation and consequent fibrin deposition impedes adequate oxygen delivery to
organs and peripheral tissues and may be a major contributing factor in the develop-
ment of multiple organ injury [3-5]. The hemorrhagic tendency is caused by the
continuous activation of coagulation, causing consumption and subsequent deple-
tion of coagulation factors and platelets, further aggravated by reduced synthesis
(due to impaired organ function) and enhanced proteolytic degradation of these
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factors and their regulators caused by activated immune cells. As a result, the risk of
hemorrhagic complications increases, sometimes manifesting as spontaneous wide-
spread bleeding from various sites. There are two discrete types of DIC: one form is
characterized by strong hemostatic activation and suppressed fibrinolysis, resulting
in fibrin deposition and secondary bleeding complications, whereas the second form
is mostly based on excessive fibrinolysis, primarily manifested by severe
bleeding [3].

Most affected organs in patients with DIC show intravascular fibrin at micro-
scopic pathologic assessment [6]. Experimental DIC in animal studies has demon-
strated intra- and extravascular fibrin deposition in virtually all organs, and
attenuation of the hemostatic activation by specific interventions improves organ
failure and other clinically relevant consequences. Clinical studies have revealed
that DIC is an independent and prominent risk factor of organ failure and death [7, 8].

Causes of DIC

DIC is not an independent clinical disorder but is, at all times, a complication of
another disease that leads to hemostatic activation [9, 10]. The clinical settings most
frequently associated with DIC are given in Table 1.

Table 1 Disorders known to be associated with DIC

Severe infections/sepsis:
Gram-positive or Gram-negative microorganisms
Fungi/yeast infection
Viral infections/viral hemorrhagic fevers
Parasites (e.g., malaria)
Trauma:
Polytrauma
Brain trauma
Large burns
Malignant disease:
Adenocarcinomas (e.g., pancreas, prostate)
Acute promyelocytic or monocytic leukemia
Malignant lymphomas, acute lymphatic leukemia
Obstetrical complications:
Placental abruption
Amniotic fluid embolism
Retained dead fetus syndrome
Vascular malformations:
Large aortic aneurysms
Giant hemangiomas/Kasabach-Merritt syndrome
Other large vascular abnormalities
Hypoxia:
Post-resuscitation
Heatstroke:
Severe immunologic/anaphylactic reactions
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DIC may complicate the clinical course of about 30% of patients with severe
sepsis [11]. The prevalence of DIC in patients with Gram-negative or Gram-positive
microbial infections are essentially the same, and systemic infections with other
microorganisms including yeast, fungi, parasites, or viruses may also lead to DIC
[12]. Microbial wall components, such as lipopolysaccharide or exotoxins (for
example, staphylococcal a-toxin), may cause a strong immune reaction and elicit
the production of cytokines and other pro-inflammatory intermediates with ensuing
activation of coagulation.

Malignant disorders can be complicated by DIC due to the expression of proco-
agulant components by tumor cells [13]. The incidence of DIC in some forms of
cancer, such as metastasized adenocarcinoma or lymphoproliferative disease, can
be as large as 20%. DIC in cancer patients has usually a less severe manifestation
compared to the coagulopathy that may accompany other conditions, such as sepsis.
Cancer leads to a more surreptitious and sustained disseminated coagulopathy that
can be non-symptomatic for a long time. Eventually, thrombocytopenia and low
coagulation factor levels become apparent leading to bleeding complications, and
this can be the first sign pointing at the existence of a cancer-induced coagulopathy.
A specific type of DIC may complicate malignancies such as promyelocytic leuke-
mia or some forms of adenocarcinoma, characterized by excessive fibrinolysis and
a strong bleeding tendency [14].

Multi-trauma is another situation associated with DIC [3, 15]. DIC is a compo-
nent of a more widely defined syndrome of trauma-associated coagulopathy that
involves dilutional coagulation derangement that happens upon major hemorrhage
and the infusion of plasma replacement treatment and trauma-associated vessel wall
dysfunction [16]. Systemic levels of inflammatory mediators in serious trauma
patients were shown to be in the same range as those of severe sepsis patients [17].
Also, release of tissue debris (such as cellular tissue factor, especially in patients
with cerebral trauma) and injury of endothelial cells may aggravate the systemic
coagulation activation.

Severe obstetric complications, including a retained dead fetus, amniotic fluid
embolism, or placental abruption, can be complicated by sudden and fulminant
DIC [18]. The magnitude of placental separation in placental abruption has a
strong correlation with the intensity of DIC, which has led to the hypothesis that
systemic release of thromboplastin (tissue factor) coming from placental or
amniotic sources into the maternal circulation is causing the activation of hemo-
stasis and DIC.

DIC due to large vascular abnormalities is thought to be caused to local hemo-
static activation overflowing in the systemic circulation accompanied by massive
release of plasminogen activators from the disrupted endothelial cells that are pres-
ent in the vascular malformations, leading to excessive endogenous fibrinolysis and
fibrinogenolysis [19]. Another mechanism may occur in giant hemangiomas where
massive release of large multimeric von Willebrand factor may cause enhanced
platelet-vessel wall interaction leading to thrombotic microangiopathy.

Alternative clinical settings leading to DIC are given in Table 1 and are less
prevalent. In most of these conditions, the severity of the accompanying systemic
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inflammatory response caused by the underlying condition will be an important fac-
tor in the pathogenesis of an eventual DIC.

Pathogenetic Pathways in DIC

A combination of pathways coincides in the pathogenesis of DIC, regardless of the
underlying condition. In summary, initiation of coagulation by tissue factor expo-
sure to circulating blood, increased platelet-vessel wall interaction, insufficient
regulation of coagulation due to impaired anticoagulant mechanisms, and defective
endogenous fibrinolysis act in concert leading to the coagulopathy defining DIC
(Fig. 1). These mechanisms are outlined in more detail in the following:

Triggers of Coagulation Activation in DIC

A systemic inflammatory response caused by most of the underlying conditions
known to be associated with DIC is a critical factor in the pathogenesis of the coag-
ulopathy, whereby pro- inflammatory cytokines and chemokines act as key media-
tors [20]. There is ample evidence that there is extensive cross-talk between

endothelial

cells

4 : — ;
== cytokines ™= inflammatory cells

_____ Vo

> Tissue factor

| Impairment of |
: physiological

i anticoagulant

i mechanisms

{ Inhibition of
fibrinolysis

> due to high !
levels of PAI-1 |

MICROVASCULAR THROMBOSIS &
MODULATION OF INFLAMMATION

Fig. 1 Pathogenesis of disseminated intravascular coagulation

Pathways involved in the activation of coagulation in DIC. Both perturbed endothelial cells and
activated mononuclear cells may produce pro-inflammatory cytokines that induce tissue factor
expression, thereby initiating coagulation. In addition, the downregulation of physiological antico-
agulant mechanisms and inhibition of fibrinolysis promote intravascular fibrin deposition. PAI-/
plasminogen activator inhibitor, type 1
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inflammatory activation and coagulation activity. This interaction is bidirectional so
that inflammation not only leads to coagulation activation, but activated coagulation
proteases also importantly regulate inflammation [21]. Specific clinical conditions
accompanied by DIC may result in additional triggers for coagulation activation,
including the release of tissue factor-rich debris in (brain) trauma, the expression of
procoagulant factors such as tissue factor and cancer procoagulant expression on
tumor cells in patients with malignancies, or leakage of tissue factor from the pla-
centa into the maternal circulation.

The prime initiator of coagulation factor activation in DIC is tissue factor. Even
mild experimental stimuli such as systemic infusion of low dose lipopolysaccharide
(LPS) in healthy human subjects cause a more than 100-fold increase in tissue fac-
tor mRNA levels in circulating monocytes, eventually leading to thrombin genera-
tion and further hemostatic activation [22]. In fulminant Gram-negative infection in
patients and experimental bacteremia in animals, tissue factor expression on circu-
lating mononuclear cells and monocytes has been demonstrated [23]. Abolition of
the tissue factor pathway by various interventions, such as specific antibodies
against tissue factor or its binding to factor VII(a), could completely abrogate
thrombin generation in LPS-infused chimpanzees and prevent coagulopathy and
death in baboons infused with live bacteria [24, 25]. Likewise, in severe trauma or
malignant disease, it was demonstrated that DIC was initiated by the tissue factor-
factor VII pathway [13, 26]. It has been hypothesized that an alternative source of
tissue factor in DIC can be disrupted endothelial cells, although direct in vivo evi-
dence for this idea is lacking so far [27, 28]. In addition, tissue factor was detected
on the surface of neutrophils, [29] although it is less probable that polymorphonu-
clear cells are capable of producing tissue factor in relevant quantities [30]. A more
tenable explanation is that tissue factor is shuttled between cells via microparticles
derived from activated monocytes and possibly endothelial cells [31].

Platelet-Vessel Wall Interaction in DIC

Platelets are crucial in the development of hemostatic abnormalities in DIC [28].
Activated platelets provide a surface on which activation of coagulation factors is
greatly facilitated. Direct platelet activation can occur through pro-inflammatory
chemokines, such as platelet activating factor [32]. Thrombin that is generated as a
result of tissue factor-initiated activation of coagulation may further activate plate-
lets [33]. Platelet activation accelerates further fibrin formation by expression of
P-selectin, which potentiates expression of tissue factor on monocytes and orches-
trates adherence of platelets to leukocytes and to the vessel wall [34]. P-selectin is
readily released from the activated platelet membrane, and soluble P-selectin levels
are accurate markers of systemic inflammation [34].

There is ample evidence that DIC is accompanied by increased platelet-vessel
wall interaction, with its most severe form presenting as a thrombotic microangi-
opathy in a subset of DIC patients [35]. A crucial factor in the occurrence of this
enhanced platelet-vessel wall interaction is the release of ultra-large multimeric von
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Willebrand factor from inflammation-induced injured endothelium. Indeed, von
Willebrand factor is an acute phase factor that is importantly upregulated and
released upon systemic activation of inflammatory pathways [36]. Very high levels
of von Willebrand factor antigen and von Willebrand factor propeptide (reflection
enhanced release) and, in particular, ultra-large multimeric von Willebrand factor
are present in the circulation of patients with sepsis and show a strong correlation
with sepsis severity [37]. Apart from being the crucial ligand between platelets and
the (sub)endothelium, ultra-large von Willebrand factor may mediate further attrac-
tion of white blood cells to perturbed endothelial cells and potentiate complement
activation, thereby stimulating adhesion of microorganisms to the vascular surface.

The level of (ultra-large) von Willebrand factor multimers in patients with DIC
is inversely correlated with plasma concentrations of its endogenous cleaving pro-
tease, ADAMTS13. A series of studies has demonstrated the correlation between
reduced ADAMTS13 levels and severity of sepsis [36, 37]. The cause of the defi-
ciency of ADAMTS13 is most likely consumption and depletion of this protease
due to the excessive inflammation-mediated release of von Willebrand factor from
the endothelium consumes. ADAMTS13 deficiency leads to inadequate cleavage
and control of von Willebrand factor multimeric size [38]. Alternative explanations
for the low plasma levels of ADAMTS13 are proteolytic cleavage by elastase from
activated neutrophils, thrombin, or plasmin [39].

Clinical studies show that in about 30% of patients with sepsis and DIC,
ADAMTS 13 levels are below 50% of normal [36, 38]. Studies in children with severe
and complicated sepsis also demonstrated reduced ADAMTS13 levels in the majority
of cases, whereby the lowest levels strongly correlated to a more intense DIC [40, 41].
Apart from sepsis, reduced levels of ADAMTS13 are frequently observed in patients
with overt DIC and are clearly related to more severe kidney failure [38, 42]. Lastly, a
strong association between the extent of ADAMTS13 deficiency and an adverse out-
come was found. Significantly reduced ADAMTS13 levels were observed at the time
of intensive care admission in non-surviving patients [43]. Patients with ADAMTS13
plasma concentrations <50% had an approximate 10% higher mortality compared
with patients who presented with no or only a mild deficiency of ADAMTS13 [40].
Further analysis revealed that the predictive value of ADAMTS13 deficiency for mor-
tality was as strong as the APACHE II score or similar risk algorithms.

Propagation of Coagulopathy in DIC

Under normal circumstances, coagulation activity is tightly controlled by natural
anticoagulant pathways: antithrombin, activated protein C, and tissue factor path-
way inhibitor (TFPI). In DIC, all these control systems are dysfunctional, which
enables further propagation of thrombin generation.

Antithrombin is a serine protease inhibitor with affinity for factor Ila (thrombin) and
factor Xa. After binding to the reactive center, it inactivates these coagulation factors.
In patients with DIC, antithrombin levels are markedly reduced. The reason for this
decrease is a combination of diminished synthesis due to liver impairment, augmented
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clearance through the formation of thrombin-antithrombin and factor Xa-antithrombin
complexes, and proteolytic cleavage due to elastase released from activated polymor-
phonuclear cells [28]. As antithrombin activity is greatly catalyzed by the availability
of heparin, impairment of glycosaminoglycan formation (including heparin sulphates)
at the vascular surface may further compromise antithrombin function.

Activated protein C is responsible for proteolytic degradation of the pivotal
coagulation co-factors Va and VIIla and is thereby another important regulator of
thrombin generation. The conversion of protein C to activated protein C occurs after
thrombin binds to endothelial thrombomodulin [44]. This process is importantly
potentiated by binding of protein C to the endothelial protein C receptor (EPCR)
[45]. In DIC, there is a significant cytokine-mediated downregulation of both throm-
bomodulin and EPCR, which causes impaired protein C activation. As activated
protein C exerts a series of anti-inflammatory effects, reduced formation of acti-
vated protein C may also seriously affect endogenous anti-inflammatory pathways.
In observational clinical studies, reduced plasma concentrations of protein C were
associated with a higher risk of death [46]. Abrogation of protein C activation by
various interventions increased mortality in baboons challenged with live bacteria
[47, 48]. In contrast, administration of activated protein C resolved the coagulopa-
thy and improved survival in these experiments. Based on these findings, it seems
that activated protein C is of pivotal relevance in the regulation of DIC.

Regulation at the level of tissue factor is governed by tissue factor pathway
inhibitor (TFPI). TFPI is associated to the endothelium or bound to lipoproteins in
the circulation. It is a direct inhibitor of the tissue factor-factor VIla complex, which
therefore cannot activate factor Xa, blocking downstream coagulation activation.
Observational studies in patients with DIC provide conflicting results regarding
plasma levels of TFPI [49]. However, TFPI deficiency in an experimental DIC
model in rabbits aggravated the coagulopathy [50]. Systemic administration of
TFPI also ameliorated organ dysfunction and DIC in baboons challenged with a
Gram-negative bacterial infection and completely blocked the activation of coagu-
lation in LPS-infused healthy human subjects [51, 52]. These findings may suggest
that there is a relative insufficiency of the TFPI system in regulating tissue factor-
mediated activation of coagulation in DIC. Clinical studies on TFPI in DIC, how-
ever, did not show benefit [53].

Lastly, a shutdown of the endogenous fibrinolytic system in DIC prohibits ade-
quate intravascular fibrin removal once it has been formed [54]. The underlying
mechanism is a sustained increase in the most important inhibitor of plasminogen
activators, i.e., plasminogen activator inhibitor, type 1 (PAI-1) [55].

Bidirectional Interaction Between Coagulation
and Inflammation in DIC

A reverse interaction between inflammation and coagulation is represented by acti-
vated coagulation components interacting with cellular receptors, thereby eliciting
pro- and anti-inflammatory responses. Several coagulation proteases and protease
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inhibitors may bind to protease activated receptors (PAR’s), which then causes
cleavage of an activation sequence from the PAR and subsequent self-activation of
this receptor and downstream signaling [56]. PAR subtype 1, 3, and 4 are receptors
of thrombin, and PAR-1 and 2 are activated by factor VIla bound to tissue factor and
factor Xa. Inhibition of PAR-1 decreases activation of coagulation and inflamma-
tion in human endotoxemia [57].

Other factors that seem to have a crucial role in the pathogenesis of DIC are
extra-nuclear DNA and DNA-binding proteins (including histones and high
mobility group box 1 protein [HMGB1]). Circulating extracellular and DNA
binding factors are released from the nucleus of injured cells and may provide a
scaffold on which formation of activated coagulation protease complexes is mark-
edly facilitated [58]. In addition, histones are direct activators of platelets which
may further potentiate hemostatic activation [59]. Capture of neutrophils by net-
works of DNA and DNA binding proteins leads to the assembly of neutrophil
extracellular traps (NETs) that importantly promote vascular thrombosis and
inflammation [60]. NETs seem to increase the presence of mononuclear cells
expressing tissue factor as well [61].

A bidirectional interaction between inflammation and coagulation also occurs at
the level of natural anticoagulant factors. Antithrombin is a regulator of inflamma-
tion by mechanisms such as blunting cytokine and chemokine receptor expression
after direct binding to inflammatory cells [62]. Similarly, activated protein C blocks
LPS-induced synthesis and release of TNF-a, and several interleukins in vitro [63,
64]. Administration of activated protein C inhibits cytokine release and mononu-
clear cell activation in septic rats, and activated protein C inhibition aggravated the
inflammatory effects in baboons challenged with live bacteria [65, 66]. Transgene
mice with a heterozygous protein C deficiency displayed a stronger coagulation
response to LPS and simultaneously had a more severe activation of inflammatory
pathways [67]. However, recombinant human-activated protein C failed to mitigate
inflammatory and coagulation responses in human endotoxemia [68].

Diagnostic Management of DIC

The diagnosis of DIC is based on clinical findings in combination with laboratory
parameters [69, 70]. A diagnosis of DIC can only be established if there is a primary
condition known to be associated with DIC, and clinical signs and symptoms are
compatible with this underlying disease. In addition, purpura fulminans or hemor-
rhagic thrombosis of the skin and subcutaneous tissue can occur. Thromboembolism
of larger vessels will present itself by symptomatology compatible with the occlu-
sion in circulation. Widespread bleeding from mucosal tissue (such as gingiva, nose,
or digestive tract) and from insertion points of indwelling catheters can be another
typical finding, particularly in primary hyperfibrinolytic DIC [71]. Characteristic
findings in routine laboratory screening are a low platelet count or a rapid decrease
in subsequent platelet counts, abnormal screening assays (such as prothrombin time
(PT) or activated partial thromboplastin time (aPTT)), and a marked increase in
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products that are formed during fibrin formation and subsequent degradation (such
as D-dimer or any other form of fibrin degradation products) [69]. However, there
are alternative diagnoses that can cause these changes (Table 2), and these need to
be considered as they may have differential therapeutic consequences [69].

In patients with massive blood loss, such as seen in trauma, it may be hard to
differentiate DIC from the coagulopathy due to excessive loss of platelets and coag-
ulation factors and the dilutional changes in coagulation that can occur after infu-
sion of large volumes of plasma replacement products that may be required in the
initial management.

Severe infection and sepsis per se can cause thrombocytopenia and the severity
of sepsis correlates with the extent of the drop in platelet count. The principal causes
of sepsis-associated thrombocytopenia are reduced platelet production, enhanced
consumption of platelets, or platelet sequestration in the vasculature of the spleen.
In addition, a peculiar feature of sepsis is the occurrence of hemophagocytosis,
which is characterized by active phagocytosis of platelet precursor cells and other
bone marrow cells by monocytes and macrophages [72].

Table 2 Differential diagnosis of thrombocytopenia and/or prolonged global coagulation tests in

patients with an underlying disease associated with DIC

Thrombocytopenia®

Bone marrow insufficiency
Usually all three cell lines (erythrocytes,
white blood cells, and platelets
decreased)

Thrombotic microangiopathy
May also occur in combination with DIC
Coombs-negative hemolysis with
schistocytes in blood film
Deficiency of ADAMTS13

Immune thrombocytopenia
Autoimmune disorder or drug-induced
Antiplatelet antibodies may be detectable

Heparin-induced thrombocytopenia
Usually, 7-10 days after starting heparin
Associated with venous and arterial
thrombosis
More common with therapeutic dose
unfractionated heparin

Massive hemorrhage
Loss and dilution of platelets
In combination with loss/dilution of
clotting factors (prolonged PT/aPTT)

Prolonged prothrombin time (PT) and/or

activated partial thromboplastin time (aPTT)

Isolated coagulation factor deficiencies
Inherited disorders (hemophilia).
Acquired deficiency due to inhibiting
antibody

Vitamin K deficiency
Reduced factors II, VII, IX, and X
Correction after oral or intravenous
administration of vitamin K

Liver failure
Global coagulation factor deficiency
except factor VIII
In case of cirrhosis, also low platelet
count due to splenomegaly
Use of anticoagulants
Unfractionated heparin prolongs aPTT
Vitamin K antagonists prolong PT and
aPTT
Direct oral anti-Xa agents (rivaroxaban,
apixaban) prolong PT
Direct oral anti-thrombin agents
(dabigatran) may prolong aPTT
Massive hemorrhage
Loss and dilution of coagulation factors
In combination with low platelet count

*Check the blood film to exclude in vitro platelet clumping caused by EDTA as cause of unex-
pected thrombocytopenia. If that is the case, repeat full blood count in citrated sample
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Quantitation of individual coagulation factors in DIC has only limited signifi-
cance. Some coagulation factors (including factor VIII and fibrinogen) display a
significant acute phase response and are typically not decreased or may even show
increased levels, except in extreme cases of hyperfibrinolytic DIC [71]. Sequential
measurements, however, can reveal that despite levels in the normal range, signifi-
cant consumption can occur. Nevertheless, the measurement of fibrinogen, which
was often suggested in the past in the laboratory diagnosis of DIC, is usually not
very helpful, except in extreme cases of hyperfibrinolytic DIC. Other dynamic fluc-
tuations in coagulation proteins and platelets may sometimes add useful informa-
tion. A significant downward trend in the platelet count, a progressive prolongation
of global coagulation assays, or sustained surge in fibrin degradation products, even
when still in the normal range, can point to an early stage of DIC [8].

Interestingly, screening for DIC seems important to improve overall survival of
critically ill patients [73]. A single laboratory assay that can reliably confirm or
reject a diagnosis of DIC is not available. However, a combination of tests will usu-
ally be helpful to come to a diagnosis with relative accuracy. The International
Society on Thrombosis and Hemostasis (ISTH) has proposed and validated a simple
scoring algorithm [74, 75]. Based on routinely available laboratory parameters, i.e.,
platelet count, prothrombin time (or INR), D-dimer or another fibrin degradation
product test, and a fibrinogen level, the score can be calculated (Table 3). A number
of studies have reported positive and negative predictive values of this scoring sys-
tem of about 95% against a gold standard of DIC based on comprehensive clinical
information in combination with sophisticated laboratory tests [7]. Similar algo-
rithms have been proposed and comprehensively evaluated in other studies.
Interestingly, the DIC score has a strong predictive value for mortality: a diagnosis
of overt DIC roughly doubles the risk of mortality in several studies [7, 76].

Increasingly, clinicians employ point-of-care tests in the management of acute and
critically ill patients [77]. One of the bedside tests available is thromboelastography
(TEG), which is an assay that provides a global view on the function of hemostasis in
a patient. Briefly, a small aliquot of blood is rotated in a cuvette, and clot formation,
clot strength, and subsequent clot lysis are assessed by mechanical or optical methods.
Rotational thromboelastometry (ROTEM) is a variant of this global assay, whereby
the cuvette is stationary but a rotational pin is placed in the blood sample, and clot
formation and degradation is measured by changes in flexibility of the pin. The throm-
boelastographic pattern that is compatible with DIC showed a good correlation with
relevant organ dysfunction and survival, although it is still not clear whether it pro-
vides a benefit over more conventional coagulation tests and scoring algorithms,
except for its ability to detect hyperfibrinolysis [78, 79]. In a meta-analysis of random-
ized controlled studies and observational cohort surveys in patients with sepsis, TEG
could properly assess significant coagulation changes [80]. The extent of the observed
derangement in thromboelastographic (in particular related to the velocity of clot for-
mation and clot strength) correlated with an increased risk of death. Although TEG
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Table 3 Scoring system for the diagnosis of DIC

1. Presence of an underlying disorder known to be associated with DIC
If no, do not proceed with this algorithm
2. Score global coagulation test results

Platelet count (>100 = 0; <100 = 1; <50 = 2) O
Level of fibrin markers (e.g., D-dimer, fibrin degradation products) | [J
(No increase: 0; moderate increase: 2; strong increase: 3 )#

Prolonged prothrombin time O
(<3s=0;,>3sbut<b6s=1;>6s= 2)

Fibrinogen level O
(>10g/L=0;<10g/L=1)

3.Calculate score O

4. If >5: compatible with DIC;

If <5: no DIC, repeat next 1-2 days;

This scoring algorithm has been established by the Scientific Standardization Committee of the
International Society of Thrombosis and Haemostasis [74]

#: strong increase >5x upper limit of normal; moderate increase is > upper limit of normal but <5x
upper limit of normal

has not been systematically assessed in other conditions underlying DIC, it may be
that this assay (or other global point-of-care tests) can be helpful in evaluating the
extent of coagulation abnormalities in critically ill patients in general [81, 82].

Therapeutic Management of DIC

Adequate management of patients with DIC depends on vigorous treatment of the
underlying disorder to alleviate or remove the inciting cause [83]. For sepsis-
induced DIC, treatment includes aggressive use of intravenous organism-directed
antibiotics and source control (e.g., by surgery or drainage). Other examples of
vigorous treatment of underlying conditions are cancer surgery or chemotherapy,
uterus evacuation in patients with abruptio placentae, resection of aortic aneurysm,
and debridement of crushed tissue in case of trauma. In addition to intensive support
of vital functions, supportive treatment aimed at the coagulopathy may be helpful
(Table 4) [84].

Platelet and Plasma (Product) Transfusion
Thrombocytopenia and low concentrations of coagulation factors may increase the

risk of bleeding. However, plasma (product) transfusion or platelet substitution
therapy should not be instituted on the basis of laboratory results alone; it is
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Table 4 Treatment of DIC

M. Levi

Modality Details Expectations/rationale

Treating the Dependent on the primary diagnosis Inhibit or block the complicating

underlying pathologic mechanism of DIC in

disorder parallel with the response (if any)
of the disorder

Antithrombotic Prophylactic heparin to prevent venous | Risk of thromboembolism is

agents thromboembolic complications increased in critically ill patients,

Transfusion

Therapeutic heparin if confirmed
thromboembolism or if clinical picture
is dominated by (micro)vascular
thrombosis and associated organ
failure

Infuse platelets, plasma, and fibrinogen
(cryoprecipitate) if there is overt
bleeding or a high risk of bleeding

trauma patients, or patients with
cancer

Prevent fibrin formation; tip the
balance within the
microcirculation toward
anticoagulant mechanisms and
physiologic fibrinolysis
Bleeding should diminish and
stop over the course of hours
Platelet count, coagulation tests
should return to normal

Anticoagulant Antithrombin, human-activated protein | Restore anticoagulation in
factor C, or human-soluble thrombomodulin | microvascular environment and
concentrates may be effective in specific situations; | may have anti-inflammatory
however, mortality benefit has not activity
been demonstrated
Fibrinolytic Tranexamic acid or e-aminocaproic May be useful if there is (hyper)
inhibitors acid fibrinolysis;

Bleeding ceases, but there is a
risk of (micro)vascular
thrombosis

indicated only in patients with active bleeding and in those requiring an invasive
procedure or are at risk for bleeding complications [84]. The presumed efficacy of
treatment with plasma, fibrinogen concentrate, cryoprecipitate, or platelets is not
based on randomized controlled trials but appears to be a sensible strategy in bleed-
ing patients or in patients at risk of bleeding who have a significant depletion of
these hemostatic factors. A recent trial demonstrated that prophylactic platelet
transfusion before central venous catheter placement in patients with a platelet
count of 10-50 x 10%/L resulted in less periprocedural bleeding complications [85].
The suggestion that the administration of blood components might “add fuel to the
fire” has never been proven in clinical or experimental studies.

Replacement therapy for thrombocytopenia should consist of 5-10 U platelet
concentrate to raise the platelet count to 20-30 x 10°/L and in cases in patients who
need an invasive procedure, to 50 x 10%/L.

One of the major challenges of infusion of fresh-frozen plasma in DIC and bleed-
ing is the propensity of the added volume, which is necessary to correct the coagula-
tion defect, to exacerbate capillary leak. This situation can increase the risk of inducing
or worsening pulmonary edema and occurrence of ARDS, which could also be caused
by transfusion-related acute lung injury (TRALI) [86]. Coagulation factor concen-
trates, such as prothrombin complex concentrate, may partially overcome this
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obstacle but do not contain essential factors, such as factor V. Moreover, carefulness is
advocated with the use of prothrombin complex concentrates in DIC, because it may
worsen the coagulopathy due to traces of activated factors that are present in some of
these compounds. Specific deficiencies of coagulation factors, such as fibrinogen,
may be corrected by administration of purified coagulation factor concentrates.

Cryoprecipitate (if available) can be used to rapidly raise the fibrinogen and von
Willebrand/factor VIII levels, particularly when DIC is complicated by bleeding
and fibrinogen level is less than 1 g/L. Cryoprecipitate has at least four to five times
the mass of fibrinogen per unit volume compared to fresh frozen plasma. Fresh
frozen plasma contains fibrinogen in sufficient amounts for treatment of patients
with mild to moderate hypofibrinogenemia.

Anticoagulant Treatment

Heparin therapy is sometimes advocated in patients with DIC. Experimental studies
have shown that heparin can at least partly inhibit the activation of coagulation in
DIC. However, a beneficial effect of heparin on clinically important outcome events
in patients with DIC has not been demonstrated in controlled clinical trials. Also,
the safety of heparin treatment at therapeutic doses is debatable in DIC patients who
are prone to bleeding. A large trial in patients with severe sepsis showed a slight but
nonsignificant benefit of low dose heparin on 28-day mortality in patients with
severe sepsis and no major safety concerns [87].

There is general consensus that administration of heparin is beneficial in some
categories of DIC, such as metastatic carcinomas, purpura fulminans, and aortic
aneurysm (prior to resection). Heparin is also indicated for treating thromboembolic
complications in large vessels and before surgery in patients with chronic
DIC. Heparin administration may be helpful in patients with acute DIC when inten-
sive blood component replacement fails to improve excessive bleeding or when
thrombosis threatens to cause irreversible tissue injury (e.g., acute cortical necrosis
of the kidney or digital gangrene).

Apart from all these considerations, current guidelines dictate the universal use
of prophylactic doses of heparin or low molecular weight heparin to prevent venous
thromboembolic events in critically ill patients [84]. Nevertheless, heparin should
be used cautiously and its use should be tailored to the specific situation. In patients
with chronic DIC because of metastatic carcinoma or aortic aneurysm, continuous
infusion of unfractionated heparin at 500-750 U/h has been advocated. If no
response is obtained within 24 h, escalating dosages can be used. Continuous infu-
sion of 500-1000 U/h heparin may be necessary to maintain the benefit until the
underlying disease responds to treatment.

Physiological Anticoagulant Factor Concentrates

Restoration of the levels of physiological anticoagulants in DIC may be a rational
approach [88, 89]. Based on successful preclinical studies, the use of antithrombin
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concentrates in patients with DIC has been studied in randomized controlled trials in
patients with severe sepsis. All trials demonstrated some beneficial effect in terms of
improvement of laboratory parameters, shortening of the duration of DIC, or even
improvement in organ function. In several small clinical trials, use of very high doses
of AT concentrate showed even a modest reduction in mortality, however, without
being statistically significant [90]. A large-scale, multicenter, randomized controlled
trial also showed no significant reduction in mortality of patients with sepsis [91].
Interestingly, post-hoc subgroup analyses of the latter study indicated some benefit in
patients who did not receive concomitant heparin, but this observation needs validation.

Because a decreased function of the protein C system contributes to the pathogen-
esis of DIC, therapy by activated protein C (APC) was predicted to be beneficial [92].
An initial phase III trial of APC concentrate in patients with sepsis was prematurely
stopped because of efficacy in reducing mortality in these patients. However, subse-
quently, there was a series of negative trials in specific populations treated with
APC. On top of that, there was uncertainty regarding the bleeding risk of APC. Finally,
a meta-analysis of published literature conclude that the basis for treatment with APC,
even in patients with a high disease severity, was not very strong or even insufficient,
which was confirmed in a placebo-controlled trial in patients with severe sepsis and
septic shock that showed no significant benefit of APC [93].

More recently, recombinant human-soluble thrombomodulin as an adjunctive
treatment of DIC has been evaluated. Thrombomodulin binds to thrombin to form a
complex that inactivates thrombin’s coagulant activity and activates protein C and,
thus, is a potential drug for the treatment of patients with DIC. In a phase III ran-
domized double-blind clinical trial in patients with DIC, administration of the solu-
ble thrombomodulin had a significantly better effect on bleeding manifestations and
coagulation parameters than heparin. A systematic review and meta-analysis of
mostly retrospective studies on the effect of recombinant human-soluble thrombo-
modulin in severe sepsis demonstrated a pooled relative risk of 0.81 (95% confi-
dence interval (CI) 0.62—1.06) in three randomized trials encompassing 838 patients,
and a relative risk of 0.59 (95% CI 0.45-0.77) in nine observational studies includ-
ing 571 patients [94]. In a subsequent double-blind, placebo-controlled, interna-
tional multicenter, phase 3 study, the absolute risk reduction of 28-day mortality in
patients treated with thrombomodulin was 26.8%, which was 2.6% lower than pla-
cebo mortality [95]. Interestingly, in patients with high levels of markers for throm-
bin generation or D-dimer, recombinant thrombomodulin was significantly effective
in reducing 28-day mortality [96]. The definitive place of recombinant human-solu-
ble thrombomodulin in selected patients with DIC will need further investigation in
randomized trials [97].

Fibrinolytic Inhibitors
Most guidelines recommend against the use of anti-fibrinolytic agents, such as

g-aminocaproic acid or tranexamic acid, in patients with DIC. This is because these
drugs further impede already suppressed endogenous fibrinolysis and may,
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therefore, further obstruct tissue perfusion. In support of this notion, there are
reports of severe thrombosis in DIC patients treated with these agents. However, in
patients with DIC accompanied by primary fibrino(geno)lysis, as in some cases of
acute promyelocytic leukemia, giant cavernous hemangioma, heat stroke, and meta-
static adenocarcinoma, fibrinolytic inhibitors can be considered if there is profuse
bleeding that does not respond to replacement therapy and there is evidence of
excessive fibrino(geno)lysis. In these situations, it seems important to replace
depleted blood components before initiating treatment with fibrinolytic inhibitors.

Risk Stratification

A better supportive treatment of DIC might also be achieved by earlier identification
of patients at risk and stratification of these risks. The diagnostic scoring systems for
DIC are helpful for diagnosing overt DIC, however, the detection of DIC at a pre-
mature stage is more difficult. Sensitive laboratory markers are helpful to achieve
this but need to be available on a routine basis or, even better, as point-of-care tests.
As the ongoing coagulation process in DIC mostly occurs at the surface of per-
turbed endothelial cells or activated blood cells, assays that would readily display
endothelial cell perturbation or coagulation factor complex assembly at the surface
of platelets or inflammatory cells would be even more helpful to detect patients at
an early stage or at high risk for overt DIC and would simplify the identification of
patients that would need adjunctive management aimed at the coagulopathy [98].

Also, genetic differences between individuals may be pivotal in their susceptibil-
ity for developing DIC and the intensity of the coagulation derangement [99]. For
example, genetic variants were demonstrated to influence fibrin formation and deg-
radation in DIC. Transgene mice with a heterozygous protein C deficiency had a
more intense DIC and related activation of inflammation [67]. Also, the presence of
activated protein C resistance due to a factor V Leiden mutation affected the devel-
opment and severity of DIC in septic patients [100]. In addition, the 4G/5G poly-
morphism in PAI-1, determining plasma concentrations of this fibrinolytic inhibitor,
has been associated to relevant outcomes in children with DIC due to meningococ-
cal sepsis [101]. A better understanding of the effects of genetic variation affecting
the coagulative response in diseases that may be complicated by DIC will be useful
for predicting which patients are likely to develop DIC and targeting selective treat-
ment options to these individual patients.
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Introduction

Conventional anticoagulant agents, such as the vitamin K antagonists (VKAs),
which have been the gold standard therapy for over 50 years, have been increasingly
replaced by direct-acting oral anticoagulants (DOACs), which directly and selec-
tively inhibit factor Ila (dabigatran) or factor Xa (apixaban, edoxaban, rivaroxaban).
Since their introduction, the direct oral anticoagulants have changed the landscape
of anticoagulation. With increasing indications and use in various patients, they
have become the mainstay of treatment in thromboembolic diseases.

DOACs are commonly prescribed for conditions, such as non-valvular atrial
fibrillation (AF), prevention of venous thromboembolic disease (VTE) after major
orthopedic surgery, treatment of deep vein thrombosis and pulmonary embolism,
and long-term prevention of VTE recurrence, and are increasingly used in other
clinical settings, including the prevention and treatment of cancer-associated throm-
bosis, VTE in unusual sites, and in the secondary prevention of cardiovascular
events in patients with atherothrombotic arterial disease [1].

The ease of use of DOACs compared to VKAs has decreed the beginning of a
new era of anticoagulation. The underlying reasons for this change in clinical prac-
tice are clear: DOACs have a more predictable anticoagulant effect, fewer clinically
significant drug interactions, and less dependence on patient genetic characteristics
compared to warfarin. Furthermore, DOACs have a rapid onset of action and a short
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half-life and they do not require routine laboratory monitoring, except in special
clinical situations, making them more convenient for patients [2].

The safety and efficacy of the DOACS is well supported by the results of several
clinical trials. In a systematic review and meta-analysis by Hulle et al., DOACs and
VKAs had similar efficacy in reducing the risk of recurrent VTE. However, the rate
of major bleeding and clinically relevant nonmajor bleeding was lower for DOACs
as compared to VKAs [3]. Several other clinical trials have demonstrated favorable
risk-benefit profiles of DOACs compared with VKAs in patients with AF and com-
pared with low-molecular-weight heparin (LMWH) in the primary prevention and
treatment of cancer-associated VTE [4, 5]. These findings consistently suggest, in
particular, that DOACs may offer a favorable safety profile compared to VKAs, with
a significant reduction in the risk of bleeding also in fragile patient populations. A
prospective cohort study in the United Kingdom found that DOACs were associated
with a lower risk of intracranial bleeding and a similar risk of extracranial bleeding
compared to warfarin [6]. Additionally, the study reported that DOACs were associ-
ated with a reduced risk of fatal bleeding and a lower risk of bleeding-related deaths
compared to warfarin [6].

However, no anticoagulant reduces thrombotic risk without simultaneously
increasing the risk of bleeding to some degree. Bleeding is the most frequent com-
plication of anticoagulant therapy, accountable for several hospitalizations and
deaths. Major bleeding (MB) episodes, like gastrointestinal hemorrhage and intra-
cerebral hemorrhage, carry relevant mortality risk and are associated with prolonged
hospitalizations and the need for invasive procedures. Clinically relevant nonmajor
bleeding (CRNMB) carries significant morbidity, a potentially increased risk of
thrombosis associated to the need of treatment interruption, and a negative impact
on the quality of life and on patient compliance [7]. Bleeding can be secondary to
trauma or spontaneous, and certain modifiable and non-modifiable risk factors are
responsible for predisposing patients to bleeding [8]. The management of MB in
individuals receiving a DOAC can be challenging. It warrants close hemodynamic
monitoring, the use of blood products, and specific reversal agents for DOACs.
These reversal agents are expensive, may have a prothrombotic effect, and may not
be readily available.

In this section, we review the epidemiology, pathogenesis and risk factors, clini-
cal presentation, and the management approach to spontaneous hemorrhage in
patients receiving DOACs.

Epidemiology

Bleeding complications are usually divided in MB, clinically relevant nonmajor
bleeding (CRNMB), and minor bleeding. The first two are commonly reported as
primary safety outcomes in randomized controlled trials (RCTs), observational
studies, case series, and case reports. Based on recent systematic reviews, the rate of
fatal bleeding and MB with DOAC use ranges from 0.06% to 0.30% and 1.1% to
4%, respectively. The rate of intracranial hemorrhage (ICH) ranges from 0.09% to
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0.51%, major gastrointestinal (GI) bleeding from 0.35% to 2.09%, and CRNMB
from 6.6% to 10.24% [3, 9]. ICH is the most dreaded complication with anticoagu-
lant use. A network meta-analysis including more than 100,000 patients on DOACs
found that all DOACs were safer than warfarin as concerns the risk of ICH and that
dabigatran at the dose of 110 mg bid ranked as the safest drug, by reducing the risk
of ICH by 56% compared to rivaroxaban [10].

Pathogenesis and Risk Factors for DOACs-Associated Bleeding

Hemostasis is a balance between procoagulant and anticoagulant forces and con-
sists of mechanisms that maintain steady vascular blood flow. This is achieved
through primary hemostasis, which forms the platelet plug, and secondary hemosta-
sis that requires the formation of a fibrin clot through a chain of enzymatic reactions
[11]. Anticoagulants interfere with the normal hemostatic process. The pathogene-
sis of bleeding complications associated with the DOACsS is a complex interplay of
pharmacokinetic and pharmacodynamic factors. DOACs exert their anticoagulant
effects by targeting specific coagulation factors. The inhibition of these factors dis-
rupts the coagulation cascade, leading to excessive bleeding and hematoma expan-
sion in case of disruption in the vessel wall integrity and alteration in vascular
endothelium. This could happen from mechanical causes (e.g., trauma, uncontrolled
hypertension, or invasive vascular procedures) or from an alteration in the endothe-
lial cell barrier function (e.g., sepsis, hypoxia, or drugs like nonsteroidal anti-
inflammatory drugs and chemotherapeutic agents) [12].

The risk of bleeding with DOACs depends on several factors that can be broadly
divided into those related to the drug used and those related to patient characteris-
tics. Factors related to the anticoagulant used include, in particular, the dosage,
while patient-related factors include advanced age, low body mass, renal failure,
liver disease, malignancies, thrombocytopenia, previous gastrointestinal or intracra-
nial bleeding, concomitant use of other medications including steroids, nonsteroidal
anti-inflammatory drugs, aspirin, or clopidogrel [13—15].

Elderly patients often suffer from multiple comorbidities, requiring multiple
concomitant medications, with an increased risk of drug interactions. They also
frequently have renal impairment, which requires dose adjustments according to the
creatinine clearance rate. Overall, elderly patients with non-valvular AF have a
higher risk of bleeding with DOACs compared with younger patients [16].

Patients with prior history of ICH and GI bleed are at increased risk for re-bleed.
The risk of recurrent ICH in patients who have had ICH before is around 2.3% per
year [17]. Patients with cirrhosis are at risk for bleeding secondary to coagulopathy
and to portal hypertension, in particular with esophageal variceal bleed [18]. Patients
with chronic renal failure are at increased risk for bleeding from uremia and because
of impaired renal clearance of the DOACsS, which need dosage adjustments accord-
ing to creatinine clearance and are contraindicated below certain levels. Dabigatran
is the most dependent and apixaban is the least dependent on renal clearance [19].
However, despite these concerns, a meta-analysis of 45 trials reported that, in
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early-stage chronic kidney disease (CKD), DOACs had a benefit-risk profile supe-
rior to that of VKAs [20]. Evidence for patients with end-stage kidney disease
(ESKD) remains limited. Because of the effects of diabetes on blood vessels, the
risk of bleeding is slightly higher in this subgroup compared with the non-diabetics;
however, there is not enough literature to estimate the risk of bleeding with DOACs
in this subset [8]. The management of cancer-associated thrombosis (CAT) is chal-
lenging because cancer patients have higher risk of recurrent VTE and major bleed-
ing episodes compared to patients without cancer [21]. Malignancy increases the
risk of bleeding because of increased vascularity, tumor invasion, and the release of
inflammatory cytokines. A meta-analysis of 5000 patients with cancer and VTE
found that, for the treatment of CAT, DOAC:sS (especially edoxaban and rivaroxaban)
were more effective than LMWHSs to prevent recurrent VTE but were associated
with a small but significantly increased risk of MB as well as a trend toward more
CRNMB [22].

Several trials compared the risk of bleeding with DOACs with concomitant anti-
platelet medication use. APPRAISE-2 is a randomized, double-blind trial that com-
pared apixaban 5 mg twice daily with placebo in addition to aspirin in patients with
recent acute coronary syndrome [23]. However, this trial was terminated prematurely
because of an increase in MB events with apixaban in the absence of a counterbalanc-
ing reduction in recurrent ischemic events. The COMPASS trial compared rivaroxa-
ban plus aspirin with rivaroxaban alone or aspirin alone in patients with stable
atherosclerotic vascular disease [24]. Patients assigned to rivaroxaban (2.5 mg twice
daily) plus aspirin group had better cardiovascular outcomes and more major bleeding
events (mostly GI) than those assigned to aspirin alone. Rivaroxaban (5 mg twice
daily) alone did not result in better cardiovascular outcomes than aspirin alone and
resulted in more MB events. When compared with a combination of vitamin K antag-
onist and antiplatelet agents, the combination of DOAC and antiplatelet agents is
associated with a similar risk of GI bleeding and decreased risk of ICH and MB [14].

Risk Reduction Strategies

Initiating and continuing anticoagulation is a multifaceted process that requires the
consideration of several factors, and the benefits of therapy should always be bal-
anced against the increased risk of bleeding associated with all anticoagulants.
Bleeding risk can be secondary to multiple factors and can also change with time,
which makes it essential to revisit the goals of anticoagulation periodically [7, 25].

Bleeding at critical sites is a major concern, but such concerns should never pre-
clude the use of an oral anticoagulant; instead, physicians should focus on modify-
ing/minimizing existing risk factors for bleeding. There are several bleeding scoring
systems used to determine bleeding risk in patients receiving anticoagulants that
help guide shared decision-making and close monitoring in high-risk patients. The
HAS-BLED score has the best evidence for predicting bleeding risk. This score
comprises measures of hypertension (systolic blood pressure >160 mm Hg), abnor-
mal renal function, abnormal liver function, stroke history, bleeding history, labile
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INR, elderly (>65 years), medication use (antiplatelet drugs/NSAIDs), and con-
comitant alcohol use (>8 drinks/week), with each scoring one point [26]. Patients
with a high risk of bleeding can be identified by a HAS-BLED score of >3; how-
ever, the predictive ability of this and other scores remains suboptimal and a patient’s
bleeding risk score is not sufficient to preclude the use of anticoagulants.

Patients underlying conditions can influence the selection of anticoagulants.
Patients with mechanical heart valves, pregnant or breast-feeding patients, as well
as patients with thrombotic risk secondary to the antiphospholipid syndrome are not
candidates for DOACs [27, 28].

Reversible risk factors for bleeding, including concomitant medications, comor-
bidities (e.g. hypertension), and alcohol misuse, can be corrected. If physicians
refocus on managing modifiable risk factors for bleeding, outside of the general risk
associated with anticoagulant use, the risks of bleeding can be minimized. Actions
to correct bleeding risk factors in patients receiving the DOACs may include con-
trolling blood pressure, reducing alcohol intake, and minimizing concomitant use of
drugs affecting hemostasis or increasing the risk of bleeding (e.g., antiplatelet
agents, including acetylsalicylic acid and nonsteroidal anti-inflammatory drugs) and
drugs inhibiting the P-glycoprotein and cytochrome P450 3A4 pathways that may
lead to increased DOAC plasma concentrations [29]. The indications for combina-
tion therapy with antiplatelet agents should be thoroughly vetted and, where appro-
priate, antiplatelet agents should be discontinued to reduce the overall bleeding risk
[30]. Patients must also be educated regarding the risk of bleeding with over the
counter use of NSAIDs, which must be limited, if not avoided, in favor of more
selective Cox-2 inhibitors.

Although not identified as a bleeding risk factor per se, many physicians may be
reluctant to prescribe an anticoagulant in frail, elderly patients perceived as being at
risk of falling. However, a potential danger of subdural hematoma as a consequence
of a fall should not preclude the use of an oral anticoagulant [31]; instead, steps
should be taken to minimize the risk of falls, such as correction of visual impair-
ment and use of mobility aids.

Patient characteristics associated with increased bleeding risk can influence not
only their suitability for a DOAC but also the prescribed dosing regimen.
Characteristics increasing the risk of bleeding and influencing DOAC suitability
include hepatic and renal impairment and certain concomitant medications; physi-
cians need to be aware that the different DOACs may be contraindicated, not recom-
mended, or should be used with caution at differing degrees of hepatic and renal
impairment, and with different concomitant medications [32-35]. Similarly, depen-
dent on the DOAC, certain patient characteristics and certain concomitant medica-
tions can mandate the use of a reduced DOAC dose [32-35]. For rivaroxaban, the
reduced dose (15 mg od) is only approved for use in patients with AF with moderate
or severe renal impairment [32]. For the other DOACs (apixaban, edoxaban, and
dabigatran), a patient’s renal function, age, body weight, and concomitant medica-
tions may need to be considered to ensure selection of the correct dosing regimen to
best balance ischemic and bleeding risks [33-35]. Regular monitoring of renal func-
tion is recommended during patients follow-up.
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When considering the use of a DOAC in a patient with a high HAS-BLED score,
many physicians may wonder whether it is appropriate to prescribe a reduced-dose
DOAC. While anticoagulation invariably increases the risk of bleeding, it is also
just as important to have patients on the appropriate anticoagulant as well as dose
for their condition. In the case of the factor Xa inhibitors apixaban and rivaroxaban,
the lower doses are only approved in patients fulfilling certain criteria as tested in
their respective phase 3 clinical trials—and these did not include an elevated bleed-
ing risk in the absence of factors specifically mandating a dose reduction [32, 33,
36, 37]. In the RE-LY trial, patients treated with dabigatran were randomized to one
of two dabigatran doses (110 mg bid or 150 mg bid), and the results showed dabiga-
tran 150 mg bid to be superior to warfarin for the prevention of stroke or systemic
embolism with a similar rate of major bleeding, whereas dabigatran 110 mg bid was
noninferior to warfarin for prevention of stroke or systemic embolism but associated
with significant reductions in major bleeding [38, 39]. Based on these data, the
European label suggests that, in patients with an increased bleeding risk (including
those aged 75-80 years or with gastritis, esophagitis, or gastroesophageal reflux), a
daily dose of 150 mg bid or 110 mg bid should be selected based on an individual
assessment of a patient’s thromboembolic and bleeding risks [34]. In the ENGAGE-
AF-TIMI 48 study, patients treated with edoxaban were randomized to either edox-
aban 60 mg od or edoxaban 30 mg od, and, in either arm, the dose was halved if
patients met the criteria for dose reduction [40]. Although the lower dose of edoxa-
ban was shown to be noninferior to warfarin for the prevention of stroke or systemic
embolism [40], data in the European Medicines Agency public assessment report
indicate that edoxaban 30 mg od was inferior to warfarin for the prevention of isch-
emic stroke or systemic embolism, and it was associated with a higher number of
disabling strokes, and a greater number of patients experienced >2 primary efficacy
events. Therefore, the available data do not support the use of a reduced dose of
edoxaban (30 mg od) in patients at high risk of bleeding but not fulfilling criteria for
dose reduction, owing to the increased risk of thromboembolic events, and edoxa-
ban 60 mg od should be prescribed [35, 41].

Clinical Presentation of Bleeding and Definition of Severity

Bleeding in patients on DOACs treatment can occur in a spectrum that varies from
minor bleeding, which could be simply managed by the patient alone, to MB, which
may cause hemodynamic instability, bringing a risk of death to the patient, to fatal
bleedings [8].

Clinical judgment is essential to determine the risk profile and to understand if
bleeding can be resolved with simple actions, or if it could worsen and potentially
become life-threatening [42]. However, a standardized approach is mandatory for
the correct evaluation and management of bleeding events during DOACs treatment
to optimize the efficacy of the care and the cost of the therapy.
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e General Clinical Presentation and Assessment

Emergency physicians as well as different other specialists know that managing
bleedings is always challenging and that it is associated with a considerable expen-
diture of energy, time, and costs [42]. Bleeding associated with anticoagulation,
including DOACs treatment, can be particularly challenging.

When evaluating bleeding patients treated with DOACs, the assessment of bleed
severity is crucial for treatment decisions to achieve hemostasis and preserve organ
function [43]. During the initial assessment, a focused history and physical exami-
nation with collection of vital signs and laboratory tests should be obtained with the
aim to determine the time of onset, location, severity of bleeding and to understand
whether the bleeding is still ongoing or not. Patient with hemodynamic instability
should be closely monitored and treated rapidly and aggressively, with frequent
reassessments. Imaging tests should be immediately requested to locate the source
of bleeding.

Signs and symptoms of bleeding are subtle and the main challenge of the diag-
nosis of hemorrhage is the relative lack of symptoms until the hemorrhage remains
relevant, especially if the bleeding is internal and not immediately visible [44].
Moreover, internal bleeding could be life threatening, thus rapid identification is
crucial [8] even if no pathognomonic signs are present. In most patients, there are
many compensatory mechanisms, and hypotension is not a sensitive indicator of
shock until 30% of circulating blood volume is lost [44]. Chronic occult bleeding
usually leads to less hemodynamic instability even if it could lead to a greater mor-
bidity, and it usually remains unnoticed in the early stages. Significant blood loss
would result in headache, confusion, light-headedness, dyspnea, chest pain, tachy-
cardia, and, lastly, hypotension. Altered mental status should prompt suspicion of
intracranial hemorrhage. Cullen’s sign (bruising or edema in the abdominal wall)
could indicate an intra-abdominal bleed [45]. Intra-thoracic bleed and pulmonary
hemorrhage could present as hemothorax and hemoptysis [46].

Additional considerations that could determine the optimal treatment are the
time of ingestion of the last anticoagulant dose, intentional or accidental overdose,
and, of course, the type of anticoagulant. Moreover, comorbidities like hepatic or
renal impairment and concomitant treatments that could alter drug absorption or
that could worsen hemostasis should be investigated.

* Use of Laboratory Testing in the Management of Bleeding in Patients on DOACs

Unlike VKAs, the DOACs are given as fixed dosing regimens without the need for
routine coagulation monitoring because of their more predictable pharmacokinetics
and pharmacodynamics. Although the absence of routine coagulation monitoring is
an advantage of the DOACs, measuring their anticoagulant effects and/or plasma
drug levels may be helpful in certain clinical scenarios such as in patients with life-
threatening bleeding events, patients at high risk of bleeding, patients with sus-
pected recurrent thromboembolism while on treatment, patients about to undergo
elective or urgent surgery, patients requiring thrombolytic therapy, or patients with
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suspected drug accumulation [47]. The results of the laboratory tests could be used
to aid clinical decision-making in such circumstances.

Standard coagulation assays such as the prothrombin time (PT) and activated
partial thromboplastin time (aPTT) assays are readily available in all hospitals and
can be used as first-line tests to provide a qualitative assessment of rivaroxaban and
dabigatran, respectively, but their accuracy remains limited. More recently, global
coagulation assays such as viscoelastic tests (ROTEM® and TEG®) and thrombin
generation assays have also been suggested as potential tests for the assessment of
the anticoagulant effect of DOACs [48, 49]. These assays deliver global information
on clot development, stabilization, and dissolution that signify in vivo hemostasis
and have several advantages such as short turnaround time and the possibility of
more accurate measurements. Finally, quantitative assays can accurately determine
plasma drug concentrations and can provide reliable responses also in the emer-
gency setting, although they may not be widely available.

Rivaroxaban

Rivaroxaban prolongs PT in a concentration-dependent manner, but the effect varies
markedly with different thromboplastins because of their differing sensitivities to
rivaroxaban [32, 50]. The general consensus is that PT (particularly with a sensitive
reagent) can be used as a screening test for urgent assessment of rivaroxaban expo-
sure, but a normal result does not reliably exclude the presence of the drug. Rivaroxaban
also prolongs the aPTT, but this assay is less sensitive than the PT and is not generally
suitable for use in patients receiving rivaroxaban. Rivaroxaban prolongs the clotting
time of EXTEM (a test for the extrinsic coagulation pathway) and INTEM (a test for
the intrinsic coagulation pathway) in the ROTEM® analysis in a dose-dependent fash-
ion (which could be used to detect higher concentrations of the drug). However, there
may be situations in which the tests fail to determine the therapeutic levels of rivar-
oxaban [49, 51-53]. A large number of studies have consistently demonstrated the
accuracy and sensitivity of drug-specific anti-factor Xa chromogenic assays for the
quantitative measurement of rivaroxaban [54]. These assays (calibrated with rivaroxa-
ban) can measure a wide range of rivaroxaban plasma concentrations that cover the
expected levels after therapeutic doses and are, therefore, recommended by the EHRA
and the rivaroxaban—Summary of Product Characteristics [32, 47].

Apixaban

In general, routine coagulation tests show lower sensitivity to the effect of apixa-
ban—most PT and aPTT reagents show only mild or modest sensitivity. Therefore,
PT or aPTT assays are not recommended for estimating the relative anticoagulation
intensity or plasma concentration of apixaban after therapeutic doses. The general
recommendation for the assessment of apixaban exposure is anti-factor Xa chromo-
genic assays using specific apixaban standard calibrators [33, 47]. Recent data
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suggested that the ROTEM® assay may be useful for screening, with ROTEM® pro-
viding quick results in emergency situations [52].

Edoxaban

Published data on laboratory measurement of edoxaban are limited. Similar to apix-
aban, edoxaban prolongs the PT and aPTT, but the changes after the expected thera-
peutic doses are rather small and subject to a high degree of variability. Therefore,
these clotting assays are unsuitable for assessing the anticoagulant effect of edoxa-
ban [35, 47, 55]. The general consensus is that anti-factor Xa assays (with edoxaban
calibrators) are best suited for assessing edoxaban exposure, [35, 47] and these
assays show a linear relationship with edoxaban plasma concentrations.

Dabigatran

Dabigatran prolongs clotting assays such as aPTT and PT. The concentration—response
curve for prolongation of the aPTT is curvilinear and flattens at higher concentrations
(=200 ng/mL) [56]. In addition, the test results at given dabigatran concentrations
vary between reagents because of their different sensitivities to dabigatran [57].
Despite these limitations, the aPTT can be a useful screening assay, but because of its
limited sensitivity, it is not suitable for quantification of the anticoagulant effect of
dabigatran, especially at high concentrations [34]. The standard thrombin time (TT)
assay is highly sensitive to the presence of dabigatran, and a normal TT value excludes
the presence of even low levels of dabigatran [47]. For accurate quantitative measure-
ment of dabigatran concentrations, diluted thrombin time (dTT) tests using dabigatran
calibrators are recommended. The ecarin clotting time (ECT) assay provides a direct
measure of dabigatran activity, but it is not routinely available. If the assessment of
low dabigatran plasma concentrations is required (e.g., in the perioperative setting),
the ecarin chromogenic assay (ECA), as well as dTT and ECT assays, can be used.
For general and quick screening, the viscoelastic tests (such as ROTEM® and TEG®)
seem to be useful and may guide treatment with PCC [52, 58, 59].

Practical Guidance on Laboratory Assessment of DOACs

DOAC:S have relatively short half-lives compared with VKAs, and their maximum
effects on clotting tests occur around their maximum plasma concentrations, at
0.5—4 h after tablet intake (depending on the drug) [32-35]. Therefore, it is impor-
tant to know when the last dose of the DOAC was administered relative to the time
of blood sampling and to take this into account, as well as the clinical profile of the
patient (such as renal and hepatic function). The PT and aPTT assays are readily
available throughout the day with a fast turnaround time for the test results; there-
fore, these are the currently recommended screening tests, taking into account the
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limitations previously discussed. However, because of the large variations in the
sensitivity of the assay reagents, each laboratory should standardize and optimize
their local assays. If sensitive reagents are used, normal test results may infer accept-
able levels of rivaroxaban (with PT) or dabigatran (with aPTT).

The assessment of coagulation properties by using ROTEM® and TEG® in the
emergency setting could provide information on the presence of the DOACs, and
these assays have quick turnaround times and could be used to guide the treatment
(especially in emergency situations). Accurate estimation of exposure levels can be
accomplished for dabigatran with the dTT, ECT, and ECA tests, and for rivaroxaban,
apixaban, and edoxaban with anti-factor Xa assays [47, 54]. Recently, the use of
qualitative testing of DOACs in urine samples has been proposed for emergency situ-
ations. For example, the DOAC Dipstick is able to exclude DOAC plasma concentra-
tions equal to or greater than 30 ng/mL and is awaiting for further confirmation [60].

Emergency Situations/Life-Threatening Bleeding While
Receiving a DOAC

In emergency situations, such as when patients treated with DOACs experience a
life-threatening bleeding event, the PT (for rivaroxaban) and the aPTT or TT (for
dabigatran) can be used as first-line tests to assess the levels of the respective drug in
plasma. A normal PT or aPTT result with a sensitive reagent indicates that it is
unlikely that the bleeding event is enhanced, respectively, by excessive dose of riva-
roxaban and dabigatran, even if it does not reliably exclude the presence of the drug
and the need for treatment. To that end, the use of the DOAC Dipstick appears more
promising. Because of its high sensitivity, a normal TT result in dabigatran-treated
patients with serious bleeding excludes the presence of clinically relevant levels of
dabigatran. Depending on the urgency of the situation, quantitative tests can be per-
formed to determine the drug levels in plasma (e.g., using dTT or ECT/ECA for dabi-
gatran and anti-factor Xa assays for rivaroxaban, apixaban, and edoxaban). The test
results may help in clinical decision-making on whether reversal agents should be
administered (in addition to other factors to be considered before making such deci-
sions). However, it should be noted that the turnaround time of many monitoring
assays may preclude their use in an emergency situation where time is critical [61].

* Defining Bleed Severity

For the definition of bleed severity, the International Society on Thrombosis and
Haemostasis (ISTH) criteria [62, 63] have been extensively used in clinical trials
and we will refer to these criteria in this article. However, we acknowledge the pres-
ence of other criteria, such as those proposed by the American College of Cardiology
(ACC) in an expert consensus on management of bleeding in patient on oral antico-
agulants in 2020 [43], those developed by the Bleeding Academic Research
Consortium (BARC) criteria [64], and the Thrombolysis in Myocardial Infraction
(TIMI) criteria.
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Based on the ISTH criteria, we define MB if at least one of the following is pres-
ent [62]:

 Fatal bleeding, and/or

* Symptomatic bleeding in a critical area or organ, and/or

* Bleeding causing a drop in hemoglobin level of 2 g/dL or more, or leading to
transfusion of two or more units of whole blood or packed red blood cells (RBCs).

Bleeding in Critical Sites

Bleeding that compromises organ function such as intracranial and other central
nervous system hemorrhages are defined as critical site bleed. Other critical sites of
bleeding are reported in Table 1.

Overt bleeding with hemoglobin drop 22 g/dL or administration of > 2 units of
packed RBCs.

This bleeding has been associated with significant mortality especially in patients
with concomitant cardiovascular disease.

The term “clinically relevant nonmajor bleeding” (CRNMB) has incorporated into
the outcomes of AF and VTE disease clinical trials to further define a bleeding event
that is neither a MB as defined by the ISTH [62] nor a non-clinically consequential
minor bleeding event. Based on ISTH criteria [63], a CRNMB is defined as any sign

Table 1 Critical site bleed

Type of bleed Signs and symptoms Potential consequences
ICH Intense headache, alteration of Coma, permanent
consciousness, focal neurological neurological deficit, death
deficit, seizures
Other central nervous Intraocular: eye pain, vision Intraocular: permanent
system hemorrhage changes, blindness vision loss
Spinal: back pain, limb weakness or | Spinal: paraplegia,
numbness, bowel or bladder disability, death
disfunction
Pericardial tamponade Shortness of breath, tachycardia, Cardiogenic shock
hypotension, shock, jugular vein Death
distension, muffled heart sounds
Airway (including Hemoptysis, dyspnea, hypoxia Respiratory failure
posterior epistaxis) Death
Hemothorax, intra- Tachycardia, hypotension, dyspnea, | Respiratory failure
abdominal, and hemoptysis, abdominal pain, flank Shock
retroperitoneal bleeding pain Death
Extremity bleeds Intramuscular: pain, swelling, pallor, | Compartment syndrome,
(including intramuscular | paresthesia, weakness, reduced paralysis, limb-loss,
and intra-articular) distal pulse permanent damage
Intra-articular: Joint pain, swelling,
decreased ROM

Table adapted from 2020 ACC Expert Consensus Decision Pathway on Management of Bleeding
in Patients on Oral Anticoagulants [43]
ICH intracranial hemorrhage; ROM range of motion
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or symptom of hemorrhage (e.g., more bleeding than would be expected for a clinical
circumstance, including bleeding found by imaging alone) that does not fit the criteria
for the ISTH definition of MB but does meet at least one of the following criteria:

¢ Requiring medical intervention by a healthcare professional

¢ Leading to hospitalization or increased level of care

¢ Prompting a face to face (i.e., not just a telephone or electronic communication)
evaluation

The so-called minor or nuisance bleeding events are important as patient-
centric outcomes, since they may influence the perception of decreased quality of
life [7] and may not be “minor” to the patient. As an example, a patient with increase
menstrual flow after starting anticoagulation may have decreased quality of life;
however, unless this prompts a face-to-face evaluation for a physical examination or
laboratory testing, this bleed would not be classified as CRNMB [63].

Management
* Management of Minor Bleeding

The clinical relevance of minor bleedings under DOAC therapy should not be
underestimated as they are a frequent cause of treatment interruptions. Patients need
to be made aware of the signs and symptoms of such bleedings and instructed to
alert their healthcare provider in case of such an event. Cessation or temporary
interruption without consultation needs to be discouraged due to the subsequently
increased thromboembolic risk. In case of recurrent minor bleeding events without
causal therapeutic options, an alternative DOAC with a potentially different bleed-
ing profile should be considered. A suspected or documented occult bleeding should
trigger a work-up to uncover the underlying cause and the treatment thereof when-
ever possible [65].

*  Management of Clinically Relevant Non-major Bleeding (CRNMB)

CRNMB occurring while on oral anticoagulant therapy is not trivial for both the
patients and the health care systems. Specifically, these events not uncommonly
require some interventions or pharmacological management and may be associated
with an increased risk of death and/or major cardiovascular complications [66].
Irrespective of the severity, local measures to control the bleed should always be
employed. Reversal of anticoagulants is usually not routinely indicated, whereas
temporary discontinuation of DOAC is recommended until the patient is clinically
stable and hemostasis is obtained [43]. Indeed, DOACs usually have a predictable
short half-life, and waiting for the end of their effect could be enough (Table 2).
Data from the Dresden NOAC registry pertaining to 379 CRNMB showed that
the majority of the bleeds could be managed conservatively, and surgical or
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Table 2 DOACS estimated half-life based on creatinine clearance

Dabigatran Apixaban, edoxaban, rivaroxaban
CrCl mL/min | >80| 50-79 | 30-49 | 15-29 | <15 >30 | 15-29 <15 (off dialysis)
Estimated 13 |15 18 27 30 (off |6-15 | Apixaban and Apixaban: 17
drug dialysis) edoxaban: 17 Edoxaban: 10-17
half-life (h) Rivaroxaban: 9 Rivaroxaban: 13

Table adapted from 2020 ACC Expert Consensus Decision Pathway on Management of Bleeding
in Patients on Oral Anticoagulants [43]

interventional treatment was required in only a minority of cases (13.5%).
Procedures in this study mainly consisted of sutures after traumatic skin lesions,
cauterization of mucosal bleeding, and endoscopic treatment of gastrointestinal
bleeding. Only one patient experienced a major cardiovascular event [63].

* Management of Major Bleeding

In case of MB, DOAC:s should be immediately stopped.

An initial ABCDE approach is indicated in the Emergency Department, two
large bore-intravenous accesses should be obtained, and monitorization must be
predisposed.

Efforts should be made to identify location and entity of bleeding while local
measures (e.g., compression, packing) should be put in place along with volume
resuscitation. Crystalloids are the preferred fluid for volume resuscitation and
there is no evidence to support the use of one crystalloid over another [67].
Clinicians must also keep in mind that acidosis and hypothermia (that could be
potentially developed after a large amount of normal saline infusion) could worsen
the coagulopathy, so balance should be made when infusing fluids. Supportive
measures involve blood product transfusion especially in patients with symptom-
atic anemia or active bleeding where red blood cells (RBCs) should be infused to
maintain hemoglobin >7 g/dL (>8 g/dL in patients with coronary syndrome). If
more than three RBCs are infused, local protocols of massive transfusion are use-
ful to maintain balance in the blood product administration (packed RBCs, plasma,
platelets). Moreover, early involvement of appropriate service to obtain definitive
hemostasis (e.g., endoscopy, surgery, angiography) must be considered. Finally,
nonspecific support to hemostasis such as the use of tranexamic acid could also be
taken into consideration. Tranexamic acid is especially indicated in traumatic
bleeding [68, 69].

In the setting of MB, especially if life threatening with hemodynamic instability,
DOAC: effect should be rapidly reversed. The time of last dose assumption must be
considered because in some cases of bleeding not occurring in critical sites, waiting
for the natural end of their effects together with the standard supportive treatment
could be enough. If the last assumption of DOAC is less than 2 h before, activated
charcoal could be administrated to limit the absorption of the anticoagulant.

However, in severe or life-threatening bleeding, specific antidotes to revert the effect
of the medication should be administered. If possible, an ongoing effect of
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anticoagulant treatment should be evidenced by laboratory measurement, but if a rapid
response is not available, the administration of reversal strategies should not be delayed.

* Reversal Therapy for the DOACs

Two specific antidotes (idarucizumab and andexanet alfa) are currently approved
for the reversal of the DOACs, and the third is currently under investigation
(ciraparantag). Before the specific antidotes became available, prothrombin com-
plex concentrates (PCCs) have been largely used, in particular, for patients treated
with factor Xa inhibitors, and activated prothrombin complex concentrates (aPCCs)
were suggested for patients on dabigatran.

A number of trials have shown that specific antidotes have the ability to immedi-
ately revert the effect of the anticoagulants and to restore normal hemostasis [70,
71]. However, we should always keep in mind that restoring normal hemostasis is
not sufficient by itself to guarantee a favorable outcome, and strategies to obtain
definitive hemostasis (endoscopy, surgery, interventional radiology) need to be
involved [42]. Moreover, antidotes are useful if the anticoagulant effect is present,
and therefore, specific laboratory tests as previously described may be useful to
drive the correct administration of the antidote.

Idarucizumab

Idarucizumab is an antidote for the reversal of dabigatran and was the first antidote
available in the market. It is a humanized monoclonal antibody fragment (Fab) with
a structure similar to thrombin [72, 73]. Idarucizumab binds dabigatran with 350-
fold higher affinity than that of dabigatran for thrombin. In addition to binding dabi-
gatran, idarucizumab also binds the active glucuronide metabolites of dabigatran to
form essentially irreversible 1:1 stoichiometric complexes [74]. Idarucizumab and
idarucizumab-dabigatran complexes are cleared by the kidneys, as is dabigatran.
After intravenous infusion, the half-life of idarucizumab is about 45 min in subjects
with normal renal function [74]. Although the half-life of idarucizumab is prolonged
in patients with renal impairment, the greater idarucizumab exposure may be advan-
tageous because these patients also have elevated plasma dabigatran levels.

No signs of prothrombotic effects have been shown with this antidote.

Idarucizumab is administered with two intravenous infusions of 2.5 g each, one
after 15 min from the first injection [70, 75].

The efficacy and safety of idarucizumab have being evaluated in the phase 3
REVERSE-AD study [70]. This prospective study was conducted in 503 patients
with uncontrolled bleeding or requiring an urgent procedure while on treatment
with dabigatran. Idarucizumab reversed anticoagulation rapidly and completely (to
a median maximum percentage of 100%) in more than 98% of the patients. A single
5-g dose of idarucizumab was sufficient in 98% of the patients, and reversal was
maintained for 24 h in most patients.

If idarucizumab is not available, treatment with PCCs or aPCCs at a dose of
50 U/Kg is indicated [76—81]. If dabigatran last dose was taken within 2 h, activated
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charcoal to limit its absorption may be administered [73]. Moreover, because dabi-
gatran is mostly not protein-bound in the bloodstream, hemodialysis may be consid-
ered if the drug level is very high, especially in patients with renal impairment [81].

Andexanet Alfa

Andexanet alfa is an engineered variant of factor Xa, which can bind to factor Xa
inhibitors with high affinity ending their anticoagulant effects [82]. It is approved for
the reversal of apixaban and rivaroxaban, while there is still limited evidence on its
effect on edoxaban [83]. An intravenous bolus dose is followed by 2 h of continuous
infusion. Andexanet alfa guarantees a rapid onset of action, within 2 min from the
bolus infusion, and its efficacy is prolonged for 2 h after suspending the infusion [84].
Andexanet alfa is administered with two different regimens. A low dose regimen con-
sists of 400 mg IV bolus followed by an infusion at a rate of 4 mg per minute pro-
longed for 2 h. The high-dose regimen consists of 800 mg IV bolus given at a rate of
30 mg per minute, followed by a continuous infusion at a rate of 8 mg per minute. The
recommended regimen depends on the factor Xa inhibitor used, its dosage, the time
since the last dose assumption, and, if available, the factor Xa inhibitor dose (Table 3).
ANNEXA-4 (andexanet alfa, a novel antidote to the anticoagulation effects of
factor Xa inhibitors) was a multicenter, prospective cohort, phase-3b/4, single-
group cohort study that evaluated andexanet alfa in patients with acute major bleed-
ing [71]. In this study, andexanet alfa reduced anti-FXa levels and was associated
with good or excellent hemostatic efficacy in 80% of patients. Specific to certain
populations, reduction of anti-FXa activity from baseline to nadir significantly pre-
dicted hemostatic efficacy in patients with ICH and correlated with lower mortality
in patients <75 years of age. The results of the randomized clinical trial ANNEXA-I
comparing andexanet alfa with standard of care in patients with ICH have been
recently presented. Altogether, these results support the use of andexanet alfa as a
specific reversal agent for FXa inhibitor—associated acute major bleeding [71, 85].
If andexanet alfa is not available, PCCs represent an alternative strategy recom-
mended by most guidelines. PCCs do not impact circulating factor Xa inhibitor
levels and its mechanism of action to achieve hemostasis is uncertain. While PCCs
increase quantitative thrombin generation assay (TGA) parameters, they do not cor-
rect factor Xa inhibitors—altered thrombin generation kinetics, nor do they normal-
ize thrombin generation. Clinical data supporting the use of PCCs are based on

Table 3 Andexanet alfa dosage

Dose of factor Xa Last dose assumption <8 h Last dose assumption
Drug inhibitor prior/unknown >8 h prior
Rivaroxaban | <10 mg Low dose Low dose
Rivaroxaban | >10 mg/unknown High dose Low dose
Apixaban <5mg Low dose Low dose
Apixaban >5 mg/unknown High dose Low dose

The table is adapted from Ondexxya, INN-andexanet alfa—summary of product characteris-
tics [87]
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cohort studies reporting clinical hemostatic efficacy, which is difficult to measure.
The benefits of PCCs beyond supportive care are therefore uncertain [86].

Antidotes Under Development

Ciraparantag is a small synthetic water-soluble molecule reversing both factors Xa
inhibitors and the parenteral indirect FXa and Flla inhibitor enoxaparin [8§8-90]. It
directly binds to DOACs and enoxaparin removing these drugs from their intended
target site, reversing their effects [88]. Current literature shows a dose-related rever-
sal of anticoagulation induced by apixaban and rivaroxaban. In particular, a dose of
ciraparantag of 60 mg and 120 mg provided a rapid and sustained reversal of anti-
coagulation in patients treated with apixaban, and a 180 mg dosage had the same
effect on patients treated with rivaroxaban [91].

Potential Indications for Antidote Administration

Potential indications for antidote administration are summarized in Table 4 [61].
Reversal is unlikely to be necessary when bleeding can be managed with local hemo-
static measures, bleeding has stopped, or when interventions can be delayed for at least
8 h to permit clearance of effects, especially in patients with normal renal function [61].

Table 4 Summary of possible indications for the use of the antidotes

Indication Life-threatening bleeding: intracranial hemorrhage, symptomatic or expanding

for use extradural hemorrhage, or uncontrollable hemorrhage
Bleeding in a closed space or critical organ: intraspinal, intraocular, pericardial,
pulmonary, retroperitoneal, or intramuscular with compartment syndrome
Persistent major bleeding despite local hemostatic measures, or high risk of
recurrent bleeding because of delayed DOAC clearance or DOAC overdose
Need for urgent intervention that is associated with a high risk of bleeding and
that cannot be delayed to allow for drug clearance (currently approved for
idarucizumab only)
Emergency surgery or intervention in patients at high risk for procedural
bleeding: neurosurgery (intracranial, extradural, or spinal), lumbar puncture,
cardiac or vascular surgery (aortic dissection/aneurysm repair), hepatic or other
major organ surgery (currently approved for idarucizumab only)

Potential Need for urgent surgery or intervention in patients with acute renal failure

indication

for use

Antidotes Elective surgery

should not Gastrointestinal bleeds that respond to supportive measures

be used High drug levels or excessive anticoagulation without associated severe
bleeding

Need for surgery or intervention that can be delayed long enough to permit
drug clearance

The table has adapted recommendations from When and how to use antidotes for the reversal of
direct oral anticoagulants: Guidance from the SSC of the ISTH [61]
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Bleeding Risk of Patients on VKAs

One of the first studies that provided information on the incidence of bleeding com-
plications during treatment with VK As in a large cohort of patients was the ISCOAT
study [1]. This prospective, multicenter, observational cohort study enrolled patients
who were undertaking therapy with VKAs for the first time and who were moni-
tored at the Italian Anticoagulation Clinics. The same study was then repeated
20 years later. During follow-up the annual risk of major bleeding complications
was 1.36% (including fatal bleeding) in the first study and 1.49% in ISCOAT 2016
[2], and the majority of bleeding events occurred during the first 3 months of treat-
ment (Table 1).

From the analysis of 23 randomized controlled trials (RCTs) including a total of
40,957 patients with atrial fibrillation (AF) in which one of the treatment arms
included VKAs, the average rate of major bleeding complications was 2.1 per 100
patient-years [3]. In a systematic analysis of 51 observational studies in AF patients,
including more than 342,699 patients, the pooled estimate of the rate of major
bleeding was 2.51 bleeds per 100 patient-years [4].
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Table 1 Incidence of bleeding complications in ISCOAT studies (1996 and 2016)

Bleeding events ISCOAT 1996 ISCOAT 2016
Fatal 0.25% pt-years 0.11% pt-years
Major 1.1% pt-years 1.38% pt-years
Clinically relevant nonmajor | NR 1.62% pt-years
Minor 6.2% pt-years NR

NR not reported

Risk Factors Associated with the Bleeding Risk

In the absence of absolute contraindications, before undertaking oral anticoagulant
therapy, the assessment of the individual patient’s bleeding risk is recommended in
order to define the net clinical benefit of anticoagulant treatment. Assessing the
bleeding risk in VKA treatment involves considering factors such as age, medical
history, comorbidities, concurrent medications, and previous bleeding events.

Advanced age is a nonmodifiable, complex dynamic risk factor as it is associated
with both thrombotic and hemorrhagic risk. Although advanced age is an indepen-
dent risk factor for cardioembolic stroke stratified into two distinct categories in the
CHA2DS2VASc score [5], in clinical practice elderly population is often under-
treated due to the perception of a greater risk of hemorrhagic complications [6]. In
the elderly patient, comorbidities, low body weight, polypharmacy, reduced resid-
ual autonomy, altered compliance, and persistence to therapy often coexist, and can
result in frailty condition. Furthermore, there is little scientific evidence on the use-
fulness of anticoagulation in the elderly patient (especially in the very old) as itis a
population underrepresented in clinical trials. The first data on the safety of VKA
therapy in elderly patients derive from the EPICA study conducted on over 4000
patients who started VKAs after the age of 80. The incidence of complications was
low (1.8% per year), and in multivariate analysis, age was not an independent risk
factor for major bleeding as long as anticoagulation was adequately conducted and
monitored [7]. Real-world Italian data, collected in the START?2 registry, demon-
strate that the risk of major bleeding complications in a cohort of atrial fibrillation
patients over 85 years was 2.3% patient-years, with no differences between those
taking VKAs and direct oral anticoagulants (DOACs) [8].

Tendency to fall is a partially modifiable risk factor that mainly regards the
elderly population. From the multivariate analysis of the EPICA study, the tendency
to fall was found to be an independent risk factor for bleeding complications in the
elderly population treated with VKAs [7]. However, data on the tendency to falls in
elderly patients as a determinant of an increased risk of major hemorrhages, particu-
larly in the intracranial area, are not conclusive [9]. Many studies agree that the
tendency to fall is one of the main reasons why elderly patients with atrial fibrilla-
tion are not anticoagulated. However, the prognostic impact of a fall in the elderly
patients is not only linked to the risk of associated intracerebral hemorrhage but also
to the risk of bone fractures, which is associated with bed rest, anemia, hospitaliza-
tion, and loss of independence in everyday life activities. This factor can be partially



Management of Bleeding in Patients on Vitamin K Antagonists 149

modified by an adequate patient and caregiver education program and its verifica-
tion over time.

Recently, in a German cohort of frail older patients, repeated falls showed a
comparable bleeding risk and risk for intracerebral hemorrhage among anticoagu-
lated and nonanticoagulated patients [10]. On the contrary, a sub-analysis of data
from the RE-LY study [11] found a significantly increased risk of major bleeding
and of intracranial hemorrhage (ICH) in patients with falls, in particular among
patients on warfarin [12]. Similarly, recent data from a nationwide Belgian registry
confirmed that the history of falls was associated with bleeding risk and mortal-
ity [13].

The main comorbidities associated with an increased risk of bleeding are: arte-
rial hypertension, severe liver failure, severe renal failure, history of major bleeding
events, history of stroke, diabetes mellitus, anemia of unknown cause, dementia,
and active neoplasia. These are conditions to be recognized and corrected when
modifiable, to be periodically reevaluated, trying to optimize the clinical control
over time in order to minimize the risk of bleeding. In particular, optimal control of
blood pressure is recommended in patients on anticoagulant treatment since poorly
controlled arterial hypertension represents a risk factor for intracranial hemorrhage.

Active neoplastic disease significantly increases both the thrombotic and hemor-
rhagic risk in relation to the location, the type of neoplasm, the concomitant pres-
ence of thrombocytopenia, and chemotherapy.

Also, the concomitant use of antiplatelet and anti-inflammatory drugs exposes
the patient on VKA therapy to an increased risk of major bleeding in the gastroin-
testinal tract and of intracranial hemorrhages. The ORBIT-AF registry reports an
approximately double risk of major bleeding in patients on dual antithrombotic
therapy with VKA and antiplatelet compared to patients on VKA alone (3.0% vs.
1.8%) [14]. In a case-control Danish study [15] on patients with subdural hema-
toma, the bleeding risk was higher when a VKA was associated with an antiplatelet
drug [low-dose aspirin + VKA: adjusted odds ratio 4.00, (95% CI: 3.4-4.7); clopi-
dogrel + VKA: adjusted odds ratio 7.93; (95% CI: 4.49-14.02)].

Anemia has been reported as a risk factor for bleeding in anticoagulated patients
and is one of the parameters included in the majority of the available bleeding
scores. Anemia is associated with several diseases and with mortality [16]. In a
recent registry-based nested case-control study on AF patients treated with warfarin,
the presence of anemia was strongly associated with both bleeding and thrombotic
risk [17]. When hemoglobin levels were found to be reduced, the OR for bleeding
was 2.9 (95% CI 2.8-3.0), and the OR for stroke/TIA was 1.7 (95% CI 1.6-1.8).
When hemoglobin levels were seriously reduced (<10.0 gr/dL), a tenfold risk of
bleeding and a threefold risk of stroke/TTIA were found. Anemia is associated to
several diseases, and in particular gastrointestinal hemorrhagic lesions are associ-
ated to the occurrence of major bleeding.

Various risk assessment tools can help evaluate individual risks, but, since the
risk is dynamic and can vary over time, its assessment must be repeated regularly in
the follow-up of the individual patient [18].
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In particular, in patients with nonvalvular atrial fibrillation, the most used score
model is the HAS-BLED score which includes eight risk factors [19]. A total score
>3 identifies a high bleeding risk. However, the predictive capacity of the HAS-
BLED score for major bleeding events one year after the start of anticoagulant ther-
apy with warfarin is limited [6]. Furthermore, the HAS-BLED score includes known
prothrombotic risk factors which are also incorporated in the CHA2DS2VASc
score, so confirming the difficulty to separate the bleeding and thrombotic risks.
However, patients with high values of both scores have a greater net clinical benefit
by anticoagulant prophylaxis [20]. Therefore, from a practical point of view, a
HAS-BLED score >3 does not represent per se a contraindication to anticoagulant
therapy. The application of bleeding risk estimation scores is recommended as a
valid tool to support the clinician in identifying and correcting potential bleeding
risk factors [21, 22] even if a more comprehensive clinical approach is suggested.
Regular communication with a healthcare provider is essential for personalized risk
assessment and management.

Intensity of Anticoagulation and Bleeding Risk

The intensity of anticoagulation with VKAs correlates with the increase in the
bleeding risk: INR values >3.0 are associated with a double risk of major bleeding
compared to INR values <3. In particular, in an ISCOAT study the rate of major
bleeding and of clinically relevant nonmajor bleeding was <3% annually for INR
categories <3; increasing to 6.7% annually for INR levels between 3.0 and 4.4, and
to 12.5% for INR >4.5. The relative risk of INR values >3.0 vs. <3.0 was 3.68 (95%
CI 2.66-5.01; p < 0.0001) [2]. In patients with poor blood quality treatment (low
time in therapeutic range—TTR) an increased incidence of major bleeding was
reported (3.8% compared to 1.58% in a group of patients with good therapeutic
control) [23]. In most studies, ICH occurrence correlates less with elevated INR
values than other major bleeding. In the EPICA study, in a large cohort of atrial
fibrillation (AF) patients and of patients with venous thromboembolism, 82.1% of
major bleeding occurred in patients with INR within the therapeutic range and a
poor quality of anticoagulation expressed as TTR was not associated with the bleed-
ing risk. In addition, in AF patients treated with warfarin, INR values were found
not associated with the bleeding risk, whereas the presence of anemia was strongly
associated with both bleeding and thrombotic risk [17]. In a Sweden cohort of
patients with mechanical heart valves, the bleeding risk was associated with several
factors, such as previous bleeding, but not with TTR [24]. These results have been
confirmed in a recent study conducted on a large cohort of patients with mechanical
heart valves in Africa [25]. In this study patients who had major bleeding showed a
lower median TTR before the bleeding event compared to the general population;
however, this difference did not reach statistical significance. The INR related to the
major bleeding was >3.5 in 52% of available cases [25].
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Managing Bleeding on VKA Treatment

The management of bleeding during VKA treatment is related to the severity of
hemorrhage and to the site of bleeding. Hemorrhagic events are classified according
to the severity in major, clinically relevant nonmajor (CRNM) and minor events.

Major Bleeding (MB)

According to the International Society of Thrombosis and Hemostasis, major bleed-
ing is defined as fatal bleeding, or symptomatic bleeding in a critical area or organ,
such as intracranial, intraspinal, intraocular, retroperitoneal, intraarticular or peri-
cardial, or intramuscular with compartment syndrome, and/or causing a fall in
hemoglobin level of 2 gr/L or more, or leading to transfusion of two or more units
of whole blood or red cells. It should be noted that this definition includes events
with different case-fatality rate, that is null in the case of ocular hemorrhage with
visual loss, whereas it reaches more than 50% of cases when ICH occurs.

The majority of available recommendations are derived from studies concerning
ICH [26] whereas information on the management of major bleeding in other sites
are scanty.

The management of MB requires (1) assuring a prompt hemodynamic support;
(2) obtaining INR normalization; and (3) identifying and removing the cause of
bleeding when possible (Table 2).

1. Assure prompt hemodynamic support and fluid replacement. Red blood cell
replacement should be available. Platelet concentrates should be infused when
active bleeding is present and platelet count is <60.000 x 106/L.

2. INR normalization. VKA treatment should be promptly stopped, and INR level
should be urgently measured. However, the progressive spontaneous decline of
anticoagulation is slow and usually 4-5 days are required to obtain complete
VKA reversal. Therefore, 10 mg iv of vitamin K1 should be promptly adminis-

Table2 Management of major and life-threatening bleeding in the patients on VKA treatment

Therapy Hemodynamic support | Testing
Stop VKAs Assure venous access Test for PT-INR,
aPTT, blood count

Vitamin K1 10 mg ev in 15’ Replace fluid

Consider tranexamic acid 1 g iv RBC replacement if Check INR level after
needed treatment

4F-PCC 20-50 mg/kg Platelet transfusion if Check blood count
PLT60.000

Activated PCC or activated factor VII in Identify the cause of

case of nonresponse to other treatment bleeding

Invasive hemostatic procedure (endoscopic,
endovascular, surgery)
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tered in 15 min. Vitamin K1 infusion allows the synthesis of carboxylated coagu-
lation factors, leading to INR normalization in 12-24 h.

3. This treatment is not able to rapid anticoagulation reversal. Vitamin K1 adminis-
tration should be always done, but it is not enough in the case of a life-threatening
bleeding. In these cases, to obtain rapid anticoagulation reversal, the use of pro-
thrombin complex concentrates is required [27]. These blood derivates are avail-
able as lyophilized virus-free products and contain four nonactivated coagulation
factors: factor II, factor VII, factor IX, and factor X (4F-PCC). 4F-PCC should
be infused at the dosage of 20-50 mg/kg in 15-20 min after rapid reconstitution.
A second infusion of 25 mg/kg could be required in case of persistently elevated
INR (>1.5). The 4F-PCC are not always available, and in some areas only PCC
with three factors (factor II, factor IX, and factor X) are available. In this case,
the infusion of associated nonactivated factor VII concentrates can be consid-
ered. When a prompt INR level measurement is available, this can guide the
PCC dosage to be administered as follows:

INR 1.5-2.0 | PCC 20 mg/kg
INR 2.1-3.9 | PCC 30 mg/kg
INR 4.0-5.9 | PCC 40 mg/kg
INR>60 | PCC 50 mg/kg

In obese patients do not exceed the dose of 5000 mg, referring to a maximum
body weight of 100 kg.

INR should be checked at the end of PCC infusion 6-8 h later. In case of
severe overanticoagulation, a late rising in INR levels could be detected, even
after a first INR level normalization, due to long-lasting effect of VKAs. This
requires further vitamin K1 infusion and careful INR monitoring.

4F-PCC infusion is associated to an enhanced risk of thrombosis, estimated
about 7% in the first 45 days after treatment [28]. Therefore, it is necessary to
restart anticoagulation as soon as the bleeding event is stopped and the risk of
recurrent bleeding is low. Anticoagulation should be restarted gradually; there-
fore, the use of progressively incremental doses of low-molecular weight hepa-
rin (LMWH) can be the treatment of choice in this phase.

4. Causal therapy to stop the bleeding and standard supportive measures (such as
mechanical compression, endoscopic or surgical hemostasis, fluid replacement,
transfusion, and other hemodynamic support) are the main pillars in the manage-
ment of nonlife-threatening major bleeding.

5. The use of tranexamic acid 1 g ev should be considered.

6. When PCC is not available, the use of fresh frozen plasma (FFP) at the dosage
of 15-20 mL/kg can be considered. However, the use of FFP is associated with
several complications. The large amount of plasma needed to obtain an adequate
reversal of anticoagulation requires a long time of infusion and is sometimes
associated to fluid overload that can induce pulmonary edema in patients with
heart failure. The occurrence of acute respiratory distress is another serious and
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potentially fatal adverse event associated with FFP infusion. Therefore, FFP
should be used only if PCC is not available.

7. PCC and aPCC are preferred over recombinant activated factor VIIa (90 mg/kg)
given the absence of any outcome data for activated factor VII.

8. The normalization of coagulation in itself is not necessarily sufficient to stop a
bleed. Specific more invasive interventions to control the bleeding source may
be required. Endoscopic procedures are required for massive gastrointestinal
bleeding, and a selective endovascular procedure should be considered to stop
active bleeding in the retroperitoneal space or uterine massive bleeding.

9. The occurrence of severe anemia in the absence of overt bleeding is a relatively
frequent finding. The patient seeks medical attention due to fatigue and dyspnea
and microcitemia, as a result of iron deficiency due to prolonged small blood
loss of gastrointestinal origin or as a consequence of persistent menorrhagia
without adequate iron supplementation. When the cause is not evident, endo-
scopic study of the GI tract should be performed. The patient should stop antico-
agulation, RBC transfusion should promptly correct acute anemia, and iron
infusion should be administered. Serial testing of blood count should be per-
formed in the first month after the event, and the treatment should be restarted
according to the cause of the bleeding. When normocitic anemia is found, if no
blood in the stools is found, and endoscopic examination fails to demonstrate
hemorrhagic lesions, hematological examination for hyporegenerative anemia
should be performed. Periodic blood count is recommended in all anticoagulated
patients for early detection of anemia.

Clinically Relevant Nonmajor (CRNMB) and Minor Bleeding

CRNMBs have been defined as any nonmajor bleeding that requires medical face-
to-face intervention, or leads to hospitalization or increased levels of care [29]. All
the events of mild intensity that do not require medical face-to-face attention are
defined as minor bleeding. The difference between minor and CRNMB could be
difficult to detect and depends also on the patient’s perception of their severity of
bleeding. All the following conditions can be minor or CRNMB according to the
severity and/or the perceived severity of the event. When a minor bleeding occurs,
usually anticoagulant treatment should not be stopped. However, it is necessary to
check INR to exclude overanticoagulation that requires prompt INR normalization,
withholding one or two doses of warfarin and administering vitamin K if INR is
>6.0 [30, 31].

Oral administration of 1-2 mg of vitamin K1 leads to the reversal of overantico-
agulation in 24 h, without increasing the thrombotic risk and is a safe treatment that
should be considered in patients with asymptomatic overanticoagulation, and espe-
cially when minor bleeding is present [32]. Vitamin K1 should be orally adminis-
tered due to rapid adsorption, whereas intramuscular injection should be avoided for
very low absorption. Subcutaneous or intramuscular administration should not be
used because it is less effective than oral or intravenous vitamin K [30]. The



154 P. Daniela and D. Prisco

intravenous administration is indicated when a more rapid effect is required.
Similarly, oral low-dose vitamin K can be administered in patients on VKA who
require surgery or invasive procedure within 24-36 h. The administration of 2 mg of
vitamin K allows INR normalization avoiding administration of PCC.

The site of bleeding should be monitored, ensuring local hemostasis with
mechanical compression when possible. The local or systemic use of antifibrinol-
ytic drugs should be considered.

The bleeding event should be carefully examined taking into account: the history
of trauma, the presence of associated drugs that can enhance the bleeding risk, or
the presence of clinical conditions potentially associated with overanticoagulation.
Patients should also be carefully asked for adherence to treatment and correct dos-
age taking.

The hemorrhagic event requires specific interventions related to the site and the
severity of the bleeding:

1. Cutaneous hematoma. This condition is usually related to trauma. However, in
elderly patients the occurrence of spontaneous ecchymosis is frequent, espe-
cially on exposed areas of arms and legs, due to skin ageing. This phenomenon
is frequently a reason of concern for the patients that should be reassured when
the platelet count is normal.

2. Muscular hematoma. It is a condition usually related to trauma, that is associated
with intense pain and could lead to compartment syndrome characterized by
pain, swelling, and neurological symptoms that require surgical decompression.
However, in the majority of cases, stopping VKA, reverse INR if overanticoagu-
lation is found, and use of ice pack allow the management of this condition. The
occurrence of muscular hematoma in the absence of trauma requires laboratory
check for platelet count, PT-INR, aPTT, and fibrinogen testing to exclude the
occurrence of other hemorrhagic conditions such as acquired hemophilia.

3. Hematuria. Temporary stopping of VKA is suggested, and the correction of ove-
ranticoagulation if present can be required. The origin of hematuria must be
investigated to exclude the presence of cancer bleeding lesions of the kidney or
of the urinary excretory route. When hematuria is associated with dysuria, urine
test to identify urinary infection is indicated.

4. Proctorrhagia. This is a frequent condition, usually due to benign pathology of
the rectum, such as hemorroidal or anal fissure. These conditions are associated
with frequent recurrence of proctorrhagia and are associated with pain during
defecation. Proctological examination is required to confirm the diagnosis.
When no external lesions are found, endoscopic examination is mandatory, in
particular when anemia and/or microcitemia are associated.

5. Emoftoe. This condition could be related to lesions of the upper respiratory tract
or of the bronchi. In the majority of cases, it is the consequence of flogistic
mucosal lesions. The management depends on the entity of the bleeding, and
when the bleeding is intense it requires to stop anticoagulation. The patient
should be referred to otolaryngological evaluation and to chest X-ray to identify
potential evolutive lesions.
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6.

Hemospermia. Is usually a benign condition, even if usually it is of great concern
for the patient. Withholding VKA is not usually necessary, and the patient should
be referred to nonurgent urologic evaluation.

. Epistaxis. Is the more frequent nonmajor bleeding associated to anticoagulation,

occurring in about 14% of patients. The patient should be informed to manage
epistaxis with proper pressure holding technique. Oral tranexamic acid 1 g tid or
locally can be used in case of persistent bleeding. When the nose bleeding is
intense, urgent otolaryngological evaluation is required to provide cautery, or
anterior or anterior-posterior nasal packing techniques.

. Abnormal uterine bleeding. This is a common condition that is reported to affect

more than 50% of women in reproductive age who are treated with anticoagu-
lants. Heavy menstrual bleeding frequently occurs in young females on VKA
treatment, involving more than one quarter of patients [33, 34]. These patients
may require hormonal treatment, and progestins-only formulation should be pre-
ferred to combined hormone treatment. Periodic blood count and iron supple-
mentation is required. When uterine bleeding is found in postmenopausal
women, a gynecological examination is mandatory.
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Introduction

Acquired bleeding disorders is a catchall term that describes a broad group of condi-
tions with many underlying causes that may increase the risk of bleeding during
pregnancy, at the time of delivery, or in the postpartum period. This chapter is
divided into two sections: the first half addresses acquired bleeding disorders
encountered in pregnancy, including thrombocytopenia and coagulation factor defi-
ciencies. In the second half of the chapter, we discuss coagulopathies associated
with obstetric haemorrhage (antepartum haemorrhage (APH) and postpartum haem-
orrhage (PPH)). Several of these conditions not only present problems for delivery
and in the immediate postpartum period but also may have significant implications
for the foetus and neonate, hence a multidisciplinary approach involving expert
haematologists and obstetricians, together with a laboratory team with expertise in
haemostasis, should be followed in diagnosis and management of these patients.
Counselling of the patient regarding the subsequent pregnancies is a crucial compo-
nent of management, since recurrence is not uncommon.

Changes in the Haemostatic System During Pregnancy

Pregnancy is associated with substantial physiological changes in the haemostatic
system. The changes in the uterine circulation that are aimed at meeting the needs
of the growing uterus and developing foetal placental unit include an increase in the
size and diameter of the uterine arteries and veins. The site of placental implantation
carries a unique feature in which the maternal blood exits the circulation through the
spiral arteries, flows in the intervillous space and drains into the uterine veins. These
changes enable the uterine circulation to reach an average blood flow of 600-900 mL/
min [1], suggesting that at term, about 10-15% of the maternal blood volume flows
through the uterine circulation each minute. In the maternal circulation, there is an
acquired state of hypercoagulability, especially at the third trimester, which protects
the mother from haemorrhage during delivery [1]. There is a progressive increase in
concentration and activity of the coagulation factors (fibrinogen, VII, VIII, IX, X
and XII) resulting in increased thrombin generation [2]. Additionally, the concentra-
tion of von Willebrand factor increases significantly by term [3]. There is also a
concomitant decrease in the anticoagulant concentrations of free protein S, the func-
tionally active form of protein S due to an increase in the concentrations of its bind-
ing protein, C4B-binding protein. The clinical impact of the fall in free protein S
levels is unclear. The levels of protein C [4] and antithrombin III remain unchanged.
Plasma fibrinolytic activity is reduced during pregnancy because of an increase in
the concentration of plasminogen activator inhibitors (PAI) I and II [5]. Platelet
count decreases during pregnancy, and about 7% of women will have gestational
thrombocytopenia. The function effect of pregnancy on platelets is controversial,
and platelet aggregation is reported both to be increased [6] and decreased [7] dur-
ing pregnancy. Nevertheless, placenta-mediated pregnancy complications such as
pre-eclampsia and placental abruption have been associated with increased platelet
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activation. Overall, these changes are translated into a change in the standards of
coagulation testing during pregnancy. Indeed, during pregnancy and especially the
third trimester, pregnant women have a shorter PT and PTT than the laboratory
control. Moreover, the normal values of functional tests including Rotem and
thromboelastographic (TEG) and thrombin generation differ than that of non-
pregnant women.

During normal gestation, the trophoblasts face two contradicting haemostatic
functions: (1) sustaining of laminar flow of maternal blood in the intervillous space
without clotting and (2) preventing bleeding at the maternal foetal interface [8] This
led to the acquirement of endothelial cell-like properties to the syncytiotrophoblast
along with the expression of TF to maintain haemostatic function. Placental TF has
higher activity in comparison to that expressed on human umbilical vein endothelial
cells. The syncytiotrophoblast also has anti-coagulation properties as it is able to
synthesize Protein C, Protein S and Protein Z, as well as pregnancy-specific inhibi-
tor of the tissue factor pathway known as TFPI-2 (placental Protein 5, to prevent
uncontrolled activation of the coagulation cascade). The prevention of fibrinolysis
by the placenta is achieved by placental production of PAI-2 during normal preg-
nancy [9]. These physiological changes during pregnancy are associated with rela-
tively constant tissue plasminogen activator (t-PA) concentrations, leading to a
prothrombotic state related in part to reduced clot lysis [10].

The decidua and the chorioamniotic membrane are a functional unit that has high
tissue factor and PAI I concentration and decrease activation of plasminogen activa-
tors, resulting in increased potential of coagulation activation and reduced fibrino-
lysis to prevent decidual bleeding at the time of implantation and during gestation.
The amniotic fluid compartment is special as it contains no platelets. Amniotic fluid
TAT III complexes concentration (indirect measurement of thrombin generation)
increases during the second half of pregnancy and the first stage of labour. The
sources of thrombin in amniotic fluid are from amniocytes as the concentration in
foetal cord are lower than those detected in amniotic fluid. Moreover, during normal
pregnancy, maternal AF TAT III complexes concentration is increased by two- to
fourfold times Amniotic fluid also contains other coagulation factors such as pro-
thrombin tissue factor [11] and others. Thus, amniotic fluid can generate thrombin
locally.

It is important to note that although pregnancy is considered a hypercoagulable
state, the haemostatic balance is preserved, and thrombotic events are uncommon
during pregnancy, suggesting that these changes are adaptive in nature and are to
protect the mother from excessive bleeding.

The postpartum period poses a different challenge to the mother as following
delivery and the expulsion of the placenta, the spiral arteries, in the placental bed,
are patent and the major mechanism that can achieve haemostasis is uterine contrac-
tion and involution, concomitantly with excessive activation of the coagulation sys-
tem that is reflected by increased thrombin generation and inflammation and a
higher risk for thromboembolic complications. Any interference to this process may
result in severe maternal haemorrhage that can become a life-threatening condition.
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Thrombocytopenia

Thrombocytopenia is the second most common haematologic abnormality encoun-
tered during pregnancy, after anaemia. The incidence of thrombocytopenia in preg-
nancy is estimated at 8%, but in the main, platelet counts <100 x 109/L are rare and
are observed in only 1% of pregnant women [12]. Physiological decreases in plate-
let count during normal pregnancy occur due to haemodilution, increased consump-
tion in the peripheral tissues and increased aggregation, due to higher levels of
thromboxane A2. As such, it is quite common to see a woman’s platelet count fall,
as gestational age rises, but the thrombocytopenia is usually mild (e.g. >100 x 10%/L)
and has no adverse effects for either the mother or the foetus [12].

The most common conditions associated with thrombocytopenia in pregnancy
are immune thrombocytopenia purpura, thrombocytopenia associated with throm-
botic microangiopathies, which may be specific to pregnancy such as pre-eclampsia
and HELLP syndrome (haemolysis, elevated liver enzymes, low platelets syn-
drome). But it is important to consider a broader list of differential diagnoses when
managing a patient with thrombocytopenia in pregnancy, so as not to miss the rarer
but potentially life-threatening conditions such as thrombotic thrombocytopenia
purpura (TTP) or haemolytic uraemic syndrome (HUS). Other causes of thrombo-
cytopenia in pregnancy are shown in Table 1.

Evaluation of thrombocytopenia presenting in the first or early second trimester
is similar to that in a nonpregnant patient with thrombocytopenia since those condi-
tions specific to pregnancy causing thrombocytopenia such as preeclampsia or
HELLP develop generally after the 20th week of gestation. Investigations should
include evaluation of the blood film, testing for associated thyroid or liver disease,
infection and other autoimmune disorders and serology. Testing for platelet antibod-
ies is not recommended. Patients presenting in the later stages of pregnancy with
thrombocytopenia should additionally be investigated for conditions such as

Table 1 Causes of thrombocytopenia in pregnancy

Pregnancy related Not related to pregnancy

Gestational Pseudothrombocytopenia

thrombocytopenia Immune thrombocytopenia purpura,
Pre-eclampsia/eclampsia Thrombotic thrombocytopenia purpura/haemolytic uraemic
HELLP syndrome syndrome

Acute fatty liver of Autoimmune diseases: lupus, antiphospholipid syndrome
pregnancy Infections: HIV, HBV, HCV, CMV, EBY, sepsis

Disseminated intravascular coagulation
Drug-related causes: heparin

von Willebrand disease type 11 b

Bone marrow dysfunction/infiltration
Hypersplenism

Nutritional deficiencies: Vitamin B12, folate.

Source: Gernsheimer et al. [12]
HIV human immunodeficiency virus, HBV hepatitis B virus, HCV hepatitis C virus, CMV cyto-
megalovirus, EBV Epstein—Barr virus
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Table 2 Laboratory evaluation of thrombocytopenia in pregnancy

Evaluation Tests

Recommended tests: Full blood count
Peripheral blood smear
Direct antiglobulin (Coombs) test (DAT)
Reticulocyte count
Liver function tests
Renal profile
Viral screen (HIV, HCV, HBV, CMV)

Consider testing: Anti-nuclear antibody,
Anti-phospholipid antibodies, lupus anticoagulant
Thyroid function tests
Helicobacter pylori (stool antigen or breath test)
Coagulation testing
Serum immunoglobulin levels
VWD panel (for VWF type 2b)
ADAMTS-13 level

Not routinely recommended: Anti-platelet antibody
Bone marrow aspiration
Peripheral blood flow cytometry
Thrombopoietin level

Source: Provan et al. [13]
HIV human immunodeficiency virus, HBV hepatitis B virus, HCV hepatitis C virus, CMV cyto-
megalovirus, EBV Epstein—Barr virus, VWD von Willebrand disease, VWF von Willebrand factor

pre-eclampsia and HELLP syndrome. See Table 2 for recommended tests for throm-
bocytopenia in pregnancy [13].

Gestational Thrombocytopenia

Gestational thrombocytopenia (GT) is a benign condition and accounts for 70-80%
of isolated thrombocytopenia cases and results from various mechanisms, including
haemodilution and accelerated clearance. The thrombocytopenia is mild to moder-
ate, with two-thirds of cases having platelet counts between 130 and 150 x 10°/L. The
thrombocytopenia is usually self-limiting and asymptomatic, and no treatment is
required other than periodic monitoring of the blood count. Monitoring is recom-
mended every 6-8 weeks until the 28th week of pregnancy and every 2—4 weeks
thereafter.

GT usually occurs in the second half of pregnancy and resolves spontaneously
after delivery, returning to a normal platelet count within the first 2 months postpar-
tum. There is commonly no prior history of thrombocytopenia. Therefore, if throm-
bocytopenia is evident early in pregnancy, or there is a prior history (out with
previous pregnancy) or a family history of thrombocytopenia, an alternative diagno-
sis should be sought. GT is not associated with maternal or foetal risks. The com-
monest, and most important, condition that GT must be distinguished from is
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immune thrombocytopenia purpura (ITP) which is managed differently and can
have additional, and significant implications for the health and care of the neonate.

Immune Thrombocytopenia Purpura

ITP is the most common cause of thrombocytopenia presenting in the first trimester.
It is an autoimmune disorder characterized by anti-platelet glycoprotein antibodies
that stimulate platelet destruction in the spleen. ITP may be primary with no clear
underlying cause, or secondary due to conditions like a lymphoproliferative malig-
nancy or autoimmune condition such as systemic lupus erythematosus (SLE) or
antiphospholipid antibody syndrome (APS).

The diagnosis of ITP is based on the clinical scenario. Thrombocytopenia in ITP
can be mild, moderate or severe, and symptoms are proportional to the platelet
count. Patients may be asymptomatic or present with ecchymosis, petechiae, gum
bleeding or subchorionic haematomas which may threaten the loss of the foetus.
Unlike GT, ITP can occur anytime during pregnancy. Moreover, most pregnant
women with ITP may have a history of thrombocytopenia prior to pregnancy.

Although rare, spontaneous bleeding is the main maternal risk in ITP, especially
when the platelet count falls below 20 x 10°/L. The risk of postpartum bleeding is
increased especially in women with platelet count less than 50 x 10%/L at time of
delivery. In a study of 52 pregnancies among 45 women with ITP in pregnancy, the
rate of PPH with a blood loss >1000 mL was 67% with platelets <50 x 10%/L at the
time of pregnancy compared to 16% with a platelet count of >50 x 10°/L [14]. It is
important to monitor the platelet count closely, as the pregnancy advances, ideally
every 2 weeks after the 28th week, as the thrombocytopenia frequently worsens in
the third trimester and in anticipation of delivery. The most important aspect of
management is achieving a platelet count sufficient to minimize the risk of postpar-
tum haemorrhage and allow a safe use of regional block at delivery. Around deliv-
ery, the aim is to maintain platelet count above 50 x 10°/L, the level considered safe
for both vaginal and caesarean delivery. The platelet number needed to cover safe
epidural anaesthesia is debatable, but the recommended level is 75-80 x 10%/L. There
is a theoretical risk of epidural haematoma with lower platelet counts [15].

Treatment of ITP during pregnancy is mainly restricted to IV Ig (intravenous
immunoglobulin) and prednisolone. Before 36 weeks’ gestation, treatment is only
recommended if the platelet count is below 30 x 10°/L; the patient is symptomatic;
or an invasive procedure is considered. Prednisolone is the first line of treatment,
along with calcium/vitamin D replacement. The recommended starting dose of
prednisolone varies from 0.25 to 0.5-1 mg/kg, but there is no evidence of better
response with higher doses, thus a dose of 20 mg daily is increasingly used in clini-
cal practice. Intravenous immunoglobulin at a dose of 1 g/kg can be used where a
more rapid therapeutic response is needed, such as for delivery but not as a mainte-
nance treatment because of its short-lived effects. Beyond 36 weeks, treatment is
initiated if the platelet count falls below 50 x 10°/L, in anticipation of delivery.
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Patients who are refractory to either of these treatments may benefit by a combina-
tion of the two.

Options for treatment of refractory patients are limited by foetal risks. Second-
line treatment options are not well studied during pregnancy, but experience is
growing with thrombopoietin receptor agonist (TPO-RA) agents such as romiplos-
tim. Azathioprine may also be used as a steroid-sparing agent. Use of anti-RhD
immune globulin, cyclosporine and rituximab have all been reported with good out-
comes, but the data on the efficacy and safety of these agents are limited.

Mode of delivery should be based upon obstetric indications, as the risk of intra-
cranial haemorrhage in the neonate is low, generally <1% [12] and does not appear
to be related to birth process; however, instrumentation such as the use of maternal
platelet counts are poor predictors of the neonate’s platelet count. The only reliable
predictor is the platelet count and course of thrombocytopenia of an older sib-
ling. Severe thrombocytopenia (platelet counts <50 x 109/L) occurs in <10% of
newborns, and therefore a cord blood sample for a full blood count test should be
taken at delivery. Nadir platelet counts typically occur 2 to 5 days after birth, so the
neonate should be monitored carefully. Cranial ultrasound examination should be
considered for babies with platelet counts at birth <50 x 10°/L especially when
delivery is traumatic. IVIG and platelet transfusions have been recommended for
babies with platelet counts <30 [12, 15]. Although breastfeeding is generally felt to
be safe and not contraindicated, prolonged thrombocytopenia in the neonate has
been shown to occur due to transfer of primarily IgA antiplatelet antibodies [16].

Thrombocytopenia Due to Thrombotic Microangiopathies

Thrombocytopenia due to thrombotic microangiopathies (TMAs) can be specific to
pregnancy, e.g. pre-eclampsia or eclampsia; HELLP syndrome; or acute fatty liver
of pregnancy (AFLP), or is nonspecific to pregnancy, e.g. TTP, disseminated intra-
vascular coagulation (DIC) or HUS. Platelet count in these conditions rarely fall
below 20 x 10°/L. Thrombocytopenia associated with pregnancy-related TMAs is
the second leading cause of thrombocytopenia in pregnancy. The pathophysiology
is similar, with endothelial damage, release of tissue factor and subsequent coagula-
tion activation, platelet aggregation and thrombus formation. Clinical and labora-
tory features of these conditions are summarized in Table 3.

Pre-eclampsia causes about 20% of cases of thrombocytopenia in pregnancy.
Thrombocytopenia is sometimes the only initial sign of this condition, predating all
the other laboratory changes. HELLP syndrome complicates 10-20% of cases of
severe pre-eclampsia. It can occur without proteinuria (25% of cases) or hyperten-
sion (40% of cases), and this can make the diagnosis challenging. About 70% of the
cases develop before delivery, the majority between the 27th and 37th gestational
week, but in some women HELLP syndrome may occur postpartum (30% of cases).
A platelet count of less than 100 x 10%/L is one of the diagnostic criteria of HELLP
syndrome.
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Table 3 Clinical and laboratory features of pregnancy-associated microangiopathies

Pre-eclampsia/

HELLP TTP HUS AFLP

Elevated blood +++ + + ++ (50% of
pressure cases)
Neurological +++ +++ (numbness, + +
symptoms (headache) weakness,

aphasia, mental

status)
Abdominal symptoms |+ (RUQ pain) | ++ (unspecific/ + +++

diffuse) (unspecific/

diffuse)
Fever — —/+ —/+ —
Easy bruising - —/+ - -
Thrombocytopenia +++ +++ + +
(>50 x 109/L) | (<20 x 109/L) (<100 x 109/L)
Renal impairment +/++ +H++ +++ +H/+++
Hepatic dysfunction + —/+ —/+ +++ (and
and inflammation bilirubin)
(AST/ALT)
Coagulopathy —/+ - - +++
Raised LDH + +A+++ +++ +++
Microangiopathic + +H+++ +/++ +
haemolytic anaemia
Hypoglycaemia - - - +
ADAMTS13 activity | Normal <10 IU/dL >20 IU/ >30 IU/dL
dl — 30 IU/dl

Source: Gernsheimer et al. [12]
+ prevalence, — not usually present, ALT alanine aminotransferase, AST aspartate transaminase,
LDH lactate dehydrogenase, RUQ right upper quadrant

AFLP is arare (1:7000 to 1:20,000 pregnancies) but severe condition of the third
trimester of pregnancy. Clinical manifestations such as abdominal pain, nausea,
vomiting and anorexia, in conjunction with several specific laboratory changes such
as severe hypoglycaemia, hyperuricemia, markedly elevated transaminases, renal
impairment with elevated creatinine and blood pressures in the normal range, may
lead to the diagnosis of acute fatty liver of pregnancy. Thrombocytopenia associated
with this pathology is sometimes severe, with a platelet count under 20 x 10°%/L.

The only effective treatment of pre-eclampsia/eclampsia, HELLP Syndrome and
acute fatty liver of pregnancy is delivery. Reversal of the coagulopathy by transfu-
sion with plasma, cryoprecipitate and platelets may be required for delivery. The
aim is to maintain platelet count around the safety limit of above
50 x 10°/L. Dexamethasone 10 mg every 12 h, 2 to 4 doses antepartum and two
doses postpartum is usually recommended. In the absence of other complications
such as disseminated intravascular coagulation (DIC) or renal dysfunction, the
platelet count usually returns to normal values by day 4 postpartum.
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Thrombotic Thrombocytopenic Purpura

TTP is a rare, potentially life-threatening TMA. It is caused by a severe deficiency
of the von Willebrand factor (VWF)-cleaving protease ADAMTS 13, resulting in the
presence of highly adhesive unusually large VWF multimers, which then causes
inappropriate platelet clumping in the microvasculature and widespread micro-
thrombi. The subsequent ischemic damage can affect almost any organ, but pre-
dominantly affects the brain, digestive tract, heart and kidneys. In most cases, severe
ADAMTS13 deficiency (i.e. activity levels <10%) is acquired and is caused by the
development of autoantibodies (acquired TTP [aTTP]); while congenital defects
(congenital TTP [cTTP]) account for <5% of cases. TTP can be associated with
other autoimmune disorders. Pregnancy (including the postpartum period) is a rec-
ognized risk factor for acute (first or recurrent) episodes of TTP and accounts for
12-25% of adult-onset TTP cases. TTP may present in any trimester but is most
common in the third trimester and postpartum. Aside from maternal morbidity and
mortality, the risk of foetal loss can be >40%, most commonly in the second trimes-
ter in untreated women.

Clinical features of acute TTP vary according to the degree of tissue ischemic
injury, mainly involving the central nervous system (headache, confusion or behav-
ioural changes but also seizure, focal deficits and coma), gastrointestinal tract (nau-
sea, vomiting or diarrhoea), heart (palpitations, chest pain or shortness of breath)
and kidneys (dark urine, sometimes referred as coca cola urine), together with
symptoms and signs related to anaemia and thrombocytopenia. A prompt diagnosis
is crucial for better maternal and foetal outcomes.

For suspected TTP cases, immediate investigations should be a full blood count
and examination of a peripheral blood smear. Anaemia, thrombocytopenia and pres-
ence of schistocytes on the blood film warrant further investigations, and these are
summarized in Table 4 [17]. ADAMTS13 activity <10IU/dL +/— presence of IgG
antibodies or an inhibitor confirms the diagnosis of TTP. An urgent ultrasound to
assess fetoplacental status (i.e. abruptio placentae or retention of dead foetus)
is vital.

The suspected diagnosis of TTP is a medical emergency requiring urgent treat-
ment with plasma exchange (PEX), to replete ADAMTS13 and remove autoanti-
bodies. PEX should be commenced within 4 h of a suspected diagnosis to reduce the
high risk of mortality. The recommended course of treatment is 1.5 plasma volume
exchanges daily, for the first 3 days followed by 1 plasma volume exchanges daily,
until there is clinical remission defined by platelet count of >150 x 10%/L [18]. If
there is delay in starting PEX, infusion of plasma, 10-15 mL/kg should be started
as a holding measure. Immunosuppressive therapy is also required, and corticoste-
roids are used as first-line therapy: oral prednisolone, 1 mg/kg daily. Once the plate-
let count is >50 x 10°%L, low-dose aspirin and thromboprophylaxis with
low-molecular-weight heparin can be considered to reduce the risk of additional
placental vascular damage, based on foetal and placental scan and overall venous
thrombotic risk. Platelet transfusion in TTP is associated with significant increase in
mortality and should be avoided.
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Table 4 Investigations required in the initial evaluation of TTP in pregnancy

Diagnostic parameters Role

FBC, RET; LDH; bilirubin (total, indirect), haptoglobin; | To diagnose a TMA; MAHA with

Coombs test; blood smear thrombocytopenia

Foetal ultrasound/uterine artery Doppler scan To assess fetoplacental status

ALT, AST; creatinine, urinalysis, 24-h urine proteins; To assess organ damage and

cardiac troponin, ECG; coagulation screening (PT, aPTT, | exclude other TMAs (such as HUS,

D-dimer, fibrinogen); CRP, WBCs; autoimmune pre-eclampsia, HELLP syndrome

screening (aPL, ANA, ANCA); stool culture/STEC and AFLP)

testing (if indicated), CT head

Virology screen (HIV, hepatitis, A, B and C) Prior to the exposure of blood
products and also to exclude a viral
precipitant

B12/folate/iron studies To exclude haematinic deficiency

Blood group and antibody screen To allow for provision of blood
products

Amylase Exclude pancreatitis

C3/4 Complement reduction

ADAMTS 13 assays To confirm the diagnosis but do not

wait for the result before starting
treatment in suspected TTP

Source: Scully et al. [19]

TMA thrombotic microangiopathy, MAHA microangiopathic haemolytic anaemia, ANA anti-
nuclear antibody, ANCA anti-neutrophil cytoplasmic autoantibody, aPL anti-phospholipid antibod-
ies—lupus anticoagulant, anticardiolipin, anti-p2-glycoprotein 1 antibodies, aPTT activated partial
thromboplastin time, ECG electrocardiogram, PLT platelet, RET reticulocyte, PT prothrombin
time, STEC Shiga toxin Escherichia coli, WBC white blood cell, HUS haemolytic uraemic syn-
drome, PEX plasma exchange

Once remission is achieved, maintenance treatment will be needed in almost all
women throughout the rest of the pregnancy and postpartum period. Monitoring
ADAMTS13 activity level is recommended at least monthly after remission with
the aim of maintaining it >10 IU/dL or preferably >20 IU/dL to 25 IU/dL. Careful
foetal monitoring with regular assessment of foetal growth and placental function is
recommended. Ongoing antenatal management and delivery should take place in a
tertiary obstetric and foetomaternal specialist unit and TTP regional centre. Foetal
thrombocytopenia would not be expected.

For subsequent pregnancies, normal ADAMTS13 activity levels at onset of preg-
nancy predict a successful outcome in most cases. ADAMTS13 activity should be
monitored at least in each trimester, and more regularly if levels decrease. For
women with falling ADAMTSI13 activity in pregnancy (ADAMTSI13 relapse),
options for treatment include prednisolone, azathioprine, ciclosporin, PEX or ritux-
imab [19].
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Acquired Clotting Factor Deficiencies in Pregnancy

Rarely, spontaneous autoantibody-mediated clotting factor deficiencies may present
in pregnancy. Generally, the condition leads to severe factor deficiency and is asso-
ciated with bleeding. Autoantibodies can develop against any plasma coagulation
factor, but most frequently directed against factor VIII causing acquired haemo-
philia A (AHA).

Pregnancy-Associated AHA

Pregnancy-associated AHA is a rare and often severe acquired bleeding disorder
that affects men and women of all ages and can be associated with a variety of dis-
orders, including autoimmune, malignancy and drugs, and in almost half of the
cases no underlying cause for the development of autoantibodies can be identified
(idiopathic). According to the European Acquired Haemophilia registry (EACH 2),
pregnancy-associated AHA accounts for 8.5% of all AHA and affects 1:350,000
births. It usually presents postpartum, typically 1-4 months after delivery, although
cases have been described up to 1 year after the delivery. Very rarely it may present
during pregnancy.

Pregnancy-associated AHA usually presents in women with no personal or fam-
ily history of abnormal bleeding; often a primiparas mothers. The bleeding sites are
often multiple and include subcutaneous, mucosal, post-surgical/traumatic, muscu-
loskeletal, retroperitoneal and rarely joint bleeding. Obstetric haemorrhage usually
secondary PPH is common and reported over 40% of cases in the EACH registry.
The bleeding can be severe and life-threatening, thus rapid diagnosis is essential so
that affected mothers are transferred to specialist centres for appropriate treatment
without any delay. Diagnosis is confirmed by a prolonged activated partial thrombo-
plastin time (APTT), low FVIII levels and the presence of a FVIII inhibitory anti-
body (quantified by Bethesda assay) [20], showing a significant delay in diagnosis,
with a delay of 21 days or more in a quarter of women. Lack of awareness of this
rare disorder among maternity teams and even haematologists and outside specialist
centres often contribute to delay in the investigation of abnormal bleeding and
understating of the significance of prolonged APTT [21]. APTT is shortened in
pregnant and postpartum women due to pregnancy-associated rise in coagulation
factors as any such prolongation of APTT in parturient mothers should raise suspi-
cion and instigate further evaluation.

Treatment of AHA has two components: (a) haemostatic treatment for preven-
tion and control of bleeding and (b) intensive treatment with immune suppression to
increase the levels of FVIIL. The first-line haemostatic treatment is with bypassing
haemostatic agents, recombinant factor VIla or activated prothrombin complex con-
centrate (aPCC); both shown to be equally effective in controlling bleeding in the
EACH?2 registry. Recombinant porcine FVIII is an alternative option and used as
replacement therapy. However, human FVII is not effective epically in the presence
of high inhibitor titre (>5 Bethesda unit) and only used if alternative options are not
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available. Tranexamic acid can be used in combination with these haemostatic ther-
apies or can be used alone for more minor bleeding.

First-line immunosuppression treatment is a glucocorticoid, usually predniso-
lone often at high dose, e.g. 1 mg/kg, along with calcium/vitamin D replacement.
Lower doses of prednisolone are considered for antepartum cases, to minimize the
potential harm to the foetus. Response to first-line treatment is good, with around
three-quarters of patients achieving remission. For patients who are refractory to
first-line treatment, second-line options are limited, during pregnancy, although
there is growing evidence that rituximab can be safely used, where the benefits out-
weigh the potential risks. Women can breastfeed while receiving rituximab as secre-
tion into breastmilk is low and oral bioavailability poor.

There are occasional case reports of babies experiencing postnatal bleeding, sug-
gesting transplacental transfer of the antibody. Hence, recommendations are to
avoid invasive monitoring, instrumentalized deliveries and close monitoring with
trans-fontanelle ultrasound in the first 24—48 h after birth to identify early any intra-
cranial haemorrhage.

Acquired Coagulopathy Associated
with Obstetric Haemorrhage

Obstetric haemorrhage is one of the leading causes of maternal death especially in
middle- and low-resource countries [14, 22]. It is estimated that one woman dies
every 4 min from postpartum haemorrhage [20, 23], and obstetric haemorrhage
contributes to about one-third of all maternal deaths [24]. Around 30-50% of direct
maternal deaths are attributed to PPH [24, 25], especially during the immediate
postpartum period, when 61% of obstetric haemorrhage leading to maternal death
occurs [26].

Obstetric haemorrhage is classically divided into antepartum and postpartum
bleeding. Antepartum haemorrhage (obstetric bleeding after 24 weeks of gestation)
complicates 4-5% of pregnancies and is a leading cause of preterm birth and adverse
neonatal outcome. The most prominent causes of antepartum haemorrhage include
placenta abruption and placenta praevia. Placenta abruption is a premature separa-
tion of the placenta before delivery of the foetus and contributes to about one-third
of all antepartum haemorrhages, occurring in about 0.5-1% of all pregnancies.
Patients with severe placenta abruption may present with hypovolemic shock, which
may lead to acute kidney injury and consumptive from intravascular activation of
clotting factors and DIC. Placenta praevia is a placenta that is implanted partially or
completely over the lower uterine segment. The prevalence of placenta praevia is
5.2 per 1000 pregnancies. The risks of placenta praevia increases following caesar-
ean delivery and with increasing numbers of caesarean deliveries; 1% after one
caesarean delivery, 2.8% after three caesarean deliveries and 3.7% after five caesar-
ean deliveries. Placenta praevia following prior caesarean sections is associated
with increasing risk of placenta accreta syndromes. Due to weak contractibility of
the lower uterine segment, pregnancies complicated with placenta praevia have a
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higher risk of postpartum haemorrhage. In a systematic review, the rate of PPH in
marginal placenta praevia was 14.5% and reached 22.3% in women with complete
praevia.

Postpartum haemorrhage (PPH) is more common than APH and affects up to
10% of the deliveries. Primary PPH occurs within the first 24 h after delivery and in
70% of cases are related to uterine atony [25]. Other causes include retained pla-
centa/placental pieces, genital tract trauma and in 1% PPH can be due to coagula-
tion defects; pre-existing inherited bleeding disorders such as VWD or acquired
coagulopathy due to excessive blood loss or pre-existing obstetric conditions [25].
Secondary PPH occurs after 24 h and up to 42 days after delivery and is most likely
related to retain products of conception or infection [25].

Mechanisms of Disease Associated
with Obstetric Haemorrhage

The mechanisms leading to obstetric haemorrhage differ according to the timing of
bleeding. Antepartum haemorrhage results from the underlying mechanisms lead-
ing to pregnancy complications associated with placental disorders like abruption,
infectious disease (i.e. COVID-19, bacterial sepsis), impaired liver function and
amniotic fluid embolism. In contrast, the causes of postpartum haemorrhage are of
uterine origin either atony or rupture and lack of uterine contraction that leads to
uncontrolled bleeding, retained product of conception and trauma to the birth canal.
Coagulopathy in PPH is rare and usually secondary to massive blood loss.
Trophoblast deportation and systemic activation of maternal coagulation cascade
is the leading mechanism for antepartum haemorrhage. The disrupted trophoblast/
decidua during placental abruption discharge into the maternal circulation decidual
or placental TF, that is very potent, and leads to systemic activation of coagulation
cascade, uncontrolled coagulopathy, systemic thrombin generation and in untreated
cases to DIC [27]. This is especially important in cases of severe abruption with
stillbirth where the rate of DIC can reach up to 50% of the cases. Moreover, a large
population-based study on coagulopathy and DIC among women with HELLP syn-
drome suggested that placental abruption was an independent risk factor for the
development of DIC [28]. Thus, unlike the previous hypothesis, it seems that tropho-
blast deportation is the main underlying mechanism leading to DIC in HELLP syn-
drome rather than the liver dysfunction associated with this syndrome. A rare but
nevertheless important cause of obstetric haemorrhage and DIC is amniotic fluid
embolism that is associated with amniotic fluid debris rich with TF that enter the
maternal circulation, and along with systemic maternal inflammation [29] observed
in this complication causes severe maternal coagulopathy and DIC [30, 31]. Obstetric
complications leading to infection including septic miscarriage, prolonged prema-
ture rupture of membranes (PROM), chorioamnionitis and retained stillbirth are all
risk factors for obstetric haemorrhage. Although inflammation is needed for parturi-
tion, overwhelming inflammatory response during chorioamnionitis and sepsis acti-
vates the coagulation system through damaged endothelial cells and activated
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leukocytes leading to platelet activation, cytokine and chemokine secretion [31,
32-38], coagulation cascade activation and thrombin generation,’ and if not con-
trolled causes coagulopathy and subsequently DIC [39]. Systemic inflammatory
response resulting from maternal infection is observed in women with bacterial and
viral infections. Indeed, maternal coagulopathy and DIC were reported also in
women with COVID-19 infection [40, 41]. Chorioamnionitis is an additional source
for inflammatory-mediated coagulopathy as the exaggerated inflammatory process
affects myometrial contractility leading to uterine atony and postpartum haemorrhage.

Coagulopathy Associated with PPH

The mechanism of coagulopathy associated with PPH is still poorly understood. It
has been suggested that PPH-associated coagulopathy to be different from coagu-
lopathy due to massive haemorrhage in trauma or DIC because of the haemostatic
changes of pregnancy that result in an increase in coagulation factors (fibrinogen,
FVIII and von Willebrand factors) and capacity for thrombin generation. It is rare to
develop an early coagulopathy in the majority of cases (caused by uterine atony,
trauma or retained placental tissue). Women with severe PPH (blood loss >1.5 L)
can develop haemostatic impairment due to haemodilution and coagulation factor
consumption, and a linear reduction in coagulation factors and platelets with
increasing blood loss has been reported [41]. Early coagulopathy and DIC can be
seen with amniotic fluid embolism, severe placental abruption and severe sepsis
[42]. It has been established that fibrinogen is the first coagulation factor that falls
in PPH, and a fibrinogen level of less than 2 g/L is highly predictive of progression
to massive PPH.

Diagnostic Workup

The diagnostic workup of obstetric haemorrhage needs to address the following
questions: (1) what is the cause of the bleeding? (2) what is the severity of the haem-
orrhage? (3) how to monitor (clinical and laboratory) the bleeding mother and (4)
what are the local resources for management and when to transfer the mother to a
tertiary centre? Understanding the underlying cause for maternal haemorrhage is
crucial for adequate treatment. Without identification of the source of bleeding, the
haemorrhage will not stop, and the coagulopathy will not be resolved. Therefore,
assessment of the mother and the integrity of uterus and birth canal are mandatory
steps in attending to obstetric haemorrhage. In parallel to the identification of the
source of maternal haemorrhage, there is a need for assessment of its severity and
the maternal haemodynamic stability (Table 5). A useful parameter for haemody-
namic assessment is the shock index, which is the ratio between maternal heart rate
and the systolic blood pressure. During pregnancy, this ratio is about 0.8, and if it is
>1 than the mother is haemodynamically compromised and requires prompt atten-
tion and treatment. The attending medical team needs to be aware of its limitations
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Table 5 Classifications of blood loss and its clinical presentation

Blood loss Total Blood pressure,

Class| volume deficit (mmHg) Signs/symptoms

1 <1000 mL 15% Normal Palpitations, light-headedness, mild
increase in heart rate

II <1500 mL 15-25% | Slightly low Weakness, sweating, tachycardia
(100-120 beats/min)

111 <2500 mL 25-40% 70-80 Restlessness, confusion, pallor, oliguria,
tachycardia (120-140 beats/min)

IV |>2500 mL >40% 50-70 Lethargy, air hunger, anuria, collapse,

tachycardia (>140 beats/min)
Adapted from: Bonnar [43]

in term of surgical capabilities and the availability of blood products in their medi-
cal facility. In low-resource settings, women with obstetric haemorrhage who fail to
respond to initial management should be transferred as soon as possible to a medical
facility with more resources either surgical or haemostatic. A failure to identify
these patients at preliminary stages of obstetric haemorrhage is associated with
higher maternal morbidity and mortality.

Haemostatic Assessment of Women
with Obstetric Haemorrhage

Haemostatic assessment of PPH includes clinical observation of the bleeding sever-
ity and vital signs and laboratory tests (complete blood count to assess haemoglobin
and platelet count, PT/aPPT and fibrinogen level) [44]. If bleeding is not controlled,
repeated testing and observation of trends is recommended as coagulopathy can
develop rapidly. However, standard laboratory tests of the coagulation system
including PT, aPTT and Clauss fibrinogen have limitations, including absence of
real-time data and incapacity to determine the functionality of the haemostatic sys-
tem of whole blood (i.e. the strength of blood clot and platelet function). Pregnancy
is associated with changes in all clotting tests including shortening of PT and aPTT
time versus the laboratory control, lower platelet count and increase fibrinogen and
D-dimer concentration. These changes if not taken into consideration can lead to a
false reassurance of the attending physician regarding the haemostatic function of
the patient. For example, fibrinogen concentration of 200 mg/dL (2 g/L) is consid-
ered within normal range in the non-pregnant state; however, among women with
ongoing obstetric haemorrhage such a fibrinogen concentration is low, suggesting a
coagulopathy that requires fibrinogen replacement and close monitoring. The need
for a functional assay of coagulation that will reflect in vivo the actual status of the
coagulation system led to the increased use and the recommendation by the ISTH
for inclusion of point-of-care testing with viscoelastic coagulation assays, the most
prominent among them being thromboelastography (TEG); and Rotational
Thromboelastometry (ROTEM) in the haemostatic management of PPH [47].
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Similarly to other coagulation tests, TEG/ROTEM values needed to be adjusted for
pregnancy [45-49] and parturition [50]. Indeed, TEG characteristics differ signifi-
cantly in the pregnant vs the non-pregnant state, with shortening of the R and K
parameters and increasing of the o angle and maximum amplitude, implying that
pregnancy is associated with a faster formation of a bigger clot especially during the
third trimester [51]. Similar changes were also observed in the ROTEM parameters
[52]. Moreover, both TEG and ROTEM parameters were good indicators for low
fibrinogen concentrations. Among women experiencing PPH, Rigouzzo at al [53].
reported that the maximum amplitude of K <63.5 mm along with the maximal time
interval for maximal thrombus formation in TEG can identify with high diagnostic
performance low fibrinogen concentration <2 g/L. and thrombocytopenia of
<80,000/mm. Similarly in women who had the ROTEM parameter FIBTEM A5
<15 mm was equal to fibrinogen concentration <3 g/L. The results of TEG and
ROTEM can be available today in less than 10 min, making these assays a fast,
accurate and powerful coagulation assessment tool in cases of severe obstetric
haemorrhage.

The use of DIC score has been recommended for the identification of patients at
risk of developing DIC [52]. There is a good correlation between an abnormal score
and development of DIC. However, the score cannot be implemented in pregnancy
due to physiological changes of coagulation cascade. A solution for adjusted inter-
pretation of coagulation studies in pregnancy is offered by the pregnancy non-overt
[54] and overt-specific DIC score [55]. These scores are adjusted for the changes in
platelet count, fibrinogen concentrations and the PT difference, i.e. relating to the
difference between the patient’s PT and the laboratory control during pregnancy and
the overt DIC score at a cutoff of >26 points, which had a sensitivity of 88%, a
specificity of 96%, a positive likelihood ratio of 22 and a negative likelihood ratio
of 0.125 for the diagnosis of DIC (Table 6). Indeed, among a cohort of 684 women

Table 6 The components of the pregnancy-specific DIC score and their adjusted weight

Effect of individual | Effect of individual analytes

analytes adjusted to other tests Assigned
Relative risk| p-value | Relative risk p-value | weight*
PT difference <0.5 1.0 1.0 0
(seconds) 0.5-1 12.7 0.031 29.3 <0.001 |5
1.0-1.5 |27.7 0.005 68.8 <0.001 |12
>1.5 60.3 <0.001 |558.1 <0.001 |25
Platelets <50 3.1 0.06 89.2 <0.001 |1
(10°/L) 50-100 52 <0.001 56.2 <0.001 |2
100-185 | 2.9 0.001 12.8 <0.001 |1
>185 1.0 1.0 0
Fibrinogen <3.0 59.0 <0.001 |662.9 <0.001 |25
(g/L) 3.04.0 134 <0.001 59.1 <0.001 |6
4.0-4.5 24 0.320 6.8 0.03 1
>4.5 1.00 1.0 0

From Erez et al. [55]
*Weight was calculated as relative risk of each of the adjusted factors to the relative risk of a factor
with minimal effect.
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with placental abruption of whom 150 (21.93%) needed blood transfusion and 43
(6.29%) had DIC, this score had 88% sensitivity and 96% specificity for DIC. An
abnormal DIC score test was also associated with increased blood product transfu-
sion requirement, longer hospitalization and lower neonatal 1- and 5-min Apgar
scores [56], and implementing it retrospectively on women with PPH could have
prevented unnecessary blood product transfusions in 64% of the patients (179/279)
[57]. Other suggested DIC scores [58—60] in pregnant women had lower sensitivity,
probably due to the low fibrinogen cut-off used by the authors.
Table 6 Modified DIC score.

Management of Obstetric Haemorrhage

Obstetric haemorrhage is the most preventable cause of maternal death, wherein
timely and appropriate management can reduce maternal morbidity substantially
and prevent up to 50% of mortality. Thus, early identification of women at risk for
obstetric haemorrhage, attending pregnancy complication that increase the risk
for bleeding and active management of the third stage of labour are effective pre-
ventive strategies. Early diagnosis and management of PPH can prevent progres-
sion to severe PPH. Measurement of blood loss at delivery with volumetric and
gravimetric tools is more accurate than visual estimation and should be routinely
practiced for every parturient woman to enable early intervention and control of
bleeding in PPH.

The basic principles for treating obstetric haemorrhage include the following
[61, 62]: (1) treatment and resolution of the underlying condition putting the
mother at risk or causing haemorrhage; (2) a multidisciplinary team discussion in
cases of antepartum haemorrhage on how to deliver the baby or terminate the preg-
nancy in previable cases. Taking into consideration the safest mode of delivery,
how fast we need to deliver, can she sustain a surgery, what are the available
resources of blood products and other supportive modalities; (3) supportive treat-
ment with blood product transfusion, surgical care and related measures; (4) rigor-
ous clinical and laboratory surveillance; and (5) prompt involvement of senior
clinicians and other specialist such as haematologists, gynaecological surgeons
and anaesthesiologists.

Identification, stabilization and cessation of bleeding are the main steps in man-
aging acute obstetric haemorrhage. In small- to medium-sized healthcare facilities,
it is important to estimate whether their blood bank can support a massive blood
transfusion and, if necessary, contact regional or larger hospitals for assistance or
for transferring the patient. Indeed, while in the large, advanced trauma centre, all
the facilities needed for the support and management of the bleeding obstetric
patient are available, this may not be the case in lower resource medical centres and
countries. The absence of trained surgeons, haematologists and blood banks or suf-
ficient blood products can hamper the ability of the attending medical personnel to
assist the bleeding parturient. Indeed, delay in treatment can rapidly result in coagu-
lopathy, tissue hypoxia, acidosis and even death.
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The management of obstetric haemorrhage includes two major arms: (1) the
obstetrical management of the patients that is based on a specific algorithm pre-
sented in Fig. 1 and is beyond the scope of this chapter and (2) the haemostatic
assessment and management that will be further discussed [63-77]. Part of the
assessment of the bleeding obstetrical patient is the decision of whether there is a
need for blood product transfusion. It agrees that haemostatic parameters should be
repeated every 30—-60 min in an actively bleeding parturient. However, the decision
of blood product transfusion is dependent on several factors including maternal
haemodynamic stability, estimated blood loss, if the bleeding is under control or
still ongoing and maternal haemostatic parameters including haemoglobin, fibrino-
gen level, PT and aPTT [71]. The threshold for blood product transfusion during
acute PPH is not well defined. In the postpartum period, maternal haemoglobin
concentration of 7 mg/dL has been proposed by professional societies to serve as a
cutoff for RBC transfusion. However, that is not the case during active bleeding, and
the decision is based on clinical assessment and the physician. A useful decision
tool for the need for transfusion is using a combination of estimated blood loss and
shock index. A shock index >1 is a useful adjunct in determining blood loss in
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Fig. 1 Algorithm for the management of postpartum haemorrhage (PPH)
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severe PPH and predicting the need for blood and blood product transfusion. Low
fibrinogen concentration serves as an indicator for the severity of coagulopathy and
requires fibrinogen replacement with fibrinogen concentrate or cryoprecipitate to
maintain fibrinogen level of at least 2 g/LL (FIBTEM of about 12 mm) [42].
Deficiency of other coagulation factors and thrombocytopenia are uncommon even
during severe PPH. The ISTH recommends fresh frozen plasma if the PT/aPTT is
above the normal range to prevent progression to a ratio of 1.5 normal and platelet
transfusion when platelet counts drop below 75 x 10°L to maintain a level
>50 x 10%/L during ongoing PPH [42].

Viscoelastic Haemostatic Assay Guided Transfusion Protocols

A novel approach to guide blood product transfusion during obstetrical haemor-
rhage is the introduction of point-of-care viscoelastic haemostatic assays ROTEM\
TEG that will serve as a tool to monitor the haemodynamics of the haemostatic
system and to adjust blood product transfusion accordingly. Favourable evidence
regarding use of these tests, especially to guide fibrinogen replacement therapy in
management of obstetric complications, is accumulating [44, 68-75]. Further
research demonstrated that the use of ROTEM-FIBTEM AS5 as a point-of-care test-
ing for fibrinogen concentration assisted in targeting patients with postpartum
haemorrhage who will require blood product transfusion. The rational for its use
was that while Clauss fibrinogen tests results are available within an hour of veni-
puncture, those of FIBTEM A5 are available within 10 min. Thus, providing timely
information for clinicians for early identification of those with coagulation defects
and guiding early haemostatic management can reduce blood product use and major
complications of massive blood and blood product transfusions. It can also provide
reassurance in the absence of coagulopathy so that management is focused on
obstetric measures to arrest bleeding [76].

Pharmacological Treatments for Coagulopathy

In addition to blood product transfusion there is a developing field of pharmacologi-
cal treatment aimed at improving haemostasis. Currently, there are two haemostatic
agents that are in clinical use: (1) tranexamic acid (TXA) is used early on PPH alone
or as an adjunct to blood product and (2) recombinant activated factor VII (rFVIla)
is used as a second-line treatment in women with severe PPH.

Tranexamic acid (TXA) is an antifibrinolytic drug that stabilizes blood clots
by inhibiting the conversion of plasminogen by plasmin by blocking its lysin bind-
ing sites [67]. The WOMAN trial, including 20,060 patients from 193 hospitals in
21 countries demonstrated that administration of 1 g TXA intravenously (IV)
within 3 h of delivery in women with PPH reduces maternal death and the need for
surgical intervention to control bleeding regardless of the cause of PPH and with-
out any increased risk of venous thromboembolism [78]. Based on these findings,
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the WHO [79] and other societies adopted the use of TXA for the treatment of
women with PPH [80] with an IV administration of 1 g TXA as soon as PPH was
diagnosed and a second dose of 1 g if bleeding continued after 30 min or restarted
within 24 h.

TXA also appears to be a promising drug for the prevention of PPH after caesar-
ean and vaginal delivery [81, 82]. Currently there is a debate regarding the role of
TXA in the prevention of obstetrical haemorrhage because of a potential risk of
thromboembolic complications, although none of the studies conducted thus far
demonstrated such an increased risk exist [83—86].

Recombinant Activated Factor VII (rFVIIa) Guidelines suggest that the admin-
istration of rFVIla is warranted in active obstetric haemorrhage that does not resolve
by conventional treatment or to prevent hysterectomy [42]. An open-label study of
60 mcg/kg rFVlla versus placebo in PPH unresponsive to uterotonics demonstrated
a reduction in invasive procedures from 93% to 52%, with a relative risk of 0.56
(0.42-0.76) [87]. A review of 99 cases of its use in DIC (32 due to PPH) reported
that a dose of 60-90 mcg/kg is successful in controlling ongoing obstetric haemor-
rhage [88]. Optimal use of rFVIla requires exclusion or correction of metabolic
acidosis (pH > 7.2), hypothermia (body core temperature >35 °C), hypofibrinogen-
emia (fibrinogen > than 1 g/L) and thrombocytopenia (>50,000/mm’) [89, 90]. A
recent report suggests that the rate of VTE among women receiving rFVIla is lower
than previously reported [80]. Moreover, a standardized protocol for the manage-
ment of PPH including administration of rFVIIa as part of the treatment protocol
and not as a last resort medication suggested that such a protocol was associated
with fewer blood product transfusion and lower rate of hysterectomies comparing to
historical control cohorts [91]. The European medical agency approved the use of
rFVIla early in PPH escalation when uterotonics fail to control bleeding [92].
Recently experts suggested the incorporation of rFVIla as a second-line drug in
PPH scenarios: (1) prior to uterine artery embolization or laparotomy in women
who develop PPH after vaginal delivery; (2) prior to uterine artery embolization or
hysterectomy during caesarean delivery; (3) in cases of perfuse continual bleeding
after caesarean delivery prior to relaparotomy; (4) for stabilization of bleeding par-
turient prior to transfer to a higher level medical facility; and (5) during postpartum
hysterectomy [90]. The optimal dose of rFVlla to use during PPH is unknown, but
restoration of normal thrombin generation is likely to be achieved with doses lower
than 90 pg/kg, and doses such as 60 mcg/kg may be less thrombotic. If two doses of
rFVlla have not arrested bleeding, further doses should not be used.

Conclusion

The spectrum of acquired bleeding disorders encountered in pregnancy is wide.
Frequently these disorders present with symptoms and laboratory findings resem-
bling more common obstetric conditions; this, together with the rarity of most of
these conditions, makes the early diagnosis and management challenging. High
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index of suspicion, staff teaching and training, development of local pathways on
identification, investigation and management and early discussion of suspected
cases with specialist centres experienced in managing these conditions, a multi-
disciplinary team approach involving obstetricians, haematologists with experience
in managing haematological complications encountered in pregnancy and an expe-
rienced haemostasis laboratory team are crucial for early diagnosis and effective
management.
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Introduction

Death from hemorrhage represents a substantial global problem, with an estimated
1.9 million deaths per year worldwide, about 80% of which result from trauma.
Because trauma disproportionately affects young people, these 1.5 million deaths
result in nearly 75 million years of life lost annually [1].

Despite such a significant impact on global health, many aspects of trauma-
related bleeding remain unclear, starting with its definition [2]. In the past, trauma-
induced coagulopathy (TIC) was simply considered the result of coagulation factor
consumption due to tissue damage. As a result, therapeutic interventions primarily
aimed to restore physiological levels of coagulation factors and promote thrombin
formation [3].

More recently, the complexity of these events at the cellular, tissue, and organism
levels has become clearer, as have the relative contributions of hemorrhage-induced
hypoperfusion and tissue injury from major trauma [4-7].

The hemostatic response to trauma is thus a complex, dynamic process in which
the pendulum can shift from bleeding to thrombosis, depending on the injury pat-
tern, treatment administered, individual responses, and comorbidities.
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In this chapter, we will review the main mechanisms of trauma-induced coagu-
lopathy and explore how a pathophysiology-based approach may enable more tar-
geted and effective therapeutic interventions.

Pathophysiology

The understanding of the pathophysiology of trauma-induced coagulopathy (TIC)
has advanced significantly in recent years, thanks to conspicuous progresses in both
basic and clinical research. As early as the 1970s, it was observed that the loss of
coagulation factors, combined with their dilution due to excessive fluid resuscita-
tion during the prehospital phase, could worsen severe trauma-induced coagulop-
athy [3].

Iatrogenic dilution is caused by the excessive administration of fluids in the acute
phase of trauma care. A prehospital intravenous colloid-to-crystalloid ratio of 1:2 or
greater, along with prehospital intravenous fluids exceeding 3000 mL, has been
identified as an independent contributor to hemostatic abnormalities after trauma.
This dilution is accompanied by the consumption and inactivation of both coagula-
tion factor substrates and enzymes, and the extent of these effects corresponds to the
severity of the individual injury [8, 9].

Dilutional coagulopathy, along with acidosis and hypothermia, contributes to the
formation of the so-called lethal triad—a vicious cycle that severely impacts the
prognosis of trauma patients. In trauma, several factors, such as body or cavity
exposure, the development of hypovolemia, and the infusion of cold fluids, can lead
to temperature loss. Hypothermia decreases the enzymatic activity of clotting fac-
tors and impairs platelet function. Additionally, hypothermia inhibits fibrinogen
synthesis [10, 11].

Hypothermia in severely injured trauma patients, with a core body temperature
below 35 °C, is often associated with acidosis, which further impairs the function of
the hemostatic system by inhibiting thrombin generation during the initiation and
propagation phases and by reducing fibrinogen availability through increased break-
down [10, 11].

Landmark studies by MacLeod et al. [12] and Brohi et al. [13] in 2003 identified
a distinct form of coagulopathy that emerges early after injury, before significant
resuscitation or hemorrhage control. This hemostatic disorder, termed “early trauma
coagulopathy (ETC)” or “acute coagulopathy of trauma (ACOT),” represents a
complex process, which can be divided into three main phases for educational pur-
poses: early hypercoagulable, hypocoagulable, and late hypercoagulable, sum-
marized in Table 1.

These phases occur sequentially and often overlap during an individual’s
response to trauma, leading to different clinical manifestations depending on the
dominant pathophysiological process at the time, as well as the patient’s
characteristics.
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Table 1 Main phases of the TIC

Timing after

Phase trauma Mechanisms involved | Main features
Early Immediately Endothelial activation | Massive activation of
hypercoagulable and TF exposition hemostasis leading to excess
DAMPS (histones, thrombin formation
HMGBI) Thrombin activates aPC and
NET fibrinolysis
Platelet activation
Shock and
catecholamines
Hypocoagulable |Upto6h aPC Widespread, uncontrollable
tPA bleeding
Fibrinogen and Because of inadequate thrombin
coagulation factor generation, platelet
depletion Dysfunction, fibrinogen
depletion, and hyperfibrinolysis.
Late >24 h Persisting endothelial | Increased risk of VTE
hypercoagulable activation
Bed rest

TIC trauma-induced coagulopathy, TF tissue factor, DAMPS damage associated molecular pat-
terns, HM GBI high-mobility group box 1, NET neutrophil extracellular trap, aPC activated protein
C, tPA tissue plasminogen activator, VTE venous thromboembolism

Early Hypercoagulable Phase

Tissue damage activates the coagulation system at the injury site through tissue fac-
tor (TF), a transmembrane protein located in the subendothelium, which becomes
exposed after endothelial disruption. TF forms a complex with Factor Vlla, trigger-
ing the coagulation cascade and resulting in thrombin generation and fibrin forma-
tion. Thrombin production is also stimulated by myosin released from damaged
tissues [14], while actin increases thrombin generation and decreases fibrinolysis by
enhancing resistance to tPA [15].

Trauma disrupts not only the anatomical but also the functional integrity of the
endothelial network, leading to a condition known as endotheliopathy of trauma
(EOT). EOT is characterized by a loss of barrier function, leukocyte adhesion,
micro- and macrothrombosis, and organ dysfunction. It is driven by physical trauma
and hypoperfusion, with elevated levels of circulating endothelial glycocalyx mark-
ers, such as syndecan-1 and hyaluronan, which are associated with worse outcomes
[14, 15].

Traumatic shock induces sympathoadrenal hyperactivation, leading to a cate-
cholamine surge that causes endothelial damage, glycocalyx shedding, tight junc-
tion breakdown, capillary leakage, and hyperfibrinolysis. This response, termed
“shock-induced endotheliopathy” (SHINE), is seen not only in trauma but also in
other critical conditions like sepsis, myocardial infarction, and cardiac arrest [16].

Tissue trauma also triggers the release of damage-associated molecular patterns
(DAMPs), which activate inflammatory pathways through mediators such as
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histones, nuclear and mitochondrial DNA, and high-mobility group box 1 [17-20].
Recent studies show that histones generate thrombin via an alternative prothrombi-
nase pathway, reducing the FXa requirement for thrombin generation in hemophilia
plasma [18]. Additionally, platelets exposed to histone H4 quickly transform into
procoagulant balloons, releasing large numbers of activated microparticles that coat
and activate leukocytes [19].

Histones and neutrophil extracellular traps (NETs) promote all phases of coagu-
lation (initiation, amplification, propagation, and reinforcement), playing a critical
role in immunothrombosis [20-22]. This concept highlights the complex interplay
between innate immune activation and the inflammatory and coagulofibrinolytic
responses, functioning to compartmentalize and inhibit the spread of PAMPs,
DAMPs, and pathogens into systemic circulation.

Hypocoagulable Phase

The initial thrombin burst, along with hypoperfusion and the release of tissue plas-
minogen activator from endothelial cells, activates endogenous anticoagulation
pathways, primarily through the thrombomodulin/protein C axis. Hypovolemic
shock significantly stimulates the endothelial synthesis of thrombomodulin (TM),
which binds thrombin with high affinity. This complex subsequently activates pro-
tein C (aPC), the body’s main anticoagulant protein. aPC promotes the downregula-
tion of factors Va and VIIla and induces hyperfibrinolysis by inhibiting plasminogen
activator inhibitor-1 (PAI-1) [21].

Primary fibrinolysis plays a critical role in trauma-induced coagulopathy (TIC)
and occurs early (within less than one hour) after trauma. Fibrinolysis is associated
with massive transfusion requirements, coagulopathy, and hemorrhage-related
deaths, making its correction through early administration of tranexamic acid a pri-
ority in managing TIC [5, 23].

Systemic anticoagulation and hyperfibrinolysis further exacerbate blood loss and
the shock state, creating a vicious cycle in a maladaptive hemostatic response dur-
ing severe trauma with associated shock.

Late Hypercoagulable Phase

Shock is the dominant risk factor in early trauma-induced coagulopathy (TIC),
while tissue injury becomes more influential in the following phases of
TIC. Following the resolution of hemorrhage and hypoperfusion, ongoing activated
coagulation drives patients from a hypocoagulable to a hypercoagulable state within
24 hours, which can manifest as multiple organ failure similar to that observed in
sepsis-induced coagulopathy [23].

The persistent impaired endothelial function and subsequent microthrombosis
play major roles in developing organ dysfunction and may also lead to macrovascu-
lar thrombotic complications, such as deep vein thrombosis (DVT) and pulmonary
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Table 2 Main pathophysiologic mechanisms involved in TIC and in other types of acquired
coagulopathies

DIC in APL/TBI/

prostate cancer SIC CAC TIC
Endothelial injury + +++ ot ++
Systemic coagulation activation ++ ++ +/— ++
Hyperfibrin(ogen)lysis +++ - - ++

DIC disseminated intravascular coagulation, APL acute promyelocitic leukemia, TBI traumatic
brain injury, SIC sepsis-induced coagulopathy, CAC coronavirus-associated coagulopathy, 7/C
trauma-induced coagulopathy

embolism (PE). The risk of hospital-acquired venous thromboembolism (VTE)
after major trauma is high, with an estimated incidence of proximal DVT at about
18% and a 11% incidence of PE in the absence of prophylaxis. Moreover, PE is the
third leading cause of death among those who survive beyond the third day [24].

It is important to note that early and late TIC are not mutually exclusive; patients
may develop early TIC due to massive blood loss but die from extensive microvas-
cular occlusion recognized as irreversible shock. Additionally, the transition from
hypocoagulability to hypercoagulability may occur within minutes or hours, or it
may be delayed for days.

As shown in Table 2, TIC shares basic pathophysiological mechanisms with
other forms of disseminated intravascular coagulation, such as those associated with
solid tumors, acute promyelocytic leukemia, traumatic brain injury, sepsis, and
SARS-CoV-2 infection. These mechanisms include endothelial dysfunction, coagu-
lation activation, and hyperfibrinolysis. However, the final phenotypic expression of
this diffuse activation of coagulation depends on the predominant pathophysiologi-
cal mechanism at each specific stage of the disease.

The reader may wonder why so much space has been devoted to the pathophysi-
ology of TIC. The reason lies in the understanding that, in the absence of solid evi-
dence regarding the treatment of this acquired coagulopathy, all therapeutic
interventions must be based on and critically evaluated in light of the underlying
pathophysiology. For instance, only a deeper understanding of the pathophysiology
of TIC has allowed us to realize that increasing thrombin generation should no
longer be considered a routine goal in trauma patients, as was believed during the
era of recombinant activated factor VII.

Laboratory Assessment or Trauma-Induced Coagulopathy

There is currently no standard definition of trauma-induced coagulopathy (TIC),
meant as an abnormal coagulation capacity attributable to trauma [25]. Historically,
TIC has been defined using prothrombin time (PT) or the more commonly used
international normalized ratio (INR). However, several studies have shown that PT
or INR may be abnormal after injury, even when clotting factor activity levels are
normal [26, 27].
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Moreover, conventional tests have inherent limitations that reduce their utility in
trauma-related hemorrhage, including long turnaround times and the requirement
for testing plasma at 37 °C, which prevents the evaluation of hypothermia and other
blood component effects on hemostatic function.

Viscoelastic tests (VET: TEG®/ROTEM®) offer promising technologies for diag-
nosing and monitoring TIC, providing rapid, real-time visual assessment of the vis-
coelastic properties of clot formation and dissolution in whole blood. These tests
have analyzers available for point-of-care (POC) testing, enabling a rapid assess-
ment of the separate effects of platelets and fibrinogen on overall clot strength,
thereby enhancing the understanding of the hemostatic system’s function at any
given moment in the disease process [28].

The VET measures used to diagnose trauma coagulopathy can vary but can be
broadly summarized by three main changes: prolongation of clot formation, reduc-
tion in clot strength, and increased fibrinolysis. Common abnormalities include
reductions in A and MCF (ROTEM®) and reductions in MA (TEG®), all of which
measure clot strength. Low clot strength is an important marker indicating a higher
risk of bleeding [29-33].

Numerous observational studies have explored whether VET can reliably predict
bleeding in trauma. An EXTEM A5 value >35 mm has been validated as a threshold
indicating a high risk of bleeding [29, 31, 32]. Additionally, VET-detected fibrino-
lysis, typically reported with TEG as >3% lysis, has consistently been associated
with patients requiring large transfusion volumes [30]. However, VET may be
insensitive to mild to moderate fibrinolysis, meaning a normal VET assessment
does not justify withholding tranexamic acid (TXA).

In 2017, the British Society of Haematology (BSH) produced evidence-based
guidelines to provide practical advice on interpreting and using VET results during
major bleeding management, including trauma [34]. These guidelines include the
following recommendations for clinical practice:

¢ Normal VET results provide a high negative predictive value for the need for
transfusion, allowing the clinical team to monitor the patient closely without
immediate activation of the major hemorrhage protocol (Grade 2B).

* Low clot strength measures on TEG and ROTEM, along with lysis greater than
3% on TEG, may indicate that a trauma patient is at higher risk of requiring red
blood cells (RBCs) and blood components (Grade 2C).

* VET, particularly TEG, may reduce mortality and transfusion exposure; if avail-
able, it may be considered for transfusion guidance in trauma hemorrhage
(Grade 2B).

* Tranexamic acid should not be withheld based on TEG® or ROTEM® parame-
ters (Grade 1B).

However, it is important to note that the European guidelines do not favor one
laboratory monitoring strategy for trauma coagulopathy over another. They recom-
mend early and repeated monitoring of hemostasis using traditional laboratory tests
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such as PT/INR, Clauss fibrinogen level, and platelet count, and/or point-of-care
(POC) PT/INR, and/or a viscoelastic method (Grade 1C) [25].

Treatment of Trauma-Induced Coagulopathy

Despite the epidemiological relevance of the issue and the significant advances in
the knowledge of the pathophysiology of TIC already discussed, the evidence on its
treatment is surprisingly scarce. Therefore, the recommendations in major guide-
lines are mostly of low strength, based on poor-quality and/or inconclusive evidence
[25, 35].

Several factors contribute to this situation, the first being the difficulty of con-
ducting randomized controlled trials in such a complex and heterogeneous popula-
tion. Additionally, as previously mentioned, TIC is a constantly evolving condition,
rapidly shifting between phases of hypercoagulability and hypocoagulability.
Consequently, the same treatment may yield completely different results depending
on the phase of TIC in which it is administered, as illustrated by studies on
tranexamic acid.

In the following sections, we will examine the various components of TIC man-
agement, starting with local hemostatic measures, including damage control sur-
gery, and the maintenance of hemostatic preconditions. Later, we will focus on
pharmacological measures aimed at restoring physiological hemostasis, summa-
rized in Table 3.

Table 3 Hemostatic treatment of TIC

Suggested target
level
Player In trauma Intervention
Platelets >50.000 in all pts. | 4-8 single platelet units or one apheresis
>100.000/mmc in | pack
TBI
Coagulation factors (V, >30% FFP 20 ml/kg (expected increase of about
VIII) 20%)
Coagulation factors (11, <30% FFP 20 ml/kg (expected increase of about
VII, IX, X) 20%)
PCC (low evidence) 30 IU/kg
Fibrinogen 150-200 mg/dl 2 five-donor pools of cryoprecipitate
4-5 g of fibrinogen concentrate
(expected increase of about 1 g/L)
Fibrinolysis - TXA 1 gin 10 min, then 1 grin 8 hrs,
as soon as possible, and within 3 hrs after
trauma
TXA should not be withheld based on the
TEG/ROTEM

TIC trauma-induced coagulopathy, 7B/ traumatic brain injury, FFP fresh frozen plasma, PCC
prothrombin complex concentrate, 7XA tranexamic acid
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Local Hemostatic Measures
Local hemostatic measures include:

(i) Local compression of open wounds
(i1) Topical hemostatic agents used in combination with other surgical measures or
packing for venous or moderate arterial bleeding associated with parenchymal
injuries
(iii) Tourniquet use to stop life-threatening bleeding from open extremity injuries
in the presurgical setting
(iv) Pelvic binder application when a pelvic fracture is suspected
(v) Resuscitative endovascular balloon occlusion of the aorta (REBOA) in patients
with noncompressible life-threatening traumatic hemorrhage [25]

All these measures are part of a complex emergency treatment that can also
include the so-called damage control surgery (DCS). This term refers to a limited
and abbreviated surgical approach consisting of immediate laparotomy for the con-
trol of bleeding and contamination, followed by temporary closure of the abdomen
for further resuscitation in the ICU before definitive repair. Current guidelines rec-
ommend adopting this approach only in patients with hemorrhagic shock, ongoing
bleeding, coagulopathy, combined abdominal vascular and pancreatic injuries,
hypothermia, and acidosis (i.e., < 34 °C, pH < 7.2), inaccessible major anatomic
injuries, or when time-consuming procedures are required [25].

Besides the obvious aim of stopping bleeding, all these measures share the same
pathophysiological background: to avoid or limit hypoperfusion, which, as previ-
ously described, ultimately triggers a hypocoagulable response via the activated
protein C pathway [5].

Maintenance of Hemostatic Preconditions

As previously described, acidosis and hypothermia severely impair hemostatic
function and, together with coagulopathy, contribute to the development of the so-
called lethal triad.

The risk of hypothermia-induced coagulopathy can be reduced by removing wet
clothing, avoiding further heat loss through the infusion of cold fluids, and increas-
ing the ambient temperature. The ultimate goal is to achieve normothermia, with
core temperatures between 36 and 37 °C, to provide optimal conditions for coagula-
tion [25].

In trauma, acidosis mainly results from reduced oxygen delivery to tissues and
organs and should primarily be prevented by avoiding excessive hypoperfusion.
Notably, studies in animal models have shown no improvements in coagulation
function, as assessed by viscoelastic tests (VETs), after pH neutralization with
either bicarbonate or tris-hydroxymethylaminomethane. A possible explanation for
this observation is the detrimental effect of acidosis on fibrinogen levels and platelet
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counts, which remain significantly reduced in these models even after pH neutral-
ization [10].

Consequently, the primary goal in acidotic patients is to address the underlying
state of hypoperfusion and shock.

More recently, hypocalcemia has been found to exert both direct and indirect
effects on each component of the lethal triad, supporting calcium’s potential posi-
tion as a fourth component in a hypothetical “lethal diamond” [36]. Acute hypocal-
cemia is a common finding in trauma patients and can worsen TIC by impairing
platelet activation and aggregation and by decreasing clot strength [37]. Moreover,
hypocalcemia disrupts the normal maintenance of vascular tone, further worsening
hypotension, and contributes to the dysregulation of endothelial function known as
endotheliopathy of trauma (EOT).

Hypocalcemia occurs after trauma due to tissue injury and shock, and it is further
exacerbated by the transfusion of citrated blood products, which chelate calcium.
The healthy human liver can metabolize 3 g of citrate every 5 minutes (the citrate
content in one unit of RBCs), and citrate accumulation occurs when transfusion
rates exceed 1 unit of red blood cells (RBCs) per 5 minutes [36].

Current guidelines recommend correcting hypocalcemia, defined as ionized Ca*
levels below 0.9 mmol/L or serum total corrected calcium levels of 7.5 mg/dL or
lower, preferably by infusing calcium chloride (i.e., 10 mL of a 10% solution con-
tains 270 mg of elemental calcium) [25].

Tranexamic Acid

Early administration of tranexamic acid (TXA) is a cornerstone in the treatment of
trauma-induced coagulopathy and is one of the few measures supported by solid
evidence of efficacy and safety. The randomized controlled CRASH trial, conducted
on over 20,000 patients, demonstrated that administering 1 gram of TXA intrave-
nously, followed by 1 gram over 8 hours, within 3 hours of trauma, reduces all-
cause mortality and the risk of hemorrhage-related death compared to placebo,
without increasing the incidence of adverse events, including thromboembolic com-
plications [38]. A subsequent patient-level data meta-analysis of 40,138 bleeding
patients from two large trials on traumatic and postpartum bleeding found strong
evidence that treatment delay diminishes the survival benefit of TXA administra-
tion. Specifically, the benefit in terms of reduced risk of death decreases by approxi-
mately 10% for every 15 minutes of treatment delay up to 3 hours, after which there
is no additional benefit [39].

Fresh Frozen Plasma

Fresh frozen plasma (FFP) is recovered from a single whole blood donation or
obtained through plasmapheresis, frozen within 8 hours after collection, and then
stored at a defined temperature, typically —30 °C. After thawing, FFP contains
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near-normal levels of most plasma proteins, including procoagulant and inhibitory
components of the coagulation system, acute-phase proteins, immunoglobulins, and
albumin. A typical unit of plasma derived from whole blood has a volume of just
under 300 mL, and local and national guidelines generally suggest a dose of about
20 mL/kg, assuming that 1 mL/kg of FFP raises circulating levels of coagulation
factors by approximately 1% [40].

However, significant variability in the content of coagulation factors is observed
among different units of FFP due to biological variations in factor levels among
individual donors (for example, levels of von Willebrand factor (VWF) and FVIIL
are related to ABO blood group) and differences in processing, storage, and prepa-
ration for administration. Studies have shown that a standard regimen of about
15 mL/kg of FFP results in relatively small, and in most patients, inadequate
increases in coagulation factor levels, whereas 30 mL/kg of FFP is more effective in
adequately correcting all individual coagulation factors [41]. The seemingly
straightforward solution of increasing the amount of infused FFP must be balanced
against the well-known risks of FFP-associated severe adverse events, including
transfusion-related acute lung injury, transfusion-associated circulatory overload,
allergic and/or anaphylactic reactions, transmission of infections, febrile nonhemo-
Iytic transfusion reactions, red blood cell alloimmunization, and hemolytic transfu-
sion reactions [42].

Solvent-detergent treated plasma offers a better safety profile compared to stan-
dard FFP [43], and some evidence suggests it can reduce glycocalyx and endothelial
bleeding, decrease transfusion requirements, lower the use of prohemostatics, and
shorten time on ventilators after surgery [44].

Nevertheless, no solid evidence regarding the optimal dose of FFP during trau-
matic bleeding is currently available. The RCT PROPPR trial failed to demonstrate
that early administration of plasma, platelets, and red blood cells in a 1:1:1 ratio
reduced mortality at 24 hours or 30 days compared to a 1:1:2 ratio; however, more
patients in the 1:1:1 group achieved hemostasis, and fewer experienced death due to
exsanguination by 24 hours [45]. Conversely, a recently published cohort study
reached different conclusions, indicating that the use of FFP in a ratio close to 1:1
with red blood cells (RBCs) was associated with improved survival in patients with
severe blunt trauma compared to lower ratios [46].

Moreover, the target levels for coagulation factor replacement during massive
hemorrhage have never been rigorously assessed. The thresholds reported in Table 4
are extrapolated from the minimum values required to keep patients asymptomatic
in cases of hereditary deficiencies of individual factors, which is intuitively very
different from the complex hemostatic defect observed during massive hemorrhage
due to trauma [47].

Current guidelines on trauma management recommend the following:

“In the initial management of patients with expected massive hemorrhage, we
recommend one of the following strategies:

» Fibrinogen concentrate or cryoprecipitate and pRBC (Grade 1C)
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Table 4 Normal reference ranges and minimum levels required for an effective hemostasis of the
main players of the hemostatic system

Normal reference

Player range Minimum level required for hemostasis
Endothelium - -
Platelets 120-240.000 50-100.000/mmc

Depending on setting
Tissue factor - -

von Willebrand factor 60-120 IU/d1 >50 IU/d1
(VWF)
FVII/IX 60-100 IU/d1 >3 [U/dl prophylaxis
50-100 IU/dI (surgery or major
bleeding)
Fibrinogen 200-400 mg/dl 100 mg/dl inherited
150-200 mg/dl in trauma/PPH?
Other coagulation factors 60-100 IU/dl Single factor > 10 IU/d]
INR< 1.5
Fibrinolysis TEG®: CLI 30 = 94%-100%

ROTEM®: LY30 = 0%-2.2%

* FFP or pathogen-inactivated FFP in an FFP/pRBC ratio of at least 1:2 as needed
(Grade 1C)

» If an FFP-based coagulation resuscitation strategy is used, we recommend that
further use of FFP be guided by standard laboratory coagulation screening
parameters (PT and/or APTT 1.5 times normal and/or viscoelastic evidence of a
coagulation factor deficiency) (Grade 1C) [25]

Fibrinogen Concentrate

Fibrinogen is a key molecule in the hemostatic process, serving as the essential
substrate for the formation of the fibrin hemostatic plug. It is the first coagulation
factor to reach critical levels during massive hemorrhage, occurring after a loss of
142% of blood volume [48]. Additionally, fibrinogen levels have been shown to be
an independent predictor of mortality at both 24 hours and 28 days in trauma
patients (P < 0.001). Specifically, the odds of death decrease by a factor of 0.22 dur-
ing the first 28 days for every 1 g/L increase in admission fibrinogen levels. Non-
survivors at 24 hours had significantly lower admission fibrinogen levels compared
to survivors (1.1 g/L vs. 2.3 g/L., P < 0.001) [49].

These findings suggest that fibrinogen levels in trauma patients should be main-
tained above a threshold of 2.0 g/L, which is significantly higher than the 1.0 g/L
conventionally recommended as a trough level to maintain an asymptomatic state in
congenital hypofibrinogenemia [47].

However, high-quality evidence regarding the efficacy of fibrinogen supplemen-
tation on significant clinical endpoints in trauma patients remains lacking. A recently
published meta-analysis found no significant difference between the fibrinogen
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concentrate and comparator groups in terms of mortality, packed red blood cell
transfusions, fresh frozen plasma, platelet transfusion requirements, or thromboem-
bolic events [50].

Furthermore, there is currently no reliable data regarding target levels for fibrino-
gen replacement therapy. The most recent trauma guidelines recommend treatment
with fibrinogen concentrate or cryoprecipitate if major bleeding is accompanied by
hypofibrinogenemia, assessed by either viscoelastic signs of a functional fibrinogen
deficit or a plasma Clauss fibrinogen level < 1.5 g/L (Grade 1C) [25, 35].

Despite these uncertainties, it seems reasonable to maintain plasma fibrinogen
levels above 1.5-2.0 g/L (or equivalent levels assessed by viscoelastic tests) in
severely bleeding trauma patients.

As a general rule, it can be assumed that two pools from five donors of cryopre-
cipitate or 4-5 g of fibrinogen concentrate may increase plasma fibrinogen concen-
tration in an adult by approximately 1 g/L [35].

Prothrombin Complex Concentrate

Prothrombin complex concentrates (PCCs) are plasma-derived products that con-
tain either Vitamin K-dependent coagulation factors II, IX, and X (3F-PCC), or all
the abovementioned factors plus factor VII and the anticoagulant proteins C and S
(4F-PCC) [51].

PCCs offer several potential advantages over fresh frozen plasma (FFP), includ-
ing a smaller volume for administration, which does not require time-consuming
thawing and crossmatching. This reduces the risk of fluid overload and the time to
administration, making them an appealing source of coagulation factors in trauma-
related bleeding.

However, there are few studies on the utility of 4F-PCCs in patients experiencing
bleeding not related to anticoagulation use (VKAs) [51]. The most robust of these is
the PROCOAG randomized trial, which investigated the empirical administration of
PCC in 327 trauma patients at risk of massive transfusion, in addition to a ratio-
based massive transfusion protocol that included fibrinogen concentrate. This study
found no statistically significant reduction in total blood product consumption over
24 hours, but it did report a higher incidence of thromboembolic events in patients
allocated to the PCC group (35% in the PCC group versus 24% in the placebo
group; absolute difference of 11% [95% confidence interval (CI) 1-21%]; relative
risk of 1.48 [95% CI, 1.04-2.10]; p = 0.03) [52].

The potential thrombotic risk remains a significant concern in trauma patients, as
it has been hypothesized that PCCs may exacerbate thrombin generation in coagu-
lopathic patients, rapidly shifting the delicate hemostatic balance toward a pro-
thrombotic state.

Current European guidelines provide a weak recommendation for the use of
PCCs within a coagulation factor concentrate-based management strategy for
trauma-induced coagulopathy, based on standard laboratory coagulation parameters
and/or viscoelastic evidence of a functional coagulation factor deficiency. The
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authors suggest that PCCs should be administered to bleeding patients based on
evidence of delayed coagulation initiation as indicated by viscoelastic tests (Grade
2C) [25].

Future Perspectives

The improved understanding of the pathophysiology of TIC has led to the develop-
ment of new approaches to the treatment of this life-threatening condition.

One promising approach involves the inhibition of high mobility group box 1
(HMGB1), which has been shown to improve clot formation and strength while
reducing bleeding time in animal models by targeting the thromboinflammatory
process [53].

Another intriguing area of exploration is the therapeutic use of extracellular ves-
icles (EVs), which may serve as an innovative tool to regulate hypercoagulation in
trauma patients [54]. However, our understanding and experience with EV-based
therapies are still in their infancy, necessitating further translational studies to
address the numerous questions raised by this approach.

Additionally, improvements in the management of TIC may stem from gender
medicine. Several retrospective analyses have identified a gender-based dimorphism
in mortality following trauma-related hemorrhage, suggesting that estrogens may
play a significant role in this disparity. Animal models of trauma hemorrhage have
demonstrated that estrogens confer protective effects on the cardiovascular, pulmo-
nary, hepatic, gastrointestinal, and immune systems [55]. In humans, females
exhibit a relative hypercoagulability compared to males, which persists after injury
and confers improved outcomes, but the mechanisms underlying sex dimorphisms
in coagulation and its protective effect after injury have yet to be elucidated [56].

A promising candidate for clinical investigation is 17a-ethinylestradiol-3-sulfate
(EE-3-S0O,), which has been studied in three animal model studies, in which pro-
vided a survival benefit at a dose of 1 mg/kg. However, further research is needed to
elucidate the mechanisms by which estrogens exert their positive effects before
planning trials to investigate the survival benefits of EE-3-SO, in humans.

Finally, the therapeutic arsenal available for the early administration of hemo-
static agents has recently been expanded with the development of freeze-dried or
spray-dried plasma and freeze-dried platelet-derived hemostatic products (FPHs)
[57, 58].

The trauma model has represented—and continues to represent—a privileged
vantage point for understanding the mechanisms that link the hemostatic response
to massive hemorrhage with the inflammatory response. However, despite signifi-
cant advances in trauma care, including a better mechanistic understanding of early
TIC and modern-day prehospital interventions aimed at mitigating coagulopathy,
the incidence of TIC has not improved and remains a significant risk factor for mor-
tality. Recent studies have shown a low degree of reduction in mortality in trauma
patients, with about one-third still presenting early TIC [59].Therefore, while the
goal of completely eliminating trauma-related hemorrhagic deaths seems
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unrealistic, providing more effective and safer treatments for these patients is within
our reach. Such progress could significantly reduce the substantial social impact of
this medical condition, which remains the leading cause of death among individuals
under 40 years of age in Western countries.
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Antiplatelet Agents

Acetylsalicylic acid (ASA) or aspirin is the most widely prescribed antiplatelet
agent with almost 50 million people taking it for primary and secondary prevention
of ischemic cardiovascular disease (CVD) in the USA and an estimated yearly
global consumption of about 120 billion tablets [1, 2]. Its use increases with ageing;
in fact, it has been estimated that in general practice aspirin is prescribed to 24% of
the elderly population and to 32% of elderly diabetics [3]. ASA targets the enzyme
cyclooxygenase (COX)-1 blocking it irreversibly, thus preventing the synthesis of
platelet thromboxane A2, a potent platelet agonist, and consequently inhibiting
platelet activation (Table 1) [4]. Aspirin has been tested throughout the spectrum of
atherosclerotic CVD and shown to be effective in reducing recurrent events in sec-
ondary prevention and in lowering mortality in patients with suspected acute myo-
cardial infarction [4, 5].

The second most important class of antiplatelet drugs are the inhibitors of the
platelet P2Y, receptor for ADP (clopidogrel, ticagrelor, prasugrel, and cangrelor).
The thienopyridines clopidogrel and prasugrel are irreversible inhibitors of P2Y,
and prodrugs, which require to be metabolized to generate the in vivo active drugs,
while ticagrerol and cangrelor are active molecules which block the receptor com-
petitively and reversibly [6, 7].

GPIIb/IIla-receptor antagonists, including abiciximab, eptifibatide, and tirofi-
ban, are used by intravenous administration in the setting of acute coronary syn-
dromes [7, 8],
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Table 1 Antiplatelet agents in clinical use and their mechanism of action

Drug Mechanism of action

Aspirin (oral, Cycloxygenase-1 blockade

intravenous)

Clopidogrel (oral, Irreversible blockade of ADP P2Y, receptors
prodrug)

Prasugrel (oral, prodrug) | Irreversible blockade of ADP P2Y, receptors
Ticagrelor (oral) Reversible blockade of ADP P2Y, receptor

Cangrelor (intravenous) Reversible blockade of ADP P2Y, receptor
Abciximab (intravenous) | MoAb blocking irreversibly the oyy,p; receptor
Eptifibatide (intravenous) | Small molecule, short-lived, blocking reversibly the oy,p; receptor

Tirofiban (intravenous) Small molecule, short-lived, blocking reversibly the ayy,f; receptor
Dipyridamole (oral) Phosphodiesterase-3 inhibition, adenosine-reuptake inhibition
Vorapaxar (oral) PAR-1 receptor blockade

The antagonist of the platelet thrombin receptor protease activated receptor-1
(PAR-1) vorapaxar has been licensed for the prevention of cardiovascular events in
patients with coronary and peripheral artery disease [9].

Finally, dipyridamole acts by inhibiting platelet phosphodiesterase type-3 and
adenosine reuptake by erythrocytes. Phosphodiesterase converts the strong platelet
inhibitory second messengers cyclic adenosine monophosphate (cAMP) and cyclic
guanosine monophosphate (cGMP) into their inactive noncyclic equivalents, thus
its inhibition increases intraplatelet cAMP and cGMP suppressing platelet aggrega-
tion. Moreover, the blockade of the reuptake of adenosine by red blood cells
increases the plasma levels of this nucleoside which is a powerful platelet inhibitor
and a vasodilator (Table 1) [7, 10].

Risk of Spontaneous Bleeding Associated with Antiplatelet
Agents and Its Management

In secondary CVD prevention and in patients with a previous coronary revascular-
ization, current guidelines recommend single or dual antiplatelet therapy for their
established efficacy [11, 12]. However, the advantage provided by antiplatelet ther-
apy in terms of reduction of cardiovascular morbidity and mortality must be bal-
anced against the weight of adverse events, and in particular of the risk of bleeding.
Indeed, both single and, even more, dual antiplatelet therapy (DAPT) are associated
with enhanced bleeding [13].

Aspirin doubles the risk of major gastrointestinal (GI) bleeding compared to
placebo, even at low doses (relative risk: 2.07; 95% ClIs: 1.61-2.66), with an annual
excess of events of 0.12% [14]. This effect is dose-dependent, with a relative risk
compared with aspirin nonusers rising from somewhat above two- to almost four-
fold in the range of doses between 75 and 300 mg per day [14—16]. Different aspirin
formulations have been developed to reduce gastric toxicity; however, the relative
risk of GI bleeding with buffered and coated aspirin formulations seems to be
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substantially identical to that of plain aspirin [17].Thus, other means to reduce the
GI risks of aspirin have been explored and are, besides the use of the lowest effec-
tive dose, the eradication of helicobacter pylori (HP) infection, the use of cotherapy
with proton pump inhibitors (PPIs) or misoprostol, and the strict avoidance of the
associated use of nonsteroidal anti-inflammatory drugs for their synergistic GI tox-
icity with aspirin [16]. In particular, when the need for cotherapy with PPI becomes
more compelling, the risk of GI complications is greater (Fig. 1). The substitution
of clopidogrel for aspirin does not appear to provide a safer alternative for patients
at GI risk, probably because a significant fraction of antiplatelet-associated GI
bleeds are due to the unveiling of a preexisting ulcer due to the antihemostatic action
of platelet inhibitors [13, 18]. The gastric ulcer bleeding risk of aspirin seems to be
especially strong in older patients [19], and in these a recent randomized, double-
blind trial showed the HP eradication protects against aspirin-associated ulcer
bleeding [20].

Differently from GI bleeding, it is not clear whether aspirin enhances the occur-
rence of intracranial hemorrhage (ICH) [21]. In fact, while some individual random-
ized trials of aspirin in primary prevention did not show a significant increase in
ICH [22, 23], two different meta-analyses of 13 and 15 primary prevention trials,
respectively, reported a significantly increased risk of intracranial bleeding with
aspirin compared to placebo (Hazard Ratio 1.34, 95% CIs 1.14-1.57, NNH 927 in
1 or a 32% relative increase in the other) [24, 25]. Moreover, a meta-analysis cumu-
lating primary and secondary prevention trials reported that the use of ASA seemed
to increase the incidence of hemorrhagic stroke (p = 0.01) [26].

Antiplatelet agents also seem to significantly increase the risk of cerebral micro-
bleeds (pooled OR 1.21; 95% Cis 1.07-1.36, p = 0.002) which in turn increase the
risk of ICH (OR 3.4, 2-5.78, p = 0.0005) [27]. Finally, combination antiplatelet
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therapy, but not single therapy, may enhance in-hospital mortality in subjects expe-
riencing intracranial bleeding independently from its cause (e.g., trauma) [28].
Indeed, ICH occurs at significantly increased rates in patients treated with aspirin
plus colpidogrel [29], with triple antiplatelet therapy (aspirin, dipyridamole, clopi-
dogrel) (HR 6.29, 3.71-10.7), or with combined anticoagulant and antiplatelet regi-
mens [30] compared with aspirin alone. In patients with spontaneous ICH, early
hematoma expansion is associated with rapid clinical deterioration and poor out-
come, and the risk of early hematoma growth is enhanced in patients presenting
with ICH while taking antiplatelet therapy [31, 32] and even more in those taking
combined antithrombotic regimens [33].

Compared to clopidogrel, ticagrerol and prasugrel in association with aspirin
have been associated with a greater increase in major bleeding, but not in ICH, in
patients with acute coronary syndromes [34, 35]; however, there has been a numeri-
cal increase of intracranial bleeding events with prasugrel in patients who had suf-
fered a previous cerebrovascular event [35] and significantly more episodes of fatal
ICH with ticagrerol [34].

Therefore, prasugrel in association with aspirin is contraindicated by most regu-
latory authorities and international guidelines in patients with a previous cerebro-
vascular event [36], and particular care must be taken in the choice of the antiplatelet
therapy and its duration in this category of patients. Moreover, given the role of
cerebral amyloid angiopathy and alcohol intake in favoring ICH [37, 38], great care
should be taken in the use of antiplatelet agents in subjects with evidence of micro-
bleeds and in advising against alcohol use.

Antiplatelet Therapy and Surgical Bleeding and Ischemic Risk

Globally over one million patients every year undergo a percutaneous coronary
intervention (PCI) and > 5% of them will need noncardiac surgery within one year.
Among the types of noncardiac surgeries performed, the most frequent are vascular,
gastroenterological, and general surgery [39, 40]. Moreover, more than 50 million
patients take antiplatelet therapy for primary or secondary prevention in the USA
and > 5% of them will require surgery yearly. While on one hand antiplatelet drugs
predispose to bleeding upon surgery by impairing physiological hemostasis, on the
other surgery and invasive procedures increase the risk of cardiovascular events.
Therefore, surgery in patients on antiplatelet therapy is a delicate moment which
requires a careful assesment of the opposite risks by a multidisciplinary team includ-
ing the cardiologist, the hemostasis expert, the surgeon, and the anesthesiologist.

The first important step is the stratification of the surgery-related bleeding risk,
with specific procedures associated with high, low-to-moderate, or minimal hemor-
rhagic risk according to the International Society of Thrombosis and Haemostasis
(ISTH) guidance statement [41, 42]. Secondarily, it is crucial to assess the patient
and surgical characteristics conferring increased risk of postoperative ischemic
complications [39, 43, 44] (Table 2).
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Table 2 Clinical and procedural characteristics conferring increased risk of postoperative cardio-
vascular complications in patients with a previous PCI

Clinical risk factors Procedural features

Multiple vascular bed involvement Treatment of 3 vessels

Heart failure Bifurcation with 2 stents implanted
Renal failure Stent length 20 mm

RCRI score > 3 Chronic total occlusion

Elevated surgical risk Ostial or distal PCI

Ischemic heart disease Left main PCI

Congestive heart failure Calcified lesion

Prior TIA or stroke
Insulin use

Creatinine >2.0 mg/dL
Acute coronary syndrome

RCRI Revised Cardiac Risk Index for Pre-operative Risk, PCI percutaneous coronary intervention,
TIA transient ischemic attack

Although early revascularization by PCI represents the current standard of care
in patients with an ACS, coronary artery by-pass graft (CABG) is still a frequent
occurrence, with over 10% of patients presenting with non-ST-elevation myocardial
infarction (NSTEMI) finally undergoing CABG [45, 46].

The preoperative intake of aspirin in patients undergoing CABG was found to
increase significantly, but not strikingly, postoperative bleeding (+104.9 mL blood
loss) and reoperation (or 2.52, 95% Cis 1.18-5.38), but only when aspirin was used
at doses >325 mg/dL [47]. The addition of clopidogrel to aspirin further increased
the risk of reoperation (OR 4.6, 95% CI 1.45-14.5), major bleeding (35% vs. 26%,
p =0.049), and length of hospital stay [48].

Finally, ACS patients undergoing CABG and treated with either prasugrel or
ticagrelor in addition to aspirin compared with clopidogrel seem to have an even
greater bleeding complication rate, depending on the timing from drug discontinu-
ation [49, 50].

On the other hand, preoperative antiplatelet therapy discontinuation is a risk fac-
tor for recurrent major cardiovascular events. Recent withdrawers of oral antiplate-
let agents compared with nonusers have significantly higher 30-day rates of death or
MI (21.9% vs. 10.3%, p = 0.017) [51] and, from a review and meta-analysis of ret-
rospective studies, aspirin withdrawal precedes up to 10.2% of all ACS [52], a risk
manyfold amplified in patients with a recent coronary stent [53]. In a prospective
observational study including 1358 patients treated with drug-eluting stents (DESs),
early discontinuation of aspirin and/or clopidogrel was associated with a striking
rise of major adverse cardiac events (28.6% vs. 13.7%, p < 0.001), stent thrombosis
(7.6% vs. 3.4%, p = 0.038), all-cause mortality (13.4% vs. 4.7%, p < 0.001), and
cardiovascular death (5% vs. 1.2%, p = 0.007) [54].

A careful assessment of the bleeding and thrombotic risk must therefore be made
in the individual antiplatelet-treated patient in order to decide the best management
strategy for surgery. In fact, the non-discontinuation of low-dose aspirin seems to
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reduce postoperative major adverse cardiovascular events in nonacute cardiac
patients undergoing cardiac surgery [55], as well as in patients with a previous PCI
undergoing noncardiac surgery [56], without a striking excess of bleeding.

In selected cases of patients at high cardiovascular risk for whom it is not possi-
ble to postpone surgery, a bridging therapy can be proposed using intravenously
administered short-lived antiplatelet agents, such as cangrelor (a P2Y j,-inhibitor) or
tirofiban (a GPIIb/IIla-blocker). In the BRIDGE trial patients with a recent ACS
candidate to CABG were randomized to e.v. cangrelor or placebo after oral P2Y,
interruption. Patients on cangrelor did not have any increase in bleeding compared
with placebo and maintained full inhibition of platelet function up to 1-6 h before
the initiation of surgery, thus potentially reducing the risk of recurrent CV events
due to a gap in antiplatelet protection [57]. A subsequent meta-analysis of eight
studies involving 280 patients with coronary stents undergoing surgery in whom
bridging was performed with GPIIb/IIIa inhibitors (tirofiban or eptifibatide) con-
cluded that this approach did not abolish the perioperative stent thrombosis risk and
possibly increased the risk of bleeding [58]. However, the included studies were
small, uncontrolled, and possible publication bias was acknowledged. Therefore,
the recent clinical practice guidelines on perioperative management of antithrom-
botic therapy from the American College of Chest Physicians suggest that a bridg-
ing approach may be considered in selected high-risk patients, for example in those
under DAPT for a recent (within 3 months) coronary stent positioned in a critical
anatomical location, and in this case propose a scheme with interruption of prasug-
rel 7 days, clopidogrel 5 days, and ticagrelor 5-3 days before surgery, immediate
initiation of cangrelor with continuous i.v. infusion up to 1-6 h before surgery, and
then 4-6 h after the end of surgery resumption of cangrelor and subsequently, within
24 h post-surgery, the restart of the oral P2Y, antagonist (Fig. 1) [42]. Cangrelor
should be started at 0.75 pg/kg/min without a bolus [44]. A summary of the indica-
tions given by the ACCP guidelines on the management of antiplatelet drugs in
patients undergoing surgery is provided in Table 3 [44] (Fig. 2).

Usefulness of Platelet Function Monitoring for Bleeding
and Surgery

The usefulness of platelet function testing for the management of antiplatelet agent-
related bleeding has been explored in different clinical settings. Platelet monitoring
may help to detect the presence of a drug-induced platelet dysfunction in patients
for whom the use of an antiplatelet drug is suspected but not confirmed, like in
unconscious patients requiring urgent surgery. However, the relationship between
bleeding risk and degree of platelet dysfunction is not linear, and platelet dysfunc-
tion may be found in acute patients independently from the use of antiplatelet drugs,
thus platelet function testing may not be conclusive in this setting. Platelet function
testing may also be used to guide platelet transfusions in selected surgical bleeding
patients [59, 60]. Finally, platelet function testing can be used to monitor the
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Table 3 Perioperative management of antiplatelet drugs

Clinical problem Suggestion
Patients on antiplatelet drugs who ASA continuation over ASA interruption
require surgery When interruption required (e.g., high-bleed-risk):

Stop ASA <7 days before

Stop CLOP 5 days before

Stop TICA 3-5 days before

Stop PRASU 7 days before

Antiplatelet drug resumption <24 h after surgery
Patients with coronary stents who Stenting 6-12 weeks before:

require surgery on DAPT Continuation of both or stop one antiplatelet
Stenting 3—12 months before:

Stop the P2Y 12 inhibitor

Against routine bridging therapy

(may be considered in selected high-CV-risk cases)
Patients requiring CABG ASA continuation over interruption, P2Y12 inhibitor
interruption over continuation

7 days for prasugrel

5 days for clopidogrel

3-5 days for ticagrelor

ASA or P2Y 12 inhibitor resumption <24 h after

surgery
Perioperative monitoring of Against routine use of platelet function testing
antiplatelet therapy (could be used in certain scenarios)

Aspirin continued

Tirofiban (?) Tirofiban (?)
Clopidogrel
[ I I I I [ [ [ [ [ I [ [
-9 -8 -7 6 5 -4 -3 -2 -1 -16h 0 +4-6h Day+1

Day of surgery

procedure

Fig. 2 Schematic representation of the bridging approach to surgery in high-CV-risk patients on
DAPT requiring urgent surgery

reversal of the antiplatelet effect after platelet transfusions and the possible need of
further transfusions [61].

Another use of antiplatelet monitoring is the evaluation of the disappearance of
the antiplatelet effect to establish the earliest safe date of surgery after antiplatelet
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discontinuation. Several small studies using different laboratory assays have been
performed in this setting showing that laboratory monitoring may reduce the
requirement of platelet transfusions [62] and move up the time of surgery after anti-
platelet withdrawal [63]. In a randomized trial of a platelet reactivity-based vs. a
standard-of-care-based strategy for establishing the timing of CABG in DAPT-
treated ACS patients, laboratory monitoring significantly abbreviated the time to
surgery with no increase in bleeding [64], and some position statements suggest this
approach in patients at high CV risk [42, 65].

Management of Bleeding Occurring While
on Antiplatelet Therapy

To date there are no widely accepted guidelines to manage major bleeding in patients
on antiplatelet therapy. The possible approach includes antiplatelet treatment sus-
pension, surgical management, intensive patient monitoring, blood transfusions,
and life support. In severe bleeding cases, some actions may help to restore platelet
function possibly reducing or arresting hemorrhage (Table 4). Concerning the

Table 4 Strategies to manage bleeding occurring during antiplatelet treatment

Treatment Dose and route Mechanism of action Comments
RBC May be variable Restore Required in case of
transfusions circulating hemoglobin | critical anemia
Platelet 1-2 units from Restore a normally Less or not effective in
transfusion apheresis for aspirin functioning pool of the first 24 h after
Up to 6 units from platelets ticagrelor administration
apheresis in patients
treated with ticagrelor
DDAVP 0.3 mcg/kg ev Induces von Willebrand | Suggested as single dose
factor release and after bleeding in patients
enhances platelet on DAPT
activation
Tranexamic lgevevery8h Inhibits fibrinolysis; Contraindicated in
acid favors GPII/IIIa and genitourinary tract
GPIb receptor hemorrhages
expression
Bentracimab 0.1-1 g administered Specific antidote, Evidence is based on
as bolus followed by available only for phase I and II studies
infusion ticagrelor
rFVIla Not established May be considered in Evidence is based on
cases not responding to | case reports and in vitro
other measures models
Fibrinogen Not established May be considered in Evidence is based on
concentrate cases not responding to | case reports and in vitro
other measures models
FXIII Not established May be considered in Evidence is based on

cases not responding to
other measures

case reports and in vitro
models
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timing of treatment recovery after a major bleeding event there is no evidence-based
data, and the decision needs to be considered on a case-by-case basis.

Platelet Transfusions

The aim of platelet transfusions is to provide functional platelets bypassing the inhibi-
tory effect of antiplatelet drugs. Aspirin, clopidogrel, prasugrel, and ticagrelor, or their
active metabolites, circulate in plasma for 20-30 min and 4 and 6.7-12.4 h after anti-
platelet drug intake, respectively [66]. Consequently, platelets should not be transfused
shortly after antiplatelet drug ingestion to avoid the inhibition of transfused platelets.
With these premises the French working group on antiplatelet agent reversal suggested
to transfuse 0.5 to 0.7 x 10! platelets x 10 kg of body weight (i.e., 1-1.5 units) in
patients treated with aspirin in case of urgent need of reversal (e.g., major bleeding).
While one to two platelet concentrate units fully reverse the antiplatelet effect of aspi-
rin, higher doses are probably required in patients under P2Y, inhibitors. It has been
suggested that the dose of platelets transfused should be doubled in subjects treated
with clopidogrel or prasugrel, while in ticagrelor-treated patients there is no evidence
of reversal independent of the amount of platelets transfused when last intake occurred
<24 h before and only partial neutralization when it occurred >24 h before [67]. Indeed,
given that ticagrelor has a longer circulating half-life than other drugs, platelet transfu-
sions are less effective in the reversal of its antiplatelet effect because transfused plate-
lets getinhibited by the circulating antiplatelet agent [68] and up to six single-donor
platelet apheresis units may be required to restore 90% of platelet activity 24 h after
ticagrelor intake [21]. In agreement, the Aptitude study showed that the reversal of the
antiplatelet action by platelet transfusions was less effective with increasing potency of
P2Y, inhibition [69], and a study in patients requiring urgent CABG showed that the
ex vivo addition of platelet concentrates did not improve platelet aggregation at any
time point after ticagrelor discontinuation [70].

A meta-analysis of studies on the effect of platelet transfusions on the outcome
of antiplatelet-treated patients with spontaneous or traumatic ICH showed a signifi-
cant reduction of hematoma expansion but no significant reduction of mortality or
residual severe disability [71].

Tranexamic Acid

Tranexamic acid (TXA) enhances hemostasis by blunting fibrinolysis. In particular,
it prevents the conversion of plasminogen to plasmin which in turn lyses the clot.
Plasmin, however, also inhibits platelet function through the partial proteolytic deg-
radation of the GPIIb/IIla and GPIb receptors, wherein consequently TXA enhances
platelet activation [23, 72]. In accordance with these premises, and in light of its
good safety profile, TXA may represent an option for the management of bleeding
occurring during antiplatelet therapy. However, its use is not recommended yet
because only few studies investigated the effect of TXA in antiplatelet-treated
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patients. In subjects undergoing CABG and treated with DAPT, TXA partially
improved ex vivo platelet function, suggesting its potential usefulness for bleeding
reversal in patients on single or dual antiplatelet therapy [66, 73].

A literature review and meta-analysis of seven trials involving 5535 patients on
single or dual antiplatelet therapy requiring surgical interventions showed a statisti-
cal significant reduction in platelet transfusions, blood loss, and need of reoperation
in patients treated with TXA.

Thus, the use of TXA in patients with clinically relevant bleeding while on anti-
platelet therapy should be taken into consideration, with a dose of 1 g intravenously
administered at a rate not exceeding 100 mg/min, except in case of genitourinary
bleeding where TXA 1is considered contraindicated [72].

Desmopressin

Desmopressin or 1-deamino-8-D arginine vasopressin (DDAVP) exerts a prohemo-
static effect by triggering the release of von Willebrand factor (VWF) from the
endothelium. VWF besides its procoagulant activity may also favor platelet activa-
tion and aggregation. Indeed, DDAVP improves platelet function in antiplatelet-
treated humans and animals [74]. In a meta-analysis of ten trials involving 596
participants, the use of DDAVP reduced the need of reoperation, transfusions, and
bleeding in patients with platelet dysfunction undergoing cardiac surgery, including
patients treated with antiplatelet agents [75].

In a recent observational study, the administration of DDAVP to patients with
mild traumatic cerebral hemorrhage reduced hematoma expansion compared to pla-
cebo [76]; however, in two retrospective studies in patients with spontaneous intra-
cerebral bleeding, no clinical benefit of desmopressin was observed [77, 78].
Similarly, a small multicenter, propensity-matched, cohort study showed no benefit
of DDAVP in patients with nontraumatic ICH occurring while on antiplatelet ther-
apy [79]. On the contrary, in a retrospective cohort study DDAVP reduced antiplate-
let drug-associated intracranial hematoma expansion [80]. The efficacy of DDAVP
in improving the outcome in patients with ICH associated with antiplatelet therapy
is thus still controversial. However, recommendations from the Neurocritical Care
Society suggest a single dose of desmopressin in patients with ICH occurring dur-
ing treatment with aspirin or ADP receptor inhibitors [81]. Moreover, recent expert
opinion suggests to use platelet transfusion, associated or not with DDAVP, for the
reversal of traumatic bleeding in patients on antiplatelet medications, and in patients
with ICH while on aspirin only if emergency neurosurgery is scheduled, while it
states that further studies on the reversal of P2Y,, inhibitors are needed [82].

Other Methods for Antiplatelet Reversal

Bentracimab, a specific antidote for ticagrelor, is in an advanced phase of develop-
ment. This monoclonal antibody binds circulating ticagrelor and ticagrelor-active
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metabolite with an affinity 100-fold higher than the affinity of the drug for the P2Y,
receptor. This molecule is still not licensed for clinical use, but it represents a poten-
tially useful tool for the preparation to surgery and for severe bleeding occurring
during ticagrelor intake, if approved [67, 83].

Since P2Y, inhibitors are highly bound to proteins (98%) dialysis is not efficient
in removing them from plasma; however, in in vitro experiments ticagrelor was
efficiently removed from blood using hemadsorption [84]. Therefore hemadsorp-
tion, i.e., the passing of patient’s blood though a sorbent material for the selective
removal of specific molecules, has been proposed for ticagrelor removal and shown
to reduce circulating drug levels by 67% in 97 min in a few patients requiring urgent
CABG [82, 85].

A very innovative, but still investigational, approach involves the use of platelet-
mimicking perfluorocarbon (PFC)-based nanosponges consisting of a shell of plate-
let membranes and an inner core of PFC. These inert nanosponges display platelet
membrane receptors, including P2Y,, which bind circulating antiplatelet agents
removing them from the circulation and have been shown to limit the hemorrhagic
effects of ticagrelor in tail-bleeding time and ICH models in mice [86].

Other Potential Measures to Improve Hemostasis

Isolated case reports or in vitro studies have suggested the use of recombinant
FVIIa, fibrinogen or FXIII concentrates to restore hemostasis in patients treated
with antiplatelet agents, in particular with ticagrelor, with contrasting results [21,
87]. In a case report, rFVIla infusion was associated with no bleeding complications
in a patient on ticagrelor undergoing urgent neurosurgery [88]. However, the use of
rFVIIIa raises significant concern in patients with a recent acute cardiovascular
event for the thrombotic risks associated with its use.

Conclusions

Antiplatelet therapy is the cornerstone of secondary prevention in patients with a
previous ischemic event, with a strongly beneficial effect on cardiovascular mortal-
ity, however its associated hemorrhagic risks and the increasing frequency of surgi-
cal procedures in patients with a recent coronary revascularization procedure
represent significant limitations and must be seriously considered [18, 42, 82].
Despite progress in the management of bleeding and surgery in antiplatelet-
treated subjects, evidence-based indications are scanty and most of the guidance
statements rely principally on observational studies or expert opinion [42, 82]. The
perioperative management of antiplatelet agents in patients at high CV risk remains
thus a challenging area of clinical practice, and research is hindered by the multiple
variables (patient characteristics, type of surgery, timing from coronary revascular-
ization, type of antiplatelet therapy), which make very complex the planning of
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randomized studies. Similarly, the potential benefit of platelet function testing in
this context requires further validation.

A very accurate assessment of the bleeding and thrombotic risk of the individual
patient and the optimization of the management of bleeding events may improve the
overall net benefit of antiplatelet therapy.

The development of innovative reversal agents and the application of innovative
tools for the prediction of hemorrhagic and thrombotic risk, like the application of
machine learning techniques [89], may help to advance in this direction.
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