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3.1 Introduction

von Willebrand disease (VWD) is reportedly the most common congenital bleeding
disorder and may be inherited in an autosomal dominant or autosomal recessive
manner [1]. The disorder is classified into six different types, with quantitative defi-
ciency of von Willebrand factor (VWF) identified in type 1 (partial deficiency) and
type 3 (complete deficiency), or qualitative defects in VWF identified in type 2
VWD, which comprises four separate (sub)types [2]. VWD may present as a hetero-
geneous bleeding disorder with variable bleeding tendency, depending on the VWD
type, and the associated VWF deficiency/defect. In some patients, the bleeding
symptoms may be so mild as to not easily distinguish these potential sufferers from
unaffected individuals. However, in severely affected VWD individuals, life endan-
gering bleeding (e.g., in central nervous system (CNS)) may occur. Mucocutaneous
bleeding, including epistaxis and menorrhagia, are more typical presentations of the
disorder, but other rare presentations also can be observed [1, 2]. As per the ISTH
SSC (International Society on Thrombosis and Hemostasis Scientific Standardization
Committee) classification of the disorder, and newer guidelines, affected individu-
als are characterized according to clinical manifestations and laboratory findings
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[3-5]. The severity of VWD is partially associated to the level and activity of the
VWE. Although there are no standardized recommendations, as a practical guide,
VWD can be considered “mild” when VWF activity levels are in the range 30-50 U/
dL and/or factor VIII (FVIII) coagulant activity (FVIII:C): 40-60 U/dL, “moderate”
when VWF activity levels are in the range 10-30 U/dL and/or FVIIL:C 20-40 U
dL-1, or “severe” when VWF activity levels are <10 U/dL and/or FVIIIL:C < 20 U/
dL [5]. Based on such an approach, type 3 VWD, as well as some cases of type 1,
type 2A, type 2M, and type 2N VWD, could be classified as severe forms of
VWD [5].

Diagnosis of VWD is a global challenge, since a panel of accurate laboratory
tests are required to align to a comprehensive and appropriate clinical assessment,
and this approach is not available everywhere [5]. Significant progress has occurred
in the laboratory diagnosis of VWD in recent years, but accurate diagnosis remains
challenging for many health workers. The difficulty in diagnosis is due to several
issues; these include (i) the lack of any definitive cut-offs to determine normal vs
abnormal levels of VWF, thereby potentially identifying normal individuals vs
VWD; (ii) the effect of different molecular changes in the VWF gene on VWF level
and activity; (iii) other genetic modifiers and physiological factors that can reduce
or increase plasma levels of VWF (e.g., blood group); (iv) the overlap of bleeding
symptomology in normal individuals vs those with VWD; and (v) difficulties with
performance and interpretation of laboratory tests [6, 7]. On-demand therapy is the
current mainstay of treatment for people with VWD; however, long-term prophy-
laxis can significantly improve the quality of life in patients with severe bleeding.
Desmopressin (DDAVP) is considered the main therapeutic option for patients with
type 1 and a subset of patients with type 2 VWD with minor bleeding or undergoing
minor surgical procedures. However, replacement therapy with VWF/FVIII concen-
trates represents the main therapeutic option in type 3 and most patients with type 2
VWD, as well as those responsive to desmopressin but with long-term treatment
needs or undergoing major surgical procedures [7—10].

3.2 von Willebrand Factor Synthesis, Structure,
and Function

These matters were comprehensively reviewed in the original chapter on VWD in
the first edition of this book, and so will only be briefly summarized here [1].

3.2.1 von Willebrand Factor Biosynthesis

The biosynthesis of VWF comprises a series of sequential steps that ultimately per-
mit incorporation of the protein in various cellular storage organelles. These steps
include protein production, removal of a signal peptide, tail to tail dimerization, heat
to head multimerization, N-linked glycosylation, maturation of N-glycan, O-linked
glycosylation, formation of tubules, and incorporation to storage organelles [11].
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3.2.2 von Willebrand Factor Structure

VWF is mapped to the tip of the short arm of chromosome 12. The VWF gene spans
178-kb and consists of 52 exons [12], reflecting a unique gene structure consisting
of different repeated sequences [13]. VWF is a multimeric protein with unit molecu-
lar mass of 350-kDa, as coded by 9 kb mRNA and consisting of 2813 amino acids,
including a 741 amino acid pro-peptide and a 2050 amino acid mature polypeptide
[14]. VWF is synthesized as a precursor and processed in endoplasmic reticulum
(ER) and Golgi apparatus in endothelial cells. After processing, the protein under-
goes dimerization in the ER by disulfide bridging and cleavage into two compo-
nents, the mature protein and a 97-kDa a pro-peptide. The pro-peptide is secreted
and circulates independently of mature VWF [11].

VWEF comprises several distinct domains, with some domains containing func-
tional binding sites for FVIII, platelet receptors and for collagen. Defects in VWF
may affect different domains, and thus lead to different qualitative forms of VWD. In
brief, FVIII binds to the D-domain, and defects in this domain can lead to FVIII
binding defects, or namely type 2N VWD. Binding to the main VWF receptor on
platelets, glycoprotein Ib (GPIb), occurs in the Al domain, and so defects in this
domain can lead to GPIb binding defects, as captured within 2A, 2B, and 2M
VWD. Binding to collagen, a protein housed within the subendothelial matrix,
occurs within the A1 and A3 domains, and so defects in these domains can lead to
collagen binding defects, as also captured within 2A, 2B, and 2M VWD [1].

3.2.3 Disulfide Bridging and Multimerization of von
Willebrand Factor

About 8.3% of VWF is composed of the amino acid cysteine (234 of the 2813 resi-
dues), which is some fourfold higher than most other human proteins. In contrast to
other domains, the triplicated domain A, where most of the adhesive function of VWF
resides, has only six cysteine residues. The cysteine residues are otherwise mostly
paired in disulfide bonds in the secreted protein; however, several unpaired cysteines
remain and are essential for proper folding and secretion of VWF [15]. In ER, the
subunits of pro-VWF undergo dimerization by disulfide bonds in C-terminal cysteine
knot (CK) domains. This tail-to-tail dimerization needs only the sequence of the last
150 residues. Tail to tail pro-VWF is transported to Golgi and forms head-to-head
dimerization by further disulfide bonding in the D3 domain. The VWF pro-peptide
(domains D1 and D2) and also D’ are important in multimerization. After multimer-
ization, the multimers are organized into a helical structure that permits the compac-
tion of the protein, and its storage in the Weibel-Palade bodies of endothelial cells [11].

Regulation of the multimeric size of VWF is primarily mediated by the metal-
loproteinase ADAMTS 13 (a disintegrin and metalloproteinase with a thrombospon-
din type 1 motif, member 13), which cleaves VWF at a single site (Tyr1605-Met1606)
in the A2 domain [16, 17]. It appears that domain D4, at residues from 1874 to 2813,
has a role in binding to ADAMTS13 and this acts as the initial step for proteolysis
of VWF by ADAMTS13 [18].
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3.2.4 Post translational Modifications of von Willebrand Factor

During synthesis, VWF undergoes different post translational modifications includ-
ing removal of the propeptide by the protease furin, completion of N and
O-glycosylation, and sulfation of specific N-oligosaccharides [19]. The N-linked
oligosaccharides of VWF differ from other proteins because they contain ABO
blood group oligosaccharides [20].

3.2.5 Intracellular Storage and Secretion of VWF

Following synthesis, VWF is stored in a-granules of megakaryocytes/platelets or in
Weibel-Palade bodies of endothelium. a-granules can still be formed in the absence
of VWF, while the formation of Weibel-Palade bodies depends on the presence of
VWEF [21]. About 95% of the VWF formed is constitutively secreted as smaller
multimers, while the remainder is stored as large multimers, with these having a
greater number of active sites for interaction with platelets and vessel wall.
Therefore, in an environment devoid of ADAMTS13 (i.e., in thrombotic thrombo-
cytopenic purpura, TTP), the thrombogenic risk due to an accumulation of these
larger molecules is high [22, 23]. After synthesis and packaging of VWF in
Weibel-Palade bodies, a complex pathway is initiated that leads to secretion of VWEF.

3.2.6 Biological Activities of von Willebrand Factor

Following injury to the endothelium, VWF binds to different components of sub-
endothelium, as well as to platelets in order to sequester them to the injury site [24].

3.2.6.1 Interaction of von Willebrand Factor
with Extracellular Protein

VWEF is capable of binding to different types of collagen, including types I, II, III,
IV, V, and VI. Domains A1l and A3 are responsible for interaction with the main
components of extracellular matrix (especially collagen), with each domain capable
of binding to different types of collagen [25, 26]. The A1 domain, which covers resi-
dues 497-716, binds to collagen type VI, while the A3 domain, comprising residues
910-1111, binds to collagen types I and III [27, 28]. Collagen types I and III support
VWF-dependent platelet adhesion in high shear rate, whereas collagen type IV
mostly supports platelet adhesion at lower shear rates.

3.2.7 Interaction of von Willebrand Factor with Glycoprotein Iba
The Al domain is responsible for binding to platelet glycoprotein (GP) Ib, a

component of the platelet GPIb-V-IX receptor complex [29]. This interaction
plays a significant role in platelet activation, platelet adhesion, and platelet
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aggregation, ultimately crucial for thrombus formation. In vivo, the initial plate-
let adhesion results from interaction between VWF and Gplba under high fluid
shear. In vitro, the bacterial glycopeptide antibiotic ristocetin can bind to VWF
in laboratory tests, and thus facilitate platelet GPIba binding under low shear.
This property is exploited in several VWF tests, including ristocetin-induced
platelet aggregation (RIPA) and the ristocetin cofactor (VWF:RCo) assay, both
of which facilitate the laboratory estimation of VWF binding VWF to Gplb [30].
Botrocetin is a venom derived from the viper Bothrops jararaca, which can also
activate platelets via Gplb binding, to facilitate VWF-dependent platelet aggre-
gation in vitro [31]. The botrocetin-induced platelet aggregation (BIPA) is only
selectively used in laboratory diagnostics [32]. There are several modern alterna-
tives for the classical VWF:RCo assay, including the VWF GPIb binding assays
(i) using recombinant GPIb and inert particles (latex or magnetic) to replace
native platelets and GPIb otherwise used in the VWF:RCo, but still also using
ristocetin (“VWF:GPIbR”), and (ii) using recombinant GPIb with gain of func-
tion variants and inert particles (latex or plastic wells) to replace native platelets
and GPIb otherwise used in the VWF:RCo, but without need for use of ristocetin
(“VWEF:GPIbM”) [5, 6].

3.2.8 Stabilization and Transport of Coagulation Factor VIiI

In patients affected by hemophilia A, caused by defects in the F§8 gene, the FVIII
level is decreased and the VWF level is normal. In contrast, in most of patients with
VWD, concomitant reduction of both FVIII and VWF occurs, because the survival
of FVIII depends on its interaction with VWF. This binding and protection of FVIII
permits its delivery to sites of vascular injury, and after release, FVIII can partici-
pate in secondary hemostasis and facilitate the conversion of plasma fibrinogen to
fibrin (i.e., clot formation) [33]. In this way, VWF contributes to secondary hemo-
stasis. This FVIII binding activity can be assessed in vitro with a specific test called
the VWF FVIII binding assay (VWF:FVIIIB) [5, 6].

3.2.9 Interaction of von Willebrand Factor with Integrin allbfi3
(GPIllIb/llla)

Platelet GPIIb-IlIa, also known as the integrin allbp3, is a surface receptor that,
after platelet activation, can bind to different ligands, including fibrinogen, fibro-
nectin, and VWF [34]. In domain C1 of VWE, the tetra peptide motif Arg-Gly-
Asp-Ser (located in the C-terminal of the molecule) is a binding site for allbp3
(GPIIb/IIIa). Although the major interaction for platelet adhesion is Gblb binding,
inhibition of integrin olIbp3 (GPIIb/IIla) also impairs platelet adhesion [31, 35,
36]. Thus, VWF-integrin ollbf3 (GPIIb/IIIa) interaction leads to further platelet
adhesion and facilitation of platelet aggregation initiated through the binding of
Gplb to VWF [36].
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3.3  von Willebrand Disease

VWD, with an estimated incidence of ~1% according to epidemiological studies, is
the most common congenital bleeding disorder, and is most often inherited in an
autosomal dominant pattern. The disorder was first described by Erik von Willebrand
in 1926, who named it “hereditary pseudohemophilia” [37]. VWD is caused by
defects and/or deficiencies in VWEF level, structure, or function. Patients with VWD
present with variable bleeding symptoms, but mostly mucocutaneous. Epistaxis and
bruising are the most common presentations in children, while menorrhagia and
hematoma are common in adults, with severity and frequency of bleeding depen-
dent on age, gender, and VWD type [2]. Plasma levels of VWF gradually increase
with age, and this may ameliorate VWD diagnosis or effects in some cases. VWD is
classified into three main types: types 1 and 3 represent partial and complete defi-
ciency of VWE, respectively, while type 2 reflects qualitative defects further charac-
terized into four subgroups. These comprise: (i) type 2A VWD, with loss of high
and sometimes intermediate molecular weight VWF multimers; (ii) type 2B VWD,
with increased affinity of VWF for GPIb; (iii) type 2M VWD, with defects in VWF
function such as platelet adhesion but a relatively normal pattern of (i.e., no substan-
tial decrease in high molecular weight) VWF multimers; and (iv) type 2N, with
markedly decreased VWF binding affinity to FVIII (Table 3.1) [1, 3, 38].

Table 3.1 Types of von Willebrand disease (VWD)

VWD type | Definition Prevalence Inheritance
Type 1 Partial (quantitative) deficiency of VWF 1 in 1000 AD
individuals
(40-80% of all
VWD cases)
Type2 |2A | Qualitative defect with loss of high and 5-10% of all VWD | AD or AR
sometimes intermediate molecular weight | cases®
VWF multimers
2B | Qualitative defect with increased affinity to | <5% of all VWD AD
platelet GPIb cases®
2M | Qualitative defect with decreased platelet 5-10% of al VWD | AD
adhesion property but relatively normal cases®
pattern of VWF multimers
2N | Qualitative defect with markedly decreased | <5% of all VWD AR
affinity of VWF to factor VIII cases”
Type 3 Complete deficiency of VWF 1 in one million AR
(<1% of all VWD
cases®)

VWD von Willebrand disease, VWF von Willebrand factor, AD Autosomal dominant, AR Autosomal
recessive

30verall incidence of all type 2 VWD, with types 2A, 2M, 2B and 2N, represents ~10-20% of all
VWD cases, with the incidence of each subtype dependent on the geography, the local study popu-
lation, and ability of laboratories to appropriately classify VWD cases using comprehensive
test panels

"Relative incidence is higher in developing countries due to consanguinity and higher relative
presentations to clinicians due to severe bleeding symptoms
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Type 3 VWD, with an estimated incidence of 1 per one million in the general
population in developed countries, is the rarest and the most severe form of disorder,
while type 1 is the most commonly diagnosed form of VWD. However, in some
developing countries, the reverse may be true, with type 3 VWD more often reported
than type 1; this is due to consanguinity, where both parents may have heterozygous
type 1 VWD, and also because of higher relative presentations to clinicians due to
the severity of bleeding symptoms [39-41].

Types 1 and 2 VWD represent highly heterogeneous bleeding disorders, with
bleeding tendency related to the circulating level of functional VWF and type of
VWEF defect. It is always important to determine whether the bleeding tendency is
“life-long” or of recent onset, since the latter potentially indicates an acquired VWF
abnormality rather than inherited VWD [42].

Diagnosis of VWD is a challenge worldwide, especially in mildest forms of the
disease (where the boundary between normal and abnormal phenotypes is not
clearly defined [4]), and in complex types, where misdiagnosis is common and can
occur due to use of inferior methods or tests or ineffective test panels [5]. Correct
diagnosis and classification of VWD is critical to correct patient management
(Table 3.2).

3.3.1 Type 1 von Willebrand Disease

Type 1 is inherited in autosomal dominant manner with variable penetrance and a
highly variable phenotype. The latest guidelines on the diagnosis of VWD [5, 43]
identify type 1 VWD where VWF levels are <30 U/dL with concordance of func-
tional VWF identified using a VWF GPIb binding assay (VWF:RCo, VWF:GPIbR,
or VWF:GPIbM) (i.e., ratio of functional VWF/VWF:Ag >0.7). This is since most
of such patients would be identified with a genetic variant in VWF. These guidelines
[5, 43, 44] also recommend assigning a diagnosis of type 1 VWD where VWF levels
are between 30 and 50 U/dL with concordance of functional VWF/VWF:Ag (i.e.,
>(.7) in those with a significant history of bleeding. The recent ASH ISTH NHF
WFH guidelines categorize patients with levels between 30 and 50 U/dL as type 1
VWD only if they have a positive bleeding history, whereas previous guidelines
may have classified them as having “low VWF as a risk factor for bleeding.” [5] A
considerable number of factors are responsible for the highly variable clinical and
laboratory phenotype in type 1 VWD. In some patients with type 1 VWD, a variant
cannot be detected in the VWF gene. Genetic modifiers and physiological factors
are major factors that can reduce plasma level of VWF, with one well-known genetic
modifier outside the VWF gene being ABO blood group [45]. Plasma VWF level are
~25% lower in individuals with O blood group than non-O blood group. The sever-
ity of bleeding episodes in type 1 VWD largely depends on severity of the plasma
VWEF deficiency; thus, risk of severe bleeds is higher in patients with lower plasma
levels of VWFE. Plasma FVIII level is also reduced in parallel with VWE, and its
deficiency can compound bleeding risk in VWD. Since type 1 VWD phenotypically
defines an inherited bleeding disorder with partial quantitative VWF deficiency,
both VWF:Ag and VWF activity fall in parallel; a functional abnormality of VWF
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Table 3.2 Recommended nomenclature from the ISTH VWF SSC for VWF test parameters

Abbreviation
for assay Description of assay Comments
VWEF:Ag von Willebrand factor | All assays that provide a quantitative level of VWF
antigen protein, be it by ELISA, LIA, CLIA, or other
methodology
VWE:CB von Willebrand factor | All assays that provide a quantitative level of
collagen binding VWE—collagen binding capacity, be it by ELISA,
capacity CLIA, or other methodology
VWEF:RCo von Willebrand factor | Historically, this referred to assays that used
ristocetin cofactor ristocetin to facilitate VWF binding to GPIb, where
activity the only such assay type available was that based on
platelet agglutination. This changed following the
advent of non-platelet based methods, which
incorporated rGPIb; the updated recommendations
now place these new assays into the new category of
VWEF:GPIbR
VWE:GPIbR | All assays that are Essentially, these are VWF:RCo-like assays that do
based on the ristocetin- | not use platelets, and which currently comprise
induced binding of von | several IL Werfen assays, as performed by either
Willebrand factor toa | latex agglutination or by CLIA technology. These
recombinant wild type | assays generate test results very similar to those
GPIb fragment generated using classical VWF:RCo assays utilizing
platelets
VWE:GPIbM | All assays that are Essentially, a GPIb binding assay that does not
based on the utilize platelets or ristocetin, and which currently
spontaneous binding of | comprises the Siemens Innovance VWF Ac assay
von Willebrand factor | (by latex agglutination), as well as non-
to gain-of-function commercialized ELISA based assays. These assays
mutated GPIb essentially generate test results similar to those
using VWF:GPIbR or classical VWF:RCo assays,
despite not using ristocetin in the assay
VWEF:Ab All assays that are Essentially a VWF binding assay that utilizes a
based on the binding of | monoclonal antibody; this currently comprises the
a monoclonal antibody | IL Werfen “VWF Activity” assay (LIA), as well as
(MAB) toa VWF Al ELISA based assays. VWF:ADb assays do not use
domain epitope ristocetin. VWF:Ab assays provide results that may
or may not match VWF:GPIbM, VWF:GPIbR or
classical VWF:RCo assays
VWE:FVIIIB | von Willebrand factor: | All assays that provide a quantitative level of
factor VIII binding VWF—factor VIII binding capacity, irrespective of
capacity specific methodology. Generally performed by
ELISA
RIPA Ristocetin-induced To assess for ristocetin threshold responses that

platelet aggregation

trigger agglutination/aggregation, patient platelet-
rich plasma (PRP) is challenged with varying
concentrations of ristocetin

CLIA chemiluminescent immuno-assay, ELISA enzyme linked immunosorbent assay, GPIb (plate-
let) glycoprotein Ib, LIA latex immuno-assay, ISTH International Society on Thrombosis and
Hemostasis, rGPIb recombinant (platelet) glycoprotein Ib, VWF von Willebrand factor, SSC
Scientific and Standardisation Committee; International Society on Thrombosis and Haemostasis
(ISTH) Scientific Standardisation Committee (SSC)
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(i.e., type 2 VWD) can essentially be excluded if all VWF activity/VWF:Ag ratios
are around unity (i.e., > 0.7) [46]. With the use of more sensitive assays, a consider-
able number of patients with historical diagnosis of type 1 VWD based on older
assays such as VWF:RCo may be shown to mild abnormalities of multimer struc-
ture or distribution [47]. Increased susceptibility of VWF to proteolytic cleavage
may also contribute to bleeding severity in type 1 VWD. The Tyr1584Cys variant,
for example, increases the susceptibility of VWF to cleavage by ADAMTS13.
Desmopressin is generally suitable as the therapeutic choice in most patients with
type 1 VWD, especially for short duration or minor treatments [47].

3.3.2 Type 2 von Willebrand Disease

Type 2 VWD is characterized by qualitative defects in structure and function of
VWF and is further classified into one of four types: 2A, 2B, 2M, and 2N. Classically,
type 2A has been considered the most common form, while 2N and 2B represent the
rarest forms. However, the relative frequency of type 2 VWD depends in part on the
geography in which the diagnosis is made, as well as the diagnostic test repertoire.
For example, type 2N VWD is relatively more frequent in some parts of France and
Italy, and type 2B diagnosis requires performance of RIPA, which if omitted may
lead to diagnosis of such patients as 2A VWD [48, 49]. Type 2M VWD has classi-
cally been considered a rare type of VWD, but it is likely that many cases of histori-
cally defined 2A VWD are instead 2M VWD, not appropriately diagnosed due to
limited testing.

Type 2 VWD is mostly transmitted in an autosomal dominant manner, except for
type 2N, which has an autosomal recessive pattern of inheritance. Type 2 VWD is
less common than type 1 VWD, and represents ~20% of all cases of VWD. Type 2
VWD is usually attributable to variants that either impair specific functional
domains of VWF or which affect VWF multimer assembly or proteolysis. Type 2
VWD is diagnostically the most challenging form of VWD [50]. The hallmark of
this type of disorder is low functional VWF/VWF:Ag ratio (<0.7). Functional VWF
was mostly assessed historically as VWF:RCo; however, newer assays, including
VWEF:GPIbR, VWF:GPIbM, and VWF collagen binding (VWF:CB) are increas-
ingly contributing to better more accurate diagnosis. Lack of large multimers is
evident in types 2A and 2B VWD, with loss of intermediate multimers also often
seen in type 2A VWD. Impaired RIPA in platelet-rich plasma (PRP) or in whole
blood is evident in types 2A and 2M VWD, whereas an increased RIPA responsive-
ness is seen in 2B VWD [32].

3.3.2.1 Type 2A von Willebrand Disease

Type 2A is classically considered the most frequent type 2 VWD, comprising up to
5-10% of all cases with VWD and typically >40% of all type 2 VWD. Type 2A
VWD represents a loss of high and intermediate multimers of VWE, due either to
impaired VWF multimerization or increased susceptibility of multimers to degrada-
tion with ADAMTS13. The loss of high molecular weight multimers (HMWM) and
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often also intermediate molecular weight multimers IMWM) leads to diminished
activity of the binding domains for GPIb, collagen, and probably also GPIIb/
IIIa [49].

3.3.2.2 Type 2B von Willebrand Disease

In type 2B VWD, gain-of function variants, usually in the A2 domain of VWF,
cause an increased affinity of VWF for platelet Gplb. This is often identified in labo-
ratory testing by elevated RIPA responsiveness. In vivo, the platelet-VWF complex
is removed from plasma circulation, often leading to loss of HMWM and also (mild)
thrombocytopenia. Additional features of 2B VWD include slightly decreased to
normal levels of VWF:Ag and FVIII, and relatively decreased levels of VWF activ-
ity (i.e., ratios of VWF:RCo/Ag, VWF:GPIbR/Ag, VWF:GPIbM/Ag, and VWF:CB/
Ag are all <0.7). However, not all cases present with this “classic” 2B VWD presen-
tation, and occasionally, VWF multimeric pattern and functional VWF/VWF:Ag
ratios may be normal than those with (“atypical”) type 2B. In 2B VWD patients in
their second and third trimester of pregnancy, the pregnancy associated increased
level of gain of function VWF may worsen the thrombocytopenia. A reduction in
platelet counts may also be observed if desmopressin is administrated in patients
with 2B VWD, and thus, desmopressin is often considered contraindicated in 2B
VWD [51].

3.3.2.3 Type 2M von Willebrand Disease

Type 2M is mostly due to variants in the A1 domain of VWF, leading to conforma-
tional changes in VWF protein and decreased binding affinity to Gplb. VWF multi-
meric pattern is essentially normal, but platelet-dependent VWF activities are
decreased. Rarely, 2M VWD variants can occur in the A3 domain, and thus also
affecting collagen binding. Generally, type 2M VWD cases are identified by low
VWF GPIb binding/Ag ratios (i.e., VWF:RCo/Ag, VWF:GPIbR/Ag or
VWEF:GPIbM/Ag <0.7), but without lack of HMWM or with normal VWF:CB/Ag
ratio. Misdiagnosis is an important and largely under-recognized issue in type 2M
VWD and a considerable number of clinicians or laboratories identify this type
“incorrectly” as type 1 or type 2A VWD [4], often due to incomplete testing or an
pre-assumption of 2A VWD. Patients with type 2M tent to present with mild to
moderate bleeding tendency but severe bleeds also may occur [52].

3.3.2.4 Type 2N von Willebrand Disease

Type 2N VWD (VWD “Normandy”) was originally described in patients from the
Normandy region of France, in 1989, as a variant of VWD caused by defects in the
ability of VWF to bind FVIII [53]. This defect causes decreased plasma level of
FVIII, thereby phenotypically resembling hemophilia A. However, the inheritance
pattern of 2N VWD is autosomal recessive (whereas hemophilia A is sex-linked,
being carried on the X-chromosome), and the defect is present on VWF (whereas in
hemophilia A, the defect is in FVIII). Symptoms of type 2N VWD are similar to that
of (mild) hemophilia A [54]. Phenotypically, the multimeric pattern is normal in
type 2N VWD, and VWF:Ag and other functional assays (VWF:RCo, VFW:GPIbR,
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VWEF:GPIbM, VWF:CB) are also normal, unless the 2N VWD is coinherited with a
type 1 VWD. The diagnostic feature of 2N VWD is the level of FVIII, which is
decreased due to an increased clearance (i.e., as the VWF does not bind FVIII, the
FVIIl s easily degraded in circulation). As noted, sometimes 2N VWD may arise as
a duplex defect. For example, patients with a 2N VWD variant on one VWF gene,
and another defect in the other VWF gene, may show more complex phenotypes and
more severe/complex bleeding patterns. For example, if the second VWF gene car-
ries a null variant, essentially mimicking a “heterozygous type 3 VWD,” then the
resulting phenotype will express with lowered VWF levels [55].

3.3.2.5 Type 3 von Willebrand Disease

Type 3 VWD is the most severe form of VWD, albeit fortunately also the rarest
type. By definition, type 3 VWD patients present with “undetectable” plasma and
platelet level of VWF and also a low level of FVIIL: C (<10 U dL-"). Clinical pre-
sentations and bleeding symptoms are similar to those of moderately severe
hemophilia A, and a misdiagnosis of hemophilia A is possible if only FVIII is
assessed [39].

34 Clinical Manifestations

Clinical manifestations and bleeding tendency among patients with VWD are highly
variable and range from quite mild conditions to severe bleeding diathesis sufficient
to require urgent medical intervention. Mucocutaneous bleeding such as epistaxis
and menorrhagia represents the most typical presentation of VWD, with post-dental
extraction bleeding the most common post-surgical bleeding event. Since VWF also
binds to FVIII and facilitates platelet function, VWD may cause bleeding symptoms
that are typical of platelet function disorders or mild to moderately severe hemo-
philia A or both [3, 56].

In some patients, especially in males, surgery may be the first hemostatic chal-
lenge that leads to “abnormal bleeding” and therefore facilitates the diagnosis in
previously unrecognized cases.

A wide overlap can be observed between the bleeding diathesis of patients with
mild VWD and the normal population; therefore, a proper bleeding history is a criti-
cal and crucial component in the diagnosis of VWD and should be done carefully.
Women with VWD tend to be more symptomatic than men, because they are subject
to increased hemostatic challenges (menstruation and childbirth). In children with
mild VWD, the pattern of hemorrhagic symptoms is different from children with
more severe congenital bleeding disorders, with life-threatening bleeds such as
intracranial hemorrhage (ICH) and umbilical cord bleeding being more rare among
young VWD patients. In children with VWD, the most common clinical presenta-
tions are bruising and epistaxis; however, as these presentations are also frequent in
normal healthy children, VWD diagnosis is challenging [57]. Standard clinical pre-
sentations in adult patients with VWD, including menorrhagia and post-surgical
bleeding, are not evaluable in the pediatric population. Standard bleeding
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assessment tools (BATs) and scoring systems may be useful for correct assessment
of bleeding episodes among patients, because otherwise significant bleeding diathe-
sis may be overlooked while minimal bleeding symptoms may be over empha-
sized [58].

In adults, hematoma, menorrhagia, and bleeding from minor wounds are the
most frequent symptoms, depending on VWD type, disease severity and gender.
Post-dental extraction and post-surgical bleeds are common and occur in about two-
thirds of patients. Gastrointestinal (GI) bleeding is also reported in VWD, predomi-
nantly among adults, and this can sometimes be severe [59]. In some patients,
especially those with severe VWD, epistaxis can be so severe as to require medical
intervention with VWF concentrates or blood transfusion.

Postpartum hemorrhage (PPH) can also be observed among women with VWD,
but with possibly lower frequency than “expected” because VWF levels increase
markedly during pregnancy. Delayed PPH can occur due to gradual decrease of
VWEF level to baseline level post-delivery. Prolonged vaginal bleeding following
normal vaginal delivery is acommon presentation of women with VWD. Menorrhagia
(>80 mL of blood loss per menstrual period) is a common and important bleeding
symptom of women with VWD, and ~15% of women with menorrhagia have
VWD. Therefore, menorrhagia is a sensitive but non-specific presentation of VWD
in women, as sometimes accompanied by anemia and iron deficiency. Therefore,
careful gynecological assessment of women with VWD is crucial [39, 58].

Bleeding symptoms tend to be milder in type 1 VWD and more severe in types 2
and type 3 VWD. In a recent international study, it was observed that the bleeding
phenotype was significantly more severe in type 3 VWD than in type 1 VWD. The
study found that epistaxis was the most common presentation in patients with type
3 VWD, followed by hemarthrosis in males and menorrhagia in females.
Furthermore, the study estimated that the prevalence of CNS bleeding is more than
20 times higher in type 3 VWD than in type 1 VWD [60]. Since FVIII level is only
slightly reduced in most types of VWD, spontaneous hemarthrosis or hematoma are
rare in types 1, 2A, and 2B VWD, while in type 3 VWD, the severity of diathesis
often resembles that of hemophilia. Severe life-threatening bleeding can occur in
type 3 VWD and sometimes in patients with type 2 VWD, but is a rare presentation
of type 1 VWD. ICH is a rare presentation of VWD that usually is only reported in
type 3 VWD [39].

3.5 Diagnosis of von Willebrand Disease

VWD is diagnosed on clinical features, comprising personal and family history of
bleeding or bruising, and confirmed by laboratory testing. As VWD is due to defi-
ciencies or defects in the plasma protein VWEF, a large adhesive protein with multi-
ple activities, laboratory testing therefore needs to assess VWF level and activity
using a panel of tests [8]. The more comprehensive this panel, the more likely the
correct diagnosis or exclusion of VWD; the less comprehensive the assay panel, the
more likely the misdiagnosis. The minimum recommended three-test panel
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comprises Factor VIII coagulant (FVIII:C), VWF:Ag, and VWF GPIb binding
activity (i.e., VWF:RCo, VWF:GPIbR, or VWF:GPIbM); in our laboratory, we use
a four-test panel comprising these plus VWF:CB. Additional assays including
RIPA, VWF multimers, and VWF:FVIIIB are performed selectively, and where (i)
low VWF activity/Ag ratios are evident (i.e., VWF:RCo/Ag, VWF:GPIbR/Ag,
VWEF:GPIbM/Ag, or VWF:CB/Ag <0.7; here reflexing to RIPA and VWF multim-
ers) or (ii) where FVIII:C/VWF:Ag is low (i.e., <0.7; here potentially reflexing to
VWE:FVIIIB). A complete diagnosis of VWD requires the classification of all six
types of the disorder. Proper diagnosis and classification of VWD are crucial and
have significant clinical consequences, as they can change the treatment strategy.
Some therapeutic options, such as desmopressin or DDAVP, are effective for the
management of type 2 VWD but are ineffective or potentially harmful for other
types of the disorder [56]. The most often used assay for measuring VWF GPIb
binding activity is the VWF:RCo, historically measuring the agglutination by VWF
of fixed human platelets in the presence of ristocetin on an aggregometer, and more
recently on automated analyzers [61]. This assay is now increasingly replaced using
alternate assays based on binding of VWF to recombinant GPIb on inert particles
(i.e., VWF:GPIgR or VWF:GPIbM) [61-63]. Although all these are VWF:GPIbB
assays, VWF: RCo differs from both VWF:GPIbR and VWF:GPIbM [8].
Nevertheless, these assays comprise a single group reflecting assays of GPIb bind-
ing (i.e., classical VWF:RCo, as well as methodologies now defined as
“VWF:GPIbR” and “VWF:GPIbM”), would be expected to broadly derive similar
test results for VWD patients, and are thus essentially recognized to be “inter-
changeable” in VWD diagnostics [8].

The anticipated test patterns in different types of VWD is summarized in
Table 3.3. Type 1 VWD represents a partial quantitative deficiency of (functionally
normal) VWEF, so there is concordant decrease in VWF measured by any VWF assay
(be it VWF:Ag, VWF:CB or GPIb binding), and the ratio of any one VWF assay to
any other is close to unity (in practice, >0.7). Type 3 VWD represents a total loss of
VWE, and all VWF test results will be close to 0 U/dL, albeit recognizing that lower
limit VWF sensitivity issues means that some assays cannot detect to these low
levels, and that such low levels of detected VWF precludes generation of assay
ratios [6].

In contrast, type 2 VWD represents qualitative VWF defects/deficiencies, such
that VWF activity is proportionally decreased below that of VWF:Ag; furthermore,
the VWD type can be defined by the type of activity reduced. Type 2A VWD, defin-
ing a loss of HMW VWF multimers, patients express a relative reduction of all
VWF activities sensitive to this loss (this includes both GPIb binding and VWF:CB
assays). In practice, this is expressed as the ratio of VWF activity/ VWF:Ag assays
being lower than ~0.7. Type 2B VWD defines an increased affinity of VWF for
GPIb, which often leads to loss of HMW VWF multimers and similar VWF test
patterns to type 2A VWD. Type 2M VWD defines decreased VWF-dependent plate-
let adhesion without a selective deficiency of HMW VWF multimers. In type 2M
VWD, there are specific changes in VWF function related to specific VWF variants.
In practice, most type 2M variants affect GPIb binding, and less so collagen
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binding; thus, there is usually a low VWF:GPIb binding activity/VWF:Ag ratio, but
the VWF:CB/Ag ratio may be normal. Type 2N VWD defines a decreased binding
affinity for FVIIL, as identified by the specific test VWF:FVIIIB. Phenotypically,
however, these patients present similarly to those with hemophilia A, showing rela-
tively lower FVIIL:C to VWF:Ag ratios [8].

Including FVIII:C as part of a VWD diagnostic profile has many benefits. Since
VWEF protects FVIII, lower levels of VWF (i.e., VWD) will also generally mean
lower levels of FVIII:C, and so represent additional bleeding risk. In type 3 VWD,
for example, levels of FVIII:C are generally <10 U/dL. In type 1 VWD, the FVIII:C
is generally proportional to VWF:Ag, and in type 2N VWD, FVIII:C is proportion-
ally lower than VWF:Ag [8].

In summary, the recommended approach to diagnosis or exclusion of VWD can
be aided by the use of algorithms, such as shown in Fig. 3.1 using a four-test panel
comprising VWF:Ag, a VWF:GPIb binding assay (VWF:RCo, VWF:GPIbR, or
VWF:GPIbM), VWF:CB, and FVIII:C. A four-test panel recommendation is made
ahead of the more basic three-test panel based on decades of experience, and the
high rate of diagnostic errors associated to smaller first line testing panels [6, 55—
68]. Which tests within each category are employed by laboratories will depend on
local availabilities (i.e., instrumentation and tests). VWF:Ag is mostly performed
by latex immunoassay (LIA) procedure and less often by ELISA; however, chemi-
luminescence immuno-assay methodology is emerging and least problematic
(CLIA). VWFE:GPIb binding assays may be performed by platelet agglutination
(VWF:RCo), latex agglutination (VWF:GPIbR, VWEF:GPIbM), CLIA
(VWF:GPIbR), or potentially by ELISA (VWF:GPIbM). VWF:CB testing is usu-
ally performed by ELISA, and increasingly by CLIA [64, 69]. Also, problems with
reproducibility and low level VWF detection with classical VWF:RCo assays may
drive usage of more modern VWF:GPIb binding assay alternatives such as
VWE:GPIbR or VWF:GPIbM.

Once the methodology has been selected and validated, the recommended basic
VWD four-test panel should be able to diagnose or exclude VWD, with additional
investigations selected on a case by case basis, dependent on the results from the
four-test panel (Fig. 3.1).

The basic caveat always remains that diagnosis or exclusion of VWD requires at
the very least repeat testing using a fresh sample, due to preanalytical and also ana-
Iytical limitations.

If all VWF tests are normal, as confirmed on repeat testing, then the patient either
does not have VWD or has a form of VWD that is not able to be defined with current
testing. Additional assays to define the bleeding disorder, inclusive of platelet func-
tion or additional factor assays, may be required. If all VWEF tests are low, confirmed
on repeat testing, but all VWF values are concordant (ratios of VWF:GPIb binding/
Ag and VWF:CB/Ag both >0.7), then the patient has type 1 VWD if the level of
VWF is <30 U/dL (or 30-50 U/dL with appropriate history as per the latest VWD
diagnostic guidelines) [5]. In such cases, assessment of severity may be based on
absolute VWF level; however, unlike the case for hemophilia [70], there is no avail-
able consensus for cut-off values defining severity of VWD.
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‘Low VWF with VWF:CB/Ag and

Type 1 VWD (VWF:Ag <30U/dL)
or ‘low VWF’ (VWF:Ag 30-50U/dL)

Type 3 VWD

Disproportional low

TYPB ZA, ZB,’ZM
or PT-VWD _ 1

Distinguish: hemophilia
Avs 2N VWD
!

' \ 'VWF:FVIIIB and/or genetic

Normal or

2A0r2M VWD | | 2B or PFVWD.

Loss HMW VWF - 2A
No ‘significant’ loss HMW VWF —2M**

Fig. 3.1 An algorithm for the diagnosis or exclusion of VWD using an initial four-test panel, as
used at the Westmead laboratory
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If there is a low ratio of VWF:GPIb binding/Ag and/or VWF:CB/Ag, and this
pattern is confirmed on repeat testing with a fresh sample, then the patient may have
type 2A, 2B, or 2M VWD (or possibly platelet type [PT] VWD). Here, further tests
should be undertaken (i.e., RIPA, VWF multimer assessment, depending on test
findings and local test availability). In our experience, RIPA analysis is usually
more important than multimer analysis; moreover, selection of the right test meth-
odologies for VWF:Ag, VWF:CB and VWF:GPIb binding assays will often enable
prediction of the VWF multimer pattern negating any need for its performance.
Thus, a low ratio of VWF:GPIb binding/Ag plus a low ratio of VWF:CB/Ag usually
points to a loss of HMW VWEF, and thus likely 2A, 2B, or platelet type VWD. Instead,
a low ratio of VWF:GPIb binding/Ag or VWF:CB/Ag (but not both), usually dis-
counts a loss of HMW VWF and instead points to a type 2M VWD [8].

If all VWEF test results are below the measuring range of the assays used, then this
will create problems with clear diagnosis, but usually infers severe type 1 VWD or
else type 3 VWD; therapy is similar in both cases, although clinical severity is often
worse in type 3 VWD.

Finally, if the ratio of FVIII:C/VWF:Ag is low, this suggests either hemophilia A
or 2N VWD. Hemophilia A is more common, and being sex-linked affects males
more than females; however, misdiagnoses of both hemophilia A and 2N VWD,
where the correct diagnosis was the other, do occur. Thus, testing by performance of
a VWF:FVIIIB assay is recommended, and after repeat testing for confirmation,
could include genetic analysis of F8 and/or VWF for final definitive verification.

Genetic analysis may also be useful where patients have been defined to be type
2A, 2B, 2M, or platelet type VWD, and is also typically successful when performed
on such patients. Genetic analysis is useful in some type 3 VWD investigations, but
generally not useful in type 1 VWD [71].

3.6 Molecular Basis of von Willebrand Disease

VWF is encoded by the VWF gene, which is located on the short arm of chromo-
some 12 (12p13.3), spans 180 kb, and consists of 52 exons, of which, exon 50
(40 kb) and exon 28 (1/3 kb) are considered the longest and smallest exons, respec-
tively. The VWF pseudogene 1 (VWFP1), which is located on the long arm of chro-
mosome 22 (22q11-13), spans ~21-29 kb and shows 97% homology with 23-34
exons of the VWF gene but encodes no functional transcript. The VWF gene is
transcribed to an 8.8 kb mRNA, which translates to a 2813-amino acid pre-pro-
VWEF protein. Pre-pro-VWF comprises a signal peptide (pre) with 22 amino acids,
a pro-peptide (pro) with 741 amino acids, and a 2050-amino acid mature protein.
Any variant that leads to qualitative and/or quantitative abnormalities in VWF can
be associated with VWD. Variants may affect different biosynthetic events, includ-
ing gene expression (transcription, translation), post-translational processing,
dimerization/multimerization mechanisms, proteolytic processing, storage, secre-
tion processing, structure, clearance, and function of VWE. Different variant types
are associated with VWD including: (1) those that involve transcription factor bind-
ing sites that lead to absent or reduced RNA transcription; (2) splice site mutations
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that disrupt the splice donor site and splice acceptor site of each intron, leading to
exon skipping and production of shortened RNA and protein; (3) nonsense variants;
(4) small deletions; (5) insertions; (6) duplications; (7) large deletions; and (8) mis-
sense variants. According to the ISTH-SSC VWF Online database (https://dbs.
eahad.org/upcoming-vwf-db/) and many other studies, almost 600 separate variants
have currently been reported in patients with VWD, about 80% of them are mis-
sense [37]. Patients with acquired von Willebrand syndrome (AVWS) VWD do not
have hereditary VWF variants [72].

3.7 Treatment of von Willebrand Disease

Management of patients with VWD includes prevention or treatment of bleeding by
correction of the hemostatic defects, which may be those of primary hemostasis
(due to lack or decrease of VWF) or secondary hemostasis (due to FVIII deficiency).
These can be achieved by increasing endogenous VWF (using desmopressin) or in
unresponsive/contraindicated patients or long-term need, by infusion of exogenous
VWE/FVIII (typically as plasma concentrates, although recombinant FVIII and
VWEF are available in some locations) [9, 73, 74]. In some developing countries,
cryoprecipitate and fresh frozen plasma (FFP) might still be used; however, the risk
of virus transmission and the need to transfuse a high volume of product reflect
substantive obstacles for their use. Additional adjuvant therapies can also be
employed for some situations, including antifibrinolytic therapy with tranexamic
acid or epsilon aminocaproic acid, which can improve hemostasis in patients with-
out altering their plasma VWF levels [9, 74].

On-demand therapy (meaning treatment of hemorrhage as soon as possible after
onset of bleeding) remains the mainstay of treatment of patients with VWD. However
long-term prophylaxis may be necessary for those with severe hemorrhages (e.g.,
type 3 VWD) to improve their quality of life by reducing annualized bleeding rates
[9] and will be increasingly employed [75].

3.7.1 Desmopressin

Desmopressin (1-deamino-8-p-arginine vasopressin) (DDAVP) is synthetic ana-
logue of vasopressin that causes an increase of endogenous plasma FVIII and VWF
by facilitating their release from endothelial storage sites. Depending on location,
desmopressin may be given intravenously, intranasally, or subcutaneously.
Desmopressin is most likely to be useful in patients with baseline FVIII and func-
tional VWF levels of 10-20 U/dL or more. Thus, desmopressin is most useful in
management of patients with mild hemophilia or mild VWD (especially type 1
VWD). If required, patients can receive repeated doses of drug in 12 to 24 h inter-
vals; however, repeated doses of desmopressin cause less effective responses, and
eventual depletion of FVIII and VWF stores (called tachyphylaxis) [9, 73, 74]. A
test dose of desmopressin is recommended before establishment of the magnitude
and duration of the drug response in any given patient, since the genotype and phe-
notype of VWD can affect its effectiveness [76].
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Although desmopressin is effective in some patients with type 2 VWD, mostly
2A and 2M, it is ineffective in the majority of these patients, and in patients with
type 2B, it is considered contradicted because it may worsen thrombocytopenia and
potentially increase the risk of bleeding. Type 3 VWD are unresponsive to desmo-
pressin, due to lack of releasable stores of VWF in these patients [9, 76].

The use of desmopressin can be associated with certain side effects, including
hypotension, cardiovascular complications, flushing, and hyponatremia.
Hyponatremia can be prevented by limited fluid intake for 24 h after desmopressin
administration, while other side effects are mostly due to vasodilating effects that
can often be attenuated with intravenous infusion by slowing the rate [74, 76].

For intravenous purpose, 0.3 pg/kg in 50 mL is administrated over 30 min.
FVIIL:C, VWF:Ag and functional VWF (e.g., VWF:RCo) should be assessed pre-
infusion and 1, 2, and/or 4 and 24 h post-infusion. Patients with a sufficient response
to desmopressin have a two to five times increase from baseline levels and have
FVIII and VWF levels above 50 U/dL at 1 h post-infusion. The levels remain above
30 U/dL at 4 h post-infusion but generally return to baseline levels by 24 h [4,
76, 77].

3.7.2 von Willebrand Factor Concentrates

Transfusion therapy using products containing virus inactivated concentrates of
human VWEF/FVIII represents the main therapeutic choice in patients unresponsive
to desmopressin, or for long-term therapy use. These concentrates can be used for
on-demand therapy (to stop bleeding when they occur), can prevent bleeding in
surgery, or can be used for long-term secondary prophylaxis [78].

This treatment type reflects the current treatment of choice in patients with type
3 VWD, most patients with type 2 VWD, and a number of patients with type 1
VWD, (Table 3.4) [4, 10].

A number of different VWF/FVIII concentrates are available for use. The quan-
tity of HMWM VWF and FVIII differs between products [1, 77]. It is important to
avoid excessive concentrations of FVIII:C with injection of repeated doses in
patients with VWD [4, 77]. Thus, the required dose of concentrate to use in patients
may differ according to the product, and will also differ according to the situation
(e.g., type and severity of bleeding episodes, type of planned surgery.

3.7.3 Recombinant von Willebrand Factor

Recombinant VWF (Vonicog alfa, Vonvendi (USA), Veyvondi (Europe)) is a rela-
tively new product for management of VWD that is only available in some coun-
tries. Since the product is not exposed to ADAMTS13, it retains all sizes of VWF
multimers including HMWM and ultra-large multimers [83]. Recombinant VWF
has been approved by the US Food and Drug Administration (FDA) for on-demand
therapy, surgical procedures, and prophylaxis [84]. It has also been approved by the
European Medicines Agency (EMA), and multiple studies have demonstrated its
safety and efficacy in managing VWD [85-87].
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Table 3.4 Therapeutic recommendation for management of patients with von Willebrand disease

Dose in IU Frequency of
Indication FVIll/kg infusions Treatment goal Reference
Mild 20 Usually single - [79]
mucocutaneous dose
bleeding
Spontaneous/ 20-40 Usually single - [79]
traumatic bleeding dose
Dental extraction | 20-40 Single dose plus FVII:C and [79]
tranexamic acid VWEF:RCo > 50 IU/dL
Delivery 40-50 (RCo Daily before 50-100 U/dL; maintain | [80]
(IU/kg)) delivery and in levels for 5-10 d
the postpartum
period
Indication Loading Maintenance Treatment goal
dose dose
Major surgery/ 40-60 U/kg 30-60 U/kg Trough VWF: RCo and | [81]
bleeding® FVIII >50 TU/dL for
7-14d
Minor surgery/ 30-60 U/kg 20-40 U/kg every | Trough VWF: RCo and | [81]
bleeding® 12-48 h FVIII >50 TU/dL for
3-5d
Indication Dose of Number of Treatment goal
VWEF:RCo infusions (VWF:RCo level)
(IU/kg)
Type | VWD Loading dose | Every 812 h for | > 50 U/dL; maintain [82]
major surgery/ 40, then 3 d then daily for | levels for 7-10 d
bleeding® 40-50 upto7d
Type 1 VWD 40-50 1 or 2 doses > 30 U/dL; maintain [82]
minor surgery/ levels for 2—4 d
bleeding®
Type 2 or 3 VWD | Loading dose | Every 8-12 hfor | > 50 U/dL; maintain [82]
major surgery/ 50-60 then 3 d then daily for | levels for 7-10 d
bleeding” 40-60 upto7d
Type 2 or3VWD | 40-50 1 or 2 doses > 30 U/dL; maintain [82]
minor surgery/ levels for 2—4 d
bleeding®

VWF:RCo von Willebrand factor ristocetin cofactor activity, VWD von Willebrand disease, VWF
von Willebrand factor, F'VIII Factor VIII

ANHLBI expert panel
®Australian and New Zealand studies

3.7.4 Prophylaxis

Prophylaxis should be considered for patients with type 3 VWD and recurrent hem-
arthrosis. Patients with recurrent GI bleeding and those with frequent epistaxis can

also benefit from prophylaxis. Regular prophylaxis will decrease the number of
bleeds and the severity of hemorrhages, prevent arthropathy, and improve quality of
life in patients with VWD [77].
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3.7.5 Surgery

Surgical procedures represent an important hemostatic challenge in patients with
VWD; the majority of patients having major surgery will be managed by replace-
ment VWF/FVIII therapy. Strategies for pre-operative management depends on
type of VWD, type of surgery, baseline levels of VWF and FVIII, and therapeutic
response to desmopressin [77].

3.7.6 Pregnancy and Delivery

VWEF and FVIII levels increase two to three-fold during the second and third trimes-
ters in patients with types 1 and 2 VWD and fall to baseline by 7-21 days post-
partum; however, this increase is not observed in type 3 VWD. Also, in type 2
VWD, the increase in VWF level may not be associated with any substantive
increase in functional VWF level, or in type 2B VWD, may lead to an increase in
“abnormal VWF” that may worsen thrombocytopenia..Thus, management of preg-
nant women with VWF/FVIII may be required in types 2 and 3 VWD. A rapid
decrease in plasma VWF and FVIII can also occur post-partum, and subsequently
PPH, including delayed PPH, can also occur [88].

Generally, pregnant patients with VWD should be monitored for functional VWF
(e.g., VWF:RCo, VWF:GPIbR, VWF:GPIbM, and VWF:CB) and FVIII:C once
during the third trimester and within 10 days of expected date of delivery [89].
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