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HEMATOLOGY BOARD REVIEW MANUAL

von Willebrand Disease:
Approach to Diagnosis and Management

Natalia Rydz, MD

INTRODUCTION

von Willebrand disease (VWD) is an inherited bleed-
ing disorder caused by deficient or defective plasma
von Willebrand factor (VWF). VWF is an adhesive
multimeric plasma glycoprotein that performs 2 major
functions in hemostasis: it mediates platelet adhe-
sion to injured subendothelium via glycoprotein 1bt
(GPIb), and it binds and stabilizes factor VIII (FVIII)
in circulation, protecting it from proteolytic degrada-
tion by enzymes. The current VWD classification rec-
ognizes 3 types (Table 1).! In order to understand the
role of the numerous laboratory investigations as well
as the classification of VWD, it is important to review
the structure and function of the VWF subunit. Bleed-
ing symptoms reflect the defect in primary hemostasis:
mucocutaneous bleeding and excessive bleeding after
surgery or trauma. Treatment focuses on increasing
VWEF levels with desmopressin (1-deamino-8-D-arginine
vasopressin, DDAVP) or clotting factor concentrates
containing both VWF and FVIII (VWF/FVIII concen-
trate). Nonspecific treatment options include antifibri-
nolytic agents (tranexamic acid) and hormone therapy
(oral contraceptive pill).

PREVALENCE

VWD is the most common inherited bleeding dis-
order. However, because VWF levels are highly vari-
able and disease severity ranges from mild bleeding
symptoms to severe or life-threatening bleeds, the
reported prevalence of VWD depends on the diagnos-
tic definition used. Two large epidemiologic studies
have reported prevalence rates of approximately 1%.2*
Here, healthy school-aged children were screened and
diagnosed with VWD based on low VWF activity, mea-
sured as ristocetin cofactor, and a personal and family
history of bleeding symptoms. At the other extreme,
when considering patients whose bleeding symptoms
are sufficiently severe to warrant referral to specialized

2 Hospital Physician Board Review Manual

centers, the reported prevalence of VWD ranges from
20 to 113 per million.* These studies likely over- and
underestimate clinically significant VWD. More recent
studies suggest that the prevalence of VWD in individu-
als whose bleeding symptoms are significant enough to
present to a primary care physician is approximately
0.1%.% This figure is likely a more accurate estimate of
the true prevalence of symptomatic VWD.

Although VWD is autosomally inherited, females are
more likely to present with bleeding symptoms and be
diagnosed because of increased exposure to bleeding
challenges, such as menorrhagia and childbirth. VWD
does not show any geographic or ethnic predilection,
but the recessive forms, such as types 2N and 3 VWD,
are seen with increased prevalence in areas of high
rates of consanguinity.

VWF PROTEIN STRUCTURE AND FUNCTION

The VWFgene is located on chromosome 12 at p13.3
and spans 178 kb comprising 52 exons.® The expression
of the VWF gene is tightly restricted to endothelial cells,
platelets, and megakaryocytes, where VWF is stored in
Weibel-Palade bodies and o-granules. VWF is a large
multimeric glycoprotein with several important func-
tional domains (Figure). Extensive post-translational
modifications, mediated by domains D3 and CK as
well as the VWF propeptide, result in disulfide-linked
multimers that can be greater than 20,000 kDa, while
the VWF subunit is approximately 250 kDa. The high-
molecularweight (HMW) multimers are the most
effective in mediating platelet adhesion to the site of
vascular injury; therefore, appropriate multimer forma-
tion is integral to VWF’s function. VWF is either secreted
from local endothelial cells or recruited from the circu-
lation to the site of endothelial injury, where it adheres
to exposed collagen predominately via the collagen-
binding site in the A3 domain. Once immobilized, VWF
is subjected to the high shear rates of the arterial cir-
culation and undergoes a conformational change that
exposes the platelet GPIba binding site within the Al
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domain.” The high-affinity, rapid and reversible interac-
tion between VWF and GPIbx tethers platelets to the
endothelium where they roll until they are immobilized
by integrin-mediated binding, which has slower bind-
ing kinetics. The RGD (Arg-Gly-Asp) sequence within
the C4 domain also contributes to platelet adhesion
by interacting with GPIIb-IIIa of activated platelets.®
ADAMTSI3 (a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13) is a plasma
protease that cleaves circulating VWF in the A2 domain
when VWF multimers unfold in response to sufficient
shear, exposing the cleavage site within the A2 domain.”
VWF’s second role in hemostasis is fulfilled by the
D' and D3 domains, which bind and protect FVIII from
proteolytic degradation, thereby prolonging its halflife.
In the absence of VWEF, FVIII has a halflife of approxi-
mately 2 hours, in contrast to a normal halflife of 12 to
20 hours when bound to VWE.*

CLASSIFICATION, PATHOPHYSIOLOGY, AND
GENETICS

The International Society of Thrombosis and He-
mostasis (ISTH) classification of VWD was updated in
2006 (Table 1).'It incorporates important aspects of
clinical phenotype, pathophysiological mechanisms,
and treatment considerations. The 3 categories are:
type 1, which is a partial quantitative deficiency; type
2 with 4 subtypes (2A, 2B, 2M, and 2N) which is a
qualitative defect; and type 3, which is a virtual absence
of VWE. Although the diagnosis and categorization
of VWD can be achieved with widely available labora-
tory testing, further subcategorization among type 2
VWD subtypes may require referral to a specialized
laboratory. The current ISTH classification intention-
ally does not incorporate genotypic data. In type 2 or
type 3 VWD disease, VWI" mutations are identified in
more than 90% of cases and are completely penetrant,
whereas type 1 VWD mutations are only identified in
approximately 65% of cases and have been associated
with incomplete penetrance and variable expressivity.'’
These studies suggest that type 1 VWD is an oligogenic
disease with mutations in genes regulating secretion or
clearance contributing to a VWD phenotype.

VWD TYPES
Type |

Type 1 VWD is caused by a partial quantitative de-
ficiency of VWF and represents approximately 75%
of VWD cases. It is the most clinically heterogeneous,
with patients having a mild to moderate bleeding

www.hpboardreview.com

Table I. Classification of von Willebrand Disease

Type Description

| Partial quantitative deficiency of VWF

2 Qualitative VWF defects

2A Decreased VWF-dependent platelet adhesion with
deficiency of HMW multimers

2B Increased affinity for platelet GPIba

2M Decreased VWF-dependent platelet adhesion with a
normal multimer distribution

2N Decreased VWF binding affinity for FVIII

3 Virtually complete deficiency of VWF

FVIII = factor VIII; GPIbax = glycoprotein Iboat; HMW = high-molecular-
weight; VWF = von Willebrand factor.

phenotype."" Bleeding in type 1 VWD is the result of a
decrease in the concentration of VWF. The VWF func-
tion is normal without a significant abnormality in the
platelet, collagen, or FVIII binding sites or a significant
decrease in HMW multimers. Functional assays of VWE,
such as VWF ristocetin cofactor (VWF:RCo) or VWF ac-
tivity (VWEF:Act) (see section on Laboratory Testing for
further details), are proportionally decreased relative
to the VWF level (VWF:Ag), and the ratio of functional
activity as compared with the VWF level (VWF:Ag) is
normal (ie, VWF:RCo/VWF:Ag ratio is >0.6). Type 1
VWD mutations are identified in only approximately
65% of cases and have been associated with incomplete
penetrance and variable expressivity.'” Approximately
70% of mutations identified are missense mutations.
Missense mutations may affect VWF levels by affecting
any part of the biosynthetic pathway, including traffick-
ing, storage, secretion, and/or clearance of VWE.

Increased VWF clearance is a well-described mecha-
nism for type 1 VWD, known as type 1C. These patients
will typically have very low VWF levels, an increased VWF
propeptide to antigen ratio (VWFpp/VWF:Ag), and
a marked but shortlived response to DDAVP, limiting
DDAVP’s clinical applicability.'? On the other hand, the
halfdife of VWF/FVIII concentrates is normal in these
individuals. Type 1C VWD is caused by missense muta-
tions which occur mainly in the D3 domain and reduce
the halflife of VWF up to 154old. R1205H, known as
the “Vicenza” variant, is the most common and severe
as well as the best characterized of these mutations."

Type 2

Representing approximately 25% of VWD, type 2
VWD is characterized by a qualitative deficiency of
VWEF activity and is further subcategorized based on

Hematology Volume 9, Part 1 3



von Willebrand Disease: Diagnosis and Management

FVIIl  GPIb  Collagen

N

GPllb-llla

|

Multimerization I

ADAMTSI3

Dimerization

Figure. The mature von Willebrand factor subunits. The mature subunit consists of repeated domains (A-D), several of which have dis-
tinct functions and binding sites. The binding sites for factor VIl platelet glycoprotein Iba (GPIbx), collagen,and ADAMTSI 3 as well as the

areas critical for dimerization and multimerization are highlighted.

the mechanism of VWF dysfunction. Type 2A, 2B, and
2M affect VWF—platelet interactions by way of loss of
HMW multimers, a gain of function of the GPIbx
binding site, or a loss of function of the same site,
respectively. On the other hand, type 2N is caused
by defective VWF binding to FVIIL. Type 2 VWD is
often suspected when investigations demonstrate
a function-antigen discordance: the VWF:RCo or
VWF:Act is decreased disproportionately to the de-
crease in VWF:Ag, and the VWF:RCo/VWEF:Ag ratio
is less than 0.6.

Type 2A VWD is the most common type 2
variant. It is characterized by disproportionately
low functional activity compared to antigen level
(ie, VWF:RCo/VWF:ag ratio is <0.6) and a loss of HMW
and sometimes intermediate molecular weight (IMW)
multimers. Ristocetin-induced platelet agglutination
(RIPA) will be decreased with standard doses of ris-
tocetin and absent with low doses. Type 2A VWD is
usually inherited as an autosomal dominant trait. This
subtype encompasses missense mutations that impair
dimerization or multimerization of VWF subunits (CK,
D1, and D2 domains); disrupt intersubunit disulphide
bonds (D3 and D2 domains); enhance susceptibility
to ADAMTS13-mediated proteolysis (A2 and Al do-
mains); or result in intracellular retention of the HMW
multimers (D3, Al, and A2 domains).!® The result is
VWEF that lacks HMW multimers, thereby possessing
fewer GPIbx binding sites, and that is less effective in
binding platelets.

Type 2B VWD is the result of “gain-offunction”
mutations within the GPIba binding site of VWEF. Gen-
erally, the platelet-binding site of VWF within the Al
domain is only exposed once VWF is immobilized on

4 Hospital Physician Board Review Manual

injured collagen and subjected to shear forces, result-
ing in a conformational change.” In type 2B VWD, the
gain of function mutation results in spontaneous bind-
ing of VWF to platelets without the need for a VWF-
collagen interaction and unfolding of VWF by shear
forces. The VWF-platelet interaction selectively de-
pletes the HMW multimers by the unfolding of the A2
domain and increasing ADAMTS13 proteolysis. The
increased binding of mutant VWF to platelets also trig-
gers the formation of platelet aggregates, which are re-
moved from circulation resulting in thrombocytopenia.
Increases in endogenous VWF seen with acute stressors
or pregnancy can worsen thrombocytopenia and in-
crease the risk of bleeding.'* Certain mutations, such
as V1316M, alter megakaryocytopoiesis and are charac-
terized by giant platelets with abnormal ultrastructure
and further exacerbate the thrombo-cytopenia.'”” The
laboratory profile reveals a VWF:RCo/VWEF:Ag ratio of
<0.6 and absence of HMW multimers. In contrast to
type 24, platelets will agglutinate with low-dose ristoce-
tin. Missense mutations are highly penetrant dominant
and occur in or close to the Al domain.'®

Type 2M VWD is characterized by “loss-offunction”
mutations within the GPIba binding site of VWE
Phenotypic characteristics include a reduced ratio of
VWEF:RCo/VWEF:Ag of <0.6 but a normal multimer pat-
tern.'” Missense mutations are reported in the A1 domain
affecting the GPIbx binding site. In very rare in-
stances, mutations in the A3 domain that impair
the VWF/collagen interaction have been described.'®
These collagen-binding mutations are not included
in the last iteration of the ISTH classification in 2006,
but fit best in the type 2M category. In these cases,
VWF:RCo or VWF:Act, which reflect activity at the
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GPIbx binding site, may be normal and the diagnosis
requires VWF/collagen binding assays (VWF:CB).

In type 2N VWD, mutations of the FVIII binding
site or conformational changes impair the VWF-FVIII
interaction. The majority (~80%) of missense mutations
are located in domains D’ and D3." These mutations
are autosomal recessive, and affected individuals are
either homozygous or compound heterozygous for type
2N/2N or type 1/2N mutations, or compound hetero-
zygous for a missense mutation and a mutation resulting
in a null allele (type 2N/3 mutations). The laboratory
phenotype is a disproportionate reduction in the FVIII
level relative to the VWF level, which may be low or
normal. Most cases of type 2N VWD have a normal mul-
timeric profile, but rare cases will demonstrate loss of
HMW multimers. Definitive diagnosis requires evidence
of reduced FVIII binding to VWF (VWF:FVIIIB) or the
identification of causative mutations in the FVIII bind-
ing region of the VIWFgene.®

Type 3 VWD

Type 3 VWD is defined by a virtual absence of VWE.
The inheritance of type 3 VWD has often been reported
as autosomal recessive. However, there is emerging
evidence that it can also be inherited in a co-dominant
pattern: obligate carriers of type 3 VWD mutations have
more mucocutaneous bleeding symptoms than normal
individuals, and in approximately 50% of cases may
carry a diagnosis of type 1 VWD.?' This condition is char-
acterized by prolongation of the activated thromboplas-
tin time (aPTT), undetectable levels of VWF:Ag, and
VWF:RCo and FVIII levels less than 10 ITU/dL (10%).
The majority (~80%) of type 3 VWD patients have 2 null
alleles as a result of a variety of mutations, with nonsense
mutations accounting for about one-third."” The re-
mainder of the mutational spectrum is made up of mis-
sense mutations predominantly located in the DI1-D2
(exons 3-11) and D4-CK (exons 37-52) domains that
result in intracellular VWF retention, or large deletions,
resulting in frameshift mutations affecting one or more
exons. Because there is little or no circulating VWE,
patients with type 3 VWD may develop alloantibodies to
VWE, which can complicate treatment.??

DIAGNOSIS

CLINICAL MANIFESTATIONS

VWD is a congenital bleeding disorder. The increased
risk of bleeding is present from birth, but symptoms
may only manifest when there is a hemostatic challenge.

www.hpboardreview.com

Bleeding symptoms become more apparent with increas-
ing age and exposure to hemostatic challenges. As a re-
sult, the diagnosis is often delayed into adulthood in mild
to moderate forms of VWD. On the other hand, with
more severe bleeding phenotypes such as type 3 VWD,
the diagnosis is often made in childhood. Individuals
with VWD primarily complain of excessive mucocuta-
neous bleeding, which includes spontaneous bruising,
recurrent epistaxis, and bleeding from the gums after
brushing, dental cleaning, and extractions. In addition,
prolonged or excessive bleeding after surgery or trauma
is often reported. Females frequently experience menor-
rhagia, usually since menarche, and can have prolonged
or excessive bleeding after childbirth.?* Musculoskeletal
bleeding is unusual, except in type 2N or type 3 VWD
when the FVIIL:C level may be less than 10 IU/dL.

Mucocutaneous bleeding symptoms such as epi-
staxis, gum bleeding, ecchymosis, and menorrhagia
overlap with those experienced by a normal popu-
lation, and therefore can be easily overlooked by
both patients and physicians.! The use of bleeding
assessment tools (BATs) to standardize the bleeding
history and interpretation of the severity of the bleed-
ing phenotype is becoming part of routine clinical
practice. Three different BATs, each an adaptation
of its predecessor, have been created and validated.?*
Each of the scores performs well in an undiagnosed
population presenting with bleeding symptoms. The
negative predictive value is typically greater than 0.99,
meaning that a negative bleeding score nearly ex-
cludes a clinically significant bleeding disorder. Thus,
the main utility of the current BATs is at the time of
new patient assessments: a negative bleeding score
will help avoid unnecessary laboratory testing and
prevent false-positive diagnoses of VWD (borderline
low VWF:Ag without a significant bleeding history).
However, the currently available BATs have some limi-
tations. When scoring severe bleeding disorders, they
become saturated as they take into account the worst
episode of bleeding within each category but not the
frequency of bleeding. BATs can be time consuming
to complete and they are not useful for monitoring
bleeding symptoms or response to therapy because of
the cumulative nature of the scores. In an attempt to
standardize the BAT and bleeding score, the ISTH/
Scientific and Standardization Committee (SSC) Joint
VWF and Perinatal /Pediatric Hemostasis Subcommit-
tees Working Group has established a revised BAT
specifically designed to extend the utility of the earlier
BATS by incorporating information on both symptom
frequency and severity.” Studies to establish validity
and reliability of this new tool are under way.

Hematology Volume 9, Part 1 5



von Willebrand Disease:

Diagnosis and Management

Table 2. Summary of Results Seen with von Willebrand Disease Types

VWF:RCo or
VWEF:Act VWF:Ag RCol/Ag FVIII:C Multimer
VWD Type (lu/dL) (lu/dL) (lu/dL) (lu/dL) Pattern Other
| Low Low Equivalent Low or normal  Normal
IC Low Low Equivalent Low or normal  Normal Increased VWFpp/VWF:Ag ratio
2A Low Low <0.6 Low or normal  Abnormal
1 HMW
+ 1l IMW
2B Low Low <0.6 l Abnormal Agglutination with low-dose RIPA
1 HMW + decreased platelets
2M Low Low <0.6 Low or normal  Normal Rare cases with isolated | in VWF:CB
2N Normal/low Normal/low Equivalent Decreased Normal 1 VWEF:EVIIIB
3 Absent Absent NA <I0 Absent

Ag = antigen; FVIII = factor VIII; FVIII:C = functional FVIII assay which
ular-weight; IMW = HMW = intermediate-molecular-weight; RCo =

determines the activity of FVIII in aPTT-based assays; HMW = high-molec-
ristocetin cofactor; RCo/Ag = VWF:RCo/VWF:ag ratio; RIPA = ristocetin-

induced platelet agglutination; VWF = von Willebrand factor; VWF:Act = VWF activity; VWF:Ag = VWEF antigen; VWF:CB = VWF/collagen binding;
VWE:FVIIB = VWF/FVIII binding;VWFpp =VWEF propeptide; VWF:RCo =VWEF ristocetin cofactor.

LABORATORY TESTING

Screening tests include a complete blood count
(CBC), prothrombin time (PT), aPTT, thrombin time
(TT), and fibrinogen concentration to exclude the
presence of other hemostatic disorders. The CBC may
show thrombocytopenia in type 2B VWD. The aPTT is
often normal, but will be prolonged if the FVIII level is
below 30 IU/dL as can be seen in severe type 1, type
2N or type 3 VWD. The platelet function analyzer (PFA-
100) is a system for analyzing primary hemostasis under
high shear rates, but its role in the diagnosis of VWD is
controversial.'!

The evaluation of VWD involves qualitative and
quantitative measurements of VWF (VWF:Ag, and
VWF:RCo or VWF:Act) and FVIII activity (FVIIL:C).
Type 2 VWD is suspected when the VWF RCo:Ag ratio
is <0.6, the FVIIL:C is more significantly decreased as
compared to VWF:Ag, or with the presence of throm-
bocytopenia. In these cases, further testing (multimer
gel electrophoresis, VWF:CB, RIPA, VWF:FVIIIB, and
genotyping) is required to discriminate the type 2 VWD
subtype but may be available only in specialized labora-
tories. If type 1C VWD is suspected, VWFpp/VWEF:ag
ratio may confirm the diagnosis. Table 2 summarizes
the results seen with each subtype. These assays are
described in detail below.

VWD Assays

VWF:Ag represents the quantity of VWF protein
(antigen) in the plasma measured using an enzyme-
linked immunosorbent assay (ELISA) or latex immuno-

6 Hospital Physician Board Review Manual

assay (LIA). The normal range is approximately 50 to
200 IU/dL.

VWIF:RCo is a functional assay that determines the
capacity of VWF to agglutinate platelets via the platelet
receptor GPIbx in the presence of ristocetin. The nor-
mal range is approximately 50 to 200 IU/dL. A second
method of measuring VWF’s ability to bind platelets is
the VWI:Act, a rapid automated assay measuring VWF
activity by using an antibody directed to the GPIbx
binding site of VWE. VWF:RCo and VWEF:Act have
both been shown to have a sensitivity of 75% in VWD
screening.?

Factor VIII:C is a functional FVIII assay which deter-
mines the activity of FVIII in aPTT-based assays. The
normal range is approximately 50 to 150 IU/dL.

VWE multimer analysis by SDS-agarose electrophoresis
assesses VWF oligomers in plasma.?” Normal plasma
contains multimers composed of over 40 VWF dimers,
and these multimers are classified as high (HMW),
intermediate (IMW), or low molecular weight (LMW).
HMW multimers are decreased or missing in types 2A
and 2B VWD, and IMW multimers may also be absent
in type 2A VWD.

Low-dose RIPA tests the capacity of the patient’s plate-
lets to agglutinate at low concentrations of ristocetin (~0.5
mg/mL). This is in contrast to the VWF:RCo, in which
formalin-fixed control platelets are used. With type 2B,
the platelet membrane is “overloaded” with high-affinity
mutant VWE, resulting in abnormal platelet agglutination
at low ristocetin concentrations. In some cases of type 2B
VWD, all variables except RIPA may be normal
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VWIFVIIIB is an ELISA-based assay that determines
the ability of VWF to bind FVIII and is used to make the
diagnosis of type 2N VWD.*

VWE:CB is an ELISA-based assay that measures
the ability of VWF to bind to collagen, a function of
VWF that is dependent on the collagen-binding do-
main (A3) and on the presence of HMW multimers.
VWEF:CB helps to distinguish between types 1 and 2
VWD by reflecting the loss of HMW multimer forms
(type 2A VWD) or can reflect a specific collagen-bind-
ing deficiency (type 2M VWD).* The normal range is
approximately 50 to 200 IU/dL.

VWEpp/VWE:Ag takes advantage of 2 facts: the VWF
propeptide is secreted in a one-to-one ratio to VWF
subunits and has a stable halflife in plasma. Thus, an
increased ratio identifies patients with mutations that in-
crease VWF clearance, such as type 1CVWD.* The mean
ratio in normal individuals is 1.3, with a normal range of
0.54 to 1.98.

Genotyping should be considered when specialized
testing with the VWF:FVIIIB, RIPA, or VWF:CB assays
is unavailable and a diagnosis of type 2 VWD is sus-
pected. A guideline on VWD genetic testing has been
published by the UK Haemophilia Centre Doctors
Organisation.”

INTERPRETATION OF CLINICAL HISTORY AND
LABORATORY INVESTIGATIONS

Normal plasma levels of VWF are approximately
100 TU/dL (100%, corresponds to ~10 pg/mL) with
a population range of 50 to 200 IU/dL (50%—200%).
There are a number of preanalytical variables (patient
specific or laboratory specific) that affect the results
of VWF laboratory testing. Patientspecific variables
that are associated with increased VWF levels include
increasing age, African ethnicity, exercise, inflamma-
tory disease states, blood group A or B, increased levels
of epinephrine, cocaine use, and neuroendocrine
hormone levels. Decreased VWEF levels are associated
with medications such as valproic acid, hypothyroid-
ism, autoantibodies, and blood group O. Individuals
with blood group O have VWF levels that are 25%
lower than those with other blood groups.* Several
analytical variables also can complicate the diagnosis
of VWD: methods for established reference ranges,
limitations to the sensitivity of assays, and sample han-
dling issues." These factors (summarized in Table 3)
must be considered when interpreting VWF laboratory
results, and at least 2 sets of tests using fresh samples
are needed to confirm the diagnosis of VWD. Test-
ing should be avoided in stressed, ill, or pregnant
patients.
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Mild type 1 VWD can be a difficult diagnosis to make
because of the overlap of bleeding symptoms among
normal individuals and those with mild type 1 VWD,
as well as the variability of VWF levels. There is no
consensus on the exact VWF levels required to confirm
the diagnosis: the NHLBI Expert Panel recommends
VWF:Ag and VWF:RCo levels less than 0.30 IU/mL
to diagnose type 1 VWD,! whereas the ISTH-SSC
Subcommittee on von Willebrand factor recommends
using VWF:RCo and VWF:Ag levels >2 standard devia-
tions below the population mean.” In the absence of
a bleeding history, slightly reduced VWF levels do not
predict future significant bleeding events.* Therefore,
regardless of the laboratory cutoff used, the corner-
stone of a VWD diagnosis should be a history of exces-
sive mucocutaneous bleeding.

DIFFERENTIAL DIAGNOSIS

When considering a diagnosis of VWD, the differ-
ential diagnosis must be considered and includes ac-
quired von Willebrand syndrome (AVWS), platelet-type
VWD (PT-VWD), and hemophilia A (HA). AVWS is the
result of an acquired deficiency or defect of VWF and
manifests with a mild to moderate bleeding disorder
without a lifelong personal and family history of bleed-
ing. AVWS has diverse pathology. The most common
mechanism is proteolytic cleavage of VWF after shear
stress—induced unfolding, as seen with aortic stenosis
and ventricular assist devices, where as many as ap-
proximately 79% with aortic stenosis® and up to 100%
with left ventricular assist devices are affected.”® Other
disease mechanisms include autoantibody formation
that impairs VWF function or increases its clearance
(autoimmune disease or lymphoproliferative disease),
adsorption of HMW VWF multimers to malignant cells
or platelets (myeloproliferative neoplasms and Wilm’s
tumor), or decreased synthesis (hypothyroidism, val-
proic acid). The median age of diagnosis is 62 years,
but the disorder may occur in any age-group (range
2-96 years).” The approach to AVWS should focus
on treatment of bleeding and induction of long-term
remission. Treatment of bleeding will depend on the
underlying mechanism of AVWS and may include a
combination of the following: DDAVP or VWF/FVIII
concentrates, recombinant factor VIIa, antifibrinolytic
agents, intravenous immunoglobulin (IVIG), or plas-
mapheresis for AVWS associated with autoantibodies.
Treatment of the underlying disorder (eg, aortic valve
repair or treatment of a lymphoproliferative disorder)
may result in remission of the AVWS.

Mild hemophilia A (caused by mutations in the F§
gene) and type 2N VWD can be difficult to differenti-

Hematology Volume 9, Part 1 T
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Table 3. Factors to Consider When Interpreting von Willebrand Disease Laboratory Testing Results

Considerations

Affect on VWF Levels

Laboratory Factors Improper handling, freeze/thaw of samples

High degree of VWF:RCo assay variability

Low sensitivity at the lower limit of detection for VWF:Ag

and VWF:RCo
Patient Factors
therapy, DDAVP)
Drugs (valproic acid)
ABO type
Pregnancy

Hypothyroidism

Comorbid illness (eg, valvular heart disease, lymphoma)

Adrenergic stimulus (acute illness, stress, exercise)

Drugs (oral contraceptives or hormone replacement

Decrease, with VWF:RCo being more affected
than VWF:Ag

False diagnosis of type 2 in a type | patient

May result in the misdiagnosis of type 3 for type |
or type 2VWD

Increase

Decrease

Decrease with type O
Increase

Decrease (reversible AVWS)
Decreased (AVWS)

Increase

AVWS = acquired von Willebrand syndrome; DDAVP = desmopressin; VWF = von Willebrand factor; VWF:Ag = VWF antigen;VWF:RCo = VWF

ristocetin cofactor.

ate clinically. Both present with reduced FVIII:C, and
type 2N VWD may have normal or borderline low levels
of VWF. Although the VWF:FVIIIB assay will distinguish
between the 2 disorders, the test is not available in
many centers. The pattern of inheritance may be help-
ful: hemophilia A is an X-linked disorder, whereas type
2N is autosomal recessive. Often, the diagnosis of type
2N VWD is suspected when genotyping of I'§ does not
identify a mutation in mild HA, when infused FVIII con-
centrates have a decreased halfife, or when DDAVP is
associated with a brisk but shortlived response. In the
absence of VWF:FVIIIB assay availability, genotyping of
VWEFwill confirm the diagnosis with missense mutations
being located in exons 1720 or 24-27."

PT-VWD represents the phenocopy of type 2B
VWD. The mutation is in the platelet receptor gene
GPIBA and causes enhanced VWZF-platelet bind-
ing. The disorders can be differentiated by RIPA
plasma/platelet mixing studies or flow cytometry.™*
However, these assays are technically challenging.
In the absence of mutations in exon 28 of VWF, muta-
tions in exon 2 of GPIBA may be identified in approxi-
mately 10% of persons misdiagnosed with type 2B VWD.

MANAGEMENT

Patients with VWD present to medical attention in
a number of ways: excessive post-trauma or surgical
bleeding, recurrent mucocutaneous bleeding such as
epistaxis, menorrhagia, gastrointestinal bleeding, or,
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in severe cases, recurrent hemarthroses and muscle
hematomas. Irrespective of the presentation, the goal is
to minimize and control bleeding. Therapeutic options
can be divided into 3 main categories: (1) localized
measures to stop bleeding; (2) pharmacologic agents
with indirect hemostatic benefit; and (3) treatments
that directly increase plasma VWF and FVIII levels. A
combination of all 3 of these modalities can be used
depending on the bleeding location and severity.

LOCALIZED MEASURES

Localized measures to control bleeding in VWD will
depend on the site of bleeding. Epistaxis can be par-
ticularly problematic for affected children, and patients
should be armed with a step-wise action plan that esca-
lates from pressure to packing and includes guidelines
regarding how long to wait before seeking medical at-
tention. In selected cases, nasal cautery may be required
for prolonged or excessive epistaxis. Topical hemostatic
agents such as gelatin foam/matrix, topical thrombin,
and fibrin sealants are predominately used to achieve
surgical hemostasis and may have a limited role in the
treatment of VWD-associated bleeding. In the case of
menorrhagia, hormonal treatments (ie, the combined
oral contraceptive pill, OCP), levonorgestrel-releasing
intrauterine systems, or endometrial ablation all effec-
tively reduce menstrual blood loss through their local
effects on the endometrial lining.* In addition, older
generations of OCP are associated with increases in
VWEF levels. This effect is mediated by the estrogen com-
ponent and is evident with ethynylestradiol doses of 0.5
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pg or higher. Lower estrogen doses, seen in currently
used OCP, have little or no effect on VWF levels.!4!

PHARMACOLOGIC THERAPY

Indirect therapies include the antifibrinolytic
agents (eg, tranexamic acid and aminocaproic acid).
These agents are used either as the sole therapy at
the time of minor surgical and dental procedures,
or as an adjunct in combination with DDAVP or
VWE/FVIII concentrates. Antifibrinolytics are thought
to be particularly useful for controlling mucosal bleed-
ing in areas of high fibrinolytic activity: the oral cav-
ity, gastrointestinal tract, or uterus. Tranexamic acid
inhibits the conversion of plasminogen to plasmin,
and is the more commonly used antifibrinolytic."
Tranexamic acid can be administered either in-
travenously or orally at doses of 10 to 25 mg/kg,
respectively. It is usually continued until bleeding is con-
trolled or up to 7 to 10 days postoperatively. The most
common adverse events associated with tranexamic
acid are headache, back pain, and gastrointestinal side
effects.*” Tranexamic acid is contraindicated in dissemi-
nated intravascular coagulation and bleeding from the
upper urinary tract, where it can lead to urinary tract
obstruction by clots.

DDAVP, a synthetic derivative of vasopressin, pro-
motes release of stored VWF from endothelial cells.
Most individuals with type 1 VWD and some with
type 2A VWD respond to treatment with DDAVP: a
therapeutic trial to confirm adequate DDAVP response
should be performed prior to its clinical use. VWF:Ag,
VWEF:RCo, and FVIII levels should be performed be-
fore and at several time points after the DDAVP ad-
ministration up to and including 4 hours. Peak VWF
levels are achieved 30 and 90 minutes after intravenous
and intranasal delivery, respectively. An increase in
VWF:Ag/VWF:RCo and FVIII levels to at least 30 IU/dL
is adequate for most dental procedures, minor surgery,
or the treatment of epistaxis or menorrhagia. DDAVP
may be adequate to treat major bleeds or for major
surgery when VWF levels increase well above 50 IU/dL.
Decisions surrounding the use of DDAVP versus a
VWE/FVIII concentrate will depend on the expected
DDAVP response, the type of surgery, and the antici-
pated duration of therapy required to achieve hemo-
stasis. If treatment is required for more than 3 days,
concerns regarding tachyphylaxis and side effects may
limit its use. Significantly decreased VWF:Ag/VWEF:RCo
or FVIII at the 4-hour time point of a DDAVP trial may
indicate type 1C or type 2N VWD, which are associated
with increased clearance of endogenous VWF or FVIII,
respectively. Despite the transient response in these
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patients, DDAVP remains a therapeutic option and
should be assessed on a case-by-case basis.*

The parenteral dose of DDAVP is 0.3 pg/kg infused
in 30 to 50 mL of normal saline over approximately 30
minutes every 12 to 24 hours. The dose of the highly
concentrated intranasal preparation is 150 pg for chil-
dren under 50 kg and 300 pg for larger children and
adults (1 spray per naris). It is important to note that
the products used to treat VWD (eg, Stimate) deliver
150 pg per spray, a much higher concentration than
that used to treat enuresis. Repeated DDAVP dosing
is associated with the development of tachyphylaxis:
with subsequent dosing, the magnitude of the VWF
and FVIII increments can fall to approximately 70%
of that obtained with the initial dose.** DDAVP is safe
and generally well tolerated. Side effects include fa-
cial flushing, headache, tachycardia, lightheadedness,
and mild hypotension. The most serious side effects,
severe hyponatremia and seizures,* can be avoided by
fluid restriction for 24 hours after DDAVP administra-
tion. Serum sodium levels should be monitored with
repeated doses. DDAVP is generally avoided in those
younger than 2 years of age because of a higher risk of
hyponatremia. Patients who are intolerant of DDAVP
or have a poor VWF response need to be treated with a
VWEF/FVIII concentrate.

VWEF/FVIII CONCENTRATE

VWE/FVIII concentrates are required for patients
who do not have an adequate response to DDAVP,
who have side effects from or contraindications to
DDAVP, or who require a long duration of treatment,
rendering the use of DDAVP not practical. Purified,
viralinactivated, plasma-derived VWF/FVIII are the
products most frequently used (eg, Humate-P, Wilate,
Alphanate SD/HT). The quantity of VWF:RCo activity
relative to FVIIL:C varies by product; Humate-P contains
2.4 VWF:RCo units for each 1 FVIIL:C unit; Wilate con-
tains a 1:1 ratio; and Alphanate contains a 0.5:1 ratio.
Both Humate-P and Wilate are reported to contain
a full spectrum of VWF multimers, including HMW
multimers, and closely resemble normal plasma, but
Alphanate SD/HT lacks HMW mutimers.'*® Thus, the
available VWF/FVIII vary in terms of VWF:RCo to FVIII
concentrate, HMW multimer composition, reported
VWEF:RCo, and FVIII half lives and even approved in-
dications. They should not be considered interchange-
able, and further information should be sought from
the respective product inserts.

Dosing recommendations are provided either in
VWF:RCo (North America) or FVIII:C units (Europe)
and are weight-based (Table 4); repeat infusions can
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Table 4. VWF/FVIII Concentrate Dosing

Loading Dose in

Type of Hemorrhage VWF:RCo (IU) VWF:RCo (1U)

Maintenance Dose in

Target Peak and

Trough Levels Duration

Major surgery or bleed  40-60 |U/kg 2040 1U/kg every
8 to 24 hours
Minor surgery or bleed  30-60 [U/kg 2040 1U/kg every

12—48 hours

Maintain peak VWF:RCo
at 100 |U/dL and
trough >50 1U/dL

Maintain peak VWF:RCo
at 100 |U/dL and
trough >50 [U/dL

5-10 days or until hemostasis is achieved

1—4 days or until hemostasis is achieved

FVIII = factor VIII; VWF = von Willebrand factor; VWF:RCo =VWEF ristocetin cofactor.

be given every 8 to 24 hours depending on the type
of surgery/injury and the product used. For major
surgeries, the goal is to maintain VWF:RCo and FVIIL:C
greater than 100 IU/dL at peak and greater than 50
IU/dL at trough until hemostasis is achieved during
the acute bleed or at the time of surgical intervention.
The duration of factor replacement is 5 to 10 days for
major surgeries and 1 to 4 days for minor surgeries.
With VWF/FVIII concentrates, the FVII:C response
is higher and more sustained than predicted from the
dose because of the stabilizing effect of exogenous
VWF on endogenous FVIILY VWF:RCo and FVIIL:C
levels should be measured in patients receiving repeat
infusions, to ensure appropriate hemostatic levels and
to avoid supratherapeutic levels because thromboem-
bolic events have been associated with high FVIII lev-
els. Thromboembolic events are rare, and most cases
have been described in surgical patients with other
risk factors.*® Adverse reactions to VWF/FVIII concen-
trates are rare but include allergic and anaphylactic
symptoms.* A rare complication is the development
of alloantibodies to VWF, which occurs in 5% to 10%
of type 3 patients and manifests as a loss of hemo-
static response to infused concentrates or anaphylactic
reactions.?

Long-term continuous use of concentrates to pre-
vent bleeds, known as prophylaxis, is the standard of
care in severe hemophilia A and B, but its role is not
well established in severe VWD. Patients with type
3 VWD, severe type 1 or type 2 VWD may experi-
ence recurrent joint bleeds or recurrent nasal/oral,
gastrointestinal, or menstrual bleeding. Retrospective
cohort and case series suggest that prophylaxis im-
proves quality of life, reduces the frequency of bleed-
ing, need for transfusions, and hospitalizations, and
prevents chronic joint disease.”*! Controversy exists
about the specific indications, schedules, and dosing
of prophylactic regimens and is the focus of ongoing
research.
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VWE/FVIII concentrates are effective in more than
97% of events.” Rarely, when infusion of a VWF/FVIII
concentrate is ineffective at stopping bleeding, transfu-
sion of platelet concentrates may be beneficial, presum-
ably because they facilitate the delivery of small amounts
of platelet VWF to the site of vascular injury. Highly
purified FVIII concentrates (monoclonal antibody puri-
fied and recombinant) should not be used to treat VWD
because they lack VWF. A recombinant VWF concen-
trate combined with recombinant FVIII concentrate in
a 1.3:1 ratio of VWF:RCo to FVIIL:C has been shown in
an initial clinical trial to be safe and efficacious and may
be clinically available in the near future.”?

CONCLUSION

VWF is a complex protein with several impor-
tant and distinct functional domains: binding sites to
collagen, FVIII, and platelet GPIb&; an ADAMTS13
cleavage site; and domains important for multimer
formation. Mutations in any of these sites can result
in a dysfunctional protein and as a result, VWD is a
heterogeneous disorder with the availability of many
specific assays to determine the subtype. Despite this,
the treatment of VWD is straightforward with only a
small number of therapeutic options: indirect therapies
such as antifibrinolytic agents, or direct therapies that
increase VWF levels, DDAVP, or VWF/FVIII concen-
trates. Management focuses on preventing bleeding
complications with invasive procedures or promptly
treating bleeding episodes.
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