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Von Willebrand Disease
Bleeding risk assessment: primary hemostasis is key

Answers for life.

Bleeding risk assessment:

primary hemostasis is key

Disturbances in the primary hemostasis system are
the major cause of bleeding events. Patients who are
bleeding, who are at increased risk for bleeding, or
who face high-risk surgical interventions require careful
evaluation of primary hemostasis, which is principally
determined by platelet function and von Willebrand
factor (VWF) activity.
Von Willebrand factor (VWF) is a multimeric, highmolecular glycoprotein involved in primary hemostasis,
supporting platelet adhesion and aggregation under
high-shear stress at the site of injury. Furthermore,
VWF is the specific carrier protein of Factor VIII, protecting
Factor VIII against inactivation and rapid clearance.

Von Willebrand disease (VWD), a dysfunction of
primary hemostasis caused by quantitative or qualitative
deficiency of von Willebrand factor, is the most common
hereditary bleeding disorder. Leading symptoms of
VWD include nose bleeds, menorrhagia, and bleeding
after tooth extraction. In contrast, strong elevated VWF
levels due to endothelial activation or dysfunction are
frequently associated with cardiovascular disease and the
risk for future ischemic heart disease or stroke.
Von Willebrand disease is present in roughly 1% of
the general population. In patients undergoing surgery,
a correct diagnosis allows targeted prophylactic treatment
of the identified bleeding risk with the potential to
significantly reduce the need for blood transfusions.1

Evaluation for von Willebrand disease: anamnesis
Suspicion of high bleeding risk, family history for bleeding,
high-risk surgical intervention, bleeding for unknown reason

Suspicion of VWD

PFA Col/EPI
if abnormal

Screen for VWD

VWF activity assay

if VWF activity decreased:
VWF antigen, FVIII:C
Subtyping of VWD by additional specialty assays

Distribution of VWF levels

A wide range of VWF levels is seen in the general
population. There are several genes that affect VWF
levels, with the major genetic influence coming from
the ABO blood-group gene. Individuals with blood group
O have 15–25% lower VWF levels than individuals with
non-O blood group. However, a substantial fraction of
the variation in VWF is not heritable and is related to
inflammatory activity. VWF shows a fast and strong
increase with acute phase reaction, which complicates
the detection of mild VWD in the presence of stress
or inflammation.2
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NHLBI interpretation guide for VWF levels2
50–200% VWF

Normal VWF

30–50% VWF

Low VWF; probably modestly increased
bleeding risk

<30% VWF

Decreased VWF; increased bleeding tendency;
presence of VWF mutations likely

VWD subtype characteristics (modified from Reference 2)
Assay

Type 2

Normal

Type 1

PFA COL/EPI

N

N or↑

↑
N

N or↓

VWF activity:
– INNOVANCE
VWF Ac
– VWF:RCo

N

Borderline to ⇊

Borderline to ⇊

2A

Type 3

2B

2M

2N

↑

↑

N

↑
↑
↑

↓ or ⇊

⇊

↓ or ⇊

N or borderline

↓
↓
↓

Borderline or↓

Borderline or↓

Borderline or↓

N or borderline

↓
↓
↓

Lack of
HMWM

Lack of HMWM

Normal
distribution

Normal multimer
distribution

Absent

Screening tests
Platelet count

N

Further VWF-related routine tests
VWF Ag
FVIII:C

N

VWF structure analysis

N

N

N or↓

VWF multimer Normal multimer Normal multimer
analysis
distribution
distribution
RIPA
– high dose
– low dose

N or↓

N or↓

N

N

N

⇊

N

↓
↓
↓

N

N or↓

↓

N

↓

N

NR

NR

NR

NR

↑

NR

NR

NR

VWF type 1
Partial quantitative deficiency; normal VWF activity/
antigen ratio

VWF type 2M
Decreased VWF-dependent platelet adhesion without
selective deficiency of HMWM

VWF type 2
Qualitative VWF defects; abnormal VWF activity/antigen
ratio (except type 2N)

VWF type 2N
Markedly decreased binding affinity for FVIII;
reduced FVIII-binding assay

VWF type 2A
Decreased VWF-dependent platelet adhesion with
selective deficiency of HMWM

VWF type 3
Virtually complete deficiency of VWF

VWF type 2B
Increased affinity for platelet GPIb

Management of VWD
To prevent or control bleeding in VWD patients,
two major strategies are available. The first option is
to increase plasma VWF concentration by stimulation
and release of endogenous VWF stores in platelet
and endothelial cells by application of desmopressin.
This approach works well in most VWD type 1 patients
and certain type 2 patients. Replacement of VWF is
the second alternative. Several human, plasma-derived
VWF concentrates are available for therapy of those
patients with insufficient response to desmopressin.
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Testing for VWD
Routine coagulation screening tests such as PT or APTT
lack the sensitivity needed to identify the abnormalities
of von Willebrand factor. Therefore, to correctly diagnose
cases involving a bleeding anamnesis or a family history
of von Willebrand disease and subsequently monitor
patient response to therapy, physicians require a specific
test for von Willebrand factor. A functional assay is the
preferred screening method for detecting quantitative
as well as qualitative defects of von Willebrand factor.
Use of a gain-of-function mutation of the glycoprotein Ib
(GPIb), the major VWF receptor protein on platelets,
allows direct measurement of VWF without previous
induction of an activating conformational change within
the VWF molecule. This is accomplished through a
decapping of the A1 binding domain for GPIb, which
in vivo is induced by shear stress under flow conditions
(this mechanism is mimicked by platelet-function
analysis in PFA systems).

INNOVANCE VWF Ac Assay* principle
Reagent I:
Latex particles coated
with mouse anti-GPIb

Sample:
von Willebrand
factor multimers

Reagent II:
Buffer and
blocking reagent
Reagent III:
Recombinant GPIb,
carrying the
gain-of-function
mutations G233V
and M239V

Latex particle
aggregation
dependent on
VWF activity

Decapping of the A1 binding domain can also be induced
by the addition of ristocetin, the mechanism employed
in VWF:RCo assays. However, ristocetin is an artificial
substance, and in the presence of certain polymorphisms,
false-low VWF levels may be measured that are not
connected to bleeding risk.3 Nonetheless, the VWF:RCo
assay is the currently recommended screening method
for VWD.
In contrast to the VWF:RCo assay, the INNOVANCE® VWF
Ac Assay* directly determines real activity of VWF.
This assay principle mimics the reaction in which VWF
binds to GPIb. Latex particles are coated with an antibody
against GPIb, to which recombinant GPIb is added.
The addition of patient plasma induces a VWF-dependent
agglutination, which is detected turbidimetrically.
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*Not available for sale in the U.S. Product availability may vary from
country to country and is subject to varying regulatory requirements.

VWF interaction with platelet receptor GPIb

Blue = VWF A1 domain, binding site for GPIb
Green = mutant GPIb, mutations in orange and yellow
Illustration adapted from Structures of Glycoprotein Ib alpha
and its complex with von Willebrand Factor A1 domain.4
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