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vWF Function. It has two jobs!

Facilitates platelet adhesion to 
subendothelial components of 
damaged vessels 

Binds to factor VIII in plasma 
and stabilises.



von Willebrand factor:
Structure and Function

• Synthesised in endothelial cells (and megakaryocytes) 
and secreted into plasma. 

• Forms multimers of variable size (500-10000 kDa)

• Size of multimers controlled by proteolytic cleavage 
by enzyme ADAMTS13

• Higher molecular weight multimers are more 
effective at promoting platelet binding.



Von Willebrand Disease
• The most common inherited bleeding disorder
• Prevalence  estimated at 1:1000
• Quantitative or qualitative deficiency of vWF.

Can be subdivided into:

 Quantitative defect of von Willebrand factor  
=Type 1 and Type 3

 Qualitative defect of von Willebrand factor 
 =Type 2



Types of von Willlebrands Disease

• Type 1

• Type 2

• Type 3 *

Type 2A
Type 2B
Type 2M
Type 2N * 

*= Autosomal recessive

Qualitative deficiency

Partial quantitative deficiency

Severe quantitative deficiency



Symptoms

• Mild - moderate bleeding phenotype (can be severe in some types)
• Most subtypes are autosomal dominant with variable penetrance 

(autosomal recessive subtypes are less common)
• Muco-cutaneous bleeding most common 



Bleeding 
Symptoms and 
Sites

• From Leebeek et al N Engl J Med 2016



Type 1 vWD

• Partial quantitative deficiency of vWF antigen
• Mild-moderate bleeding symptoms
• Most common type (75% all cases)

• Reduced plasma concentration of vWF antigen (amount of vWF) and 
FVIII

• Proportionally decreased vWF functional laboratory tests



Type 2A vWD

•  Absence of high molecular weight multimers (abnormal assembly or 
increased proteolysis of the mutant vWF)

• Usually moderate bleeding symptoms

• Normal to mildly reduced vWF antigen and FVIII 
• Decreased vWF functional tests (eg RICOF and CB assay)
• Loss of HMW multimers



Type 2B vWD
• Due to increased vWF affinity for its platelet receptor 

(GPIb receptor)
• → thrombocytopenia and loss of high molecular 

weight multimers

• Normal to mildly reduced vWF antigen and FVIII 
• Loss of HMW multimers
• Reduced vWF functional tests
• Enhanced aggregation at low concentration of 

ristocetin



Type 2M vWD

•  Normal amount of high molecular weight multimer but…
• High molecular weight multimers are abnormal and have reduced 

affinity for platelet glycoproteins or collagen

• Normal to mildly reduced vWF and FVIII 
• Decreased RiCof and/or CB assay
• Normal HMW multimers



Type 2N  vWD

• Mutation in Factor VIII binding site.
• Reduced vWF affinity for FVIII
• Leads to reduced FVIII levels while vWF level is relatively preserved
• Autosomal recessive
• Can be confused with mild Haemophilia A
• Identified using a specific vWF:FVIII binding assay and/or genetic 

testing (NGS) with mutations in exon 17 (D’-D3 domains)



Type 3 vWD

• Severe quantitative vWF deficiency with moderate to severe bleeding 
symptoms

• Very low vWF antigen and function (<5%) and FVIII (<10%)

• Autosomal recessive
• Can be confused with moderate to severe Haemophilia A



vWD has 2 jobs and so can have features in 
common with other inherited bleeding disorders
• Type 2N vWD vs mild haemophilia A
• Type 3 vWD vs moderate-severe 

haemophilia A

• Type 2B vWD vs  rare disorder of 
vWF receptor on platelet 
(sometimes called platelet type 
vWD)

• Bleeding history, pattern of 
inheritance, complete diagnostic 
workup and mutational analysis can 
help distinguish



vWD Diagnosis

• Bleeding history 
   +
• Family History
   +
• Laboratory tests



Bleeding history and 
BATs

• Bleeding symptoms are commonly reported. Not all have vWD

• Bleeding Assessment Tools (BAT) are attempt to predict which patients 
have abnormal bleeding and assess severity

• ISTH BAT most common example

• Limitations: Patient with few haemostatic challenges, especially children

https://elearning.wfh.org/resource/compendium-of-assessment-tools/



ISTH BAT

• Cutoffs for a positive ≥4 for 
adult men, ≥6 for adult women 
and ≥3 for children

• Sensitivity of normal score to 
rule out VWD (ie true 
positives/all positive tests) = 
64%

• Specificity of abnormal score 
to rule in diagnosis of VWD 
(true negatives/all negative 
tests) >90%  

Elbaz and Sholzberg Res Pract Thromb Haemost. 
2020;4:761–773.



Laboratory Tests
1. Initial screening tests
2. Assessment of vWF quantity
3. Assessment of vWF function
4. Further characterisation of subtypes (eg multimeric 

assays)
5. Genetic tests



Laboratory Tests
1) Initial screening tests:

• Platelet count
• APTT
• (PFA-100 – not offered everywhere)

All poor sensitivity and specificity



Laboratory Tests

2) Assessment of vWF quantity
• Von Willebrand antigen (eg Latex 

immunoassay)

• Also do factor VIII levels

Latex immunoturbidometric assay. Latex beads are 
coated with a monoclonal antibody that binds to VWF



Diagnostic Pitfalls

• Blood group: type O individuals have ~25% lower levels of vWD than 
non-O

• Variability of vWF levels: affected by acute stress, inflammation, 
pregnancy  

• vWF levels in patients with vWD can overlap with those of the general 
population

If high level of clinical suspicion a normal 
result should be repeated.



Avdonin et al. 2021 
Von Willebrand 
Factor in Health and 
Disease

ISTH 2021 Definition of T1 vWD

• VWD = VWF:Ag level of <30 IU/dL regardless of the presence of bleeding symptoms 
OR
• VWF level 30 -50 IU/dL in the presence of abnormal bleeding



Laboratory Tests

3) Assessment of vWF function
• Ristocetin cofactor assay (RICOF)

• Detects platelet agglutination on 
addition of normal platelets, ristocetin, 
patient plasma.

• Newer GPIbR and GPIbM assays 
are better performing, 
automated versions of RICOF

  and/or
• Collagen binding assay

• Quantitates amount of vWF 
that binds to collagen coated 
ELISA plates



Laboratory Tests
• Calculating quantity:function ratio helps to determine if 

this is a quantitative or qualitative defect
• CB/vWF Ag or RiCof/vWF Ag ratios are expressions of 

function/amount

eg if RiCOF/vWF ag < 0.7 then a qualitative 
disorder (i.e type 2 vWD)



Laboratory Tests
4) Further characterisation of subtypes

• vWF multimers



Laboratory Tests- 5)Genetic testing

• Sanger sequencing and NGS are available for testing 
in vWD

• T1 vWD:
• <30% vWF Ag: ~80%  mutation detected and tend to be 

highly penetrant
• 30-50% vWF Ag: ~50% mutation detected and incomplete 

penetrance
• T2 vWD: High detection rate ~90% and very useful for 

type 2B and type 2N
• T3 vWD: ~90% detection rate, possible useful for 

predicting inhibitor risk
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