
EVALUATION OF VWD AND 
PLATELET DISORDERS

Thomas Covello, MD, FRCPC
Hematopathologist, C.J. Coady Group

Saturday, January 16, 2021



Seventh Annual Canadian Association of Pathologists
Association canadienne des pathologistes

Residents Review Course
January 12-15, 2017

Hilton Garden Inn Toronto Airport, Mississauga, ON

Thomas Covello, MD FRCPC

• I have no financial relationships to disclose.
• I will not discuss off label use and/or investigational use in my presentation.

January 16, 2021



Objectives

Participants will be able to:

■ Discuss the most commonly used laboratory investigations of platelet function 
disorders and vWD

■ Discuss the importance of clinical data

■ Present a systemic approach to diagnosis

■ Discuss some of the laboratory pitfalls



von Willebrand disease (vWD)

■ Most commonly diagnosed bleeding disorder

■ Patients present with mucocutaneous bleeding, and often a positive family history. 

■ 60-85% of patients have type 1 vWD (quantitative deficiency), others have type 2 
(qualitative), rarely type 3 (no vWF synthesis)



vWF basic science

■ Gene on chromosome 12

■ Secreted by Weibel-Palade bodies in vascular endothelium 
and by megakaryocytes.

■ Large multimeric protein

■ Larger multimers unwind more easily under shear, exposing 
binding sites for Gp1b on platelets.

■ Stabilizes FVIII



ISTH SSC vWF definition of vWD

1. vWF:Ag or vWF:RCo > 2SD below mean >=twice

2. >=2 different bleeding sx or one requiring t/f

3. 1 1° relative or 2 2° relatives meeting above or proven mutation

1 + ( 2 or 3 ) = possible vWD



Bleeding history

■ Many, if not most individuals will endorse some bleeding symptoms.

■ Therefore, it is necessary to use a standardized bleeding score to establish the 
bleeding history.



Bleeding in normal indviduals
■ Bleeding symptoms reported by unaffected relatives in a study of the 

autosomal dominant Quebec Platelet disorder:



ISTH BAT (Bleeding Assessment Tool)

■ Most current standardized bleeding questionnaire (2011)

■ Builds on previous attempts such as the MCMDM-1 by placing more emphasis on 
frequency of symptoms and including pediatric-specific symptoms

■ Each category of symptoms scored 0-4

■ Ref. range: males <4, females <6, peds <3



Spradbrow et al., Research and Practice in Thrombosis and Hemostasis, 2019



Definition of significant bleeding hx (ISTH 
SSC vWF)

>=2 symptoms

Or one symptom 
requiring t/f 

Or one symptom 
recurring 3 times



vWD in the laboratory
■ vWF antigen (vWF:Ag): ELISA based method



vWD in the laboratory

■ vWF ristocetin cofactor (vWF:RCo): measures agglutination of fixed platelets

■ vWF activity: epitope-specific assay that is a proxy for HMWMs



vWD in the Lab: Functional Assays

Ristocetin co-factor: Tests 
for agglutination of 
formalin-fixed platelets by 
vWF in the presence of 
ristocetin, which changes 
the vWF conformation to 
increase exposure of GpIb
binding domain



vWD in the Lab: Functional Assays

HemosIL vWF:GPIbR

Latex immunoturbidimetric
assay uses particles 
coated with anti-GpIb.

Tests for binding of vWF to 
recombinant wild-type GpIb
domain in the presence of 
ristocetin



vWD in the Lab: Functional Assays

Siemens vWF:GPIbM

Latex immunoturbidimetric
assay uses particles coated 
with anti-GpIb.

Tests for spontaneous 
binding of vWF to a 
recombinant mutant GpIb



vWF: RCoF by light transmission aggregometry

• Standard curve constructed with dilutions of normal plasma

• Slope = rate of aggregation



More on vWF:RCoF
■ Assumption: rate of aggregation proportional to 

RCoF activity

■ Slopes of standard curve are plotted on log-log 
paper vs known concentration

■ Slope of patient sample measured in duplicate at 
single dilution and RCoF is read off curve



Diagnostic approach to vWD

■ Establish bleeding / family history. Risk factors for aVWS?

■ Do FVIII and basic vWF screen; determine if type 1, 2, or 3 VWD.

■ For type 2 vWD, acquired >> congenital.

– Generally functional:antigenic ratio <0.6 or <0.7 (sources vary) suggests type 2.



Type 2 vWD
■ If congenital, consider:

– 2A: deficient ‘A’ssembly or excess ‘A’DAMTS13 susceptibility

– 2B: ‘B’onus (gain-of-function Gp1b receptor mutation)
– Consider low-dose RIPA. Avoid ddAVP. R/o pseudo-vWD.

– 2N: deficient factor VIII binding (consider vWF:FVIIIB or genetic test)
– R/o if contemplating a dx of mild hemophilia A or a dx of hemophilia A in females

– 2M: ‘M’ultimers OK (loss-of-function Gp1b receptor mutation)
– Can do vWF:collagen binding, but rare and a largely academic distinction from 2A



Multimer gels

Normal pool on left and right

1.     2.    3.    4.    5.



Multimer gels



vWD: polygenic + multifactorial

■ Type 1 vWD has often been portrayed as an autosomal dominant genetic disorder

■ Only ~ half of individuals with vWF levels 0.3-0.5 have vWF mutation

■ Modestly low vWF levels more likely to be linked to non-vWF locus effects



Factors influencing vWF levels

■ Patient factors

– Age

– ABO group 

– Secretor phenotype

– Acute phase rxn/dehydration

– Others?

■ Mutation affecting Ristocetin binding site



Factors influencing vWF levels

■ Preanalytical factors

– Difficult collection

– Prolonged tourniquet time 

■ Analytical factors

– Test/retest variability 
■ CV 10-20% Ag, 20-30% RCo

– Interlaboratory variation



vWF distribution and correlates



Bonus question

• What is Vicenza type vWD and how does one test for it?



Bonus question

■ What is Vicenza type vWD and how does one test for it?

– A variant of type 1 vWD involving rapid clearance of vWF and preservation of 
multimers

– High vWFpropeptide:antigen ratio

– vWF propeptide can also be used to investigate vWF inhibitors (difficult to 
demonstrate on Bethesda-type assays)



Platelet function disorders

■ Bleeding disorders involving defective platelet surface receptors, granules, or signal 
transmission mechanisms.

■ Rare and tend to occur more commonly in setting of consanguinity.

■ While there are a number of ways to screen for platelet function disorders including 
PFA-100 and flow cytometry, this talk will focus on Light Transmission Aggregometry
as it is the most versatile.



Light transmission aggregometry

■ Fresh platelet-rich plasma stirred in cuvette between light source and photocell

■ Cuvette clarifies with platelet aggregation and light transmission increases.

■ Light transmission compared with PPP blank (100%) and PRP before agonist added 
(0%).

■ Performed along a simultaneously-collected normal control.

■ Both % of maximal aggregation and slope of primary aggregation wave measured.



Light transmission aggregometry



Sample preparation

■ Platelets very sensitive and can be easily activated during sample preparation.

■ Gentle centrifugation (150-200g) for 10-15minutes as opposed to hard spin for 
generating PPP (2700g)

■ Must be processed within 4 hours of collection

■ Samples should be stored at room temperature. Chilling or freezing activates 
platelets.



Preanalytic variables

■ Drugs: Many, including aspirin, other antiplatelet drugs, serotonin reuptake 
inhibitors, beta blockers, caffeine, fibrinogen receptor blockers, dipyridamole (ADP 
blocker)

■ High fat diet can interfere with light transmission

■ Platelet count – target PRP count 200-400, add PPP to adjust high counts. Low 
counts can cause diminished responses and the reference ranges are much wider.

■ Fibrinogen – decreased aggregation – though agglutination still present – at low 
fibrinogen levels. 

■ Anticoagulant – citrate or heparin



Assessing LTA readings

■ Shape change response

– All except ristocetin and epinephrine (?dead platelets otherwise)

■ Strong agonists 

– Collagen, thrombin, AA induce simultaneous aggregation, TxA2 synthesis and 
granule secretion. Primary and secondary waves typically indistinguishable

■ Weak agonists

– Epinephrine, ADP show primary aggregation wave which triggers granule release in 
secondary wave. Weak responses and/or low doses may show disaggregation of 
primary wave.



Common patterns #1



Common patterns #1
■ No response to high-dose 

ristocetin, normal 
response to others

■ Bernard-Soulier syndrome 
(also consider vWD)



Common patterns #2



Common patterns #2
■ Mildly reduced ristocetin response 

and markedly reduced response to 
all other agonists

■ Glanzmann’s thrombasthenia

■ Also consider hypofibrinogenemia, 
velocardiofacial syndromes



Common patterns #3



Common patterns #3
Weak agonists show no response/ disaggregation 
suggestive of a storage pool disorder.



Other common patterns

4) ADP shows primary wave only. Absent response to AA and decreased response to 
collagen, adrenaline.



Other common patterns

4) ADP shows primary wave only. Absent response to AA and decreased response to 
collagen, adrenaline.

- Aspirin or aspirin like platelet defect. 

- U46619 is a TXA2 mimetic that can distinguish between TXA2 synthesis issue 
vs signal transduction problem.



Other common patterns

5) Absent response to collagen, normal response to other agonists.



Other common patterns

5) Absent response to collagen, normal response to other agonists.

- ?collagen receptor deficiency 

(although single agonist abnormalities not necessarily diagnostic)



Other common patterns

6) Absent response to ADP, other agonists normal.



Other common patterns

6) Absent response to ADP, other agonists normal.

- Consider ADP antagonist drugs (clopidogrel, dipyridamole etc)



Other common patterns

■ 7) normal AA, adrenaline, ristocetin response, reduced/absent reponse to thrombin. 

■ What test would you do next to confirm the diagnosis?

■ What is the likely diagnosis?



Other common patterns

■ 7) normal AA, Adrenaline, Antibiotic (ristocetin) response, reduced/absent reponse
to thrombin. 

– Thin section EM (would show reduced alpha granules)

– Alpha granule deficiency



Tips for diagnosing platelet disorders

■ Don’t over-interpret mildly abnormal aggregation numbers

■ Don’t forget to ask for the blood film morphology and family history.



Questions?


