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A 52-year-old man presented with acute abdominal pain, 
prominently at right upper quadrant. Ultrasonography 
revealed acute cholecystitis and an urgent laparoscopic 
cholecystectomy was scheduled.

He had a history of right upper femur fracture 10 years ago 
from car accident. He underwent open reduction and internal 
fixation. Four months later, a large mass at right thigh was 
detected. 

Preoperative coagulation times:

APTT 65 seconds (25-30 seconds)

PT 11 seconds (11-13 seconds)

FVIII:C 5 U/dL

VWF:Ag 12 U/dL
VWF:GPIbM 14 U/dL
VWF:CB 18 U/dL

FVIII:C/VWF:Ag 0.4
VWF:GPIbM/VWF:Ag 1.1
VWF:CB/VWF:Ag 1.5
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Body weight 60 kg

Alphanate 50 U/kg
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Outline
• Biology of Von Willebrand factor (VWF)
•Genotypes, phenotypes and classification
•Diagnosis
• Treatment



Biology of 
Von Willebrand 

factor (VWF)
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• The most common hereditary bleeding disorder.

• VWF gene, located on short arm of chromosome 12 
contains 180 kb (0.1% of chromosome 12).

• Composed of 52 exons (size range from 40 bp to 
1.4 kb).

• Pseudogene at chromosome 22.

Pseudogene
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Red blood cell
Platelet

von Willebrand factor
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platelet and 
collagen

Function
• Promote platelet adhesion
• Protect proteolysis of factor VIII (FVIII)



signal peptide propeptide mature subunit VWF
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disulfide bond

glycosylation
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Genotypes, 
phenotypes 

and 
classification
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Type Defect Genetic Transmission

1 Quantitative AD with incomplete penetrance

2 Qualitative
•  2A

•  2B

•  2M
•  2N

AD, variability of expression, highly 
penetrance
AD, variability of expression, highly 
penetrance
AD
AR, homozygous, compound heterozygous, 
FVIII binding mutation + null mutation

3 Combination AR

Sadler JE, et al. J Thromb Haemost.2006;4:2103-14.
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AD: autosomal dominance; AR: autosomal recessive



type 1

type 2A

type 2B

type 2M

type 2N

type 3

65-75%

20-25%

<5%

type 2M rare

type 3 1-5:1,000,000

<5%

Robertson J, et al. Pediatr Clin North Am.2008;55:377-92.
Nichols WL, et al. Haemophilia.2008;14:171-232.
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D1       D2      D’        D3          A1      A2      A3             D4    B1-3   C1-2    CK N C

FVIII GPIb/IX/V Collagen GPIIb/IIIa 

type 1 and type 3

type 2A type 2Atype 2A

type 2N type 2B, 2M type 2M
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Mature subunit 
(2050 amino acid residues)



Type 2- point mutation-most common
• 2A - missense mutation (exon 28-D’D3, A2 and C domain 

influenced assembly of multimer, secretion and storage
    - missense mutation in A2 domain that enhanced  
    ADAMTS13 proteolysis 
• 2B - missense mutation in A1 domain which is platelet 

GPIb/IX/V binding domain that enhanced binding to GPIb, and 
caused thrombocytopenia

• 2M - missense mutation in A1 domain which is platelet GP 
Ib/IX/V binding domain that decreased platelet binding 
affinity and impaired collagen type VI binding 
     - missense mutation in A3 domain will impaired collagen  
    type I and III binding (rare)
• 2N - missense mutation in D'-D3 domain which is factor VIII 

binding site that caused low FVIII:C

Sharma R, et al. Blood. 2017;130:2386-91.
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Diagnosis
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Diagnosis
• Clinical manifestation: bleeding score (BS)
• Laboratory:

• CBC
•APTT
•VWF:Ag
•VWF function: 

• Platelet binding: VWF:RCo, VWF:GPIbM,    
•    VWF:GPIbR
• Collagen binding
• FVIII binding

•VWF:multimer
•DDAVP trial

Decoding the complexity of Von Willebrand 
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APTT: activated partial thromboplastin time; CBC: complete blood count;
DDAVP:1-Deamino-8-D-Arginine Vasopressin; PT: prothrombin time; VWF: Von Willebrand factor
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D1       D2      D’        D3          A1      A2      A3             D4    B1-3   C1-2    CK N C

1   -   281

282 - 741

764 - 1288

1260-1466

1494-1672

1690 - 1874

FVIII GPIb/IX/V Collagen GPIIb/IIIa 

VWF: FVIII binding 
assay

VWF: collagen 
binding assay

VWF: platelet binding 
assay

1875 - 2791

2792-3179



Clinical manifestation
• Age at presentation, sex, familial history

• Asymptomatic: prolonged bleeding after surgery

• Primary hemostatic defects 
•Mucosal bleeding, gastrointestinal bleeding (type 2A)
• Ecchymosis
•Hypermenorrhea

• Secondary hemostatic defects
•Musculoskeletal bleeding
•Hemarthrosis is rare (type 2N and type 3)

Castaman G, et al. J Thromb Haemost.2012;10:632-8.
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Bleeding symptoms
%

Tosetto A, et al. J Thromb Haemost.2006;4:766-73.
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Bleeding 
questionnaire 

(BQ)

Score for 
individual 
bleeding 
symptom

Cut-off 
score

Remark

• Vicenza 
    (2005)

0 - +3 ≥3 males
≥5 females

first BQ, 40 minutes
screening type 1 vWD (specificity 98% 
sensitivity 69%)

• MCMDM-1 
(2006)

-1 - +4 > 3 adding negative score for increased 
sensitivity, 40 minutes

• Condensed 
MCMDM-1 
(2008)

-1 - +4 ≥ 4 5-10 minutes (specificity 81-98% 
sensitivity 25-100%) NPV 0.99 for type 1 
and type 3 OC from normal control

• Pediatric BQ 
(2009)

-1 - +4 ≥ 2 
(boy and girl)

pediatric specific bleeding symptoms
20 minutes

• ISTH-BAT 
   (2010)

0 - +4 ≥ 4 males
≥ 6 females
≥ 3 children

remove -1 score, 20 minutes

Bowman ML, et al. Semin Thromb Hemost 2017;43:530-9.
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Recommendation 2:

Suggested against using BAT in 
order to perform specific 
laboratory in VWD patients with 
intermediate probability (at 
hematology clinic). 

James PD, et al. Blood Adv. 2021.12;5:280-300.

Recommendation 1:

Suggested using BAT rather than 
unstandardized clinical assessment 
in VWD patients with low 
probability (at primary care setting). 

Recommendation 3:

Suggested against using BAT in 
order to perform specific 
laboratory in VWD patients with 
high probability (first degree 
relatives of VWD patients).

BAT: bleeding assessment tool; VWD: Von Willebrand disease





VWF:Ag or VWF:function (U/dL)

Low VWF  
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type 1 VWD

Type 3 VWD
Sadler JE. Blood.2003;101:2089-93.
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VWD: Von Willebrand disease; VWF: Von Willebrand factor



Factors that may interfere VWF level
• Blood group:  O vs non-O

• Inflammation (DDAVP trial should be performed 
when patient was normal, no bleeding symptoms)

•Age

James PD, et al. Blood Adv. 2021.12;5:280-300.
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Recommendation 5: suggested 
removing the diagnosis of 
previously confirmed VWD type 
1 who now have normal VWF 
with increasing age.

VWD: Von Willebrand disease; VWF: Von Willebrand factor



Diagnosis
• Clinical manifestation: bleeding score (BS)
• Laboratory:

• CBC
•APTT
•VWF:Ag
•VWF function: 

• Platelet binding: VWF:RCo, VWF:GPIbM,    
•    VWF:GPIbR
• Collagen binding
• FVIII binding

•VWF:multimer
•DDAVP trial

Castaman G, et al. J Thromb Haemost.2012;10:632-8.
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• Poor standardization
• Unreliable if VWF:RCo 

<10 U/dL



VWF:RCo
•Operator dependence
• Less accuracy if VWF:RCo 
   <30 IU/dL
•Need ristocetin
•New platelet binding assay
•Direct GPIb-binding assays: VWF:GPIbR, 

VWF:GPIbM)
• VWF: GPIbM use mutant VWF (gain of function 

D235Y and M239V) instead, no need to add 
ristocetin

James PD, et al. Blood Adv. 2021.12;5:280-300.
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Recommendation 4: Suggested 
using newer platelet binding 
activity of VWF rather than 
using VWF:RCo in the diagnosis 
of VWD type 2



VWF:Ag or VWF:function (U/dL)

Low VWF  

Normal

type 1 VWD

Type 3 VWD
Sadler JE. Blood.2003;101:2089-93.
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Recommenda
tion 6: suggested 
the diagnosis of 
VWD type 1 if 
1) VWF:Ag <30 U/dL 
regardless bleeding 
symptoms
2) VWF:Ag 30-50 
U/dL with bleeding 
symptoms

VWD: Von Willebrand disease; VWF: Von Willebrand factor
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VWF propeptide (VWFpp)
• For the detection of VWD type 1C or Vicenza 

Propeptide:mature subunit 1:1 (normal person)

•Half life of  propeptide VWF 2-3 hours

•Half life of mature subunit VWF 8-12 hours

• Elevated VWFpp found in increased clearance

•Decreased VWFpp found in decreased synthesis

•Diagnosis of type 1C if VWF:Ag 

<30 U/dL and VWF pp/VWF:Ag 

   ratio ≥ 3

    James PD, et al. Blood Adv. 2021.12;5:280-300.

Recommendation 7: 
suggest against using 
ppVWF rather than 
using DDAVP trial



DDAVP trial
• Blood for CBC, VWF:Ag, VWF:platelet-dependent 

activity, VWF:CB, FVIII:C at baseline, 1 and 4 hours.

• Changes in these variables would enhance the 
diagnosis of type 2 VWD.

• Progressive thrombocytopenia would suggest type 
2B VWD.

•Decrease of VWF:Ag >30% of baseline could favor 
type 1C VWD. 

James PD, et al. Blood Adv. 2021.12;5:280-300.
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CBC: complete blood count; DDAVP:1-Deamino-8-D-Arginine Vasopressin
VWD: Von Willebrand disease; VWF: Von Willebrand factor



DDAVP trial
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Type 2B VWD Type 1C VWD

Platelet (x109/L) VWF:Ag (U/dL)

• Baseline 90 25

• 1 hour 75 20

• 4 hours 60 15 
(decreased >30% 0f baseline)

DDAVP:1-Deamino-8-D-Arginine Vasopressin; 
VWD: Von Willebrand disease; VWF: Von Willebrand factor
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VWF multimer SDS-PAGE Analysis
VWF: Von Willebrand factor
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Normal     1           2A         2B        2M        2N         3 Normal

Schematic Plasma VWF Multimers
MW: molecular weight; VWF: Von Willebrand factor

High MW

Low MW
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Recommendation 9:
• VWD type 2A, 2B or 2M 

needed VWF:multimer or 
ratio of VWF:CB/VWF:Ag.

• VWF:CB/VWF:Ag is a 
surrogate marker of 
VWF:multimer.

• Collagen type 1 and 3 
(bind to A3 domain) is 
recommended.

• No standard cutoff level 
for the diagnosis (0.4-
0.8).

Recommendation 10:
• Suggested genetic testing 

over low dose RIPA in the 
diagnosis of VWD type 2B.
• Final concentration of 

ristocentin for standard 
RIPA and low dose RIPA 
are 0.6-1.2 VS 0.3 mg/mL, 
respectively.

James PD, et al. Blood Adv. 2021.12;5:280-300.VWD: Von Willebrand disease; VWF: Von Willebrand factor



Type VWD VWF: multimer VWF:CB/VWF:Ag

sensitivity specificity sensitivity specificity

• 2A 0.9 
(0.90-0.99)

0.97 
(0.94-0.99)

0.90 
(0.78-0.96)

0.95 
(0.89-0.98)

• 2B 0.9 
(0.90-0.99)

0.97 
(0.94-0.99)

0.90 
(0.78-0.96)

0.95 
(0.89-0.98)

• 2M 0.86 
(0.73-0.98)

0.97 
(0.94-0.99)

0.98 
(0.96-1.00)

0.97 
(0.94-0.99)

James PD, et al. Blood Adv. 2021.12;5:280-300.
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VWD: Von Willebrand disease; VWF: Von Willebrand factor



Suspected VWD patient

BATHigh, intermediate or low risks

Positive Negative Excluded VWD

CBC, PT, APTT
VWF:Ag, FVIII:C

platelet-dependent VWF

VWF function 30-50 U/dL

bleedingno bleeding

VWF function < 30 U/dL

platelet-dependent VWF/VWF:Ag ratioexcluded VWD

VWF:Ag and 
function

 > 50 U/dL

Type 2N VWD

FVIII:C<VWF

VWF:FVIIIB or 
genetic testing
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Colonne CK, et al. J Blood Med. 2021;12:755-68.



Platelet-dependent VWF/VWF:Ag ratio

Type 1 VWD

DDAVP trial

Type 1C VWD

Normalized VWF 
with age

Type 2 VWD

VWF:CB/VWF:Ag

abnormal (<0.6) normal (≥ 0.6)

Type 2A, 2B VWD or platelet type VWD Type 2M VWD or BSS

genetic testing Type 2B VWD

< 0.7> 0.7

Colonne CK, et al. J Blood Med. 2021;12:755-68.
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Recommendation 8:
suggested using 
cutoff ratio of 0.7 
rather than 0.5 in 
the diagnosis of 
VWD type 2



Genetic testing: NGS
• Can identify single nucleotide variants (SNVs), small 

deletions, insertions/deletions and large copy 
number variants (CNVs). 
•Different NGS platforms are available from various 

manufacturers.
• Large number of variants are classified as benign or 

of unknown significance.
• These features complicate the genetic analysis and 

interpretation of detected variants within 
individuals with reduced VWF.
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NGS: next generation sequencing; VWF: Von Willebrand factor Platton S, et al. Br J Haematol. 2024;204:1714-31.



Genetic testing: NGS
• Care must be taken to ensure primer specificity to 

VWF in exons 23-34, where there is high homology 
with VWF pseudogene . 

• Some NGS technologies may not be able to map 
sequence reads to specific areas of the gene, such 
as exon 26 in VWF. 

• Such regions should therefore be analysed by 
Sanger sequencing.
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NGS: next generation sequencing; VWF: Von Willebrand factor Platton S, et al. Br J Haematol. 2024;204:1714-31.



Pseudogene
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Exon 28 (A1 domain)
c 4195C>T p.R1339C
c 4195C>T p.R1339C
c 4195C>T p.R1339C

Exon 18 (D3 domain)
c 2396G>A p.C799Y

Exon 27 (D3 domain)
c 3614G>A p.R1205H
c 3614G>A p.R1205H
c 3854C>T p.S1285F

Exon 28 (D3 domain)
c 4010C>T p.P1337L

Exon 20 (D3 domain)
c 2687A>G p.D896G

Exon 52 (D3 domain)
c 8068 del p.V2690Sfs*20
c 8068 del p.V2690Sfs*20
c 8068 del p.V2690Sfs*20

Exon 28 (A2 domain)
c 4789C>T p.R1597W
c 4789C>T p.R1597W

Exon 36  (D4 domain)
c 5335C>T p.R1779*

Type 2A

Type 2A ?

Type 2A

Type 2N or 3

Red = Homozygous
Yellow = compound heterozygous
Blue =Heterozygous

Type 3

Type 1

Type 3

Exon 8 (D1 domain)
c 883T>G p.C295G

Type 3

Type 1



Brennan Y, et al. Haemophilia. 2018;24:e148-e152. 
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Lauhasurayotin S, et al. J Clin Pathol. 2024;78:57-63.
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Management
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Management of VWD: considering factors
• Type of VWD: 1, 2 or 3

•Available products

• Clinical situation: 
•Prophylaxis
•Acute hemorrhage
•Preoperative preparation
•Pregnancy, delivery and puerperium

Decoding the complexity of Von Willebrand 
disease: from genetics to treatments

Recommendation 1:
VWD with severe bleeding 
should receive prophylaxis 
rather than no prophylaxis Connell NT, et al. Blood Adv. 2021 Jan 12;5:301-25. VWD: Von Willebrand disease



Management of VWD: prophylaxis
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Sidonio RF Jr, et al. Blood Adv. 2024;8:1405-14. 

Total annual bleeding rate
WIL-29 (6-month, on-demand treatment with Wilate)
WIL-31 (Wilate prophylaxis for 12 months)

• 44 patients from 17 
centers in 9 countries.

• The recommended 
dosing of Wilate was 
2-3 times per week at 
an intravenous dose of 
20-40 U/kg. 

• The primary end point 
of WIL-31 was to show 
a >50% reduction in 
mean total annualized 
bleeding rate 
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Management of VWD: VWF increment
•Non-replacement therapy 

• Increased endogenous FVIII:C and VWF
• DDAVP
• Estrogen

• Increased clot stability: antifibrinolysis

•Replacement therapy
• Exogenous FVIII:C and VWF

• Cryoprecipitate
• Intermediate-purity FVIII concentrate

• Exogenous VWF
• VWF concentrate

Decoding the complexity of Von Willebrand 
disease: from genetics to treatments

DDAVP:1-Deamino-8-D-Arginine Vasopressin;  VWD: Von Willebrand disease; VWF: Von Willebrand factor
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Management of VWD: DDAVP (1-Deamino-8-
D-Arginine Vasopressin)
•Antidiuretic hormone derivative.
• First used in 1977.
• Increased FVIII and VWF release from endothelium.
•Document response of DDAVP at 1, 2, 4 hours prior 

to use (DDAVP trial).
• Three times higher than baseline 

  and must be above hemostatic level.

Recommendation 2: 
DAVP trial prior to 
treatment with DDAVP

Note: not applicable to VWD whose DDAVP is 
not treatment of choice (type 2, 3 VWD or 
VWD underwent operation). Connell NT, et al. Blood Adv. 2021 Jan 12;5:301-25. 
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Management of VWD: DDAVP (1-Deamino-8-
D-Arginine Vasopressin)
• Indications

• Type 1 VWD (VWF 10-30 U/dL)
• Type 2A VWD (some), 2N (some)

• Contraindications
•Type 2B and type 3 VWD
•Type 1C VWD with operation
•Cardiovascular diseases
•Age <2 years
•Seizure disorders
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Management of VWD: DDAVP (1-Deamino-8-
D-Arginine Vasopressin)
• Intravenous (single dose)
• 4 µg/mL/vial
• 0.3 µg/kg/dose
• Intravenous infusion in 15-20 minutes
• Time to peak 30-60 minutes 
• 3-5 times of baseline value

• Intranasal (single dose)
• 300 µg/kg
• Time to peak 90-120 minutes 
•Not available in Thailand



Antifibrinolytic agents
Tranexamic acid 
•orally 25 mg/kg/day tid 
• intravenous 10 mg/kg/dose
•benefit in bleeding of high fibrinolytic activity 

organs e.g. oral cavity, urinary tract

Decoding the complexity of Von Willebrand 
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Recommendation 5A:
tranexamic acid together 
with keeping VWF activity 
≥50 U/dL by either DDAVP 
or VWF concentrate for 
minor operation

Recommendation 5B: 
using only tranexamic acid for 
minor mucosal procedures in 
type 1 VWD with VWF activity 
>30 U/dL and mild bleeding 
phenomenon

Connell NT, et al. Blood Adv. 2021 Jan 12;5:301-25. tid: three time a day



Estrogen
• Endometrial changes

• Increased endogenous FVIII and VWF

•Benefit in VWD with hypermenorrhea

• caution use of hormone in endometrial 
hyperplasia/cancer, polycystic ovary, high BMI, >35 
years of age, DM, HT

Decoding the complexity of Von Willebrand 
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Recommendation 6B: 
One who wish to conceive: 
suggested tranexamic acid rather 
than DDAVP for heavy period (who 
wish to conceive)

Recommendation 6A:
One who do not wish to conceive: 
hormonal therapy ± tranexamic 
acid rather than DDAVP for heavy 
period

Connell NT, et al. Blood Adv. 2021 Jan 12;5:301-25. 



Replacement Therapy

•10-20% of VWD need replacement therapy.

•Sources of VWF
•Cryoprecipitate
•FVIII concentrate (VWF:RCo/VWF:Ag ratio >0.7)
• Intermediate purity
•High purity (monoclonal immunoaffinity 

chromatography or recombinant technology) 
not suitable for VWD.

•VWF concentrate (VWF:RCo/FVIII:C ratio >10, 
Wilfactin®) in European countries.

Decoding the complexity of Von Willebrand 
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Factor concentrate VWF:FVIII ratio

•Alphanate® 0.5:1

•Wilate® 1:1

•Humate-P® 2.4:1

•Wilfactin® 10:1

Sharma R, et al. Blood.2017;130:2386-91.



Type of bleeding Dose FVIII 

(U/kg)

Number of 
infusion

Target

▪ Major surgery 50 OD or 

every 12 hours

Peak VWF:RCo >100 U/dL and 
trough >50 U/dL (5-10 days) 

avoid FVIII:C >150-200 U/dL

▪ Minor surgery 30 OD or AD Peak VWF:RCo >50 U/dL and 
trough >30 U/dL (1-5 days) 

▪ Dental extraction 20-30 single Peak VWF:RCo >50 IU/dL 

▪ Delivery and 
puerperium

40 daily before 
delivery and 
postpartum 

period

Peak VWF:RCo >50 IU/dL (5-7 
days)

Recommendation 4:
Suggested using both FVIII:C and VWF activity rather than only FVIII

AD: alternate day; OD: once a day

Decoding the complexity of Von Willebrand 
disease: from genetics to treatments

Connell NT, et al. Blood Adv. 2021 Jan 12;5:301-25. 



VWD: Pregnancy, delivery and puerperium
•Higher FVIII:C and VWF normally found during 

pregnancy (produced from placenta).
• Postpartum hemorrhage is 1.5-5.0 times higher 

than normal women.
• Keep peak FVIII:C and VWF:RCo 
  >50 U/dL during peripartum
  and postpartum period.
• Keep peak VWF:Rco
  50-150 U/dL if neuraxial anesthesia is needed.

James AH, et al. Obstet Gynecol.2009;114:674–8.
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Recommendation 8:
tranexamic acid 25 
mg/kg/day tid during 
postpartum period 
and 10-14 days after 
delivery 
for type 1 VWD 

tid: three time a day



Take home message (1)
•VWD is the most common hereditary bleeding 

disorder.

•Most of the patients are mild bleeders.

•BS is benefit to determine if investigation should be 
started (especially NPP).

•A number of factors to be considered prior to 
laboratory interpretation such as age, blood group, 
inflammation.



Take home message (2)
•Diagnosis should begin with BS and VWF panel 

assays. 

•Genetic test is wildly available and have additional 
benefit in characterized the type of VWD.

•However, genetic testing results should be carefully 
interpreted.

• Prophylaxis with intermediate purity FVIII 
concentrate is recommended in severe bleeding 
phenotype, especially type 3 VWD.



Take home message (3)
•Hemostasis can be achieved by increasing VWF 

with either replacement or non replacement 
agents.

• Keeping with peak level of VWF: platelet binding 
activity of 100 U/dL for major operation and 50 
U/dL for minor operation.

•And keep trough level VWF: platelet binding 
activity of >50 U/dL but FVIII:C should not higher 
than 150 U/dL.



Thank you

Decoding the complexity of 
Von Willebrand disease: 

from genetics to treatments
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