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2021 Von Willebrand disease guidelines

11 diagnosis recommendations covering-

The role of bleeding assessment tools (BAT)
in the assessment of patients suspected of
VWD

Diagnostic laboratory cut-offs for type 1
and type 2 VWD

The role of genetic testing vs. phenotypic
assays for types 2B and 2N

The reconsideration, rather than simple
removal, of a type 1 VWD diagnosis, should
VWEF levels normalize over time

Blood Advances 5(1) 280; open access
1/12/21

8 management recommendations covering-

e Prophylaxis for severe and frequent bleeds
* Desmopressin (DDAVP) trials to determine therapy

e Use of antithrombotic therapy (antiplatelet agents
and anticoaguant therapy)

e Target VWF and factor VIII activity levels for major
surgery

e Strategies to reduce bleeding during minor surgery or
invasive procedures

e Management options for heavy menstrual bleeding

e Management of VWD in the context of neuraxial
anaesthesia during labour and delivery

e Management in the postpartum setting with
tranexamic acid
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100 YEARS of Desmopressin First plasma-derived VWF

VON WILLEBRAND DISEASE FVIII assay first used for product licensed for VWD

becomes available hemostasis treatment

TIMELINE 1926 1950s 19711977 1985 1999 2015

First VWD patient VWF purified VWF gene First recombinant
reported by Zimmerman |sequenced VWEF licensed in
etal. the US
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VON WILLEBRAND DISEASE
An Hlustrated Review

Mouhamed Yazan Abou-lsmail, Peter Kouides, Paula James, Nathan Connell

INTRODUCTION

"3 Von Willebrand disease (VWD) is the most common hereditary bleeding disorder,
characterized by a quantitative or quantitative deficiency in von Willebrand factor
f (VWF), a large, multimeric glycoprotein that plays an essential role in hemostasis.

9

3 This comprehensive illustrated review covers the pathophysiology, evaluation,
. diagnosis, management, challenges, and evolving therapeutics in VWD.

Abou-Ismail MY, Kouides PA,
James PD, Connell NT. von
Willebrand disease: an
illustrated review. Res Pract
Thromb Haemost. 2026 Jul
11,10(5):106838. PMID:
42598104, PMCID:
PMC13471213.




The Past: 1957-Marie Inge Nissen and Margreta

Blomback described a plasma faction that corrected
both FVIIl and bleeding time

The Present:

VWEF has 3 major binding partners involved in the primary and

secondary stage of hemostasis. Which of the following is not
a binding partner?

A.Platelets
B.FVIII

C.Collagen

D.Fibronectin



The Present Understanding of VWF from Gene to Protein

The VWF gene is located
on chromosome 12p13.3,
and spans around 178 kb.

It is highly polymorphic,
with >4,000 estimated
polymorphisms and

>900 pathogenic variants.

It contains 52 exons
coding a polypeptide
protein of 2813 amino
acids.

VWEF is fundamentally an

adhesive protein that —e

binds multiple targets.
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The Present Understanding of the VWEF life cycle

Synthesis
Protein
packaging and
storage
Secretion
Clearance

propeptides are
released from
Weibel-Palade
bodies
{(endothelial cells)
and a-granules
(platelets)
through
exocytosis.®

ibel-
palade bodies in endothelial
cells, and a-granules in
megahryocyhs.

Plasma VWF circulates in a globutar form, and elongates in response to
MMN




The Present Understanding of the Physiology of VWF in Hemostasis

VWF forms an adhesive bridge between VWF also helps bind adjacent VWEF is a carrier protein for factor Vi
platelets and subendothelium, leading to platelets, along with fibrinogen,

that stabilizes its structure
platelet activation. promoting platelet aggregation. « |t protects FVIII from proteolysis
« binds to subendothelial collagen at GPIib/lla is exposed on the platelet by activated protein C
the A1 and A3 domains surface after activation, and binds « Prolongs its half-life ~5-fold, from
¢ binds to platelets via GP1b receptor VWEF at the C4 domain. ~2 hours to 8-12 hours.




The Past: 1994 International Society of Hemostasis and Thrombosis proposed a classification of VWD
Present Concept: VWD is an Absolute or Functional deficiency
i.e. Quantitative or Qualitative i.e.. Hypo/aprotienemia (Typel/3) or Dysproteinemia (Type 2)

Type 2B

Partial quantitative VWF deficiency
(75% of symptomatic patients
with VWD)

Decreased VWF-dependent platelet
adhesion with selective deficiency of
high-molecular-weight multimers

Increased affinity for platelet GP1b

VWF-dependent platelet adhesion
without selective deficiency of high-
molecular-weight | multimers

Markedly decreased binding
affinity for FVIII

Virtually complete deficiency of VWF
(severe, rare)

\

/
\

—

I

Reduction in all
multimers but
normal function &
composition of
multimers

Qualitative
deficiency due to
loss of HMW
multimers or loss
of function despite
normal multimer #

Complete
reduction of
multimers



The Present Understanding of the VWD Subtypes

$A = Absent PATHOPHYSIOLOGY OF VWL Diagnosis'capsule)
multimers Lo e L e increased W cearance [ 5134 | &

»B = increased Type 2A

platelets biNding couw s impaied muttinerzasonassemsl

Group 2: increased A2 domain susceptibility

to ADAMTS13 cleavage
»M= Mad at the S
platelets B 5 P be confused with Type 28 VWD,
. ! where increased platelet binding
> » m y - alsg IIeads 't: :‘Ah;vomb?éy(openia
N= No blndlng JA.‘ A €5 However, PT-VWD s 2 platel
v v - :
}‘ o . 4 VWe-platelet binding i the patelet Ghiba receptor
to factor VI
Type 2N Nogm&:i multimer *VWF-plateletblndlng Type 2M
: ' . impaired platelet binding to A1 domain
i R I : 0@ e
X % X J
mbv‘ﬂ. :’b

X
;b "",}“‘\ Bernard-Souiler also leads to
~ Ko ﬁ' impaired VWF binding to

N \ z platelets and findings of
“ =] . macrothrombocytopenia,
@ ) p W ™ However, it is a platelet function
Yo N . v disorder where the mutation
LT W gﬁ T whe

causes impaired or absent GPib-
IX-V receptors on platelets.

Type 3 severe or null mutations in VWF gene, lead to near complete absence of VWF Absent multimers



The Past: 6 subtypes of VWD
The Future....is now!- a 7th was added- Type 1C

Type 1C
. P . 100 R1205H
. Dominant (highly (VWF Vicenza)

penetrant) VWFAG%
Recened: 31 Ay 2025 l Reveved 29 Javiaty 2026 i Actepted um.f& :'(y.'n '
hetpn /dolorg 10, 30544 jtha 202402030 20
ISTH SSC COMMUNICATIONS jth . ~10-15% of T"gr'pE 1

VWD
Recommendation to adopt the type 1C VWD nomenclature 10
into the classification of von Willebrand disease: . Missense mutations T 111

communication from the ISTH Scientific and Standardisation (eg. R1205H)

Subcommittee on von Willebrand Factor Hrs post-DDAVP

Christopher J. Ng' © | Ross |. Baker”** | Michelle Lavin® | Sandra L. Haberichter’ . VWEF:Ag <30% often = Exaggerated DDAVP
J Thromb Haemost. 2026 Jul;24(7):2656-2660. <15% tesponee ~adupto

PMID: 41786033.

(atio 53 Up t0 >10 = Short term benefit
from DDAVP (2-4 hrs)
. Subtly abnormal VWF = Plasma VWF half-

multimer profiles

lives <3 hrs




The Past: VWD was termed pseudohemophilia
The Present: We Now Know Its 5-10 times more common than hemophilia

PREVALENCE

VWD is considered the most common hereditary bleeding disorder, with an estimated prevalence of 1% based on population
screening studies. However, its true prevalence remains ﬁfﬁcult to ascertain; different analysis methods show largely

different estimates:
Genetic Prevalence Population Screenings Worldwide Registries

Symptomatic VWD

. "
Global estimates of genetic ’f' Early screening studies in + Estimates vary due to Global registries likely
prevalence using genomic : 2 = pediatric subjects identified variable settings and grossly underestimate
databases est higher e . prevalence of 1% in definitions of abnormal = | = the prevalence of VWD
‘ prevalence, | owing to Italy.** A majority in both bleeding. due to undiagnosed
undiagnosed cases and studies had Type O blood. " and underreported
variable penetrance.’ The aforementioned Italian studies cases, as well as

1987: Based on low VWF levels + family

56
history of bleeding,* A follow-up identified reported rates of 0.1% and 1%,

resource limitations.

Typel 2A 28 2M 2N 3 personal bleeding symptoms in 10% only.® A Canadian study evaluating
106 13 17 15 339 13 estimates based on primary care Prevalence varies widely by
/1000 /1000 / /10° 1993: Low VWF levels + personal history setting evaluations also showed income status and geographic
Overall VWD of bleeding symptoms + family history.” 0.1% prevalence.” location,®® ranging between:

2 05% ~10/0 ~O. 1% ~1-60/mlllon

VWD likely remains grossly underdiagnosed worldwide owing to several challenges:*°

er Under-recognition @Access to resources p\ Complex diagnosis ;‘; Limited awareness



Wolfgang Miesbach [ - 1st o K
To address the complexity of coagulation disorde...
w - @

‘ In 1924 a five-year-old girl, Hjordis Sundblom, was brought
from Fogl6 in the Aland archipelago to Erik von Willebrand.
Ninth of eleven children; three siblings had already bled to
death. Her bleeding time: two hours. : In 1926 he published
"Hereditar pseudohemofili". Finska Lakaresallskapets
Handlingar, 26 pages.
? Hjordis died at fourteen, during her fourth menstrual period.
Her cause of death took another 60 years to name: a single
cytosine deletion in exon 18 of VWF, found in the surviving
family in 1993.
\ A century on, VWD is the most common inherited bleeding
disorder — yet Europe registers ~51 patients per million against
an expected ~1,000. Roughly one in twenty is found.
< Ina CDC survey, women with VWD waited an average of 16
years from first symptoms to diagnosis — most first told they
had heavy periods or iron deficiency.
.. Von Willebrand described the disease before he could treat
it. We can treat it and still fail to find it. Which story will 2126 tell
about us?
#VWD #vonWillebrandDisease #BleedingDisorders
#WomenWithBleedingDisorders #Haemostasis
#Haematology #RareDisease

SUNDBLOM 31/

KLAS 0SK/ .

L KAR AUGUSTA MARIA KLAS RU R

* 24011882 + 3, 5,196 5 + 10. Y -‘ 2067000,
“\\,\\ el 2.1916 +20.6,2008




The Future: Increasing Awareness of VWD

VWD is grossly Diagnostic gap

Diagnosed cases

- — s — 1t AFR 4

Patient journey

G -& i

Suffer from bleeding Correct diagnosis made Proper treatment Reduced burden on
controlled bleeding patients and health system

xg;“w\g\\" ] A

Recurrent bleeding Delayed Diagnosis Increased burden on
patients and health system

o

Diagnosed (registered) < < Expected
underdiagnosed global prevalence

Seidizadeh O et al
Beyond a century of
discovery: the global
and persistent burden
of underdiagnosis in
von Willebrand
disease. Res Pract
Thromb Haemost.
2026 Jan
20;10(1):103359.
PMID: 41732305;



The Present Clinical Landscape of VWD
ERESENTING SYMETOMS

Age at Average age at
symptom onset diagnosis

"'1.5'8.5vears “'32 years

: Family history
* diagnosed cases 'ﬁi of bleeding

~55% femae) ~15-60%

WOMEN AND GIRLS WITH VWD

 Oral/gingival bleeding

Epistaxis

Bleeding from
/ minor wounds

Sex distribution of

Cutaneous

kc/\:»i bleeding

3 Remorthage

3 Gastrointestinal*

-« Muscle hematoma*

Graph based on reported
Hemarthrosis*® estimates collated from
different sources.
Central nervous *More common in Type 2 and
Type 3 VWD.

system*



The Recent Past: Subsequent development of a
standardized ISTH bleeding assessment tool (BAT)

» Well defined symptom (eg. epistaxis - v/“‘*‘?\
5/year or > 10 min) ki 7

e Summing the symptoms/cumulative score

e Grading the symptom based on degree of (é‘//
intervention o §?,;»a:—,/} ﬂ

inal hiancing

_ _— &;@g@i/

f\

Bleeding duwing
uuuuuuu

olongaed bleading

from minor wounds



Oral Cavity

_ m Evolution of

No o el (<8) 0 No No bleeding In at least 2 surgeries h ISTH
0 Not done or no bleeding in 1 surgery t e
»5 or more than 10 1 Reported at loast one 1 Post-trauma no therapy
1 Reporied in <25% of all surgeries Bleed|ng
CONSULTATION ONLY 2 CONSULTATION ONLY : Reported in >25% of all surgerios 2 Spontanecus no therapy
Packing of cauterizaton o N Surgical hemostasis or N0 inkerveniion s SpONtaneous of YaLMAtc requinng Assessment
antfibnnoiytcs antfBrnolytcs 3 Surgical hemostas:s o desmopressin or replacemeont therapy
Blood transfusion or replacement A Biood transfusion or replacement Blood ranshusion or replscement A Spontanecus or raumatic requiring TOOI
therapy of desmopressin herapy or desmopressn 4 herapy or desmopressin surgical intervention or blood transfusion (BAT)

Cutaneous

No or trivial (<1 cm)

Gl Bloeding

No

Associated with ulcer, portal
hyperiension, hemorrhokds,

e —
1) No 0 Nove:

CONSULTATION ONLY

https://

bleedingscore

1 Post-trauma no therapy

angodysplasia 2 Spontanoous no therapy
1 cm and no traum A D 3 Aeinyios or ol wee - T .certe.nl/
Surgical hemostas:s or biood 3 Curettage of #on thorapy desmopressin of replacement thevagy
3 transfusion or replacement therapy
CONSULTATION ONLY o desmopressin o antifibrinolytics 4 Blood ransfusion or replacement therapy 4 Spontaneous of traumatic requiring Also
or desmoprossin or hysterectomy surgical intervention or blood transfusion .
available

Bleeding From Minor Wounds

Tooth Extraction

In MedCalc

No or trivial (<5) 1 No bleoding in at least 2 extractions A No bleeding In at loast 2 doliveries 0 Never
0 Not done or no bleeding in 1 0 No deliveres or no bleeding in 1
>5 or more than 5 extraction delivery 1
1 Reported in <25% of all procedures 1 CONSULTATION ONLY
CONSULTATION ONLY 2 Reported in >25% of all procedures, 2 Curettage or iron therapy of 2 ot
nO intervention antifibrinolytics
Surgcal hemostass 3 5 s Blood transtusion or replacement 3 Subdural, any interventon
Resuturing or packing herapy of desmopressin
Blood transfusion of replacement "
or o o p eru?a«m 4 Hys y @ Intracerebral, any intervention
1 pt= symptom 2 pts= 3 pts= 4 pts= o
; : d id Rodeghierio et
(rigorously sought provider underwent provider underwent al. JTH 2005
- i intervention transfusion or surger 7 7
defined) attention gery 2:7-0


https://bleedingscore.certe.nl/
https://bleedingscore.certe.nl/
https://bleedingscore.certe.nl/

A 15 year old female is referred from the Emergency Room for
suspected VWD after presenting with epistaxis requiring packing. She
also reports heavy menses changing her sanitary pad every 90 minutes
since menarche at age13 . She also reports “easy” bruising throughout
childhood and prolonged bleeding from cuts. What is her bleeding
score per the ISTH Bleeding Assessment Tool?

Answer C:

A. 3 points » Bleeding score can be calculated as follows:
L1 point for easy bruising,

U1 point for prolonged bleeding from cuts,

3 points for epistaxis requiring packing,

U3 points for heavy periods since menarche.

Eormal bleeding score for adult females is 0-5.

uch patients should undergo VWF testing.

B. 5 points

D. 10 points



The Present:
Initial evaluation of patient 1: My Clinical Pearls

* Be able to do bleeding score in
your sleep

e And short version in parents
and sibs

* Ask for s/s in consideration of
Hypothyroidism
* Low thyroid hormone can
decrease VWF biosynthesis

 Take good history for
superimposed medications/OTCs
causing platelet dysfunction

“A>H"

* ASA

* Beta lactams

* Clopidogrel

* anti-Depressants

* Vitamin E

* Flavinoids

* Gingko

* and other Herbs: garlic, birberry,
ginger,ding quai, ginseng, turmeric,
meadowsweet, willow

* Besides anti-platelet meds and herbs, know
about coumarin containing herbs-motherwort,
chamomile, horse chestnut,red clover, fenugrek




The Present: The initial “core” tests of someone with
suspected VWD (at Rochester General Hospital)

A. CBC, PT, PTT, fibrinogen, VWF:RCo, VWF antigen, Fll, FV, FVIII, closure time

B. CBC, PT, PTT, fibrinogen, VWF:RCo , VWF antigen, FVIII, bleeding time

D. CBC, PT, PTT, fibrinogen, VWF:RCo, VWF antigen, FVIII, closure time, VWF
multimers



Laboratory testing of VWF activity over the years

Past (poor coefficient of Present- VWF-GplbR Present/Future (now NYS
variation)- VWF:RCo e Patient Plasma plus ~ approved)- VWF-Gp1bM

* Patient Plasma plus S‘ recombinant GP1b  « Patient Plasma plus
a

« Iyophized-Piatelets immunologically

as Gplb source plus bound to latex or * recombinant gain of
. Ristocetin (to promote ~ Magnetic particles function GP1b

S . : immunologically bound
lutination * AddTisteeetin' )
platelet agglutination) to latex or magnetic

then measure patient plasma, )
agglutination measure particles
agglutination *LOWEST COEFFICIENT OF

VARIATION*



The Present Evolution of VWF-Platelet Binding Assays:

“VWEF activity”

VWEF platelet-binding activity

VWF:RCo s

g m .. i GPiba —
‘ U < - ' - po—
m . L‘CA‘ ~ + = alters VWF form,
, (orend W cposing Al domain
Plasma sample von Willebrand factor Fixed platelets Ristocetin
(not av'ailaGbIBthBUS) mlmm —
° 2
» W + ‘ q W, @
Plasma sample von Willebrand factor Solid-phase beads Ristooetm
VWF:GPIbM o gain-of unction
2 b
U
—> "%‘c* ‘ >
o + @ mutant Gpiba binds VWF
spontaneously = ristocetin
Plasma sample von Willebrand factor Solid-phase beads not needed Pamcle'ngluﬁnaﬁon

VWF:GPIbM &
VWF:GPIbR are
preferred over
VWF:RCo
whenever available

excellent coefficient of
variation = 5.6%

greater precision

more sensitive lower limit
of detection (0.2 IU/mL)
unaffected by p.D1472H
variant



The Present algorithmic approach to laboratory testing- if VWF level < 50% then
calculate 2 ratios- VWF activity(VWF RCo)/ VWF:Ag and FVIII/VWF:Ag...

If FVIII/VWF:Ag <0.7:

Disorders of VWF Production/ Mucocutaneous Bleeding Disorders of VWF Binding
Clearance High Index of Suspicion for VWD to FVIII
FVIII Disproportionately Low
If severely low levels of VWF:Ag Copar VNG
VWD Type 3 VWD Standard Testing Abnormal VWF:FVII
L VWF:AG, VWF:Rco, FVIII:C Binding Capacity
Platelet Count VWD Type 2N
VWF:RCoNVWF:Ag >0.7
— Y
VWD Type 1 : . Disorders of VWF
VWF:RcolVWFiAg <0.7 Binding to platelets
Mtimers Noma ¥ Vg utmers

If elevated VWF:PPVWF:Ag

| VWD Type 1C |

RIPA Enhanced RIPA Marmal

Adapted from Ng and DiPaola Blood. 2015;125:2029-2037



VWEF testing sequence: VWF profile>multimers>CB activity> RIPA etc.

N VWF multimer Analysis

o VWEF Antigen (VWF:Ag) + VWF act|V|ty e l o

c . °® mp | distribution of
o \— VWF multimers
:I' , m“««wvv + . @ + § using gel -—

) | Plasmasample  von Willebrand factor Solid-phase beads Anﬁ-vwr antibodies o fepam and - - —
,= Immunoassays (various methods) measure the amount of VWF in plasma. w mne : p— =-
Ll

FVIIi:C E - ‘“
Measures FVIII activity, can be performed as 1-stage or chromogenic assay. Y= o
~ Collagen-binding activity (VWF:CB) Useful in specific scenarios
5 v > . .
G  VWF:CB/VWF:Ag ratio can serve as a surrogate for multimer analysis. #2  * Ristocetin-induced Platelet Aggregation
ap  VWF:CB testing may also identify collagen binding defects: O (RIPA): positive aggregation to low-dose
< i = ristocetin helps identify Type 2B VWD.
> Variants that impair the ability of VWF to bind >
Q collagen have been identified, and may cause  what if VWF:CB s the only o * VWF:FVIIl binding: o
© | abnormal bleeding. 7% abnormality, while VWF:Ag (1°] decreased FVIII binding helps identify

L. :"dwhlm — Type 2N VWD.

; « VWF A1 domain binding variant (more common): o (8]

> may be detected using type IV/VI collagen assays  Therelscurrentiyno c * VWF propetide (VWF:pp):

= OIS VD! Bt soma <L elevated VWF:pp/VWF:Ag ratio reflects

¢ VWF A3 domain binding variant (less common):  consider it to be a unique increased clearance, seen in Type 1C VWD.
may be detected using type I/1ll collagen assays ;Uvegpe within Type 2M



My Clinical Pearls of VWD Testing

* Do not stop COC as present formulations are too low of a dose to
raise VWF levels to any degree of clinical significance

* We need to convince insurers to cover on site testing and have them
stop trying to save money by sending it to national laboratories
3000 miles away!

 Remember VWEF is an acute phase reactant so be aware of present
state of health when testing

* Consequently, if levels >50% but <100% we and others have shown
that there is only 5% chance on re-resting levels may be < 50% so in
general we do not test if levels > 100%



The Present
Understanding of

Variables Affecting VWF Povoces [ i 7'y
levels

‘ May increase VWF levels ’MaydecreaseVWFlevds

Stress Estrogen rise Blood Type O
eg. phlebotomy €g. pregnancy,
stress in children, menstrual cycle
psychological stress changes
AGING: 5 studies, N=461 total Type 1/Low VWF = ‘ =
2 - &
2018 Rochester NY study AJH. Exogenous .
20@96 of 1 VWD paﬁents 2018 Feb;93(2):232-237 Estrogen Cigarette Medications Mechanical
VWF with age due eg. contraceptives, Smoking eg. ciprofloxacin, Devices
to physlologlcal increases in VWF i hormonal replacement valproic acid eg. ECMO, LVAD

It remains unclear whether .
this ameliorates bleeding 3
symptoms or not, !

i recomw some patients

and they may no Ionger require
hemostatic interventions. o e o B oproduced

—< P A i

Atherosclerosis Liver Disease Hypotlwrondism Autoimmune

E 8

Inflammation Anemia Cardiac Disease Neoplasms*
* Other patients may still have bleeding symptoms, potentially eg. trauma, infections, g, acute blood loss  eg. aortic stenosis, LSl DU WA,
requiring hemostatic interventions or supranormal VWF levels. ; mm “Comwesty cther ol

Schaefer BA,Cheng D, Kouides P. Impact of obesity on factor VIl
and von Willebrand factor levels in patients with Type 1 von
Willebrand disease and low von Willebrand factor: An analysis of
the ATHNdataset. Haemophilia. 2022 Jan;28(1):109-116. PMID:
34874087



Moving Forward into the Future....

And to reiterate, stop
insurers from
mandating send out

So how often should we
: check VWF levels in type 1
H VWD and low VWF?

laboratory testing!!
Insist on lab app’t at
WNY Hemophilia
Center!!

Consider repeating VWF
panel every 3-5 years, and
reconsider treatment plan
based on the levels
especially in older patients
pre-operatively

"CAUTION




Preanalytical process Preanalytical problem

Sample collection - Identification errors
- Inappropriate procedure
- Inappropriate device
- Inappropriate volume

Sample handling - Sample mixing

& Sample transportation—— ) _IT‘?:Eparature
- Conditions

Sample storage —— :I_fr:LP“fE‘"fﬂ

- Thawing
=S Sample preparation - Centrifuge temperature
[ ] 3= - Centrifuge time
L\i - - Centrifuge speed

- Plasma stratification
Preston et al, Quality issues in laboratory haemostasis, Haemophilia 2010;
Favaloro et al., Am J Clin Pathol 2004; Favaloro et al, Semin Thrombo Hemost 2008
Lipton R Haemophilia (2003), 9:235-236
Jaffray J, Am J Hematol. 2020; 95(9)1022-1028.



ldeal VWD testing environment- On-site Coagulation Lab

Phlebotomy, processing and analysis occurring in
a timely manner

* Most important aspect is prompt
processing

* Lipton R Misdiagnosis by
Milkbox Haemophilia
2003, 9:235-236

* Most insurers necessitate testing be performed at * Coyle T, et al. Milk Box

outside laboratories Misdiagnosis of Von

. d likelihood of i iat Willebrand Disease Is
ncreased likelihood of inappropriate Common. Blood.

processing 2008;112(11):2266..

* Jaffray J, Laboratory
misdiagnosis of von
Willebrand disease in
post-menarchal females:
A multi-center study Am J
Hematol. 2020;
95(9)1022-1029.

» False positive VWD diagnosis

« Multi-center study in 2020 showed assays
increased within normal range in 30-50% of
subjects when re-tested at on-site laboratories

» Consequences of misdiagnosing VWD-

* Inappropriate interventions

Inadequate therapy

Increased healthcare costs

Unnecessary stress to patients and families

Repetitive VWD testing




The Future:
Expanding role of genetic
testing

Challenges

Chromosome 12 VWF gene

Gene sequencing

Bioinformatics

g A
GTCCA

o

@

Confirmation of
VWD diagnosis

Type 2A, 2B, 2M and 2N
Type 1 (VWF < 30 IU/dL)

Family planning and
genetic counseling
Type 3
Type 2N

Application of

VWF genetic
testing

Differential diagnosis

Type 2N from
non-severe hemophilia A

Type 2B from platelet-type VWD

Qongenital VWD from acquired VWS

Pathophysiology of VWD

Characterization and genotype-
phenotype correlation study

Predicting response to treatment

=

Seidizadeh O, Lillicrap D. Molecular genetic testing in von Willebrand disease: past, present, and beyond.

Haematologica. 2026 Jan 1;111(1):44-53. PMID: 41496703.



Case 1 continued- 15 y/o with BAT of 8 presenting to
ED with epistaxis needing packing and heavy menses

since menarche

* The patient undergoes testing for VWD:
* Ristocetin cofactor AKA VWF activity = 26% (normal 40%-120%)

* VWF antigen = 28% (normal 50%-150%)

* FVIIl level = 47% (normal 50%-150%).
* VWF multimers are slightly reduced but in normal pattern.

* A presumptive diagnosis of Type 1 VWD was made (definitive diagnosis was then made
when a second set of levels returned subnormal).

CONFIRMING THE DIAGNOSIS OF VWD
To make a diagnosis of VWD, The ASH ISTH NHF WFH 2021 guidelines™ require:
*Objecti

OR + bleeding : ;He:%nmd ucsal:gbe
SLAL, ptoms tools,us.:‘;c; as the
ISTH-BAT.?

VWF:Ag or
platelet-dependent
VWEF activity (1U/dL)



The Present:
VWD Management
Options




The Present: Management of VWD by subtype

Condition Prevalence \ ' Treatment (+ Aminocaproic Acid or Tranexamic Acid for Mucosal Bleeding)

75%-85% Desmopressin usually works in majority of cases
G For major surgery, VWF replacement may be preferable
10%-15% Desmopressin rarely effective
T Infuse VWF (plasma-derived FVIII concentrate or r'VWF)

Desmopressin maybe deleterious (may lower platelets, cause clots)

5% Infuse VWF (plasma-derived FVIIl concentrate or rVWF)
R Desmopressin rarely effective
rh Infuse VWF (plasma-derived FVIII concentrate or r'VWF)
Rare Infuse VWF (plasma-derived FVIII concentrate or rVWF)
1in

1,000,000 Infuse VWF (plasma-derived FVIII concentrate or rVWF)



The Present:
Management of VWD by guidelines

ASH ISTH NHF WFH 2021 guidelines

v v v v v

. Neuraxial Heavy Menstrual .
Minor Surgery Major Surgery e Bleeding Prophylaxis
Target VWF activity: Target VWF activity and
0.50 1U/mL FVIIl activity (troughs): Target VWE Hormonal therapyt S”I?__EE;?:"E:RE“
activity: . ,
and 0.50 IU/mL for at least and/or W”;Df ;:';2; ';::;““"
A ey 0.50-1.501U/ml tranexamic acid frequent bleeds
tranexamic acid needed

* Tranexamic acid alone can be considered for minor procedures in Type 1 VWD patients with baseling VWF activity levels of =0.30 IU/mL and mild bleeding phenotype,
t For those who do not wish to conceive,

ASH: American Soceity of Hematology, ISTH: International Saciety on Thrombosis and Haemostasis, NHF: Mational Hemaophilia Foundation, WFH: World Federation of
Hemaphilia, VWF: von Willebrand Factor



Desmopressin-1-deamino-8-D-arginine vasopressin (DDAVP)

Mechanism of action

endogenous release of

. VWEF from endothelial
Palade body  cel|s,

A

Notable Side Effects:

@ Hyponatremia
Lz Seizures

Cardiac disease exacerbation
(contraindicated)

® Tachyphylaxis (drug may
become ineffective after
consecutive 3-5 days)

In most HTCs, DDAVP is avoided in
patients age <5 or 260.

DDAVP
Injection
Suggested use: desmopressin

acetale

Treatment of minor bleeds or minor procedures
in Type 1 VWD (known responders).

Response definition
e 2>2xincrease from baseline  AND
¢ sustained VWF/FVIIl increase to >0.50 lu/
mL for at least 4 hours

Doses and routes:
¢ intravenous: 0.3mcg/kg (max 20-30mcg)
» subcutaneus: 0.3mcg/kg (max 20-30mcg)
¢ intranasal: 300mcg, 1 spray (150mcg) per
nostril
(limited availability since 2020 product recall)

2021 VWD guidelines panel- Patients for whom desmopressin
is a valid treatment option (primarily type 1 VWD) and who
have a baseline VWF level of <0.30 IU/mL, the

panel suggests performing a trial of desmopressin and treating
based on the results over not performing a trial and

Connell NT Blood Adv. 2021 Jan 12;5(1):301



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjtlpy90bHgAhVROq0KHdldBsoQjRx6BAgBEAU&url=https://dir.indiamart.com/impcat/desmopressin-acetate.html&psig=AOvVaw1zRmrLuGYslLvxBaTGiKDp&ust=1549904265366728

The Present at the Mary M. Gooley
HTC: Lower Dose DDAVP

e Standard recommended dose of DDAVP
based on 5 (!!) healthy controls treated with varying
doses of DDAVP ranging from 0.1 to 0.4 mg/kg.

A dose-response relationship was observed for FVIII:C
up to 0.3 mg/kg, for VWF Ag up to 0.2 mcg/kg

1. Mary M. Gooley Hemophilia Center experience — “Sham dosing”

Furgan F, Sham R,
Kouides P. Efficacy

a) Cap at 25 mcg IVSS if weight >80 kg and safety of half-
) ) . . o dose desmopressin
b) Lower dose 0.15 mcg/kg IVSS in patients with mild VWF deficiency for bleeding
if adequate DDAVP trial and prothrombotic risks present and/or worried ’Z;:fc’;i’r’,’;’;fsg’rder
about hyponatremia especially if on SSRI or Ob-Gyn case including patients undergoing
childbirth predominantly low to
moderate risk
2. Recent low dose studies with 0.15 mcg/kg sc show adequate fold rise invasive procedures.
Am J Hematol. 2020
MWERCO Akin M, Hematology 2013:18(2);155- OCt,'95(10).'E285-
Denzili, Turkey 2013 14 3.6 4.0 4.0 415 E287.. PMID:

Siew DA, et al. Blood Coag Fibrinol 2014
Ontario, Canada 2014 40 5.5 3.4 5.3 on-line 32628278.




The Past to Present: Evolution of VWF replacement therapy

PROPHYLAXIS

Beyond DDAVP: Milestones in VWF replacement therapy

Prophylaxis using VWF concentrate may be indicated
in certain patients to prevent or minimize bleeding
and improve QolL.

First Pasteurized Recombinant
d ipti f FVIIIVWF VWEF tested in Definition:
esm‘Mptl'D?n v 3 (Humate P) : dogs' ; VWF replacement 21/week, or dosed for HMB, for a
Pool's evalabis i VWF with r'VWF (BAX period of 3-6 months.
cryopercipitate . low FVIII 111)in * No consensus on standard dosing (e.g. 1-3x/ week)
used for VWD! Germany evaluated'’ Phase 3 Trial? o pd-VWF or r'WVWF are appropriate options

A phase Il prospective randomized study showed 91%
reduction in spontaneous ABR with rVWF prophylaxis
compared to on-demand therapy.

Szml.z: ?5 , EfEJEB B | oA oW e e

Plasma and VWF gene pdVWF ophon for
Cohn's fraction 1 discovered When to consider:
used for VWD' VWF ¢ Frequent/recurrent chronic bleeding, despite
VWF cultured ADAMTS-13 "Cons (B/:X 11:) appropriate on-demand therapy.
from human identified’ pletion o « Bleeding that interferes with daily activities, school
endothelial cells’ Phase 3 attendance, work, or QoL
US FDA o Type 3 VWD
approved?® ¢ Need for antithrombotic treatment

(e.g. cardiovascular procedures)
1. Fedenc AB, of al. Maemophla. 2000, 12 863572, 2. Baxier, News Relcase Ocioou 13, 2011, Avallable at:

In patients with VWD with a history of severe and frequent bleeds, the guideline

panel suggests using long-term prophylaxis rather than no prophylaxis (conditional
recommendation based on low certainty in the evidence of effects @D Q)).




Past: Plasma VWF Replacement... Present: also rVWF
a Plasma-derived (pd-VWF) Recombinant VWF (rVWF)

Undergoes viral inactivation Yy % No risk of viral transmission
More readily available | B Contains ultra-large VWF
Half-life (~12-16hr) 2 Longer half-life (~22hr)
Contains FVIII Does not contain FVIII

VWEF:RCo half-life*
(median hours, range or SD)

Alphanate/Fanhdi 1.71£3.3

Select examples of VWF concentrates Licensing VWF:RCo/FVIII ratio

Humate-P/Haemate-P : 11 (3.5-34)

Wilate 15.8 (6-49)

Voncento 11.5 (6-35)

Wilfactin 12.4 (8-14)

Vonvendi/Veyvondi | ) ™ - ~22.6 (17-37)




The Present: Surgical Management

My Clinical Pearls:

* Individualize treatment goals
based on patient levels, bleeding
phenotype, site of surgery and
surgical bleed/thrombotic risk

* Communicate orally and with care
of plan letter

* Low threshold for overnight stay

* We are spoiled and in house
check levels daily (cost-effective!!)

* Liberal use of anti-fibrinolytics

* Reserve DDAVP for minor
procedures

* For moderate/major bleeding risk
procedures in Type 1 patients we
prefer VWF replacement d/t to
hyponatremia, tachyphylaxis and
CV risk (in older patients)

Suggested treatment durations for select major procedures

Dental Extraction e
For oral or dental procedures,
mmm block 2 ‘aays = antifibrinolytic agents can also
be used as a "swish & swallow"
Gastrointestinal syrup. Topical agents such as
thrombin on gauze may be
biopsy or polypectomy useful for deciduous teeth,
Liver or kidney biopsy
Because eschar usually sheds
around days 7-10, a repeat
Tonsillectomy & ——————— dose is typically recommended
Adenoidectomy around that time, in addition
to adjunctive TXA for a total
ic e 10-14 days.
Laparatomy
Orthopedic Surgery

Central nervous system or
cardiothoracic surgery




Case continued 15 y/o Type 1 VWD

*You counsel the patient and her parents on her new diagnosis.
Which of the following is not a clinical manifestation/complication of
VWD in females?

A.lron deficiency anemia
B. Increased rate of gynecological surgical interventions (dilatation and

curettage, hysterectomy) .
C. Decreased quality of life Skeith L and the VWD Pregnancy Loss Study

. . Group. Pregnancy loss in individuals with
D.Increased rate of miscarriage von Willebrand disease and unspecified
. Postpartum vulvar hematoma mucocutaneous bleeding disorders: a

multicenter cohort study. J] Thromb
Haemost. 2025 Feb;23(2):429-439. PMID:
39454883.



- Kouides PA. Females with von Willebrand
Female Wlth VWD disease: 72 years as the silent majority.

Haemopiilia 1998; 4: 665-76.

Childbirth Menstruation
Pl

Post-partum hemorrhage

Menorrhagia

Other menstrual issues:
* Increased prevalence of mid-
cycle pain (Mittlesmerz) and
dysmenorrhea
* Risk of hemoperitoneum
*? Increased incidence of
endometriosis, polyps, fibroids

Psychosocial complications
(Quality-of-life impact)

* Increased prevalence of anxiety
(-depressive) disorders

Medical and Surgical

complications
* Iron deficiency anemia
* Increased rate of surgical
interventions: D&C, hysterectomy

*1/3"d to 1/2 have lost time from
work/school in the past year

* In one study QOL impairment was
equivalent to a HIV + severe
hemophiliac



Case continued (15 y/o Type 1 VWD) The patient, and her parents are
informed that there are numerous treatment options for managing her
heavy menses.

« All the following are front-line options to control heavy menses
in this patient except?

A.Tranexamic acid (Lysteda TM) 1.3 gram po tid first 5 days of
menses

B.MIRENA IUD

C.Combined oral contraceptive (COC)

D.Plasma-derived VWF containing FVIIlI concentrate



ANTI-MENORRHAGIC

LANULES

|



Levonorgestrel IUD

’ Endometrial
\ ablation

Hemostatlc Theraples

Intranasal The panel suggests using either hormonal
DDAVP therapy (CHC or levonorgestrel-releasing
. ® intrauterine system) or tranexamic
( Stimate ) acid over desmopressin to treat women
with VWD with heavy menstrual bleeding
who do not wish to conceive (conditional
recommendation)
VWF/FVIII Antifibrinolytic ~ Hysterectomy Brignardello-
concentrate thera Petersen R et al :

Blood Adv. 2021
Oct 21:Blood
Advances. PMID:
34673921.




Back to our 15 y/o patient, a year later (age 16)

Patient undergoes DDAVP trial with robust response

Parents opt for Intranasal DDAVP for daughter’s heavy
periods

Follow-up PBAC score showed decrease from 320 to
60

One year later, patient’s pediatrician calls me and tells
me that she is now pregnant

Asks why did | not prescribe COC instead of IN DDAVP
as she was sexually active then
* Along silence ensued at my end of the phone call

Family and patient are concerned about delivery-
e Can she have an epidural ?
* Won’t she bleed after delivery b/c of her VWD?

Ristocetin VWEF Factor 8
cofactor antigen level
(nl=40%to (nl=50%to (nl=50% to
120%) 150%) 150%)
Preintra- | 20 27% 52%
nasal
DDAVP
60 min 103% 109% 1859
postintra-
vanous
DDAVP
4 hr post 99% 100% 166%

N.B. She initially underwent 1 and 4 hr IV
DDAVP trial with <30% decrease from the
peak VWF level so ruling out Type 1C



Case continued- regarding her pregnancy-
 All the following statements are correct except:

A. AVWEF level > 50% in the third trimester would clear her for an
epidural

B. The VWF levels can begin to fall 3 days post-partum placing the
patient at risk of post-partum hemorrhage

C. Tranexamic acid can be prescribed prophylactically post-partum to
reduce risk of hemorrhage

D. Patient should be advised to have an induction to reduce risk of PPH



VWF changes in pregnancy in normal

P reg Nnan Cy | N VWD patients and patients with VWD

3200 / ‘(o VWFAG = 8= VWFRCO —o= FVI — - Platelet count ‘
. X, [ >150% = “normal” with normal physiological range pf 150- 0%
» von Willebrand factor (VWF) and factor 37 — e

VIII (FVIII) levels increase in healthy — §: /
pregnancy by 200-250%" . / v //

* VWF increases are much less
pronounced (or absent) in pregnant

’-' A ','I Lo
7 o .-
'.:'_Tﬂ Paror] T o z
No IBD Type 1 Type 1IC  Type 2A Type 28 Type 2M Type 2N Type 3 HA Genetic
VWD VWD VWD VWD VWD VWD VWD Carrier

Level (IU/dL) ol

Inherited Bleeding Disorder

) Present Issues in VWD related pregnancy:
women with VWD? _ : prenancy
. How best to raise level in Tvbe 1 VWD- DDAVP
« Women with VWD have high rates of SIS U U U
. Optimal target VWF level for epidural? >50.%,
pOStpartum hemorrhage (PPH)1 even >100%, > 150%? >Prefer >50%
with treatment for VWD3’4 . Optimal target VWF level for delivery? >50.%,
>100%, > 150%? >Prefer 100-150%
* 5-40% prevalence of PPH compared to ESSGEELALL LI CTEEARER L
2-10% prevalence in general population . Role of tranexamic acid > For 7-14 d PP

" Drury-Stewart et al. PLoS One. 2014 Nov 19;9(11):e112935; 2Castaman G. Mediterr J Hematol Infect Dis. 2013; 5(1):
€2013052; 3James et al. Haemophilia. 2015 Jan;21(1):81-7; *“Machin & Ragni. Blood Adv. 2020 Jul 28;4(14):3234-3238.



Present Challenges for VWD Patients

VWD
today

) ¥ oml/general surgery

Heterogeneous bleedings
difficult to quantify

{ ‘f{ 2
S
nose bleeds HMB

s
s S

gum bleeds easy
bruising

3
bleeds post- Gl bleeds  hem-

arthrosis

Limited therapeutic
options

- Fa

Different perceptions

@ vs @
l
. v v v v v v
NQol Aanxiety
Adepression

. bé @'! n ‘i’,{‘

* Despite greater awareness in screening women and girls:
* Diagnostic delay for women with VWD still persists since CDC report 22 years ago of 16 years average delay-

* 2024 Alberta Canada study- 14 years diagnostic delay in 178 women

* Many do not have adequate control of heavy menses once diagnosed-

* No agreement on how best to manage peri-partum in terms of target VWF level and how to raise it (DDAVP or VWF product

and in turn bolus or continuous)

* 2023 Kingston Ontario Women'’s BD Clinic- N=109: only 74 (68%) were satisfied with medical management, and
only 18 (17%) with first-line therapy

* No consensus on defining severe VWD to warrant prophylaxis or how best to manage AVM-related Gl bleeding

* The past decade has seen an explosion of new hemophilia products but not VWD products yet



Present Challenges in Improving Care at our Own HTCs!!!

Lack of awareness among PCPs and Ob-Gyns and lack of clarity on VWD
nomenclature & management historically has led inadvertently to distress
and limited access to the Hemophilia Treatment Centers

Our HTCs were created to largely support males
with moderate and severe hemophilia

Slide courtesy of Dr. Robert Sidonio,
Emory HTC, Atlanta GA



Present and Future:
Improving Care at Our Own HTCs and beyond Western NY!

* Rochester and Buffalo, * Through supporting various

in progress organizations: e.g. NBDF, WFH, WGBD
Multidisciplinary VWD clinics Diagnostic infrastructure
Integration within bleeding disorder centers or Expanding laboratory capacity and access to
women-focused bleeding programs to provide standardized assays in low-resource areas. Improving
coordinated djagnosis, treatment, and re%ional reference laboratories can reduce diagnostic
counseling. delays and variability in care.
Structured outcome measurement ., Data-driven policy and advocacy:
Standardized bleeding scores, QoL metrics, health- ' Global regist‘r,i?as WFH, WHO) and surveillance data
economic modeling to evaluate care models and can identify health care gaps and inform policy
guide resource allocation by identify health care ' decisions and advocacy efgc))rts aimed at expanding

gaps and outcome disparities. access to specialized care and essential therapies.

Lim MY, Anguiano KC, Carpenter SL, Funkhouser KB. Building access to care for Women and Girls* with
Bleeding Disorders: the WGBD Clinic of Excellence Model. Res Pract Thromb Haemost. 2025 Sep
30,9(7):103203. PMID: 41208943



The Present & Future of Angiogenesis and Gene Therapy

VWF may have varying anti-angiogenic and pro-

Gene Therapy now and beyond

angiogenic effects in different conditions and tissues. Large gene size Complex post-translational
At ~178 kb and 52 biol ,

Endothelial VWF may Paradoxically, VWF exons, the VWF Dimerization,

act as a negative may assist in wound gene exceeds AAV multimerization,

regulator of healing and local capacity. lycosylation, helical tubule

deficiency has\ﬁav:n 2ther settingsln ormation, and Weibel-

eSocuck wit sutsesting A Palade packaging complicate

angiodysplasia, and promoting P g

lncrealsed/at:irf\:rnsal zngl;egenesis w.hltcel:‘

vascular proliferation Vascular as been associa :

et M T T Manyvectors target " » Future directions

: heplatocytes, wr;ich may notj ([:)Itz:'aslal/{:ctor systems,

replicate normal storage an repair, or

ngﬁa:l‘ Il°ges'£ mg'g'c'iebv?é'ﬁ??arﬂ% &e regulated secretion of native mRNA-based

ry g nenine VS VWEF that occurs in endothelial editing
angiodysplasia in VWD, although specific clinical @ endothelial cells and approaches.
trials evaluating the efficacy and safety of this : ' megakaryocytes.

approach are needed.?*



The Bright Future of VWD Research and Carell....

The Great Promise of the Next Decade for VWD Patients-
Novel Therapeutic Strategies!!!!..aptamers, bispecifics, MoAbs, Nanoparticles

Increase endogenous VWF Increase procoagulant potential

®eo

W 2,
Albumin . ’ ¥ { 1\
it 4
J \Y/ R
Synthetic latelet
HMB-002  KB-V13A12 VGA039  Emicizumab  HMB-001 oarticies
Pegylated Monoclonal Bispecific Monoclonal Bispecific antibody, Bispecific antibody, Liposomal nanoparticle
RNA aptamer  antibody targeting nanobody, links antibody, bridges FIXa + FX, recruits FVlla to decorated with adhesive
binds A1 CTCK domainFc- VWF to albumin, targets mimicking FVIlI platelet surfaces, peptides, mimics platelet
domain, mediated FcRn enabling FcRn Protein S, cofactor activity. increasing FX adhesion by binding
reduces recycling prolongs  recycling and enhancing Retrospective data activation/ collagen, VWF, and
clearance™ endogenous VWF  extending VWF thrombin supports use in thrombin activated platelets to
survival half-life generation generation enhance clot formation

(phasen ) [ phasevz ) (phasem ) [ phaser ) (precinical )

Casari C, Leebeek FWG, Peyvandi F. Historical, current and future treatments for von Willebrand disease.
Haematologica. 2026 Jan 1;111(1):54-66. Dec 11. PMID: 41496704



Casari C et al
Haematologica.
2026 Jan
1;111(1):54-66.
PMID: 41496704
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