The Evolution of Von Willebrand Disease

From bedside observation to molecular architecture.

The history of VWD is a lesson in how disease categories are fundamentally shaped by the tools available to see them.



VWD did not enter
medicine as a molecule.
It entered as a pattern.

The Index Patient

Patient: Hjordis, a young girl from Foglo in the
Aland Islands (1920s).

The Pattern: Recurrent mucocutaneous bleeding
(epistaxis, gingival, bruising). Fatal outcome during
uncontrolled menstrual bleeding at age 14.

The Anomaly: The bleeding crossed generations,
affected both genders, and varied in severity within
the family.

The first act of recognition was phenotypic, not biochemical. Erik Adolf von Willebrand
observed a familial bleeding tendency that defied the medical categories available at the time.



Breaking the hemophilia template

: o Hereditary
Classic Hemophilia A . i
P Pseudohemophilia” / VWD
Inheritance Male only, X-linked ~ Male & female, autosomal
Bleeding Pattern Deep, muscular, joint bleeding Mucocutaneous: mucosal, skin, menstrual

Unsettled: prolonged bleeding time,

Laboratory Profile Clear coagulation factor deficiency TRV T OO TOrR] clcTiint tera

“Terms like ‘pseudohemophilia’ named the resemblance without explaining the
difference. VWD was not false hemophilia; it was a different window into hemostasis.”



One molecule connecting two hemostatic systems

Primary Hemostasis
(Platelets)

Mucocutaneous bleeding reflected

the failure of platelet-dependent
primary hemostasis.
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In 1957, Inga Marie Nilsson linked the Aland family’s bleeding to a plasma factor

distinct from classic Hemophilia A. VWD ceased to be just a platelet or vessel disorder—
it became the biological interface connecting primary hemostasis and coagulation.




1971: The disease becomes measurable

How much is present? Does it work?
Zimmerman and colleagues identify VWF Antigen. Howard and Firkin discover that Ristocetin (an
This definitively separated VWD from Hemophilia A by antibiotic) induces platelet agglutination in
quantifying the physical presence of the protein. normal plasma, but not in VWD plasma.

VWD could now be measured in two complementary ways. The laboratory could finally
ask not just if the protein was there, but whether it was capable of functioning.




Every new assay creates a new gray zone

Quantity: Reduced overall protein (Type 1)
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. Low Ristocetin ; Architecture: Loss of high-molecular-weight multimers
Cofactor Activity ; (Type 2A)
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Receptor: Excessive binding clearing the protein (Type 2B)
vs. Platelet GPIb receptor anomaly (Platelet-type VWD)

Ristocetin was not developed for diagnosis; its clinical use as an antibiotic was halted due to
platelet toxicity. Yet, as an in-vitro hemostatic probe, it forced clinicians to realize that a
single abnormal test result could stem from completely different biological failure modes.



From protein quantity to .
molecular architecture i e

VWF is not merely a free-tloating plasma
factor; it is a structural adhesive.

Biological function depends
heavily on assembly.
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Under high shear stress, large
high-molecular-weight multimers
are mechanically required to
unfurl and catch platelets.

Ineffective
solitary protein

[n 1980, Ruggeri and Zimmerman’s multimer analysis transformed VWD from a disorder of concentration
into one of architecture. Bleeding phenotype depends on how VWF is assembled and deployed.



Mapping phenotype to
structural failure modes
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Type 1 (Quantitative) Type 2 (Qualitative) Type 3 (Severe)

Normal architecture, reduced quantity. Sub-branches: Severe quantitative absence.

— 2A: Loss of large multimers

— 2B: Increased platelet binding

— 2M: Impaired platelet function,
preserved multimers

— 2N: Impaired FVIII binding

l Type classifications are attempts to map clinical laboratory patterns onto specific biological failure modes. \




When treatment becomes
a physiologic test

In 197_7= DDAVP shifted t_herapy from 1. Reserve Testing: A positive trial reveals
replacmg VWF to releasmg stored, functional VWF.
endogenous stores.

2. Clearance: A short-lived response maps
accelerated clearance biology.

3. Paradoxical Response:
Thrombocytopenia post-DDAVP unmasks
hyper-binding Type 2B disease.

Therapy changed diagnosis. DDAVP turned
endothelial biology into a bedside experiment,
intertwining the act of naming the disease
with the act of testing the therapy.




The limits of molecular certainty

The Success: Genetics beautifully The Limitation: Genotype-phenotype
clarifies Type 2 (qualitative variants) correlation is remarkably weak in mild Type 1.
and Type 3 (severe absence).
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Clearance biology

The genomic era refined clinical reasoning; it did not replac:
it. The gene can 1dent1fy the variant, but it « |
t the patient’s bleeding burden



The Boundary Problem

VWEF level is a continuous biological trait.
Disease language is categorically binary.

30-50 IU/dL This range is not merely a laboratory
< interval; it is the historical residue of
forcing a continuum into a binary label.

It is no longer “What is the laboratory value?” but rather
“What does the value mean in this specific person?”




Inheriting the models

VWD did not move from ignorance to certainty.
It moved from one useful model to another.

1. The Pattern (Observation)
Bedside clinical presentation and family history

2. The Interface (Assays)
Platelet and coagulation function (Antigen/Ristocetin)

3. The Architecture (Multimers)
Structural assembly and shear stress response

4, The Endothelium (Therapeutics)
Endogenous reserve and physiologic response (DDAVP)

5. The Code (Genetics)
Molecular variants and modifiers

The best clinicians know that observation matters. Assays matter.
Structure matters. Genes matter. And none of these, alone, is the patient.



