The Singular Name, The Plural Biology

One Name: Von Willebrand disease (VWD)

near-complete absence,

and borderline normal
variation.

VWD is best understood as a diagnostic family
rather than a single uniform disorder.




A pre-molecular label applied to modern
molecular complexity

1926: Phenotype First Modern: Mechanism Later

Erik von Willebrand Erik von Willebrand

(Aland Islands)

(Aland Islands)

Hereditary bleeding
Mucocutaneous manifestations
Affects both sexes

Distinct from classic hemophilia

The name survived. Its meaning expanded.

The linguistic category is now broader than any single mechanism.

Defects in
Quantity

Defects in
Structure

Defects in
Function

Defects in
Survival

Defective
Interactions



The three core functions of von Willebrand factor (VWF)

1. Platelet adhesion 2. Platelet accumulation 3. Factor VIl stabilization
under shear atinjury in circulation

The disorders grouped under VWD arise when any of these steps fail.



VWD contains two distinct kinds of complexity

Internal Heterogeneity I'l Boundary Uncertainty

v

How many diseases are Where does disease end and
inside the name? normal variation begin?
(Addresses the multiple failure modes (Addresses the clinical threshold between

and subtypes within the diagnosis). disease, susceptibility, and normal biology).



The prevalence depends entirely on what is being counted

1.3% A laboratory abnormality

approx. 1in75
G (Reduced VWF levels / lab-defined VWD.
0.1% Represents biological vulnerability.)

(1in 1,000)

Symptomatic bleeding disease
(Clinically expressed disease.)

0.01%
(1in 10,000)

Referral-center disease

(Patients whose severity, complications,
or treatment needs bring them to specialist care.)

Key Takeaway: These are not three competing estimates of the same thing.

They are three entirely different constructs.




Subtype classification converts a broad
name into an actionable explanation

Type 1
(Partial quantitative deficiency)

Type 2 (Qualitative defects
affecting structure or function)

- Type 3 (Near-complete
absence of VWF)

The purpose of classification is not to end reasoning. It is to make reasoning safer.

Treating these as points on a single severity scale is dangerous. They have fundamentally
different biology, inheritance patterns, and treatment responses.



The Subtype Diagnostic Matrix

Defect Type

Biological Mechanism

Multimer Status

Treatment Implications
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Diagnostic thresholds create categories;
biology does not create cliffs

The difference between 29 |IU/dL and 31 |U/dL may matter diagnostically
or administratively, but it does not create a new biological species.

The category helps clinicians act. The underlying trait remains continuous.



Navigating the mild quantitative borderland

Below 30 IU/dL | 30to 50 IU/dL
7 4 —' f}._ / 7 — 7 4 f?.. .. 4 ?' e

30 50 IU/dL

Diagnosis supported The Contested Boundary.
regardless of bleeding Previously “low VWF", now
history (2021 Guidelines). confirmed Type 1if abnormal

bleeding is present.

Are disease labels intended to identify a molecular entity,
predict bleeding, justify treatment, support access to care,
or communicate uncertainty?

All of these, imperfectly. A broader category improves access but risks
labeling a risk factor as a monogenic disease.



VWEF levels vary continuously across the population

Biological Modifier Radar
Thyroid function ABO blood group

N/

Stress \ - / Age
’ Patient's
: Baseline

VWE Level /
/7 L | \ Pregnancy

Inflammation / \ Hormonal state

A mildly reduced value may indicate inherited bleeding risk.
It may also reflect normal variation. Sometimes it reflects both.

Exercise




The acquired mimic: when the name points
away from inheritance

; Genetic Abnormal VWF Qualitative

High shear Increased Loss of high-
force susceptibility molecular-

unfolding to proteolytic weight
VWF cleavage multimers

Clinical/Laboratory

pattern resembling
inherited VWD.

Severe

Acquired Aortic
Stenosis

Acquired von Willebrand syndrome can produce similar patterns through mechanisms that arise later in life.
Treatment must address the cause, not just the bleeding. (e.g., abnormality may normalize after valve replacement).



VWD emerges from diagnostic convergence

1. A compatible
bleeding phenotype.

5. A clinical context in
which findings make
biological sense.

2. Evidence of reduced
or dysfunctional VWF.

3. Inheritance
(when present).

4. Exclusion of better
explanations.

No single laboratory value, bleeding score, genetic result, or family history carries
the diagnosis alone. This does not weaken the diagnosis; it describes how it works.



Clinical Application: Laboratory Signal vs.
Lifetime Phenotype

Patient A Which has the stronger Patient B
* VWF: 35 IU/dL . VWEF: Normal reference range
Which has the stronger
* Blood Group: O lifetime bleeding | * Blood Group: Not specified
phenotype? (B)

* History: * History:

- Mild epistaxis Grﬁr;agd:;:tgtui: i - Lifelong heavy menstrual

- NO excessive dental interpreting Patient A? bleeding

bleeding - Postpartum hemorrhage
- NO affected relatives Does either profile - Excessive dental bleeding

definitively prove or , _
Exdudg \’,?WD? - Multiple affected relatives




A practical definition accountable to the patient over time

Prior

/ bleeding \

Response to Current/historical
treatment VWF measurements

Subtype —7
testing

“— Physiologic
modifiers

In practice, VWD names a group of inherited bleeding Rule of thumb: The name is useful
disorders in which abnormal VWF quantity or function when it organizes reality. It becomes
provides a clinically meaningful explanation for bleeding. misleading when it replaces it.




The Singular Name, The Plural Biology

Clinical Judgment
The Patient’s

/ True Biology

The Diagnostic Label

Von Willebrand disease is not one mechanism. The name contains The best clinicians
It is a diagnostic family created at the real disorders. It also honor both truths.
intersection of phenotype, laboratory biology, contains uncertainty.

inheritance, and clinical judgment.




