Hemostasis as Trade-Off: The Dual Nature of VWF

Moving from reactive treatment to proportionate calibration

Bleeding Hemostasis Thrombosis
(Insufficient Adhesion) (Balance) (Excessive Adhesion)



The Dual Mandate of a Pressurized System

Hemostasis Is frequently taught as protection against bleeding. Its deeper function
s to prevent both bleeding and thrombosis simultaneously.

Rapid Sealing:
Stop bleeding when
a vessel is injured.

Fluidity Maintenance:
Avoid clotting when
a vessel is intact.

Smooth endothelium:
natural anticoagulants,
clot formation.




The Molecular Bridge

In fast-moving blood, platelets must be captured before they are swept downstream.
VWEF provides the multivalent binding capacity to anchor them.

\— Extreme Shear Force:

Demands immense adhesive
strength at mucosal surfaces

GPlba Receptors and procedural sites.

Exposed collagen Subendothelial components



The Danger of Power

The same properties that make ultra-large VWF multimers hemostatically

effective also require the tightest regulation.

Risk and Efficacy
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The Dynamic Engine: ADAMTS13

ADAMTS13 calibrates adhesive potential by cleaving unfolded VWF multimers, ensuring hemostasis is a continuous,

regulated cycle rather than a static balance.
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Mirror Failures: Opposite Edges of the Same Constraint

VWD and TTP are distinct clinical diagnoses, but biologically, they reveal the extreme outer
boundaries of the VWF-ADAMTS13 axis.

VWD TTP
(Von Willebrand Disease) (Thrombotic Thrombocytopenic Purpura)
Insufficient functional VWF. VWEF State Persisting ultra-large multimers.
Normal / Active. ADAMTS13 Status Severely deficient.
Bleeding (mucosal, procedural).  Clinical Result Microvascular thrombosis.

. it | Exposes the thrombotic risk
Exposes the bleeding risk of flow. Biological Lesson of unregulated adhesion.
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Multimer Size as the Balancing Variable

Multimer distribution is not a laboratory curiosity; it is the biological control variable
sitting directly between bleeding and thrombosis.

The Tension Continuum

Small / Absent Regulated Size Ultra-Large

Insufficient adhesion Proportionate capture Unregulated adhesion

Bleeding Hemostasis Thrombosis



Acquired Defects: Mechanical Overprocessing

Nonphysiologic mechanical environments can turn the force-responsive system against
itself, driving pathological regulation.

1. Extreme shear
over-unfolds VWF
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2. ADAMTS13 over-cleaves
exposed A2 domains

4. Result: Mucosal bleeding
(e.g., gastrointestinal
angiodysplasia)
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The Redundancy of Hemostasis

Mild reductions in VWF activity are often tolerated because the hemostatic
system relies on overlapping, redundant safeguards.

Hemostatic Stressors: Menarche,
childbirth, dental extraction, surgery,
trauma, aging-related vascular disease

Bleeding Threshold ——

~ Platelets
Vessel-wall factors
Local vascular tone

A mild VWEF deficit simply
raises the baseline closer to the
the surface, making the system

conditionally vulnerable,

even if silent at rest. Fibrin formation

Baseline Reserve




The Shared Risk Profile

Bleeding and thrombosis are not opposites; they are opposite failures of regulation. The categories “bleeding patient”
and “thrombosis patient” mislead because the biology is shared.
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\\ Thrombotic Risk

Same patient with
Cardiovascular

Bleeding Risk

Older patient with
VWD, mucosal

disease, upcoming The precise zone of disease, immobility,
invasive procedure. clinical judgment: inflammation,
_,{ balancing both replacement
realities therapy risks.
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The Ethical Dimension of Trade-Off

Restraint is a form of care. Good medicine requires calibrating treatment
to avoid the specific harms at both ends of the spectrum.

Harms of
Overtreatment

¢ Hyponatremia
(post-desmopressin),
FVIIl accumulation,
unnecessary concentrate
exposure, surveillance
burden, medicalization
without benefit

Harms of
Undertreatment

* Postoperative bleeding,
postpartum hemorrhage,
Iron deficiency, reduced

quality of life

Proportional
Correction




A Clinical Mental Model

Replacing the reflex with a proportioned strategy: Reflex: Lo
Patient + Phenotype + Mechanism + Challenge + Risk Tolerance.

F -> Treat

'n
Strategy Loop R
Target: What bleeding risk are we reducing?
» Focus on clinical events (e.g., post-op bleed, mucosal hemorrhage) not lab values. Quantify severity and site-specific impact.
37

Challenge: What hemostatic event is coming?
» Major surgery vs. minor procedure vs. dental work. Assess tissue type and trauma level.
> T
Mechanism: Why is the patient at risk?
* Confirm VWF deficiency type (1, 2A, 2B, 2M, 2N, 3), other coagulopathies, or vessel wall issues.
i

Intervention: What changes the mechanism?
» Desmopressin, VWF/FVIII concentrates, antifibrinolytics, platelet transfusion. Match treatment to mechanism.
37
New Risk: What does treatment introduce?
+ Hyponatremia, thrombosis (arterial/venous), inhibitor development, allergic reactions, fluid overload.
v —
Endpoint: What defines success?

» Absence of significant clinical bleeding, controlled levels, stable hemoglobin, favorable outcome.
37

Exit: What triggers de-escalation?
 Recovery from challenge, normalization of risk, completion of post-op period, reaching defined duration.
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Treatment Moves the Patient on the Curve

Every intervention shifts biological state. The clinical objective is enough support to prevent
bleeding, without triggering unnecessary thrombotic risk.

Target Zone:
Proportional Correction
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(Releases endogenous VWF) (Replaces/augments (Stabilizes clots locally)
\ physical supply) -
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—— Correction Target

Translating Guidance into Trade-Off Thinking

Treatment should aim for proportionate hemostasis, matched to the anticipated challenge and underlying biology

Clinical Focus Practical Implication
Rick Link therapy to a specific phenotype/procedure,
not just a baseline laboratory value

Differentiate minor mucosal or dental bleeding
from major surgical plans

Use the least burdensome effective combination
Mechanism Match (e.g., local measures + antifibrinolytics) over
default maximal systemic therapy

: Reflect ongoing risk and wound healing;
' Duration iImplement strict stopping criteria




Hemostasis is Regulated Adhesion

The goal is neither undertreatment nor maximal correction. The goal is appropriate hemostasis.

ADAMTS13
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Appropriate Thrombosis
Hemostasis Constraint

Hemorrhage

Tolerance

Clinical judgment determines where

the patient sits on the curve.




