Hemostatic Physiology BEH
& The Architecture of Iy
Clinical Phenotypes

Why bleeding phenotype, not
1solated lab values, reveals which
structural layer has failed.
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Hemostasis is a layered, spatially organized biological system

SYSTEM AKIOM: Each layer serves a
distinct function. Qualitative or
quantitative defects in any component
disrupt this specific architecture,
producing wide variability in clinical

'I phenotype.
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The Cascade explains the lab. The Cell-Based Model explains the patient.

[The Cascade Model]

Surface Contact

'

Xl — Xlla

v

X| — Xla

IX — [Xa (with Vllila)

v

X — Xa (with Va)

v

Prothrombin (l) —— Thrombin (lla)

Fibrinogen —— Fibrin

- Evaluates thrombin generation under artificial
conditions.

- PT evaluates factors II, V, VII, X.

- APTT evaluates II, V, VIII, IX, X, XI.

- Combined prolongation suggests common

pathway/fibrinogen defects.

1 i - MASSIVE BLIND SPOTS: Does not evaluate

. clot structure or durability.

[ The Cell-Based Model ]

Fibrin Pﬂlymerizatlni]

= & Stabilization on

I:Inrt:.atmn on Tissue Activated Surface

~<, 2 e tet
Factor-bearing EEll:I S N
*-'I‘ :b e '-'_ﬂ_, - e
-'l 1._"':“ ; : P ! ‘-.'::J-::J:-h: ok 3
i, r_;;rr:},}‘\- e % = =
- .L ,\_\_ | % ot ' -: 4 ﬁ-: 1 ., o . '::
2 .;I 3 i J e 5 - o :

,F >"

[ Propagation & 1
Thrombin Burst osnd 1< Amplification on
: Platelet Surface

- Explains clinical phenotypes.

- Recognizes coagulation as a surface-dependent
process.

- Thrombin generation is localized.

- Accounts for structural durability and processes
occurring after fibrin is formed.
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Initiation: The early signal with a weak phenotypic correlation
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Factor VIl Activity Level

The Mechanism:

Initiation generates an early thrombin signal but
does not determine final clot strength.
Downstream propagation can compensate.

— Layer 1: Initiation The Clinical Reality:

Tissue Factor-bearing cells Factor VII deficiency produces isolated PT
prolongation with a normal APTT, but large registry
studies confirm highly variable clinical phenotypes.
Lab abnormality does not equal bleeding severity.
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Propagation acts as a threshold process, generating the thrombin burst
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Robust system. Insensitive
to small changes.
A

Small reductions below
threshold cause

> disproportionate
clinical effects.

Fibrin Formation Robustness

——h
Thrombin Generation

The Engine:

Driven by tenase and
prothrombinase complexes
assembled on activated
platelet surfaces.

Clinical Example (Factor Xl):

Prolonged APTT, but bleeding
is procedure-dependent and
poorly predicted by factor
level.

Risk Zones:

Bleeding clusters in tissues
with high fibrinolytic
activity (oropharynx,
genitourinary tract) and in
specific populations.
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Fibrin formation: Without sufficient substrate, architecture fails
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=+ ~1.5 g/L : Minimum threshold for major bleedlng / procedures
> ~1.0 g/L : Minimum threshold for minor bleeding

¥
2 — 2370 e
-| Mechanistic Targets linical Wal Aflbrlnngenemla
These targets are based on expert consensus. Below Presents wlth absent clot formation, mai 'ngx
these levels, the physical structure is insufficient prolonged PT/APTT, and severe bleeding from bir
regardless of upstream thrombin generation. Requ1res bcth functional and antigen assays to
distinguish quantitative from qualitative defects.
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The Late Failures: Why clots fail after they are formed

Stabilization Defect (Factor XllI)

— MISSING MORTAR
(UNCROSSLINKED FIBRIN)

- Mechanism: Fibrin scaffold is not crosslinked.

Antifibrinolytic proteins are missing.

- Phenotype: | leedling

- Testing: Requires quantitative FXIII activity dssng.

Routine screening will be completely normal.

Fibrinolysis Defect

ACTIVE DISSOLUTION
(PREMATURE BREAKDOWN )

- Mechanism: Defects in antifibrinolytic pathways
(a2-antiplasmin, PAI-1). Clot breaks down premc
- Phenotype: Hecu: blee TE

- Teséiﬁgz.ﬁeﬁuires assays of fibrinolytic activi
(euglobulin clot lysis time, specific inhibitor levels)

&1 NotebookLM



Phenotype over Labs: Bleeding timing predicts the structural defect

Time of Challenge
(Immediate)

— Primary hemostasis or early
coagulation defects
(e.g., platelet disorders,
von Willebrand disease).

___ After Initial
Control

____ Hours to Days Later
(Delayed)

L— Propagation defects.

The system cannot sustain

the thrombin burst required

for a durable scaffold.

ii'iliii.iiiiiiiiii)

— Stabilization or
Fibrinolysis defects.
Clot forms normally but
lacks reinforcement or
dissolves prematurely.
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The invisible zones: When standard screening tests are dangerously normal

¥ III..

YISIBLE 1O PI/APTIN—= — THE BLIND SPOTS

SCREENING: (Dangerous Failures
3 with Normal %
R PT/APTT): Vi
f : i;;}i?;i;:iﬂn | - Qualitative Fibrinogen
| - Propagation (mostly) = <« E[}Esu?iﬁrg =
- Quantitative Fibrinogen ysiibrinogenemia

- Factor XIII Deficiency
(stabilization failure)

- Fibrinolysis Defects
(premature breakdown)

CLINICAL IMPERATIVE: Simultaneous evaluation for coagulation factor deficiencies, fibrinogen disorders, vWD,
and platelet function defects reduces repeated sampling. Testing must follow phenotype, not replace it.
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The Diagnostic Master-Matrix

Functional Layer

Key Factors

Lab Pattern
(PT/APTT)

Clinical Phenotype

Abnormal PT,

Variable phenotype, weak

a2-antiplasmin

Initiation FVII Normal APTT correlation with lab severity.
Propagation T et oUE: v coo1d e oL
Fibrin Scaffold Fibrinogen Abnormal PT & APTT EEE?;{:SE: 1:&:;;1";3?1?# levels.
Stabilization FXL1I Normal PT & APTT E:jfﬂif12ii§g?1§ﬁc$EHéofiiﬂiion.
Fibrinolysis PAI-1, Normal PT & APTT Recurrent late bleeding after

initial hemostasis.
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Management logic dictates that phenotype

drives the algorithmic response

Step 1: Phenotype

Generates Hypothesis , f

Investigate personal/
family bleeding history,
timing relative to
challenge, and pretest
probability. Do not start
with isolated labs.

=

|+

Confirms Mechanism

=

Deploy targeted assays
(e.g., quantitative FXIII,
antigen assays) when

A A A i A i \ X LA
Step 2: Testing A\ )

Step 3: Mechanism
Guides Therapy

clinical suspicion
outstrips screening
test capabilities.

Target factor-specific
thresholds. Apply
replacement therapy for

[NGTE: Long-term prophylaxis is reserved for severs/recurrent spontaneous bleeding (e.g., FXIII deficiency with prior introcronial hemocrhoge).
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Applying the Architecture: A worked clinical case

PATIENT SCENARIO:

Patient presents with
significant bleeding
24 hours AFTER a minor
surgery.

LABORATORY SCREENING:

- PT: Normal
- APTT: Normal
- Fibrinogen: Normal

. Blueprint Checklist

Initiation, Amplification, Propagation:

INTACT (Thrombin generated, PT/APTT normal).

Scaffold Formation: INTACT (Fibrinogen
normal, initial clot formed).

tabilization: CRITIC FAILURE. Scaffold
no ross 1 orotected. Clot lack
durability leading delayed bleeding

DIAGNOSIS & ACTION: Factor XIII deficiency. Prioritize specific FXIII activity assay.
Management involves replacement therapy, with prophylaxis considered in severe cases.
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