THE PHYSIOLOGY OF ADAPTATION

The Rheology of
Inflammatory
Anemia

Trade-Off or Adaptation?
A Physio-Mechanical Reframing.

An investigation into how the body optimizes fluid dynamics dﬂfi syiéflanﬁh



Systemic inflammation fundamentally alters
the physical properties of plasma.

Baseline Plasma Inflammatory Plasma In ancestral environments,
inflammation signaled infection

ACS:E;;EESE or injury. The host response
creates a ‘protein storm’:

Fibrinogen

» Fibrinogen rises.

Immunoglobulins accumulate.

Acute-phase proteins crowd
the intravascular space.

Key Metric:

This is not chemically inert;
Acute-phase It is mechanically significant.

proteins Plasma viscosity rises
20-50% above baseline.

Viscosity: 1.4-1.8 cP Viscosity: ~2.0 cP (+20-50%) g




In a protein-dense environment, circulation
faces a mechanical threat.

Oxygen Delivery = (Flow) x (Oxygen Content)
! }

Dependent on Viscosity Dependent on Hematocrit
(Low is better) (High is better)

The Conflict: High density of proteins + High number of red blood cells = Crowding. The Danger:

———— TN R N T\ If plasma thickens

| ~ oo | A\ (protein) and hematocrit
% o stays high, viscosity
‘ ' _' spikes = Resistance rises
- Cardiac workload
Increases

-> Microvascular flow
destabilizes.
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The body responds with a simultaneous

reduction in red cell mass.

Inflammatory Proteins
(Fibrinogen/Ig)

The Pivot.

Hematocrit
(RBC Volume)

Baseline Hours

Days

Onset of Inflammation

1 Day 2+ Days

As inflammatory markers
rise, hemoglobin and
hematocrit fall.

Conventional Interpretation

Anemia is a metabolic cost paid to
sequester iron and starve pathogens.

The Rheologic Reframing

Evolution optimizes systems, not single
variables. Clinicians track hemoglobin
(oxygen capacity), but flow responds
primarily to hematocrit (red cell volume).



Anemia and inflammation may act as coupled
regulators of whole-blood viscosity
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If hematocrit remained fixed at pre-inflammatory levels during the “protein storm,”
the circulation would operate in a mechanically stressed state.

By reducing red cell mass, the body offsets plasma thickening to preserve flow.



The inflammatory viscosity shift is a significant
rheologic perturbation.
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Context: The shift from 1.5to 2.0 cP
Is not a catastrophic 10-fold change,

but a meaningful ‘tens-of-percent’
shift.
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Plasma Viscosity (cP)

o 2.0 cP Comparison: Paraproteinemia (IgM
LBicH excess) leads to 4-5 cP. Acute
- inflammation is less extreme but acts
on the same physical continuum.
0
Normal Acute Hyperviscosity

Plasma Inflammation  Syndrome (IgM)



Hematocrit exerts a steep, non-linear influence on flow resistance.
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The body defends a “Soft Floor” for hemoglobin,
suggesting bounded recalibration.

Normal Range

(12-16 g/dL) Observation: In critically ill
patients without bleeding,
Adaptive Range Hb stabilizes at 7-9 g/dL.

(Anemia of Inflammation)

The Soft Floor/ 7-9 <— Intersection of constraints: Sty
Equilibrium Point i 1. Oxygen delivery limits This Is "Bounded

2. Energetic cost Recalibration,” not
3. Rheologic balance : :
progressive failure.

Decompensation Zone

I-It;moglobin



Restrictive transfusion strategies align with

the rheologic hypothesis.

Adds Oxygen
Capacity
(Good)

<
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Environment:
Protein-Rich

Plasma

N/

Adds
Viscosity
(Risk)/

The Transfusion Paradox

Data: Randomized trials in ICU
populations show that
transfusing to higher targets
often does not improve survival.

Insight: Liberal transfusion may
unintentionally work against the
body’s attempt to stabilize flow.
Restrictive transfusion may act
as a “physiologic echo” of natural
adaptation.



Scientific Swiss Editorial on ‘Clinical Cream’ (#F9F9F7)

Challenges to the hypothesis define the necessary measurements.

The Microcirculation

Low-Shear Flow

Objection: In low-shear
capillaries, Fibrinogen
Increases aggregation.
Anemia may not fully
normalize flow here.

Mechanism
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Viscosity Sensor?

Objection: There is no known
“viscosity sensor” in the
human body to trigger this
response.

Primary Drivers

@)
e Viscosity
lron
Sequestration (Secondary?)

Objection: Iron
sequestration is clearly a
dominant driver; viscosity
may be secondary.

Rebuttal: These do not invalidate the hypothesis. Viscosity homeostasis likely acts
as a constraint on how far hematocrit falls, even if it isn't the sole trigger.



Moving from theoretical framework
to measurable proof.

Phase 1:
Admission
e ¢
5 :.:,ﬂ B ol
Inﬂam:_nation ﬁg
No Bleeding

Phase 2: Phase 3:
Monitoring Correlation
Measure 1: Viseosity

Plasma Viscosity

Measure 2: >

Fibrinogen Hematocrit

Measure 3_1 Question: Does rising
Hemoglobin viscosity correlate
Trajectory temporally with falling

hematocrit?

Proposed
Control:

EX vivo
experiments
holding
plasma
constant and
varying Hct
to measure
offset
potential.



Scientific Swiss Editorial on ‘Clinical Cream’ (#F9F9F7)

Inflammatory Anemia:
A coordinated circulatory recalibration.

Systemic Rheologic oo New
Inflammation » Stress Equilibrium

Protein Storm / High Resistance / Red Cell Mass | Preserved Flow &
Viscosity T in Inter Stasis Oxygen Transport

Anemia thins blood. Inflammation thickens plasma.
Seen together, they represent coupled regulation.



systems that adapt
under constraint.

The body may not be sacrificing oxygen delivery
recklessly. It may be preserving flow. Anemia, in
this context, is not a broken part to be fixed, but
a design feature to be respected.

Reframing Anemia of Inflammation



