Cellular Injury & Hypoxia:
The Siege of the CeII

A visual guide to pathogenesis, from —
oxygen deprivation to cell death. -

Based on Fundamentals of Pathological Cellular Injury
& NotebooklLM



Injury Occurs When Stress Exceeds Adaptation

Adaptive
Ability

Hypoxia

Inflammation \ Trauma

CAPACITY
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Susceptibility The Time Factor
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Path 1 (Slow)

Atrophy
(Adaptation)

Long-term, gradual reduction in
blood supply. Cell shrinkage,
functional decrease.

High Risk
Meurons, cardiac muscle
(minimal regenerative capacity)

Chronic Ischemia

Path 2 (Fast)

_O Acute Ischemia

Injury
Sudden, severe loss of blood

supply. Irreversible cell damage,
death.

Resistant

Skeletal muscle, fibroblasts
(high regenerative capacity)
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Hypoxia Targets the Power Plant
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Ischemia: A Failure of Perfusion
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Decreased
Arterial Perfusion
(e.g., Atherosclerosis)

Decreased
Venous Drainage
(e.g., Budd-Chiari)

Definition:

Ischemia is defined as decreased
blood flow through an organ.
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Hypoxemia: Low Partial Pressure
Defined as Pa02 < 60 mm Hg and Sa02 < 90%

4

High Altitude (Low Barometric Pressure) Hypoventilation (High CO2 displaces 02)

Diffusion Defect (Fibrosis blocks transfer) V/Q Mismatch
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Anemia: Reduced Carrying Capacity
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Carbon Monoxide: The Silent Competitor

Pa0O2: Normal
Sa02: DECREASED

(CO binds 200x stronger)

Clinical Notes

» Sign: Cherry-red skin
« Symptoms: Headache -> Coma
* Source: Smoke, Exhaust
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Methemoglobinemia: The Iron Shift
Helvetica Now Display, Charcoal (#1D1D1F)

Oxidized Iron '

Normal Iron
Chocolate-colored

Blood

Pa02: Normal
Roboto

Sa02: DECREASED

Clinical Notes
Helvetica Now Display

» Sign: Cyanosis with
Chocolate-colored blood

+ Causes: Sulfa/Nitrate drugs

* Treatment: [V Methylene Blue
(Reduces Fe** back to Fe?*)

x No O, Binding

Roboto, Arterial Red
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The Energy Crisis: ATP Depletion
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Oxidative

Phosphorylation Fails

Lactic Acid Buildup
—> pH Drops

5% Charge

CRITICAL RED ZONE

Switch to Anaerobic
Glycolysis Clumped/Precipitated DNA
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Systemic Failure: The Pumps Shut Down

A '

—  Na*& Water Trapped Inside High Intracellular Calcium

-> SWELLING -> ENZYME ACTIVATION



Phase | Injury: Reversible Swelling

<—— Membrane Blebbing

Loss of Microvilli

RER Swelling
(with Ribosome Detachment)

Status: REVERSIBLE.
If Oxygen is restored, cell recovers.
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Phase Il Injury: The Point of No Return

Y

Plasma Membrane
v I_ Rupture
Mitochondrial

Membrane Rupture

Lysosomal
Membrane Rupture

Status: IRREVERSIBLE.
Cell Death is inevitable.
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The Mechanics of Irreversibility

Plasma Membrane Mitochondria Lysosome
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Summary: Reversible vs. Irreversible

Reversible Injury

* Membrane

» Cellular Swelling DEINEDE

. Meml?rane * Enzyme Leakage
Blebbing » Mitochondrial

* Loss of | - Rupture
Microvill % . Nuclear

* Ribosome Condensation
Dissociation

» Cell Death
(Necrosis)




Clinical Axioms
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Susceptibility Varies. Calcium is the Diagnostic Markers.

Neurons die in minutes; Executioner. We detect injury by finding

Muscle survives for hours. Intracellular accumulation intracellular enzymes in the
activates destructive enzymes. blood.
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