Kidney Disorders and
Hemodialysis

Mechanical interventions for biological
system failures in the human excretory

system.

Hemodialysis Unit
(Mechanical Intervention)

Flow Rate: =588 mL/min
Dialysate Temp: 36.5°C
Pressure Differential: <50 mmHg

Clearance (K): Urea 188-248 mL/min
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Chemical Intervention:
Dialysate Buffer Added



The Cascade of Kidney Failure A

When kidneys malfunction, the body’s natural filtration system TopAl

collapses, leading to a toxic buildup in the bloodstream.
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Hemodialysis: The Artificial Loop £

When the biological system fails, medical science steps in with a
mechanical loop. Hemodialysis acts as an artificial kidney to
continuously clear nitrogenous wastes.
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Phase 1: Arterial Extraction A

TopAll
Blood must be drawn continuously and kept in a fluid state as it leaves

the biological system and enters the artificial loop.
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CHEMICAL INTERVENTION: HEPARIN

An anticoagulant is immediately
added to the arterial blood to
prevent clotting within the
artificial tubing.




Phase 2: The Concentration Gradient

The artificial kidney relies on a coiled cellophane tube acting as a porous
barrier. It clears the blood purely through passive chemical diffusion.
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[BLOOD PLASMA] = H20 + IONS + NUTRIENTS + UREA
[DIALYSING_FLUID] = H20 + IONS + NUTRIENTS + O_WASTE
RESULT -> UREA DIFFUSES OUT TO EQUALIZE CONCENTRATION

TopAll



Phase 3: Venous Return Zo

The cleared blood is prepped and safely reintroduced
iInto the patient’s circulatory system.
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CHEMICAL INTERVENTION: ANTI-HEPARIN

Before re-entering the body, anti-heparin
is added to restore the blood’s natural
clotting ability, perfectly balancing the
chemical intervention from Phase 1.




Broader Structural and Inflammatory Disorders

Beyond systemic uremia, the excretory system is vulnerable to localized
physical obstructions, tissue inflammation, and total organ failure.

Renal Calculi

Definition: Stone or
insoluble mass formed
within the kidney.

Composition:
Crystallized salts (e.g.,
oxalates).

Glomerulonephritis

Definition: Inflammation
of the glomeruli of the
Kidney, disrupting the
primary filtration tufts.

Acute Renal Failure

Intervention: Kidney
transplantation.

Mechanism: Requires a
functioning donor kidney
(preferably close relative)

to minimize iImmune

system rejection. A
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Biological Vulnerability, Engineered Resilience

The human excretory system is a highly precise filtration network, yet
fragile when overloaded by uremia, inflammation, or crystallization.

the
concentration gradients of a biological kidney
through purely mechanical means, transforming a
fatal crisis into a manageable cycle.
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