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MotivationMotivation
Brain vasculature:
Arrangement of blood vessels in the brain

Why study brain vasculature?
• More than 80 million people in the world are affected by 

neurodegenerative diseases of the central nervous system (NIH, 
2005)

• Current models fail to establish a relationship between blood 
pressure and blood flow rates for such pathological conditions

• Intracranial dynamics
– Interaction of blood, CSF, and soft brain tissue
– A quantitative understanding is required to improve treatment and 

diagnosis

• Flow physics of the brain is not understood
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Previous Research: Compartmental ModelPrevious Research: Compartmental Model
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Physiological Inconsistencies Physiological Inconsistencies 

• Cranial volume decreases
– Physiologically inconsistent
– Solid structure

• No distinction between blood flow and CSF 
flow 

• Spinal cord unaccounted for
– Required to model the pulsatile CSF 

displacement

• Steady State 

Solution: Physiologically consistent network 
model
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New Proposed Model with nine CompartmentsNew Proposed Model with nine Compartments
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Network of Distensible TubesNetwork of Distensible Tubes

Blood Flow

CSF Flow

Blood and CSF flow
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Balance EquationsBalance Equations

Continuity:

•

Momentum balance:

Extensibility of elastic blood vessels (Tube Law)

( ) 0A A U
t x

∂ ∂
+ =

∂ ∂

2

2
U U P F
t x ρ

⎛ ⎞∂ ∂
+ + = −⎜ ⎟∂ ∂ ⎝ ⎠

1L
o

AP E
A

⎛ ⎞
= −⎜ ⎟

⎝ ⎠

(1)

(2)

(3)



LPPD LPPD 
NSF REU Site, University of Illinois-Chicago, Summer 2006 

MethodsMethods

• Use continuity, momentum balance, and the distensibilty
equations

• Model generator
– Developed by Professor Linninger
– Simple network
– Equations

• Equations implemented in a MATLAB program
– Steady state and dynamic results obtained
– A total of 21 tubes
– 87 unknowns, 87 equations
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Pressure DropsPressure Drops

Observed Pressures compared to Physiological Pressures
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Entire Network ResultsEntire Network Results
Spinal Cord Pressure Change over time

Change in area of the arteries over time Pressure over time



LPPD LPPD 
NSF REU Site, University of Illinois-Chicago, Summer 2006 

Conclusions/ Future DirectionsConclusions/ Future Directions

• Network is physiologically consistent
• Network generator used to produce equations accurately 

for numerous tubes
• Model various conditions

– Hydrocephalus
– High blood pressure

• Superimpose brain vasculature on the solid brain
– Study the effects of brain injury or trauma

» Effect on vasculature and the surrounding brain tissue
– Brain deformation affects vasculature and the tissue

• Study impacts of a stroke, high blood pressure

• Understand the effects of tumor growth on the compressed 
vasculature and tissue
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Equations and BalancesEquations and Balances
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Pressure driven flows:
Impulse balance

Deformation of the membrane between adjacent compartments. 

Distensibility of the compartment:
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• Cranial volume is considered constant

• Any input must be compensated by an   
equal output

denotes the compliance between the two componentsijC

A JQ Q=

Compliance elements indicate that an increase in volume of one compartment equals the volume 
of the cup formed by the deformed membrane (Karni et al, 1988)

Closed Cranium:

High 
pressure

Low 
pressure

Flow direction

PoutPin

Pin > Pout



LPPD LPPD 
NSF REU Site, University of Illinois-Chicago, Summer 2006 

Arteries (blood flow)Arteries (blood flow)

(1) Continuity:

(2) Momentum:

(3) Tube law:
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Results Results 
Blood Flow (dynamic)
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