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Traumatic brain edema

CT image Focal traumatic brain edema

Brain Edema

Excess accumulation

of water in the

CT Image of Diffuse brain edema intracellular and/or
extracellular spaces of

the brain tissue.

A. W. Unterberg et al. / Neuroscience 129 (2004) 1021-1029




Monro-Kellie doctrine

Water content icp

— Normal brain = 78%

— Edema = 80%

IcP i

Monro-Kellie doctrine

—  Volume increase — increase ICP

Volume

_ Martin Smith’ 2008 -




Intracranial pressure

* Measured by catheter inserted
through skull, into the
ventricle.

* Invastve:

— Continuous, accurate , reliable

— Infection risk, suffering, cost

Hard to decide whether or not monitor.

Predict......

_ htti://ebsco.smartimaiebase.com/imaiesco-




Scope of the research

Aim: 3D Finite element mode

hrain adama to
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pressure.

predict intracranial

This paper: Study how different
boundary conditions affect the
pressure distribution.
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Loading and boundary conditions
e Results
e Conclusion & Future work




The KTH head model

_ S. Kleiven (Stapp-2007) -




Modified for edema simulation

Ls-Dyna Nastran




Importing problem

% comsoL X
Internal geometry error,
Details
Exception:
con. femlab, jni.FlNativeException: Internal geometry error
Messages:

Internal geometry error

Stack trace:

at com.femlab.mesh,MeshInporter.convertTolMeshes (Native Me

at con. femlab.mesh. MeshInportRunnable, run (Unknown Source)
at com.femlab,server, FlRunner, run(Unknown Source)

at com.femlab.util.i.run(Unknowm Source)

at com.femlab,util,aa. run (Unknown Source)

at geommeshimport.cpp, row 286, (Quad element coincides with two triangle elements.)

thod)
at com.fenlab.mesh. NastranReader. load (Unknom Source)
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Modified for edema simulation

White Matter

Aqueduct : connect third with

Gray Matter fourth ventricle

Edema: two elements from

Ventricle white matter
CSF

pinal Cord reservoir

Elements: 58,732

‘Neck’ with spinal cord as
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Poroelastic property of
brain tissue

e  Structure mechanics
module

G
(1-2v)

~GViu-

V(V-U)=—-aVp

* Darcy’s law

T.Nagashima,1990

INncreasing pressure p
Edema
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Infusion experiments

Infusion experiments at subarachnoid space of
dog’s brain at a constant rate.

TIME  fsec)
m-'-‘ -
B L]

30 .
£ . Infusion rate = 3.87¢c/ min
'gm- T Infusion time = 30 seconds
:
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_ F.H.Sklar et al. (1977) -




Poroelastic FE Model

While Matier

Gray Matler

Scaling

Time : 30 -> 3000 seconds

Infused volume: According to the

Vidog - Vimodel, give same relative
volume change.




Boundary Conditions




Overview of the presentation

e Introduction of brain edema and ICP
e Method
Geometry of the model
Poroelastic material
Loading and boundary conditions
e Results
e Conclusion & Future work




Clinical observations
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Z.ero flux

Constant
Pressure

Exponential
pressure

Comsol Conference 2009

Pressure Distribution

oy

Man: 224685

0.5

Homogeneous
pressure except
edema:

—Nearly
incompressibility for
both the brain tissue
and the CSF

—High permeability
in ventricle,

aqueduct, CSF

19



N Zero flux
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Linearly increasing up to very CSF generation and absorption
high pressure (220 kPa) added may improve the result
for this boundary condition.

_ http://www.medem.com/medem/images/jamaarchives/jama_brain_brai -




Constant pressure BC
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Constant pressure BC

Intracranial Pressue(Fa)
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Exponential Pressure BC
Result

Corresponds well with
experiment,

may reflect the realistic
non-linear compliance
and resistance from

the spinal cord.



Parametric studies on CSF
permeability
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Conclusion

e The water-source edema model corresponds
well with the clinical observations in edema
development, such as midline shift, brain
swelling.

e Boundary conditions at the end of spinal cord
significantly affect the pressure distribution.

e More factors need to be taken into
conderation in order to reflect the realistic
nonlinear pressure-volume curve.




Future work

e Add CSF generation and absorption in the
model.

e CSF should be modelled as fluid instead of
poroelastic material.

e Pore water is added with a constant
accumulation rate in edema, water
accumulation mechanism complex.




Thank you!

Comments and guestions are welcomed.

Xiaogai.Li@sth.kth.se







Parametric studies on
Infusion rate
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