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Cerebrospinal Fluid Flow Path
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From: Nolte, The human brain: an introduction to its functional anatomy, 5th ed., p. 108
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Infusion Test
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Clinical Data
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Single Compartment Model (standard)
ODE for CSF pressure

dv. dVdp do _ ~ p—pr
E‘dpdt_c() =Q

with compliance
_
E(p—pr)’

resistance to outflow R, elasticity E, reference pressure pr,

C(p) =

and given step function for the inflow rate

A Qorod before and after infusion
| Qurod + Qi during infusion

Conclusions
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ODE for CSF pressure
o, P—Po _

with compliance

1
- E(p—p)’
resistance to outflow R, elasticity E, reference pressure p,

baseline pressure p, = RQyroq + pr,
and given step function for the infusion rate

C(p)

o 0  before and after infusion
N Qn¢ during infusion
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Slngle Compartment Model (extended)
ODE for CSF pressure

d
Clp) g == p0) =

with compliance

o) - — 1~ 1 1 1
P = slo—p)" ~ ep—p)" T (p—p)  E(P) (p-pn)’

resistance to outflow R, elasticity paramater &, reference pressure p,
baseline pressure p, = RQurod + Pr,
and given step function for the infusion rate

0— 0  before and after infusion
"~ 1 Qu during infusion
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Solutions and Least Squares
Standard model (n = 1): Analytic solution

(Po — pr) (RQint + Po — Pr)

t)=p+
P =p (pb_pr)+RaneXp<—%(RQ|nf+Pb—pr)(t—to)>

Extended model: Solve numerically (ode45)
Use scaled parameters

WP o fF B RQuip

= —, X3 = , X4 X5 = N.
o R & Jod RIQY +pd’

Least squares fit (fminsearch)

min F(x) = Y (px(t) — Pmeas(t))?

5
xeR teT

with |T| ~ 50.000
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Results
Parameter values:
data set 00

S [r— ' ' ' ] Ngiv 1 - 0.5
a6l — 1=l | Nt - 7.8 -
— =78 e - ~0 | 1.2
% Elp, | 0.24 | 0.02 | 0.91
g R | 15.4 | 15.2 | 15.6
o Po | 9.97 | 9.99 | 9.95
Pr 2.1 -90 | 8.1
Qo | 0.51 | 6.63 | 0.12
0 . . . ; AV | 57 | 55 | 5.8
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Poroelastic Model (single fluid)

Thick spherical shell of porous
elastic solid filled with
incompressible fluid

u — radial displacement of solid
p — fluid pressure

S skull
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Poroelastic Model (single fluid)

Thick spherical shell of porous
elastic solid filled with
incompressible fluid

u — radial displacement of solid
p — fluid pressure

< skull
T - subarachnoid space

<. parenchyma
‘\\\,
: - ventricles

e aqueduct

=

Boundary conditions:

@ Given fluid flux Q,, into the
ventricle

@ Stress continuity at
ventricle wall

@ Given resistance to outflow
Qout = B=Peros gt skull

@ Porous tissue (solid) fixed
to skull: u(rout, t) =0

@ Poiseuille flow through

aqueduct included in
boundary conditions
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Governing equations (single quid)

(Linearised) strain of the solid

Combined stress
0 = Osolid + &0fiuig = Ke — apl
Conservation of momentum

s Vs Pu Vi oq
Yo=ryoe P vyar
~104 Hf—'/ Hf—/

~10-3 ~10-3

thus, neglecting inertial terms,

de 8p

ar ar =0
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Governlng equations (single fIU|d)

(Linearised) strain of the solid Increase of fluid content in volume Vq
B _ou _Vi—Vio
e=tr(e) = 54—2— g.—T—ae—l-sp
Combined stress Darcy flow through porous medium
0 = Osolid + #0fig = Ke — apl __k(e)op
- ou oor

Conservation of momentum

Vs 92U L Vi ag Fluid volume balance

V.T:P\/aﬂ PV, at %—fli(ﬂq)
~10 N—— N— ; — 5
~10-3 ~10-3 at r2or
thus, neglecting inertial terms, yields
de  ap 13 (ok(e)dp
s 9 de p 10 (k)
K€ op -0 8t+sat r28r<r W or

ar ar
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Extension to two fluid model

Include measured arterial blood pressure pay(t) into
stress

U = Usolid + X0CSF + apTap = K& — apl — aapPap/

and increase in CSF content

{ = e + SP — SapPab
yielding the equations

K ae ap ap ab

ar  Yor T Mg
de ap 19 ( ,k(e)op 0Pab
“ot TSt T ar (r i ar ) TRy
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Finite Difference simulation of data set 00:

Poroelastic Model
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Simulation Movies

Before infusion: 4.0—4.5 min

During infusion: 17.0-17.5 min

=
=1

(%3
<

il
30 ,.. ) \MM
v " a-)’

Pressure(mmHg)
s
S

time(min)

Conclusions



Introduction artment Model astic Model Conclusions

Conclusions & Further work

Conclusions

@ Highly nonlinear relation between model parameters and
form of pressure curve in extended compartment model

@ Only some parameters can be fitted reliably to clinical data
@ No spatial variation in compliance model

@ Poroelastic model predicts reasonable values

@ Physical parameters may not be known

Further work
@ Finite Element simulation (time dependent)
@ Improve multifluid poroelastic model
@ Further analysis of clinical data
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Thank you!
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