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In the classical hypothesis, CSF flows from the 
choroid plexus to the arachnoid granulations



  

In the glymphatic theory, CSF enters the brain along 
penetrating arteries



  

In the microvessel theory, ISF/CSF is filtrated through 
capillaries



  

In the microvessel theory, ISF/CSF is filtrated through 
capillaries



  

The wall permeability of the BBB may be low, but 
CNS capillaries make up a massive surface area

A
AG

 ≈ 10-4 m2   

(Grzybowski et al. 2006)

A
cap

 ≈ 10 m2   

(Uhlirova et al. 2006)



  

Our model is based on Multiple Poro-Elastic Theory 
(MPET) and Darcy’s law

Guo et al. 2017



  
Guo et al. 2017

Our model is based on Multiple Poro-Elastic Theory 
(MPET) and Darcy’s law
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The steady-state pressure equations are independent 
of tissue displacement
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~ 750 mL/min

~ 1 mL/min
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~ 750 mL/min

~ 1.0 mL/min + (1.5 mL/min)



  

Time dependence is added for the infusion test



  

Time dependence is added for the infusion test
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Fluid transfer between compartments can 
be assessed during the infusion test

= 1.5 mL/min

= 750 mL/min

= 0.02 mL/min Sev = 1.52 mL/minSce

Baseline values, before infusion
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Fluid transfer between compartments can 
be assessed during the infusion test

= 3.0 mL/min

= 750 mL/min

= 0.01 mL/min Sev = 2.99 mL/min

Plateau-level during infusion test

Sce

Sce



  

We have access to more than 100 patient-specific 
meshes and boundary conditions



  

Pulsatility is not transmitted to the ISF 
compartment



  

Velocities up to 50 μm/sec observed in 
paravascular spaces

By Jack 
Thomas and 
Douglas 
Kelley, 
University of 
Rochester



  

A
PVS 

 = π (R
2

2  - R
1 

2) = 10-4 cm2

Assume average net flow of 20 μm/sec in all 
PVS of a mouse

R
1  

= 20 μm 

R
2  

= 60 μm 
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PVS

 = 0.002 cm/sec
  

Assume average net flow of 20 μm/sec in all 
PVS of a mouse

R
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A
PVS 

 = π (R
2

2  - R
1 

2) = 10-4 cm2

V
PVS

 = 0.002 cm/sec
Q

PVS
 = A

PVS
V

PVS
 = 2*10-7 cm3/sec ≈ 10-5 mL/min = 0.01 μL/min  

Assume average net flow of 20 μm/sec in all 
PVS of a mouse

R
1  

= 20 μm 

R
2  

= 60 μm 



  

Q
PVS

 =  0.01 μL/min

CSF
prod 

≈ 0.5 μL/min   

Assume average net flow of 20 μm/sec in all 
PVS of a mouse

R
1  

= 20 μm 

R
2  

= 60 μm 

Oshio et al. (2004)



  

Q
PVS

 =  0.01 μL/min

CSF
prod 

≈ 0.5 μL/min   

Assume average net flow of 20 μm/sec in all 
PVS of a mouse

R
1  

= 20 μm 

R
2  

= 60 μm 

50 PVS drain all 

produced CSF!



  

Reported PVS velocities would result in “convective” 
flow through brain parenchyma

A
cross-seciton 

 ≈ 0.5 cm2



  

A
cross-seciton 

 ≈ 0.5 cm2

Q = 0.5 μL/min ≈ 8*10-6 cm3/sec

Reported PVS velocities would result in “convective” 
flow through brain parenchyma



  

A
cross-seciton 

 ≈ 0.5 cm2

Q = 0.5 μL/min ≈ 8*10-6 cm3/sec

v = Q/A = 1.6*10-5 cm/sec = 1.6*10-7 m/sec 

Reported PVS velocities would result in “convective” 
flow through brain parenchyma



  

A
cross-seciton 

 ≈ 0.5 cm2

Q = 0.5 μL/min ≈ 8*10-6 cm3/sec

v ≈ 100 nm/sec

Reported PVS velocities would result in “convective” 
flow through brain parenchyma



  

A
cross-seciton 

 ≈ 0.5 cm2

Q = 0.5 μL/min ≈ 8*10-6 cm3/sec

v ≈ 100 nm/sec

Holter et al. 2017: v ≈ 10 nm/sec

Reported PVS velocities would result in “convective” 
flow through brain parenchyma



  

There is still a discrepancy between findings 
regarding convective flow in the parenchyma



  

Modeling infusion tests allows for investigation of 
theories regarding CSF production and absorption
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Modeling infusion tests allows for investigation of 
theories regarding CSF production and absorption

thank you!
Acknowledgements
Olivier Baledent 
Sylvie Lorthois 
Kent-Andre Mardal
Pierre Payoux
Marie Rognes
Eric Schmidt
Alexandra Vallet

CSFin


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48

