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Global Model of Cerebral Blood Flow and Circulation 
of Cerebrospinal Fluid- Naive Model 

  
Czosnyka M, Piechnik S, Richards HK, Kirkpatrick P, Smielewski P, Pickard JD. Contribution of mathematical modelling to the bedside tests 

of cerebrovascular autoregulation. Journal of Neurology, Neurosurgery, and Psychiatry 1997; 63:721-731  



Blood Supply in Numbers 
 
 
Blood flow through whole brain (adult) = 750-1000 ml/min 
Blood flow through whole brain (adult) = 54 ml/100 g/min 
Blood flow through whole brain (child) = 105 ml/100 g/min 
 
% brain utilization of total resting oxygen = 20% 
% blood flow from heart to brain = 15-20% (Kandel et al., 2000) 
 
Cerebral blood flow = 55 to 60 ml/100 g brain tissue/min 
Cerebral blood flow (gray matter) = 75 ml/100 g brain tissue/min 
Cerebral blood flow (white matter) = 45 ml/100 g brain tissue/min (Rengachary, S.S. and Ellenbogen, R.G., 
editors, Principles of Neurosurgery, Edinburgh: Elsevier Mosby, 2005) 
 
Oxygen consumption whole brain = 46 ml/min 
Oxygen consumption whole brain = 3.3 ml/100 g/min 
 
Blood flow rate through each carotid artery = 350 ml/min (Kandel et al., Principles of Neural Science, New York: 
McGraw Hill, 2000) 
Blood flow rate through basilar artery = 100-200 ml/min (Kandel et al., 2000) 
Diameter of vertebral artery = 2-3 mm 
Diameter of common carotid artery (adult) = 6 mm 
Diameter of common carotid artery (newborn) = 2.5 mm 
 
Diameter of MCA (M1 section)= 3 mm 

 
 







More realistic view: MRI angiography  
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Pressure drop in the systemic 
arterial system 

Thanks to Dr.S.Troutner, Copenhagen 



9 Thanks to Dr.S.Troutner, Copenhagen 
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Arterial histology 

Thanks to Dr.S.Troutner, Copenhagen 
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Vessel morphology; resistance 
vs. conductance arteries 

Thanks to Dr.S.Troutner, Copenhagen 



Circle of  Willis – Pulsatile  MCA pressure and blood flow 



Blood flow has usually stronger higher harmonics distortion 
than blood pressure 





Compression of Common Carotid Artery with TCD at Basilar Artery and Cortical flow in MCA area 



Capillaries 

http://upload.wikimedia.org/wikipedia/commons/d/d4/10.1371_journal.pbio.0050169.g001-O.jpg


Diagram of a cerebral capillary enclosed in astrocyte end-feet. Characteristics of the blood-
brain barrier are indicated: (1) tight junctions that seal the pathway between the capillary 
(endothelial) cells; (2) the lipid nature of the cell membranes of the capillary wall which makes 
it a barrier to water-soluble molecules; (3), (4), and (5) represent some of the carriers and ion 
channels; (6) the 'enzymatic barrier'that removes molecules from the blood; (7) the efflux 
pumps which extrude fat-soluble molecules that have crossed into the cells 

http://www.answers.com/topic/blood-brain-barrier


Pulsatility of flow in IJV (solid) 
and in SSS (dotted) 

Thanks to Dr. O.Baledent 



Venous blood 
outflow:  
extremely 
heterogeneous 
even in healthy 
volunteers 

Thanks to Dr. O.Baledent 







Estimated value of pressure in bridging and cortical veins: 

Thanks to Dr. SK.Piechnik 



Thanks to SK Piechnik 



Internal cerebral veinsSuperior sagittal sinus

Basilar plexus

Internal jugular vein

Transverse sinus

Confluence of sinuses

Occipital sinus

Straight sinus

Marginal sinusSigmond sinus

Superior petrosal sinus

Cavernous sinus

Inferior petrosal sinus

Inferior sagittal sinus

MRI venography  



Compartmental vascular 
hemodynamics 

Oates.C. Cardiovascular 

haemodynamics and Doppler 

waveforms explained 

Pulsatile blood flow in MCA 

Thanks to Dr. S.K.Piechnik 



The main assumptions underlying Hagen-Poiseuille formula  

Hagen-Poiseuille formula (1840) 
 
 
 

 

 

 

hydraulic resistance per tube length is 

constant and equal: 
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• flow is steady, 

• the tube has constant and circular 

cross section 

• fluid is Newtonian, 

• the tube axis is straight, 

• the tube is of infinite length 

(velocity profile is developed). 

Thanks to Prof. K.Cieslicki 

Flow in Tube: Hydrodynamic Resistance 



Methods: Tube, tubes, more tubes… 
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 M1:     M2:    M3:  

  simple reactive tube  Arteries+microcirculation+veins        11 compartments Arteries-Veins 

 

Thanks to Dr. S.K.Piechnik 



M3:  
hierarchical model of cerebrovascular circulation 

Milnor, W. R. (1982). Hemodynamics. Baltimore, Williams & Wilkins  

Vessel  Level Number Length[mm] D[mm] Reactivity 
 [%/mmHg] 

ArteryL 2 2 150.  4.  0.68 
ArteryM 3 25 45.  1.3  0.69 
ArteryS 4 300 13.5  0.45  0.72 

ArterioleL 5 5500 4.  0.15  0.83 
ArterioleS 6 140000 1.2  0.05  1.18 
Capillary 7 135000000 0.65  0.008     1.5 
Venules 8 500000 1.6  0.1  0.18 
VenulesL 9 33000 4.8  0.28  0.15 
VeinsS 10 2000 13.5  0.7  0.14 
VeinsM 11 105 45.  1.8  0.14 
VeinsL 12 5.5 150.  4.5  0.14 

 

Thanks to Dr. S.K.Piechnik 
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Thanks to Dr. S.K.Piechnik 



Reynolds number (From Wikipedia) 
  
In fluid mechanics, the Reynolds number Re is a dimensionless number that gives a 
measure of the ratio of inertial forces ρV^2/L to viscous forces μV/L^2 and 
consequently quantifies the relative importance of these two types of forces for given 
flow conditions. The concept was introduced by George Gabriel Stokes in 1851,[1] but 
the Reynolds number is named after Osborne Reynolds (1842–1912), who popularized 
its use in 1883.[2][3] 
 

 Re> 2300 flow may be turbulent 
 

 
where: 
 V  is the mean velocity of the object relative to the fluid (SI units: m/s)  
L is a characteristic linear dimension, (travelled length of the fluid) (m)  
μ is the dynamic viscosity of the fluid (Pa·s or N·s/m² or kg/(m·s))  
ν is the kinematic viscosity (ν = μ / ρ) (m²/s)  
p  is the density of the fluid (kg/m³) 

/wiki/SI_units
/wiki/SI_units
/wiki/Hydraulic_diameter
/wiki/Hydraulic_diameter
/wiki/Dynamic_viscosity
/wiki/Fluid
/wiki/Fluid
/wiki/Fluid
/wiki/Fluid
/wiki/Fluid
/wiki/Fluid
/wiki/Fluid
/wiki/Kinematic_viscosity
/wiki/Kinematic_viscosity
/wiki/Kinematic_viscosity
/wiki/Density
/wiki/Density


Centrifugal effects induced by successive bends 

•Centrifugal effect deforms axial velocity profile and develops the secondary flow 

which has vortex pattern. 

•The resultant flow is helical in both halves of the tube 

ICA 

Thanks to Prof.K.Cieslicki 



Resistance to flow of tortuous tubes 

• The resistance to flow of curved tube is velocity dependent 

• In physiological range of flow the resistance to flow is about four times 

grater than the resistance to flow of a straight tube   

•All characteristics start from the 
value obtained for a straight tube 
(HP formula) 
 

•Regardless the tube shape, the 
resistance to flow is well fitted by 
equation:  

•Z=J/Q = A + B Re 0.5  

0 1000 2000 3000 4000 5000

Re
0.00

0.04

0.08

0.12

0.16

0.20

0.24

R
e
si

st
a
n

c
e 

to
 f

lo
w

 [
s/

c
m

3
]

P
h
y
s
io

lo
g

ic
a

l 
ra

n
g

e

L
im

it
 o

f 
la

m
in

a
r 

fl
o

w

in
 a

 s
tr

a
ig

h
t 

tu
b

e

H8

H19

3D

coiled tube

straight tube

Thanks to Prof. K.Cieslicki 



Thanks to Prof. K.Cieslicki 



Velocity profile in BA in the light of numerical calculation 

•Laminar velocity profile development at the entrance region of a 
channel leads to an overall change in the axial pressure drop 

• Double hump velocity profile at the entrance of the BA gradually transforms into 
parabolic. 

•Due to small BA length an asymmetric in-flow results in an asymmetric  
   out-flow Thanks to Prof. K.Cieslicki 





The brain, undertaking normal intellectual functioning, uses oxygen at a rate of 
approximately 35 mL/min/kg brain tissue; so, for a 70 kg man with 1.5 kg brain, basal 
whole body oxygen consumption is 280 mL/min with brain oxygen consumption of 50 
mL/min.  

Cerebral metabolism 

CBF x AVDO2 = CMRO2 

From CS.Robertson et al.n J.Neurosurg 1989:70 

AVDO2- arterio venous 
difference of oxygen 
concentration 



Flow- Metabolism coupling  



Cerebral metabolism can be measured with PET 

CMRO2 

CMRGlu 

http://openanesthesia.org/images/a/a7/PET.jpg


Messages to take home: 
•Cerebral blood flow about 2000 times greater than CSF flow 
•four compartments: Arteries, arterioles,  capillaries,  veins 
•Circle of Willis- ideal mixer? 
•Venous outflow: highly individual 
•Role of bridging veins- site of coupling ICP and cerebral venous pressure 
 
 
 


