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CSf outflow is linear function of 
pressure, therefore the resistance 
to CSF outflow exists! 
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Model of CSF circulation 

(A. Marmarou 1973) 

Marmarou A : A theoretical model and experimental evaluation of  the cerebrospinal  fluid  system. Thesis, Drexel 
University, Philadelphia, PA, 1973  

Rout > 13 mm Hg/(ml/min) – Borgesen and Gjerris, Brain 1981 
Rout >18 mm Hg/(ml/min)  - Boon et al; ‘Dutch study’,J.Neurosurg 1997 
Rout >??? – European trial – Klinge et al. 2008?  



Cross-validation: Lumbo-Ventrcular Perfusion Study 
(Copenhagen) versus Computerized Infusion Test 

(Warsaw) 

Borgesen SE, Albeck MJ, Gjerris F, Czosnyka M, Laniewski P: Computerized infusion test 
compared to steady pressure constant infusion test in measurement of resistance to CSF 
outflow. Acta Neurochirurgica (Wien) 1992; 119:12-16.  

Rcsf= 1/Cout 



Relationship between clinical status 
and resistance to CSF outflow (249 
with NPH of various ethiology; 
iNPH=90, post SAH= 87; HI NPH =34, 
post-meningitis NPH=38) 

Resistance to CSF outflow versus 
outcome  

(164 patients, NPH, N.Keong 2008; 
Failure= no clinical improvement) 



Aetiology matters! 

• Idiopathic versus post-traumatic NPH 



Resistance to CSF outflow was significantly 

greater in post-SAH than in idiopathic NPH 





Cerebrospinal Fluid (CSF) pressure-volume compensatory parameters change in 
time in pathological but also under normal circumstances.  Normal ageing proved to 
affect CSF compensation: the resistance to CSF outflow increases and  the formation 
of CSF decreases with age.  

Czosnyka M, Czosnyka ZH, Whitfield PC, Donovan T, Pickard JD. Age dependence of cerebrospinal pressure-volume 
compensation in patients with hydrocephalus. J Neurosurg. 2001 Mar;94(3):482-6. 

Resistance to CSF outflow increases 
with age 



Cranioplasty  increases 

Rcsf  

MAREK CZOSNYKA, JO COPEMAN, ZOFIA CZOSNYKA, ROY S MCCONNELL, CATHERINE DICKINSON, and 
JOHN D PICKARD  Post-traumatic hydrocephalus: influence of craniectomy on the CSF circulation J Neurol 

Neurosurg Psychiatry 2000 68: 246a-248a  



Rcsf increases with hypercapnia 
(27-48 mm Hg; 18%) 

Czosnyka M, Richards HK, Czosnyka Z, Piechnik S, Pickard JD.  
Vascular components of cerebrospinal fluid compensation. J. Neurosurg 1999; 90:752-759 

Vascular Factors (1) 

Arterial hypotension decreases 
RCSF (17% per 50 mm Hg) 



Cerebovascular factors: 
Rcsf in patients with ‘pure’ NPH and patients with  

additional signs of cerebrovascular disease 
 (Owler, Czosnyka&Czosnyka, Pickard 2000) 
 



Autoregulation is worse in patients with lower Rcsf 



Power of B waves in overnight ICP monitoring 

Thanks to Prof. M.Schuhmann 



Link between infusion study 
and overnight monitoring  

Rcsf poorly correlates with amplitude (or incidence) of B waves in 
overnight ICP monitoring  



Technical factors 
Linear or Non-linear ? 
Repeatability 
Davson’s equation- does it work?  
 



Linear within limits 0-40 mm Hg! 



Rcsf=8 mm Hg/(ml/min) 

Rcsf= 7.8 mm Hg/ (ml/min) 

Repeatability of Rcsf measurement  

16/01/19xx: 
(infusion test) 

21/01/19xx 
(ICP monitoring) 

31/01/19xx 
(infusion test) 





Site of infusion  







Davson’s Equation:  
       ICP=Rout*CSFproduction + Pss 

Cambridge , N=164 
Oslo, N=16 

The way we calculate Rcsf. 
Is Sagittal Sinus Pressure always 

constant?  



Idiopathic intracranial hypertension 



Resistance to CSF outflow 

What it is? 
 Reliable parameter describing circulation of CSF 

Predictor of improvement after shunting (although 
not ideal) 
Good in assessment of shunt functioning in-vivo 
 

What it isn’t? 
 
 
 

It is not a single parameter which should be 
taken into account in   making decision about 
shunting. Multivariate methods will be more 
reliable. 
 
Management thresholds may be affected by 
vascular factors, age, duration of symptoms, 
aetiology and co-morbidity 



2009: No correlation 
between  Rcsf and outcome 

1997: Rcsf best predictive parameter 
Threshold 18 mmHg/(ml/min) 
Positive predictive value 92% 
Negative predictive value 34% 

1982. Threshold 12 mm Hg/(ml/min) 
Positive predictive value 100% 
Negative predictive value 100% 





We analyzed data from nearly 3000 patients (1993-2013).  
Inclusion criteria: initial diagnosis of iNPH, infusion test performed 
before shunt operation, availability for follow up at 3 and 6 months 
after shunting. 
310 patients met this criteria 
 

Consultants deciding about shunting were not blind to 
results of infusion studies 
 
Female: male – 110:200 

Measurement: 
Baseline ICP, 
 baseline pulse amplitude, 
elasticity, 
 Rcsf,  
Slope of AMP/p line, 
production of CSF 



Sustainable           Temporary           No improvement 
improvement (6m)        improvement 
           (3m but not 6m) 
 
 

60% 

19% 21% 

Outcome : three categories 



P<0.0143 

Poor                             Good 
 

Mean Rcsf compared between patients with Poor and Good outcome 
Units: mmHg/(ml/min) 

16.4 

19.1 



Only resistance to CSF outflow was related to outcome: p=0.014 
 
We checked: 
 
Baseline ICP:  p=0.30 
Amplitude of ICP:  p=0.96 
Elasticity: p=0.30 
Slope of AMP/P line: p=0.79 
 
Age: p=0.29 
Sex: p=0.98 
 



Rcsf is related to outcome after shunting 

 
Rcsf> 13 = rate of improvement> 80% 
 
If Rcsf is less than 6 mm Hg/(ml/min) = no improvement 
 
Rcsf between 6 and 13 – improvement still possible ! 60% 

CONCLUSION of Cambridge trial: 



Atrophy + 
Normals 

NPH Acute Hydrocephalus 

Pseudotumor 
Cerebri 

Classification of CSF disorders using baseline ICP and 
Rcsf. Is it complete? We should add: RAP, AMP, slow 

vasogenic waves, slope of AMP/p line  



Vascular co-morbidity ? 

or 



Not everyone  who needs a shunt is going to improve! 

Many thanks to Mr Brian Owler for this illustration! 



Testing vascular factors in clinical practice: CO2 
reactivity in patients suffering from NPH 



Message to take home: 

•Resistance to CSF outflow  is increased in hydrocephalus 
•Thresholds : 13 mmHg/(ml/min) or 18 mm Hg/(ml/min) 
•Normal resistance < 10 mm Hg/(ml/min) 
•Increased resistance is not 100%   reliable predictor of improvement 
•Vascular comorbidity is a factor worth consideration 


