
30. Quiz on Brain Physics 



1. Units of resistance to CSF outflow 

a)  mmHg/(kPa/min) 
b) ml/mmHg 

c) mmHg/(ml/min) 
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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?  



2. Units of elasticity 

a) 1/mmHg 

b)1/ml 
c) ml/mmHg 



Davson’s equation 

pb = pss+ Rcsf   If  

Concept of Popt: Sliwka S. A clinical system for the evaluation of selected dynamic properties of the intracranial 
space. PhD Thesis, Polish Academy of Sciences, Warsaw 1980 (in Polish)  

Popt  is the same as ICPz 

E [1/ml] 



3.  Proper sequence of cerebral blood 
circulation (or part of)  is 

a) arteries-veins-arterioles 
b) arteries-arterioles-capillaries 
c) venules-capillaries-arterioles 
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Pressure drop in the systemic 
arterial system 

Thanks to Dr.S.Troutner, Copenhagen 



4. CSF is produced 

a) in cisterna magna 

b) in lateral  ventricles 
c) in lumbar subarachnoid space 



Sites of choroid plexi: pink- lateral ventricles, green- 3 rd and 4th 
ventricles; red- chorid plexi 

http://mail.biocfarm.unibo.it/aunsnc/3dobjc10.html


5. Rate of CSF production is 
a) 18 ml/hour 
b) 50 ml/min 

c) 1 ml/sec 



Davson’s equation 

CSF pressure= pss+ Rcsf   Iformation  

Davson H. Formation and drainage of the cerebrospinal fluid.  Sci Basis Med Annu Rev. 1966:238-59. Review 

 



6. Upper threshold for 
normal ICP in horizontal 
position is : 
a) 5 mmHg 

b) 18 mmHg 

c) 25 mmHg 





7. In upright position ICP 

a) increases 
b) decreases 
c) remains unchanged 



Fast and slow phase of decrease in ICP 
in sitting position 

No shunt 

With shunt 



8. Nitric oxide makes arterial smooth muscles 

a) constricting 

b) dilating 

c) vibrating 



General scheme of various factors controlling simultaneously CBF   



9. Aqueduct of Sylvius is in 

a) in Rome 

b) close to Nice 

c) in brain 



Anatomy of cranial CSF spaces 



10. Slow vasogenic waves of ICP are 
characterized by their average period. It is 

a) from 5 to 20 seconds 
b) from 20 seconds to 2 minutes 
c) from 5 minutes to 30 minutes 



Regular vasogenic waves: B waves (Slow waves), respiratory and pulse 
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ICP 

ICP 

ICP 

mmHg 

mmHg 

mmHg 



11. During plateau wave of ICP 

a) CBF increases and CPP increases 
b) ABP increases and Cerebral Blood 
flow decreases 
c) CPP decreases and CBF decreases 





12. When mean ICP increases pulse 
amplitude of ICP usually 

a) increases 
b) decreases 
c) wave increases its higher harmonics 
content 



NPH: normal opening pressure, increased Rcsf, slow 
waves, pulse amplitude well correlated with mean ICP 



13. RAP index is an indicator of 
a) cerebrospinal  resistance 

b) upper limit of autoregulation 

c) cerebrospinal compensatory reserve 



 

 

 

 

 

 

 

 

 

 

Pressure-volume curve and relationship between pulse amplitude and mean 
ICP.  Two regions (e.g. Region I, Region II) present the status of compensatory 
reserve with RAP. The transition point (Pz, Vz) implies where the curve 
changes from linear to exponential in shape.  Upper curves: pressure-volume 
relationship. Redrawn from Marmarou 1978, Avezaat and Eijndhoven- 1981 

RAP index: application in hydrocephalus 



14.  Pressure reactivity index is a 
correlation coefficient between slow 
changes in 

a) pulse amplitued of ICP and mean ICP 

b) mean ICP and pulse amplitude of ABP 

c) mean ICP and mean ABP 



 



15. Cerebral Perfusion Pressure (CPP) is: 
a) ABP minus ICP 

b) ABP plus ICP 

c) Sagittal sinus pressure minus ICP 



Thanks to Dr. E. Schmidt 



16.  When cerebral perfusion  pressure goes 
below lower limit of autoregulation 

a) CBF increases 
b) OEF increases 
c) CMRO2 increases 



Experimental data: Falling CPP. 
Lassen was right! 

OEF 



17.  With stable brain metabolism, 
when cerebral perfusion pressure 
increases above upper limit of 
autoregulation 

a) CBV decreases 
b)  SJVO2 decreases 
c) AVDO2  decreases 



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 



18. In CPP-oriented therapy CPP 
should stay above the threshold 

a) 40-50 mm Hg 

b) 65-70 mm Hg 

c) 80-90 mm Hg 





19. During refractory intracranial 
hypertension PRx becomes 
a) positive 

b) around 0 

c) negative 



Refractory intracranial hypertension (2) 

ABP 

ICP 

CPP 

PRx 

mmHg 

mmHg 

mmHg 



20. 'Critical' level of increased ICP is best 
described by 

a) TCD pulsatility index becoming positive 

b) RAP index becoming negative 

c) PRx index becoming negative 



Refractory intracranial hypertension 



21. 'Optimal' CPP is defined as CPP level where 

a) PRx reaches minimum 

b) RAP reaches  maximum 

c) PRx reaches value above 0.6 



If we can see it in statistical evaluation of big series of 
patients, can we see it in individual cases? 

The chart shows that 
lowest PRx values 
corresponding to the 
strongest autoregulation 
level fall in the CPP range 
of 73-79 mmHg 

4 – 6 hours moving window 

Thanks to Dr. P.Smielewski 



22. Mortality after head injury is 
positively associated with 

a) increased PRx 

b) increased RAP 

c) increased power of ICP slow waves 



Mortality rate 
dramatically 
depends on 
PRX 



23. Favourable outcome after TBI is 
positively associated with 

a)  high ICP 

b) low GCS 

c) lower age 



GOS:AGE  R=0.28, p<0.00009
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24. Critical value of  PRx is best 
described by: 
a) PRx<-0.2 

b) PRx>0.7 

c) PRx>0.25 



Results for PRx Thanks to Dr.Enrico 
Sorrentino 



25. Best outcome after severe TBI can be 
achieved  when the patient is managed 

a) in any hospital closest to the accident site 

b) specialized neuro intensive care unit 
c) at home among loving family 
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Thanks to Prof.D.Menon 



26. 'Intracranial pressure is more than the 
number' What does it mean? 

a) important information is included in its dynamics 
b) best descriptor is 30 minutes average 

c) it is best described verbally, without any 
numerical value 



Monitoring of ICP and CPP. 
Are Mean Trends Sufficient? 

CPP= ABP- ICP 



27. Idiopathic intracranial 
hypertension  (IIH) is associated with: 
a) increased resistance to CSF outflow 

b) disturbed venous blood outflow 

c) increased CSF production rate 



 
A B 

C D 

Various forms of focal venous sinus obstruction in the transverse sinuses of 4 patients. Intrinsic filling 
defects are obvious in the top two radiographs being an arachnoid granulation (A) and a broad based 
undulating lesion (B). Of the lower two, the radiograph on the left (C) could be a focal stricture or 
extrinsic compression while the radiograph on the right (D) appears to indicate secondary venous sinus 
compression or irregularity due to old thrombus. 

Coupling between ICP and Sagittal Sinus Pressure  
– investigated in Idiopathic Intracranial Hypertension 

Thanks to Prof.JD.Pickard 



28. In NPH 

a) ICP is normal but resistance to CSF outflow 
increased 

b) ICP is increased and resistance to CSF outflow 
increased 

c) ICP is increased but resistance to CSF outflow 
normal 



NPH: normal opening pressure, increased Rcsf, slow 
waves, pulse amplitude well correlated with mean ICP 



29. Which of these best characterize brain atrophy 

a) normal ICP and normal Rcsf 
b) increased ICP and increased Rcsf 
c) normal ICP and strong ICP vasogenic waves 



Atrophic brain 



30. Increased power of slow waves 
recorded during infusion study best 
characterize 

a) brain atrophy 

b) NPH 

c) any hydrocephalus when study done 
under GA 



NPH: low opening pressure, increased resistance, lot 
of slow waves 



31. When ICP decreases below Pss 
a) pressure-volume curve becomes linear 
b) absorption of CSF ceases 
c) pulse amplitude of ICP becomes zero 



Davson’s equation 

pb = pss+ Rcsf   If  

Concept of Popt: Sliwka S. A clinical system for the evaluation of selected dynamic propertiesof the intracranial 
system. PhD Thesis, Polish Academy of Sciences, Warsaw 1980 (in Polish)  

Popt  is the same as ICPz 



32. Leg-cuff test is performed to measure 

a) cerebral compensatory reserve 

b) autoregulation 

c)  CO2 reactivity 



Leg-cuff release (R.Aaslid et al. Stroke. 1989 ;20(1):45-52) 

Tiecks FP, Lam AM, Aaslid R, Newell DW 
Comparison of static and dynamic cerebral 
autoregulation measurements. Stroke. 1995 
Dec;26(12):2372-3.   
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33. TCD pulsatility index increases 
a) with hypercapnia 

b) when ICP is too low 

c) when CPP goes down 



R=0.764 

R=0.614 

Pulsatility and CPP 

Thanks to Raj 



34. Compliance of cerebrospinal space 

 
a) decreases when ICP increases 
b) increases when arterial pressure increases 
c) decreases with decreasing PaCO2 





35. Compliance of cerebral arterial bed 

a) decreases with decreasing CPP 

b) increases with hypercapnia 

c) increases  with heart rate 





36. Cerebral time constant is  
a) product of arterial compliance and resistance 

b) difference of TCD pulsatility index and PRx 

c) ratio of cerebrovascular resistance and 
pulsatility index 
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Kim DJ, Kasprowicz M, Carrera E, Castellani G, Zweifel C, Lavinio A, 
Smielewski P, Sutcliffe MP, Pickard JD, Czosnyka M.  

The monitoring of relative changes in compartmental compliances of 
brain.  

Physiol Meas. 2009 Jul;30(7):647-59 

Czosnyka M, Piechnik S, Richards HK, Kirkpatrick P,  
Smielewski P, Pickard JD. 

Contribution of mathematical modelling to the interpretation of bedside tests of 
cerebrovascular autoregulation. 

J Neurol Neurosurg Psychiatry. 1997, 63(6):721-31  

What is cerebrovascular time constant ? 
 time to fill cerebral arterial bed with blood volume after a 

sudden change in ABP during one cardiac cycle 

[s] 

CaBV 

EtCO2 

CBFV 

ABP 

Thanks to Dr.M.Kasprowicz 



37. During arterial hypotension 
cerebrovascular time constant 
a) decreases 
b) remains the same 

c) increases 



Haemorrhagic hypotension 
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38. Critical closing pressure 
equals 
a) ICP*PRx 

b) ICP+WT  
c) CPP*(1-RAP) 



CCP is a reasonable function of ICP but the relationship is weaker 
at hypocapnia 

Normocapnia +hypercapnia; R=0.45 Hypocapnia , R=0.34 

CrCP= ICP+WT 



39. Near infrared spectroscopy can 
measure: 
a) brain temperature 

b) brain oxygenated hemoglobine 

c) brain oxygen extraction fraction 



 Plateau waves 

Thanks to M.Ch.Zweifel 



40. During ischaemia cerebral microdialysis 
lactate-puryvate ratio 

a) decreases 
b) does not change 

c) increases 



Interpreting Microdialysis Data 

Thanks to Mr.A.Helmy 



41. ICP can be assessed non-
invasively 
a) from the width of nostrils 
b) from blood flow velocity waveform 
c) from length of aqueduct of Sylvius 



Is MCA , with its 
compliant walls,  a sort 
of transmural pressure 
‘transducer’ ? What is 
its linearity and 
calibration coefficient? 
Are they stable in time? 

[mm Hg] 

[mm Hg] 

[cm/s
] 



42. FIx is a new proposal for the assessment of 
cerebrovascular reactivity. It is derived as 
a) correlation between mean ICP and blood flow 
velocity 

b) ratio of mean ICP and systolic arterial blood 
pressure 

c) TCD pulsatility index multiplied by diastolic 
arterial blood pressure 



Fix  - correlation between mean FV and mean ICP 

Thanks to Mr.P.Lewis 
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43. THx may be a substitute of invasive PRx in: 
a) finding critical level of PbtO2 

b) finding optimal level of ABP 

c) finding optimal value of brain temperature 



Examples of pressure reactivity index (PRx, THx) vs. cerebral 
perfusion pressure plots that allow determination of CPPOPT 
and ABPOPT in an individual patient recorded over a time span 
of 10 hours. CPPOPT assessed with both PRx and THx was 
80mmHg, ABPOPT was assessed to 100mmHg with both 
methodologies.  

Results II 

With PRx, determination of an individual of CPPOPT was possible in 72 
recordings (60%) and with THx, in 59 recordings (49.1%) (Figure 4). A direct 
comparison of CPPOPT(PRx) and CPPOPT(THx) was possible in 50 
measurements (41.7%). Differences CPPOPT(PRx) and CPPOPT(THx) are shown 
below. There was a significant correlation between PRx- and THx assessed 
CPPOPT in this 50 recordings (r=0.74, p<0.0001). There was no statistically 
significant difference in a paired comparison (p<0.0001).  
Determination of ABPOPT was possible in 76 (63.3%) recordings using PRx and 
in 60 (50%) using THx (Figure 4). In 53 recordings (44.1%), a direct paired 
comparison was possible (see below). Correlation of PRx- and THx assessed 
ABPOPT was 0.82 (p<0.0001). No differences of PRx- and THx assessed ABPOPT 

was found in the direct paired comparison (p<0.0001). 



44.  Transient Hyperaemic Response test can be 
performed with a help of 
a) TCD ultrasonography 

b) intraparenchymal ICP transducer 
c) continuous monitoring of Cerebral Perfusion 
Pressure 
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Transient hyperaemic response test with NIROS 



45. 1-minute PEEP waves of ICP aid 

a) Detection of lower limit of 
autoregulation 

b) Assessment of critical thershold of ICP 

c) Detection ARDS 



Thanks to Ken Brady! 



46. Imagine independent increase in MAP or  
PaCO2 
 

a) TAU increases in both cases 
b) TAU decreases in both cases 
c) TAU decreases with rising MAP but stays constant with 

hypercapnia 





47. In experimental arterial hypotension lower 
limit of autoregulation is best approximated with 
 
a)Diastolic Blood Flow Velocity 
b)Mean Blood Flow Velocity 
c)Systolic Blood Flow Velocity 





48. For CPP below critical closing pressure 
 

a) CVR increases with decreasing CPP 
b) Vessels are maximally dilated, therefore CVR stays 

constant 
c) CVR decreases with decreasing CPP 





49. With experimental arterial hypotension, pulsatile 
component of TCD 
 
a) Stays constant 
b) Increases 
c) Decreases 





50. Some people talk about V-th ventricle. What is it? 
 
 
a) Lowest part of lumbar subarachnoid space 
b) Cisterna magna 
c) Cranial subarachnoid space in external hydrocephalus 

 
 



Cerebrospinal  space 
Brain ‘lump in a box’ ?  Compensatory role of 
lumbar space 

Thanks to Dr.O.Baledent ‘V-th ventricle’ 



Thank You!!!!!! 

Now, count Your score 


