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Definitions of CPP 



Thanks to Dr. E. Schmidt 



CPP= meanABP- mean ICP 

CPP= meanABP- meanJugularVeinPressure 

CPP= meanABP- meanSagittalSinusPressure 
 

CPP= meanABP- meanCriticalClosingPressure 



Data from Wakefield, early 1990s 



CPP determines brain blood perfusion when ICP is 
elevated, otherwise ABP is main determinant 
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Clinical case: Brain Tissue O2 versus CPP in refractory intracranial hypertension 





Data from Wakefield- early 1990s 

Data from Cambridge 2003-2009 



Decreases in CPP produces gradual decrease in SjvO2 

Chan KH, Miller JD, Dearden NM, Andrews PJ, Midgley S. The effect of changes in cerebral perfusion pressure upon 
middle cerebral artery blood flow velocity and jugular bulb venous oxygen saturation after severe brain injury. J 
Neurosurg. 1992 Jul;77(1):55-61. 





Strict CPP protocol 
introduced in 1997 





The “Lund” therapy  
A neurocritical care group from Lund, Sweden, have suggested a different approach to the management of patients 
with severe TBI.  
 
There are two principal aims of the Lund protocol:  
 
1. The prevention of brain oedema formation by reducing fluid shift from capillaries into brain parenchyma  
2. The improvement of the cerebral microcirculation by the avoidance of arterial vasoconstrictors.  
 
Brain oedema regulation is targeted by preservation of colloid osmotic pressure. To achieve this goal, the Lund protocol 
advocates the use of repeated human albumin infusions (aiming for a normal serum albumin concentration) and blood 
transfusions (aiming for a normal haemoglobin concentration). The patient is kept euvolaemic to slightly hypovolaemic 
by diuretic therapy. To reduce the hydrostatic pressure in brain capillaries, mean blood pressure is kept at a 
“physiological level for the age of the patient”. Drugs employed to achieve this goal are metoprolol and clonidine, and 
thiopentone and dihydroergotamine in an attempt selectively to cause vasoconstriction of the precapillary vessels (via 
flow-metabolism coupling). Dihydroergotamine is also prescribed with the purpose of constricting cerebral veins in 
order to reduce brain volume.  
The Lund approach to the management of intracranial hypertension and CPP has fuelled controversy. If the ICP is 
normal, CPP is maintained at 60-70 mmHg. However, if the ICP is elevated, and the above therapies fail to reduce brain 
volume, a CPP of 50 mmHg is accepted (40 mmHg for children). 
 Inotropes such as dobutamine are avoided because of the risk of β2-receptor-mediated, cerebral vasodilatation 
increasing  intracranial blood volume. Vasoconstrictors such as noradrenaline are avoided, as they are feared to cause 
brain ischaemia secondary to α-receptor-stimulated capillary constriction.  
 
The only published trial using the Lund protocol is a small, non-randomised study (53 patients in the treatment group) 
with a historical control group. The control group comprised 38 patients treated between 1982 and 1986. Study 
patients had a huge mortality benefit and favourable neurological outcome at 6 months. A large, randomised, 
controlled trial is still awaited.  
 8% mortality after Severe TBI. Is it credible?  



Outcome seems to be associated with mean CPP 
(529 head injuries, Addenbrooke’s Hospital) 
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Thanks to Dr.K.Brady 



Thanks to Dr.K.Brady 



CPP- relationship to pulse amplitude of ICP  



CPP too low- ischaemic insult 
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Too high CPP- hyperaemic insult 
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MAP: where to zero transducer; TCD : how to hold the probe? 

Thanks to Pippa Al-Rawi, 2001 

CPP= MAP- ICP  
 sources of error: ICP & MAP 

Non-invasive estimation of CPP 



CPP can be estimated non-invasively 

using TCD: 

 

eCPP= F1/FVm*A1 

(Aaslid, 1986) 

 

 

Or 

 
 

nCPP=ABP*FVd/FVm + 14  

(Czosnyka, 1997)  



nCPP 



Good replication of slow trend in direct CPP 



Good replication of slow waves in direct CPP 



nCPP and direct CPP- offset around 20 mm Hg, but good replication of slow trends 



nCPP does not react to changes in direct CPP 



Day-by-day evaluation 
of nCPP after head 
injury 

Thanks to Mr. EA Schmidt 



On this particular day 
ICP transducer was 
broken. Non-invasive 
CPP (CPPe) indicated 
fast decrease. Was it 
plateau wave of ICP? 
Raw TCD recordings 
seem to confirm this 
interpretation… 



Day-by-day evaluation of nCPP. 
We ca find good and bad examples: 



Retrospective analysis: 231 head injuried patients examined 1995-2003 



86 % of points within +/- 10 mm Hg limit; 95% limit 12 mm Hg 

Prospective study: 25 patients, 105 monitorings: 
 

Schmidt EA, Czosnyka M, Gooskens I, Piechnik SK, Matta BF, Whitfield PC, Pickard JD.   
Preliminary experience of the estimation of cerebral perfusion pressure using trascranial Doppler ultrasonography. J 
Neurol Neurosurg Psychiatry 2001; 70:198-204 



Both sides nCPP ? 

 

Difference between left and 

right nCPP (dCPP) should give 

us information on inter-

hemispherical gradients of CPP 

 

Schmidt EA, Czosnyka M, Steiner 
LA, Balestreri M, Smielewski P, 
Piechnik SK, Matta BF, Pickard JD.  
Asymmetry of pressure 
autoregulation after traumatic 
brain injury. J Neurosurg. 2003 
Dec;99(6):991-8.  



Example: monitoring of nCPP during liver transplant 



Summary 
•CPP is a concept, not a real pressure 
•Autoregulation is it only CPP-dependant? 
•Too low CPP- ischaemia, too high- hyperaemia 
•CPP-oriented protocols: success or failure? 
•Non-invasive assessment of CPP important where ICP cannot be monitored directly 


