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NO CONFLICTS

INTRODUCTION

Che cos’è l’autoregolazione cerebrale? 



On Intra-Cranial Pressure and the Cerebral Circulation: part I. Physiological; 

Part II. Histological. Bayliss WM et al. J Physiol 1895;18(4):334-62

Sir William Maddock Bayliss

INTRODUCTION



Il flusso di un liquido all’interno di un tubo rigido

Flusso

Pressione Resistenza

△ Press /△Flusso



CBF/MABP



GRAVITY





et al.

ACTION VESSELS



Crit Care Clin 23 (2007) 507–538 

PRESSURE AUTOREGULATION CURVE



WHY IS AUTOREGULATION IMPORTANT IN BRAIN INJURY ?

CVA AND TBI



CVA and TBI



CVA and TBI



Crit Care Clin 23 (2007) 507–538 
KE Wartenberg et al.

TBI, CBF, CVA, CVR



Crit Care Clin 23 (2007) 507–538 
KE Wartenberg et al.

TBI, CBF, CVA, CVR



Drawing of her daughter (age 7)

Your Brain after you bump your head

CVA and TBI
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How we look at a CVA curve in TBI



CVA and TBI

Crit Care Clin 23 (2007) 507–538 



Intensive Care Med. 2014 Sep;40(9):1189-209

CSS on MMM in NCC



Testing 
* Clear stimulation:
-drug to rise ABP
-leg cuff release
-head down tilt
-lower body pressure
-slow respiration
-transient compression

Monitoring
*No stimulation; spontaneaous waves 
of ABP
or CPP

Assessment of Cerebral Pressure Autoregulation
Frank A Rasulo,  Marcella Balestreri,  Basil Matta.

Current Opinion in Anesthesiology. October 2002  

Measuring CVA in TBI

HOW TO MEASURE CEREBROVASCULAR AUTOREGULATION



Testing 
* Clear stimulation:
-drug to rise ABP
-leg cuff release
-head down tilt
-lower body pressure
-slow respiration
-transient compression

Monitoring
*No stimulation; spontaneaous waves 
of ABP
or CPP

Autoregulatory is seen 

from the blood velocity 

returning to pretest values 

after 4 seconds. 

TESTING CVA in TBI – CUFF TEST



Testing 
* Clear stimulation:
-drug to rise ABP
-leg cuff release
-head down tilt
-lower body pressure
-slow respiration
-transient compression

•Better accuracy
•One-off measurement

Monitoring
*No stimulation; spontaneaous waves 
of ABP
or CPP

circa 5 secondi

TESTING CVA in TBI – THRT



Testing 
* Clear stimulation:
-drug to rise ABP
-leg cuff release
-head down tilt
-lower body pressure
-slow respiration
-transient compression

•Better accuracy
•One-off measurement

Monitoring
*No stimulation; spontaneaous waves 
of ABP
or CPP

circa 5 secondi

MONITORING CVA in TBI – INDEX



Crit Care Clin 23 (2007) 507–538 
KE Wartenberg et al.





PRx = ICP/ABP
- ICP
- ABP



PARAMETER 2PARAMETER 1

PARAMETER 2PARAMETER 1

PARAMETER 2PARAMETER 1

Negative Correlation
Autoregulation PRESERVED

Positive Correlation
Autoregulation DISTURBED

CEREBROVASCULAR AUTOREGULATION

ABP ICP

MONITORING CVA in TBI – PRx

PRESSURE PASSIVE 

< 0.2



CEREBROVASCULAR AUTOREGULATION

EVD Placement

PARAMETE
R 2

PARAMETE
R 1

PARAMETER 2PARAMETER 1

MONITORING CVA in TBI – PRx



MONITORING CVA in TBI – PRx



MONITORING CVA in TBI – PRx



Cerebrovascular reactivity during hypothermia and rewarming. 
Lavinio A et al. Br J Anaesth. 2007;99:237–44

MONITORING CVA in TBI – PRx



MONITORING CVA in TBI – PRx



CVA in TBI – Non-invasive PRx?

Conclusions: This study provides preliminary 
evidence that ICPtcd may accurately exclude 
intracranial hypertension in patients with 
acute brain injury.

FUTURE PRx ICPnon-invasive /ABP



Mx = FVm/CPP
- TCD
- ABP



Consequence of disturbed CVA and hypotension

MONITORING CVA in TBI – Mx

Mx



AutoregulazioneCompromessa

MONITORING CVA in TBI – Mx



CEREBROVASCULAR AUTOREGULATION

Administration of 

hypertonic Saline  

PARAMETER 
2

PARAMETER 
1

PARAMETER 
2

PARAMETER 
1

MONITORING CVA in TBI – Mx



Mx

Autoregulation and Cerebral Perfusion Pressure
CzosnykaM.,et al.   J Neurosurg 2001

MONITORING CVA in TBI – Mx



Mx

Autoregulation and Cerebral Perfusion Pressure
CzosnykaM.,et al.   J Neurosurg 2001

Altered CVA

Normal CVA

MONITORING CVA in TBI – Mx



CEREBROVASCULAR AUTOREGULATION

ABP ICP CPP FV

CPP FV

CPP FV

ABP ICP

ABP ICP

MONITORING CVA in TBI – Mx



MONITORING CVA in TBI – Mx



Monitoring of Autoregulation Without 
Measurement of CBF?

MONITORING CVA in TBI 



TOx = TOI/CPP
- NIRS
- ABP



ORx = PbtO2/CPP
- Pbr02

- ABP



Continuous assessment of cerebrovascular autoregulation
after traumatic brain injury using brain tissue 

oxygen pressure reactivity.
Jaeger M., et al

Crit Care Med. 2006 Jun;34(6):1783-8

MONITORING CVA in TBI – TOx, ORx
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- PI
- ABP



Continuous Measurement of Autoregulation by Spontaneous 

Fluctuations in Cerebral Perfusion Pressure
Ken M. Brady et al.

Stroke Volume 39(9):2531-2537 September 1, 2008

Piglets 5 to10 days old with intracranial pressure (ICP) at naïve or elevated (20 mm Hg) levels had gradual arterial hypotension

induced by a balloon catheter in the inferior vena cava. 

Three indices of autoregulation were simultaneously and continuously calculated. 

MONITORING CVA in TBI 



INDIVIDUALIZATION 

OPTIMIZATION

INDIVIDUALIZATION/OPTIMIZATION 



INDIVIDUALIZATION 



‘‘the strongest clinical implication of the results is that we shouldn’t abandon ICP 
monitoring but to refine its role in TBI management’’ ‘‘clinical methods for interpreting 
ICP in the setting of individual patient care’’. 

“Cerebral autoregulation, cerebral perfusion pressure, cerebral blood flow, metabolic coupling etc., 
should allow us to recognize when ICP of 25 or 30mmHg might be cautiously accepted rather than lead 
to second-tier interventions”

“analytic approaches allowing protocolizing decision making for more meaningful subclassification of 
injury types, would highlight the true value of ICP monitoring as part of a multimodality approach to 
targeted therapy.”

“As intensivists, we probably should be embarrassed that we are not at such a point in TBI management 
already.”

INDIVIDUALIZATION 





INDIVIDUALIZATION 



ICP dose based on individually assessed ICP thresholds
Based on PRx-CVA 

VS

ICP doses  derived by  the  recommended 
BTF  threshold of 20 mm Hg.

6-month outcome

Retrospective  analysis of  prospectively 
collected data from 327 patients TBI pts.

Individualized doses of intracranial hypertension were 
stronger  predictors  of death  than doses derived 
from the universal threshold of 20mm Hg. 

PRx can individualize the ICP threshold

INDIVIDUALIZATION 
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Can monitoring CVA be a clinically useful therapeutic target in TBI?

We must adjust the contributors to the complex cerebral autoregulation process.

Several potential methods for adjusting cerebral autoregulation include:

Optimization of CPP, 

Optimization of ventilation, 

Optimization of head-of-bed positioning,

Optimization of pharmacologic manipulation.

INDIVIDUALIZATION 



FRANK A. RASULO  
Institute of Anesthesiology & Intensive Care

Neuro-critical Care Unit, Spedali Civili University Hospital of Brescia, ITALY

Conitinuous monitoring of cerebrovascular pressure reactivity
allows determination of optimal cerebral perfusion pressure 

in patients with traumatic brain injury
Steiner L et al., Crit Care Med 2002 vol 30, No 4 

We must adjust the contributors to the complex cerebral autoregulation process.

Several potential methods for adjusting cerebral autoregulation include:

Optimization of CPP:

OPTIMIZING CPP 



Donnelly J Expert Rev. Neurother. 15(2), 169–185 (2015)

OPTIMIZING CPP 



Donnelly J Expert Rev. Neurother. 15(2), 169–185 (2015)

OPTIMIZING CPP 



CPP opt?

65 mmHg!

Continuous Assessment of Autoregulation (CPPopt)

CPPopt = CPP where PRx reaches its minimum value when plotted against CPP.

OPTIMIZING CPP 



We aim to improve the CPPopt methodology by introducing a new visualization method that may provide 
insight into the complete characteristics of the CPP-PRx relationship and its temporal evolution. 

OPTIMIZING CPP 



Adverse effects of prolonged hyperventilation in patients 
with severe head injury: a randomized clinical trial. J 

Muizelaar JP et al. Neurosurg 1991;75:731-9

Can monitoring CVA be a clinically useful therapeutic target in TBI?

Several potential methods for adjusting cerebral autoregulation include:

Optimization of CPP

Optimization of ventilation 

Cerebral autoregulation dynamics in humans. 
Aaslid R et al. Stroke 1989;20(1):45-52

OPTIMIZING VENTILATION 



Autoregulation and arterial CO2

OPTIMIZING VENTILATION 

Lingzhong Meng, Adrian W. Gelb. Anesthesiology 01 2015, Vol.122, 196-205



Autoregulation and arterial CO2

Mx responds to PaCO2 during routine CO2-reactivity testing.

OPTIMIZING VENTILATION 



Can monitoring CVA be a clinically useful therapeutic target in TBI?

Several potential methods for adjusting cerebral autoregulation include:

Optimization of CPP

Optimization of ventilation 

Optimization of head-of-bed positioning

Intracranial pressure pulse amplitude during changes in head elevation: a new 
parameter for determining optimum cerebral perfusion pressure? 

Mahfoud F, et al. Acta Neurochir (Wien) 2010; 152(3):443-50

Effect of head elevation on intracranial pressure, cerebral perfusion pressure, 
and cerebral blood flow in head-injured patients.

Feldman Z et al. J Neurosurg 1992;76:207-11

OPTIMIZING POSITIONING 



Can monitoring CVA be a clinically useful therapeutic target in TBI?

Optimization of CPP

Optimization of ventilation 

Optimization of head-of-bed positioning

Optimization of pharmacologic manipulation

EPO. Rasmussen P FASEB J 2012;26(3):1343-8

Simvastatin.  Kirkpatrick PJ Lancet Neurol 2014;13(7):666-75

Recombinant human erythropoietin. Ehrenreich H Stroke 2009;40:e647-56

B-Blockers . Strandgaard S Eur J Clin Invest 1996;26(8)

Valsartan. Takada J Hypertens Res 2006;29(8):621-6

Angiotensin II AT2 receptor stimulation. Na¨veri L, Regul Pept 1994;52:21-9

Angiotensin converting enzyme. Waldemar G J Hypertens 1989;7: 229-35

OPTIMIZING DRUGS 



Links Between CVA and TBI Outcome 

Both intermittently monitored TCD-based indices, the Mx and ARI, and continuous
PRx have proven to be strongly and independently correlated with outcome

In a multivariate analysis, age, mean ICP, initial CT, and the CVA are all independent 
factors OF outcome

Plotting mortality rate versus averaged PRx allows detection of critical value for PRx. 
When the PRx increases above 0.3, mortality rate abruptly increases from 20% to 70%

Impact of intracranial pressure and cerebral perfusion pressure 
on severe disability and mortality after head injury. 

Balestreri M et al.Neurocrit Care. 2006. 

CVA – TBI - OUTCOME

Association between dynamic cerebral autoregulation
and mortality in severe head injury. 

Panerai RB et al. Br J Neurosurg 2004



THRT e Outcome

Outcome

THR
R

1.02

1.06

1.1

1.14

1.18

1.22

Fav orable Unf av orable

TCG

CVA  - TBI  - OUTCOME



AUTOREGULATION IS SIGNIFICANTLY WORSE
IN PATIENTS WITH UNFAVOURABLE OUTCOME

Czosnyka M, Smielewski P, Piechnik S, Steiner LA, Pickard JD: Cerebral autoregulation following head 
injury. J Neurosurg 2001, 95 (5), 756-763

MX

CVA  - TBI  - OUTCOME



Autoregulation: Asymmetry and Mortality

CVA  - TBI  - OUTCOME



Author Paper Pathology N°pts. Bad outcome

Overgaard J. et al. J.Neurosurg.

1974

Head Trauma 43 68%

Czosnyka M. et al. Stroke 1996 Head Trauma 82 70%

Lam JM. Et al. J.Neurosurg. 

1997

Head Trauma 31 65%

Ratsep et al J.Neurosurg.

2001

SAH 76 68%

Lang E.W. Crit. care 

med.2001

SAH 12 82%

Steiner L. et al. JNNP 2003 Head Trauma 82 67%

Cerebrovascular Autoregulation (CVA) and Outcome

CVA  - TBI  - OUTCOME



Time effect: 

Autoulation is worse first two days following 

trauma  but only in patients who died (red line) 

J Neurosurg 2001, 95 (5), 756-763 

the state of autoregulation change in time

CVA  - TBI  - OUTCOME

Dose effect: patients with more severe impairment of cerbral

autoregulation do have worse outcome



CVA  - SAH - OUTCOME



et al.

CVA  - TBI  - OUTCOME



Patients with larger discrepancy (>10 mm Hg) between real CPP and CPPopt more likely 
have adverse outcome. 

This finding stresses the importance of guiding TBI treatment using CVA indices in clinical 
practice. 

CVA  - TBI  - OUTCOME



ALL OBVIOUS ??? 



PROTOCOL INTEGRATION 

TBI
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CVA monitoring in TBI passes from a 

level III to a level IIB recommendation 

in the new BTF guidelines. 

LITERATURE CVA – BRAIN INJURY 
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PROTOCOL INTEGRATION 



PROTOCOL INTEGRATION 



Poor autoregulation and loss of pressure-reactivity, as measured by PRx and Mx, are independent 

predictors of fatal outcome following head injury;

CONCLUSION 

Monitoring of continuous cerebrovascular autoregulation is now possible and systems have

become, and are becoming, more user-friendly;

Facts:

Continuous monitoring with the PRx can be used to direct CPP-oriented therapy by determining 

the optimal CPP for pressure-reactivity.

Missing Links: 

Despite the fact  that monitoring CVA can be used in a variety of clinical scenarios and may be 

helpful in delineating optimal therapeutic strategies, the integration of CVA based protocols, to  

obtain a more individualized therapeutic strategy, is still lagging, do to lack of adequate trials.



GRAZIE


