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Non-invasive ICP: Methods 

• Ultrasound –Ophthalmic Artery A.Ragauskas 

(+/- 12 mm Hg) 

• Skull movement (NASA, Mascarenhas) 

• Tympanometry (R.Marchbank) 

• MRI volume accounting (Alperin) 

• Blood flow velocity in straight sinus (Schoser) 

• EEG  (Zhang)  +/- 2 mm Hg 

• Optic nerve sheath diameter  

• Blood flow velocity in MCA arteries 



Two optimistic cases:  

95% confidence limit for 

predictors: +/- 2 mm Hg 

95% confidence limit for predictors 5 mm Hg 



R=0.92  !!! 







Two-depth Doppler ultrasound analysis of 

retinal artery with external pressure 

The dual‐depth Doppler ultrasound is positioned 

to monitor the pressure wave in both the 

intracranial and extracranial segments of the 

ophthalmic eye artery (IOA and EOA).  

 

The pressure in the chamber is increased 

stepwise, and the two pressure waves are 

compared at each step.  

 

When the pressure waveforms from the IOA and 

EOA segments match in shape, the externally  

applied pressure must be equal to the intracranial 

pressure. 

Thanks to P. Smielewski 



Two-depth Doppler ultrasound analysis of 

retinal artery with external pressure 

Thanks to P. Smielewski 



Optic nerve sheath 

diameter (ONSD) 

Thanks to P. Smielewski 



Tympanic membrane displacement 

Provides a measure of perilymphatic 

pressure by indirectly assessing the 

resting position of the stapes 

footplate, which is sensitive to ICP 
The technique utilizes the acoustically 

stimulated stapedial reflex which causes 

the small stapedial muscle to pull on the 

tympanic membrane in  response to a 

high intensity tone burst.  

 

A short tone burst (300 milliseconds, 

1000Hz ) elicits the stapedial reflex that 

results in tympanic membrane 

displacement.  

 

The stapedial reflex is thus quantified as 

the volume displacement over a period 

of 1.0 second in response to a 300 

millisecond tone burst. 

Thanks to P. Smielewski 



TMD assessment of eight children with shunted hydrocephalus 

Tympanic membrane displacement 

Thanks to P. Smielewski 



    

Skull displacement method- Prof. Sergio Mascarenhas 

FIRST EXPERIMENT AFTER 6 YEARS 



    

INFUSION TEST – WISTAR RAT 

Validation of a new minimally invasive 

intracranial pressure monitoring method by  

direct comparison with an invasive 

technique. 

Singapore 2013 



    

PATIENT 1 - PORTUGAL 



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] 



Impulse Response 

 ABP  ICP 

{ wi } i = 0, ..., n 

TCD characteristics 

{ tcdj } j = 0, ..., m 
FV 

ABP 

Impulse Response:  signal transformation, 

time correspondence to Transfer Function 

FV : flow velocity in middle cerebral artery. 

ABP: arterial blood pressure 

ICP: intracranial pressure 

TCD transcranial Doppler 

Non-invasive ICP assessment - basic model 

ABP 

regular updates 

nICP 

(non-invasively 

assessed  ICP) 

Thanks to Dr.B.Schmidt 



Control structure of basic model 

Impulse Response 

 Function 
 nICP ABP 

A & B 

TCD characteristics 

- Time constant 

- Independence of  Individual 

Assumptions of Basic Model: 

Thanks to Dr.B.Schmidt 



Autoregulation is time-varying. Best 

example- plateau wave 

Thanks to Dr.B.Schmidt 



If model is 

independent on 

autoregulation, 

either plateau or 

baseline has a 

chance to be 

estimated less 

accurately 

Thanks to Dr.B.Schmidt 



Impulse Response 

 Function 
 nICP ABP 

A & B 

TCD characteristics 

State of  

Autoregulation 

Control structure - extended model 

Thanks to Dr.B.Schmidt 



Example 

Fixed model Adaptive model 

Thanks to Dr.B.Schmidt 
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Adaptive nICP-assessment Study 
 

 145 patients with  Traumatic Brain Injury or Stroke 

 Age: 35  ±  18 years 

  Adaptive model: DICP = 6.9 ± 5.4 mm Hg 

     Basic model: DICP = 7.6 ± 6.1 mm Hg   (P< 0.005) 

  Increase of nICP dynamic 

  Assessment of cerebral autoregulation 

 

  Adaptive model less stable than basic model  

 
DICP  =  absolute difference (ICP-nICP) 

Thanks to Dr.B.Schmidt 



The list of functions in ICM+ can be extended by plugins.  One such plugin already available for ICM+

 enables non-invasive calculation of ICP from

 TCD FV and ABP signals in real time. 

ICP 

ICP 

Non-invasive ICP 

Non-invasive ICP 





033040AL.1L5 

Example 1 



038080JM.0L5 

Example 2 



038080JM.0L5 

Example 2 



053022AW.0L5 

Example 4 



73 patients after head injury with midline shift, 95% CI = 12 mm Hg 





Thanks to Dr.F.Kashif 



Thanks to Dr.F.Kashif 





News from industry 
HeadSense Ltd 
-Acoustic propagation method 

-No clinical data so far 

-nICP in mm Hg 

Orsan Medical Technologies 

Impedance 

plethysmography 

method 



New ideas… 

From this formula , knowing PI, CPP can be calculated 

nCPP= FVm*A1/F1 *  This is close to Aaslid’s formula 



Messages to take home 

•Bottom line for limit of agreement of nICP and ‘real’ ICP- probably 6 mmHg 

•TCD based methods claim best confidence limit for predictors 12-17 mmHg 

•Two possibilities Black-box (Schmidt) and physiological modelling (Kashif, Heldt et al.) 

•Tympanometry and eye-ball compression- not suitable for monitoring 

•Time-of-flight (Vittamed)- probably good for non-invasive PRx 

•Straight sinus blood flow velocity- nobody replicated these results 

•Pulsatility Index: awful absolute accuracy, but good for detection of deep intracranial 

hypertension: If at the bedside  PI>2, ABP is normal and PaCO2 is >30 mm Hg- it is 

likely that ICP>25 mm Hg 


