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Objective: to test hypothesis on decreased ICP in normal tension glaucoma  

(NTG) and in high tension glaucoma (HTG) patients.

Methods: ICP measured on 340 (NTG, HTG) patients and healthy controls by 

using non-invasive aICP meter (Vittamed).

Results: statistically significant differences were found between mean aICP values 

on NTG,HTG patients and healthy volunteers in supine positions:

NTG (100 patients): mean ICP=8.52 mmHg (SD=2.4 mmHg)

HTG (140 patients): mean ICP=8.01 mmHg (SD=2.18 mmHg)

Control (100 volunteers): mean ICP=9.93 mmHg (SD=2.5 mmHg)

Conclusions: glaucoma is a two pressure (IOP and ICP) disease. ICP is 

abnormally low in NTG and HTG (p<0,001). Repeated diagnosis after 6 months 

shows that decrease in translaminar pressure difference IOP-ICP above 1.9 mmHg 

reduced progression of NTG by 2-folds and decrease above 7.1 mmHg reduced 

progression of HTG by 4-folds.

Non-invasive ICP in glaucoma
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Objectives: to perform prospective comparative study of non-invasive ICP meter 

(simultaneous comparison of invasive and non-invasive ICP measurements) on 

neurological and neurosurgical patients in order to estimate precision, sensitivity, 

specificity of non-invasive ICP measurements.

Methods: simultaneous invasive and non-invasive ICP measurements by using non-

invasive ICP meter (Vittamed) and invasive ICP meters („gold standard“ ventricular ICP 

sensors and CSF pressure measurements during lumbar puncture). Study included 121 

severe TBI and neurological patients.

Results: ROC analysis of non-invasive ICP measurement data showed the area under 

ROC curve AUC = 0.913 with sensitivity 73.97 % and specificity 91.89 % when ΔPe = 4.0 

mmHg. Correlation coefficient between invasive and non-invasive ICP measurements

r=0.82, standard deviation of difference between invasive and non-invasive ICP 

measurements is SD=2.44 mmHg  (precision). Accuracy expressed by confidence 

interval of systematic error is 0.08 – 0.64 mmHg (p=0.023).

Conclusions: non-invasive ICP measurement method is an only method without a need 

of patient-specific calibration. It has a wide area of clinical applications outside a 

neurosurgical ICU.

Non-invasive ICP absolute value

measurement projects



ROC analysis of noninvasive ICP 

measurement with Pe = 4 mmHg:

- Sensitivity 73.97 %

- Specificity 81.9%

- AUC 0.91

Accuracy: bias less than 1.0 mmHg

Precision: SD=2.44 mmHg (CL =0.96)

Correlation: r=0.82 

Non-invasive ICP absolute value

measurement projects
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Comparison of contineous non-invasive

and invasive ICP monitoring (pilot study)

Non-invasive two depths TCD-based non-invasive ICP monitoring method was proposed

for continuous ICP value monitoring.

Non-invasive ICP(t) monitoring data derived from blood flow velocity (BFV) of intracranial 

(IOA) and extracranial (EOA) segments of ophthalmic artery were collected simultaneously 

with invasively measured ICP data (Codman).

7 severe TBI patients with intraventricular ICP sensors were included into the pilot study. 

The patients were subjected to 1 hour simultaneous invasive and non-invasive ICP(t) 

monitoring sessions.

Invasive and non-invasive ICP(t) monitoring

session in neurosurgical intensive care unit.



Comparison of contineous non-invasive

and invasive ICP monitoring (pilot study)
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Background: Post-operative cognitive dysfunction (POCD) occurs in approximately 33-

83% of patients after cardiac surgery with cardiopulmonary bypass (CPB). Objectives of 

the study were to detect the episodes of impaired CA during cardiac bypass surgery and 

to investigate the association between CA impairments and POCD.

Methods: 59 patients undergoing elective coronary artery graft surgery with CPB. All 

patients underwent series of neuropsychological tests the day before and ten days after 

the surgery in order to evaluate cognitive function. VRx(t) and COx(t) was monitored in 

real-time.

Results: 22 patients (37%) experienced POCD, 37 patients (63%) showed no cognitive 

deterioration. The duration of the single longest CA impairment event was found reliably 

associated with occurrence of POCD (p < 0.05). The critical duration of the single longest 

CA impairment event was 5.03 minutes (odds ratio 14.5; CI 3.9- 51.8) for studied 

population.

Conclusions: Prospective clinical study showed that single longest CA impairment may 

result in post-operative deterioration of mental abilities. The duration of the single longest 

CA impairment event is the risk factor that is associated with POCD.

Non-invasive CA monitoring: cardiac surgery



Diagram of on-invasive VRx(t),Cox(t) indexes monitoring in real time

Non-invasive CA monitoring: cardiac surgery
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The case of CA monitoring during the patient’s cardiac surgery. The drop of
MAP below the lowest patient-specific CA critical threshold causes the
impairment of CA (VRx>0) and risk of “secondary brain injury”.

Non-invasive CA monitoring: cardiac surgery



The longest CA impairment (LCAI) event was significantly longer (p<0.05) for the
patient group with deteriorated mental abilities comparing to the group without
mental disorders.
The critical threshold of duration of LCAI events showing association with the
deteriorated mental ability was 302 sec (odds ratio 14.5 and CI 3.9-51.8)

Non-invasive CA monitoring: cardiac surgery



Parameter AUC Sensitivity Specificity

Duration of LCAI (VRx>0) 0.81 0.76 0.82

Dose of LCAI (VRx>0) 0.76 0.76 0.76

Total time of CA impairment (VRx) 0.74 0.90 0.50

Total dose of CA impairments (VRx) 0.74 0.90 0.61

Duration of LCAI (COx>0.6) 0.59 0.76 0.54

Dose of LCAI (COx) 0.64 0.43 0.87

rSO2 0.65 0.62 0.71

ROC analysis of non-invasively monitored characteristics

Non-invasive CA monitoring: cardiac surgery
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Background: In this study, we aimed to determine the clinical applicability of a non-invasive 

CA monitoring method by performing a prospective comparative clinical study of simultaneous 

invasive and non-invasive CA monitoring on intensive care patients.

Methods: CA was monitored in 61 patients with severe TBI invasively by recording PRx(t) and 

by simultaneously non-invasively recording volumetric reactivity index (VRx(t)).

Results: A linear regression between VRx and PRx averaged per patients' monitoring session 

showed a significant correlation (r = 0.843, p < 0.001; 95% confidence interval 0.751 - 0.903). 

The SD of the difference between VRx and PRx was 0.192; bias was - 0.065.

Conclusions: The ultrasonic time-of-flight method reflects blood volume changes inside the 

acoustic path which crosses both hemispheres of the brain. VRx can be used as a non-

invasive cerebrovascular autoregulation index in the same way as PRx and VRx can provide 

diagnostic information about the CA status.

Non-invasive CA monitoring: TBI patients



Non-invasive CA monitoring: clinical study

Example of ICP(t), ABP(t), and IBV(t) raw data monitoring, filtered slow waves (solid black curves) and 
cerebrovascular autoregulation indexes (PRx(t), VRx(t)) recording over a 20-minute time interval. The 
IBV(t) slow waves are expressed as changes in the time-of-flight signal (∆TOF(t)). 



Examples of 2 hour simultaneous PRx and VRx monitoring on TBI 

patients in coma. 

Non-invasive CA
monitoring:

clinical study



Examples of 2 hour simultaneous PRx and VRx monitoring on TBI 

patients in coma. 
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