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Introduction

Brain injury is one of the main reasons of young pa-
tients death in European Union and other countries of the
world. The pathophysiological processes in the injured
brain proceed quickly and, therefore are very risky for hu-
man life. The intracranial pressure (ICP) is a fundamental
physiological parameter with the same importance as the
arterial blood pressure (ABP), which is a fundamental pa-
rameter of the blood circulation in the body. Raised intrac-
ranial pressure must be recognized and managed properly,
because there is a considerable risk in traumatic brain in-
jury (TBI) patients of secondary brain damage with long
term severe disability [1].

Changes of intracranial pressure in cases of many
neurological diseases have a big impact to the pathogenesis
and progression of these diseases. Only invasive technolo-
gies for diagnostics of ICP are available today. Such pro-
cedures require either the placement of a catheter-tip strain
gauge device into the brain tissue directly or a fluid filled
catheter placed into the cerebral spinal fluid space within
the brain. This exposes the patients to the risk of infection
(5%), bleeding, and leak of fluids or loss of other body
tissue, pain, and hyperthermia as well as risks related to
anaesthetics. Moreover uncertainties of the best solid state
invasive absolute ICP (alCP) sensors are within the limits
from 4.2 mmHg up to 19.2 mmHg [2, 3, 7]. Uncertainties
of invasive devices vary in range wide enough. Physicians
using these devices are not aware of the exact accuracy of
ICP monitoring data. Uncertainties of ICP monitoring can
create situations when the treatment decisions based on
uncertain ICP data would be wrong or even dangerous for
patients. To avoid these problems, non-invasive ICP moni-
toring technology with high accuracy is expected.

The ideas for non-invasive ICP measurement have
been appearing since 1980. A lot of methods and technolo-
gies for finding the objects or physiological characteristics
of cerebrospinal system that would be related to the ICP
and monitor them non-invasively have been patented by
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many authors. Most of the proposed monitoring technolo-
gies are based on ultrasound and are capable of monitoring
physiological properties, such as blood flow in intracranial
or intraocular vessels, pulsations of the cerebral ventricles,
cranium diameter or acoustic properties of the cranium.
However, all these methods have the same problem - cali-
bration procedure is needed for the system “individual pa-
tient — non-invasive ICP meter.

New innovative method for a non-invasive absolute ICP
value measurement

An innovative method [3, 8-10] for a non-invasive
absolute ICP (alCP) value measurement without the indi-
vidual calibration problem has been created in Telematics
Scientific Laboratory of Kaunas University of Technology.
New non-invasive alCP meter has the same ultrasonic
transmission parameters as existing transcranial Doppler
(TCD) diagnostic devices, correspond safety standards and
is secure for patients. It is expected, that this system reach
the market in the near future. But further validation and
identification of clinical situations in which it could be
used instead of invasive monitoring is required.

Method [3, 8-10] is based on two-depth TCD tech-
nique for alCP and external absolute pressure (aPe) com-
parison. The intracranial segment of the ophthalmic artery
(OA) is compressed by alCP. The extracranial segment of
OA is compressed by the controlled external pressure ap-
plied to the tissues surrounding the eye ball. The pressure
balance is achieved when the absolute value of external
pressure aPe is equal to the alCP (Fig. 1).

The blood flow parameters in both OA segments are
almost equal independently of the absolute value of arterial
blood pressure, hydrodynamic resistance of the eye ves-
sels, the pressure inside the eye ball and the initial absolute
values of the blood flow parameters in the case aPe=alCP.
The specially designed two depth pulse wave transcranial
Doppler device is applied to identify simultaneously the
blood flow velocities in the intracranial segment and ex-



tracranial segment of the eye artery. The difference be-
tween those velocities AV is used to control the pressure in
pneumatic camera which is in a sealing engagement with a
perimeter around the eye. When external pressure Pexr in
the pneumatic camera causesAV to approach close to zero
value, in that case Pext becomes an indicator of the intrac-
ranial pressure absolute value, i. e. alCP =aPe= Pgyy (Fig.

1) [3, 4, 8-10].
T ICP =P,
0
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Fig. 1. The principle of absolute ICP non-invasive measurement
method. The difference between OA intracranial segment and
extracranial segment blood flow velocities must be minimized up
to zero for obtaining a balance between alCP and external pres-
sure Pexr = aPe applied to the tissues surrounding the eye ball

The structure of non-invasive ICP value meter is
showed in Fig. 2
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Fig. 2. Structure of non-invasive absolute ICP value meter

This device will be the first measurement device of
its kind, being able to obtain alCP values by a fast and easy
non-invasive way, since current methods are based on in-
vasive methods. Such device does not need individual cali-
bration.

The principle of the accuracy evaluation of new non-
invasive method

In order to evaluate the accuracy of new non-invasive
absolute ICP value meter a clinical study will be held. In
this study it will be seeking to compare this new non-
invasive method with invasive ,golden standard“ ICP
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measurement method. Neurological patients appointed to
standard lumbar puncture procedure will be selected to this
research. Patients with symptoms of absolute ICP value
above 25 mmHg will be excluded from the study because
lumbar puncture is not applicable then ICP>25 mmHg.

Non-invasive ultrasound Doppler device for measure-
ment of the ophthalmic artery blood flow parameters

Blood flow signals in internal and external ophthal-
mic artery segments will be measured with non-invasive
orbital Doppler device. Both blood flow segments will be
measured at the same time with modified ultrasound trans-
ducer. Doppler signals are different in their parameters
(pulsation index, mean velocity, etc), because internal oph-
thalmic artery segment is compressed by ICP. If external
ophthalmic artery segment is compressed by external pres-
sure which is equal to ICP, blood flow parameters in both
OA segments would be approximately the same. Thus, ICP
would be equal to the external pressure. Mechanical head
frame with fixed ultrasonic TCD transducer will be added
to close eye lid of a patient. Special acoustic conductive
gel will be used for a better ultrasonic contact. Elastic pil-
low, which is around transducer, will be pumped up step
by step increasing pressure until 28 mmHg. Such pressure
has no damage for patient health. Transducer and external
pressure device are connected to computer with software
dedicated to measure blood flow parameters in both oph-
thalmic artery segments. The value of external pressure,
when ophthalmic artery blood flow parameters in both
segments are the same, will be fixed and expressed auto-
matically in absolute units (mmHg) [3, 4, 8-10].

Lumbar puncture and cerebrospinal fluid pressure
measurement

Non-invasive ICP measurements will be performed
simultaneously with “golden standard” invasive ICP meas-
urements. CSF column height measurement method is a
“golden standard” invasive ICP measurement method
(SD<0,21 mmHg).

Lumbar puncture will be performed by a standard
method. Patient will lie on side in horizontal position with
knees pulled up toward the chest, and chin tucked down-
ward. After the back is clean, local numbing medicine (li-
docaine 2ml 2%) will be injected into the lower spine.
Then a spinal needle (22 GA) will be inserted into the
lower back area. Once the needle is properly positioned,
CSF is collected from subarachnoid space. Trident distrib-
uted tube with stopped spigot is connected to the needle. 2
pressure-gauge parts, calibrated from 0 to 40 cmH,0, are
connected to the upper tube part and CSF pressure is
measured (Fig. 3).

Patients only with free circulation of CSF between in-
tracranial media and spinal canal will be included into our
study. CSF pressure is equal to ICP in such cases. Patients
with ICP>25 mmHg will be excluded from the study be-
cause it is dangerous for patients to perform the lumbar
puncture in such cases.

When invasive/non-invasive alCP measurements
will be finished, it would be possible to compare values of



alCP and invasive “golden standard” ICP and to assess the
accuracy of non-invasive alCP meter.

Cerebrospinal fluid CSF pressure value

Tridertt distributed tube
with stopped spigot

eeadle

Fig. 3. Lumbar puncture procedure. Cerebrospinal fluid pressure
measurement

The algorithm of simultaneous non-invasive and inva-
sive ,,golden standard” ICP measurements

Clinical study of simultaneous invasive and non-
invasive alCP measurements will be performed on neuro-
logical patients at Neurological clinics, Kaunas University
of Medicine. The proposed algorithm of invasive/non-
invasive alCP measurements is showed in Fig. 4

Putting on the mechanical head frame with ultasound
transducer on the patiens head

'

Patient laying on side (left or right) in horizontal
position. The height difference between ultrasound
transducer and needle must be minimized

v

Finding an internal and external eye artery segments
with ultrasound Doppler device

v

The beginning of lumbar puncture procedure

v

The beginning el CP measurement every 30 seconds
The beginning of non-invasive al CP measurement

v

alCP measurement increasing Pext step by step (Pext
step is 4 mmHg) from 0 mmHg until 20 - 28 mmHg.

'

Comparison of alCP measured non-invasively with
elCP measured with lumbar puncture ( golden
standard)

Fig. 4. The algorithm of simultaneous non-invasive and invasive
,.golden standard“ ICP measurements on neurological patients

This ongoing study will be completed when the num-
ber Np of simultaneous non-invasive and “golden stan-
dard” invasive measurements will be sufficient for statisti-
cally significant evidence about the accuracy of non-
invasive alCP meter under study with CI>95 % (Np>40).

Ethical issues

During the development of this clinical study propos-
al and research approach it will be done with consideration
of the ethical requirements according to the law of Lithua-
nia on biomedical research involving human subjects [5]
and according to World Medical Association Declaration
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of Helsinki “Ethical Principles for Medical Research In-
volving Human Subjects” [6].

According to the Declaration of Helsinki B. Prin-
ciples for all medical research p. 14, the clinical research
protocol will be included with the information regarding
funding, institutional affiliations, other potential conflicts
of interest. The clinical research protocol will be submitted
for consideration, comment, guidance and approval to a
research ethics committee before the study begins taking in
consideration the laws and regulations of the countries in
which the research is to be performed.

All neurological patients will be thoroughly informed
on procedure and expected outcome. An informed written
consent form will be issued to all volunteers for signing
which is a prerequisite for participating in the clinical test-
ing. Clinical testing on humans inevitably means that there
will be a requirement to record data. All personal data will
be kept strictly confidential.

Benefit of research

Non-invasive alCP measurement method would be
very useful in diagnosing raised ICP in cases of such dis-
eases as idiopathic hypertonic headache, malignant me-
dium brain artery stroke, bleeding to brain, brain tumours,
meningitus, liver transplantation heamodialysis, etc, when
invasive ICP measurement is not available.

We expect that ICP measured non-invasively and the
“golden standard” ICP measured simultaneously accord-
ing to the algorithm of Fig.4 will be analysed using Bland
and Altman plot and other methods of medical statistics.
We expect to obtain the clinical statistically significant
evidence about the high accuracy of proposed non-invasive
absolute ICP measurement method.

Conclusions

Uncertainties of the best solid state invasive absolute
ICP (alCP) sensors are within the limits from 4.2
mmHg up to 19.2 mmHg. Such sensors can not be cali-
brated in situ.

A non-invasive absolute ICP (alCP) measurement
method was proposed which at first time does not need
calibration of the system *“individual patient non-
invasive alCP meter”.

In order to evaluate the accuracy of new non-invasive
absolute ICP value meter clinical study of simultaneous
invasive and non-invasive alCP measurements will be
performed on neurological patients comparing alCP
measured non-invasively with elCP measured using in-
vasive “golden standard” ICP meter.

In order to achieve a statistically significant value of
non-invasive alCP measurement accuracy (C1=95 %),
at least 40 invasive/non-invasive alCP measurements
will be collected.
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cTH cocToBisieT oT 4,2 MM pT.cT. 10 19,2 MM pr.cT., B naboparopun tenematuku KTY Obu1 pazpaboran m3MepHUTeNh HEHHBA3HOTO a0-
COJIIOTHOTO BHYTPHYEPEIHOTO JaBieHus. [IpuHmn fanHoBO npubopa, B OTIANYHE OT APYTUX HEMHBA3HBIX METOJOB, HE TpeOyeT Ipore-
IypBI KaOpOBKHU. JIJIsl OIEHKN TOYHOCTH TOTO IPHOOpa OyAyT IMPOBOAUTHCS KIMHUYECKUE UCIIBITAHNUS ¢ HEBPOJIOTHUECKUMH TTAIMeH-
Tamu, cpaBHuBas 3HaueHus: VICII, momydeHHbIe HOBBIM MAaTEHTOBAaHHBIM MpHOOpoM HemHBasHoro metoza ¢ elCII, moxyueHHBIMU ITy-
TeM CIIMHHOMO3TOBOH IMyHKIMEH, KOTopas paccMaTpUBaeTCs Kak "30JI0TOH CTaHAApT" M BCE HOBBIE METOABI AOJKHBI CPAaBHUBATHCS C
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Atsizvelgiant { invaziniy intrakranijinio spaudimo stebésenos jrenginiy trikumus ir tai, kad jy neapibréztys yra gana didelés 4,2
mmHg - 19,2 mmHg, KTU Telematikos laboratorijoje buvo sukurtas neinvazinis absoliutinio intrakranijinio slégio matuoklis. Sio prie-
taiso veiksmo principas yra toks, kad, prieingai nei kity, nereikia kalibruoti. Siekiant jvertinti $io prietaiso tiksluma, bus atlickami kli-
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juosmeninés punkcijos biuidu, kuri yra laikoma ,,auksiniu standartu® ir visi nauji metodai turi bati lyginami su juo. Il. 4, bibl. 10 (angly
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