wo 2016/055036 A 1[I I N0F V0 0O 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/055036 A1l

14 April 2016 (14.04.2016) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61G 7/00 (2006.01) A61B 5/11 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61B 5/026 (2006.01) A61B 5/0456 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61B 5/03 (2006.01) A61B 5/0215 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. . ) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: A HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/CZ2015/00011 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
1 October 2015 (01.10.2015) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
. . SD, SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
PV 2014-696 11 October 2014 (11.10.2014) cz GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
. TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: LINET SPOL. S R.O. [CZ/CZ]; Zelev¢ice 5, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
27401 Slany (CZ). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors: SEBA Petr; Neratov 4, Bartogovice v Orlick- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, 5K,
, . * re . SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
ych Horach, 517 01 (CZ). STUDNICKA, Filip; Severni GW, KM, ML, MR, NE, SN, TD, TG)
771/26, 500 03 Hradec Kralové (CZ). » WM, VL, DR, TNE, S, 20, 10).
(74) Agent: LUDICKA, Jana; LINET Spol. s r.o., Zelevéice 5, T uplished:

274 01 Slany (CZ).

with international search report (Art. 21(3))

(54) Title: DEVICE AND METHOD FOR MEASUREMENT OF INTRACRANIAL PRESSURE

Fig. 2a

(57) Abstract: The device for non-invasive monitoring of intracranial pressure (1) includes a measuring mat (2), processor unit (3),
displaying device (6) and a network connector (7). The measuring mat includes the processor unit (3) and sensors, at least one sensor
(8) monitoring mechanical movement caused by the bloodstream dynamics. The ICP calculation methods use the Windkessel model
and the relationship between the first and second signal, which is related to the reflection of the pulse wave in the head. The method
of relative changes of the intracranial pressure is based on an analysis of the bloodstream dynamics using the Moens-Kortweg equa-

tion.



WO 2016/055036 PCT/CZ2015/000114

Device and method for measurement of intracranial pressure

Technical field of the invention

The invention concerns a device and methods for non-invasive measurement of
intracranial pressure (ICP). The monitoring device consists of a mat with one or more
piezoelectric elements, optionally also of a device for R-wave detection in the ECG

signal and invasive measuring device for determining arterial blood pressure (ABP).

Background of the invention

Measurement of intracranial pressure (ICP) is very important for many clinical and
diagnostic methods. ICP monitoring is crucial namely for patients at the neurologicai
department and for polytrauma patients, e.g., after an accident. Increased ICP may
indicated serious, life-threatening brain injury and practically always requires
immediate surgery. High ICP may indicate for exampie a tumor, edema, acute liver
failure and other life-threatening conditions. At the same time, low ICP is also
physiologically dangerous, and is accompanied by nausea, migraines or visual
impairment.

The most commonly used and the only accurate method of ICP measurement is
currently an invasive method, during which pressure sensors are introduced to the
brain tissue and the physiciah needs to drill holes into the patient’s skull. This methods
poses risks for the patient in terms of health and following recovery, as well as the risk
of infection.

Non-invasive methods known so far include measurements of intraocular pressure,
otoacoustic emissions or tympanometry, visually stimulated evoked potentials or
transcranial Doppler measurement of biood flow. Unfortunately, these methods do not
guarantee sufficient accuracy and reliability of measurements.

One non-invasive method used for ICP measurement is described in application
US2013289422, including the description of the ICP measuring device based on the
relation between the pressure inside a carotid artery and the flow/flow speed of blood
inside a carotid artery. The blood flow is measured using a piezoelectric sensor, which
is attached to the carotid artery. Deduction of the ICP value is based on the shape of
the pulse wave measured using a piezoelectric sensor.
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Another approach to ICP measurement is described in document US6761695, which
describes a device for determining ICP consisting of a pressure sensor attached to the
head of the measured subject. The output of the sensor includes an ICP component
and blood pressure component. Then the processor subtracts the blood pressure value
from the output signal in the same phase, which yields ICP.

Another possible approach and device for ICP monitoring are described in
US2009012430. This device is primarily intended for monitoring of the bloodstream in
the brain and it can be used to also determine |CP. The principle consists in an injection
of micro-bubbies into the patient’s blood stream and following assessment of turbuient
flow caused by these micro-bubbles. These vibrations are recorded by a field of
accelerometers attached to the patient’s head.

Another method for determining ICP is described in US2010049082, which describes
a procedure where using a humber of vital parameters (pCO2, pOz, blood pressure,
blood fiow speed...) it is possible to statistically assess the assumed ICP. This method
includes two phases of the process: learning, during which data are collected, and
simulation, during which data are assigned to potentia! ICP models. The disadvantage
of this procedure is the relatively irrelevant output values that may not always
correspond to the truth.

Unlike the above described procedures, the procedure described in US8366627 is
significantly more complex and reliable. It uses a pressure sensor (tonometer or
catheter) for blood pressure monitoring to calculate the ICP value; the calculation
model contains parameters of resistance, submission, blood pressure and bicod flow.
There are also solutions consisting of a sensor attached fo the patient's hand using a
band, such as described in US2013085400, which describes a sensor, whose output
signal is processed and transferred using mathematical operations to a frequency
spectrum and its components. These operations include namely the Fourier transform,
Fast Fourier transform or Wavelet transform.

Another alternative approach to measurement of a brain parameter, not directly ICP
but a similar parameter, i.e., the blood pressure in the temporal artery, is discussed in
US2011213254, which describes a measuring device similar to headphones, which is
in contact with the ear but the sensor is placed on across a temporal artery, where it
measures pulsation and deduces the blood pressure in the temporal artery.
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Summary of the invention

The specified problems and shortcomings of the stated methods and approaches to
calculation of intracranial (ICP) pressure are solved by a device for ICP monitoring
consisting of a measuring mat containing at ieast one piezoelectric sensor. This mat is
placed under the head of the patient. Other optional components of this device include
a device for heart rate measurement and a sensor for invasive measurement or arterial
blood pressure (ABP).

The measuring mat detects micro movements and mechanical vibrations of the head
that are caused by the hemodynamics of the patient’s blood circulation, thanks to which
the pulse wave is reflected in the bloodstream inside the head. Furthermore, ECG is
used to detect the R-wave. Another part of the device is a sensor for invasive
measurement of ABP. ICP is then calculated from a relation using the time delay of the
reflected pulse wave in relation to the moment of the detected R-wave.

An experimental study discovered and verified that relative changes of IPC may be
measured even without the necessity to use invasive ABP measurement or to detect
the R-wave. The method is based on the detection of a sequence of pulse waves and
their reflection in relation to individual pulses and their mutual time delay.

Description of the drawings

Fig. 1a, 1b and 1c schematically represent the device and its components. Fig. 2 shows
the sensor mat for ICP measurement. Fig. 3 schematically depicts the vascular system.
Fig. 4 represents measurement using the invention in comparison with invasive ICP
measurement. Fig. 5 shows the data matrix of ECG signal with synchronized R-waves.
Fig. 6 shows the data matrix of the signal from the measuring mat. Fig. 7 shows the
time match of the ICP peak with one of the peaks of head movement. Fig. 8 represents
the data matrix of ECG signal with highlighted mechanical manifestations.

Description of the preferred embodimenis

The device for non-invasive monitoring of intracranial pressure 1 (ICP) includes a
measuring mat 2, processor unit 3, device for recording electrical activity of the heart
4 (ECG), device for invasive measurement of arterial blood pressure 5 (ABP), imaging
device 6 and network connector 7.
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The measuring mat 2 includes at least one piezoeleciric sensor 8 and is located in a
suitable design under the patient’s head in the head support, as shown in Fig. 1a. ltis
suitable to use the piezoelectric sensor with a third conductive capacity electrode as
described in PV2013-781 as it provides additional information about the patient. The
head support may also include an extension 9 which is adjusted to keep the patient’s
head in one position and to prevent self-positioning of the patient's head to the sides.
It is suitable to cover the measuring mat 2 with a material that ensures better comfort
during handling and which has better hygienic properties.

Alternatively the measuring mat 2 may be placed under the mattress 10 on the hospital
bed 11 under the patients head, as depicted in Fig. 1b.
in advantageous arrangement three sensors 8 are connected in the measuring mat 2,
as indicated in Fig. 2; however, for purposes of monitoring of long-term health trends,
one sensor 8 in the measuring mat 2 is fully sufficient, as the signals coming from three
sensors 8 are similar. Mechanical manifestations of the bloodstream dynamics in
alternative embodiments may be detected using for instance a piezoresistive sensor
or accelerometer; alternatively the bloodstream dynamics may be monitored optically
or using a different suitable method.

The measuring device 1 also includes a device for monitoring of electrical activity of
the heart 4 (ECG), sensor for invasive measurement of arterial blood pressure 5 (ABP).
it is suitable to extend these functions by a standard patient monitor 12 with data
output. The output signal is preferably digital; however, analog signal can also be used.
If analog output signals are used, it is necessary to use A/D converters 13. Experts
familiar with processing of analog signals can design several possible connections of
the A/D converter 13 in order for the processor unit 3 to be able to correctly assess
signals and calculate ICP. At the same time, any expert familiar with biosignal can use
other suitable equipment for monitoring of electric activities of the heart, such as
vectorcardiograph (VCG). Alternatively, ballistocardiographic signal can also be used.
In an alternative embodiment it is possible to use non-invasive ABP measurement;
however, preferred embodiment assumes non-stop monitoring of the patient in an
intensive care unit or in an anesthetics and resuscitation department, where ABP is
normally measured invasively; this is why this invention is described on the example
of an invasive sensor 5 for ABP measurement.

The processor unit 3 is preferably located inside the measuring mat 2, as indicated in
Fig. 2a. In an alternative embodiment (Fig. 2b) it can be located outside the measuring
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mat 2, as a separate module with its independent display 6; ECG 4 and invasive ABP
measuring device 5 may also be separate. All recorded signals are then transferred to
the processor unit 3. In an alternative embodiment, the processor unit 3 may be a part
of a specialized patient monitor 12. In this case the signal from the measuring mat 2 is
conducted directly to the specialized patient monitor 12, where the processor unit 3
assesses ICP and displays it on the screen 6 of monitor 12.

Processor unit 3 is connected with sensors 8, ECG 4 and ABP sensor 5. Signals from
these sensors 8 are processed by the processor unit 3 and the processed data are
then sent to the displaying device 8. This displaying device § may be placed separately,
as shown in Fig. 2b, or preferably it can be a part of the patient monitor 12. In this case
the data are connected to the connector for external output signal.

The displaying device 6 may display current values, trends, mean values, ICP, ECG,
ABP, alternatively other vital functions of the patient in case of the patient monitor 12.
The displaying device 6 can he advantageously connected with the hospital system for
collection of patient data 15. The displaying device 6 can also display critical states,
when the value of the displayed parameter is outside the predefined limit values. Limit
values can be adjusted manually in accordance with individual needs of the patient.
Critical situations may also be detected if the current ICP value deviates from the long
term average. Notification of these situations may again be sent to the system for
collection of patient data 15, which then further distributes the information, alternatively
information on selected critical situations may be sent directly to the medical staff.
The ICP calculation method is based on the existing relation between pressure inside
the cranial cavity 16 and the bloodstream hemodynamics 17. This mutual relationship
is manifested for example by synchronous changes of ICP and heart activity (as
described for instance in article by Wagshul M. et al. (2011) The pulsating brain: A
review of experimental and clinical studies of intracranial pulsatility, Fluids and Barriers
of the CNS, 8:5). From the mechanical point of view, synchronized ICP and ABP
oscillation occurs and it is caused by changes of ABP as well as the volume of blood
in brain arteries and vessels. The brain volume changes proportionally to ABP. If the
brain were not located in the cranial cavity 16, clear pulsations would be visible. In fact
the brain is stored in cerebrospinal fluid, an incompressible fluid, and is enclosed in a
hard shell (skull}. Increased ABP leads to brain swelling and to higher ICP. When ABP
and ICP are locally balanced, the brain cannot increase its volume any more, as it

cannot receive any more blood due to the fact that the pressure of blood entering the
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brain is no longer higher than ICP and the entering pulse wave is reflected. This
situation is schematically represented in Fig. 3, where ICP corresponds to p1 and ABP
corresponds to pz. The heart 18 is represented as a pumping piston that pumps blood..

This situation is commonly described using the simple Windkessel hydrodynamic
model. In common practice the Windkessel model is used to determine the aorta
elasticity. This model is solved using differential equations, where the heart 18 is
represented as the pulse source and input parameters are flexibility of arteries and
vascular resistance. This model enables calculation and description of the puise wave.
Windkessel is described in detail for instance in Westerhof N. et al. (2008) The arterial
Windkessel, DOI 10.1007/s11517-008-0359-2.

Analytical solution of these differential equations is impossible, which is why they need
to be solved numerically. This model is used for pulse wave reflection in the head. On
the basis of physical considerations it may be deduced that the elasticity of
bloodstream in the brain C is inversely proportional to ICP and the following equation

| therefore applies

ICP~— n

From Newton’s laws of motion, specifically from the law of inertia, it follows that
reflection of the pulse wave is accompanied by a mechanical movement of the head,
which is measurable using the above described measuring mat 2. These mechanical
head movements are depicted in Fig. 6, where they are identified in areas 19, 20 and
21.

The beginning of the mechanical pulse, which corresponds to the R-wave in the ECG
signal, and T7 of the pulse wave reflection 20 (mechanical head vibration) determines
the time delay T between the R-wave and mechanical movement of the head 20. In
the equation for the Windkessel model the R-wave represents the source part of the
equation, which describes the activity of the piston pump corresponding to the heart
18. Blood is pumped into the brain under a pressure that equals ABP. The pressure of
the brain tissue and cerebrospinal fiuid that equals ICP acts against this pressure. The
difference between ICP and the arterial pressure is called the cerebral perfusion
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pressure (CPP). The time delay T between the R-wave and reflection of the pulse wave

in the head is then solved as a Winkessel equation using the relation I
CPP~—A-log(T —Tp) (1)

where A is an empirically determined constant,

Ty is the time that would correspond to the reflection time at infinite intracranial
pressure. The time when the pulse wave appears on the carotid artery may be used
as To.

In the following steps ICP is calculated using known ABP and CPP. This calculation is
done using equation ill

ABP — CPP = ICP Ity

As is visible from Fig. 4, the trend of resulis measured using the described method is
similar to the trend of resulis using an invasive method with intracranial sensors. The
time delay T between the head movement and ICP was calculated using equations 1|
and 11

The non-invasive method was verified in several tested subjects. The verification
equipment included an A/D converter 13, which was connected to the output of the
invasive sensor for ICP measurement, output signal from ECG 4 and signal from the
measuring mat 2 under the patient's head. All signals were sampled at frequency of
2 kHz.

R-waves of the QRS complex were localized in the obtain ECG signatl using standard
procedures and the signal was then divided by R-waves into individual sections so that
each section covered a time interval (Rn— 400, Rk +2000), where R, is the n-th R-wave
and time is measured on sampling points, i.e., each such interval contains a section of
signals that start 400 sampling points (0.2 s) before the R-wave and end 2000 sampling
points (1 s) after the R-wave. The time range (Rn — 400, Rn + 2000) was selected for
the verification experiment in order to ensure with absolute certainty that the given
interval covers two consecutive R-waves. When these intervals are ordered under
each other so that the first R-wave are synchronized in time, we get a data matrix for
each measured channel, as shown in Fig. 5.
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A signal from the piezoelectric sensor 8 corresponding to ordered R-waves is depicted
in Fig. 6. Fig. 6 shows individual reflections of the pulse wave in the head represented
by areas 19, 20, 21, caused by changes of the intracranial and arterial pressure. For
purposes of this methed, area 20 is the most important.

it may be assumed that during the time of ten consecutive R-waves ABP and ICP
remain constant and the circulation system during these ten consecutive heart cycles
remains stable. Fig. 7a and 7b show different values obtained from two different
patients. As is clear from Fig. 7a and 7b, the time of maximum values of intracranial
pressure matches the mechanical movement of the head 20 (movement). Data from
the A/D converter were multiplied by suitable constants so that they can be displayed
in a single graph.

METHOD li

The device for non-invasive monitoring of intracranial pressure 1 (ICP) inciudes a
measuring mat 2, processor unit 3, displaying unit 6, network connector 7 and devices
for measuring a parameter related to arterial blood pressure (ABP), which may be a
device for recording electrical activity of the heart 4 or a device for invasive
measurement of arterial blood pressure 5.

All calculations and relations are explained on a single hear cycle for the sake of
simplicity. In terms of time, this concerns the area between two R-wave, where the first
R-wave is considered the start of action T (0). Practically immediately after the R-wave,
a whole specirum of mechanical actions occur in the bloodstream and they are
reflected in the final signal in the form of oscillations, peaks, etc. For further processing
it is necessary to identify only the peaks significant for further processing.

One of these key peaks is the one that corresponds to the moment the pulse wave is
reflected from the head. This time is identified as T3, the time is determined using the
maximum value located in area 24, as is shown in Fig. 8. Blood is pumped into the
brain at a pressure that equals ABP. The pressure of the brain tissue and cerebrospinal
fluid that equals ICP acts against this pressure. There is a clear analogy with for
example inflating a balloon using pressure P-: inside a holiow sphere with a solid wall
(similar to Fig. 3). If the balloon is inflated at a low pressure Pz, soon it couldn’t increase

its volume. If the pressure P: infiating the balloon is high, it would take longer to inflate
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and the amount of air in the balloon would be larger, proportional to pressure Pz. On
the other hand, if there was higher pressure P; acting against pressure P:z inflating the
balloon, the bailoon would stop inflating earlier as pressures Py and P2 would baiance
earlier. It follows from this development and the analogical model that time T7 inversely
proportional to ICP. Equation IV therefore applies

Ty~e1CP (V)

The second key parameter is related to the closing of the aortic valve. This
phenomenon is mechanically significant and it is known as the water hammer. This
time is referred to as Tz, in Fig. 8 this moment corresponds to the peak in area 25. It
was experimentally verified that this time correlates with the time when the pressure
wave reaches sensor 5 for invasive measurement of ABP.

In accordance with the Moens-Korteweb equation in the following form (equation V)

b
ABP=ga-In| —————1 V)

(pirv <)

where ABP refers to the arterial blood pressure;
PWYV is the pulse wave velocity; and

a, b, c and d are certain constants,

it holds that 7>, when the pulse wave reached the place of measurement of ABP, is
inversely proportionate to pressure, i.e, the higher the pressure, the lower the time of
arrival of the pressure wave.

The specific equation for determining T2 corresponds to the following equation (V1), as
specified in the following text: F. Studni¢ka: Analysis of biomedical signals using
differential geometry invariants, ACTA PHYSICA POLONICA A, 120, A-154, 2011.

In(T,)~ — ABP (V1)

Some of the other resuilts following from the Moens-Kortweg equation can be found for
example in: E. Pinheiro, O. Postolache, P. Girdo: Non-Intrusive Device for Real-Time
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Circulatory System Assessment with Advanced Signal Processing Capabilities,
MEASUREMENT SCIENCE REVIEW, Volume 10, No. 5, 2010.

Time Ty is introduced to the Windkessel model; this time is related to the moment the
pulse wave reflects from the head. From the model it follows that {CP is proportionate
to the logarithm of differences of times Ty and To. Time Tp can be substituted by time
when the pulse wave goes through the carotid artery. This time correlates to the time
when the pulse wave reaches the radial artery, i.e., the place where standard invasive
measurements of ABP are taken using sensor 5. Again, Ty in accordance with the
Moens-Kortweg equation is inversely proportional to ABP.

Time Ty could not be experimentally defined; however, it was possible to
experimentally verify the correlation between Ty and T2. From the description above it
follows that it is not necessary to measure ABP, only the time at which the pulse wave
appear in the radial artery. This measurement can be carried out using a sensor for
invasive measurement of ABP, as these measurements are carried out standardly in
intensive care units. However, in order to detect relative changes of ICP, only data
from measuring mat 2 are required, as documented by: F. Studnika: Analysis of
biomedical signals using differential geometry invariants, ACTA PHYSICA POLONICA
A, 120, A-154, 2011.

From the equations stated above (IV and VI) and from the previous paragraph, we
obtain equation VII

ICP~In|{(T, — T,)| (Vi)

This equation has been experimentally verified on tested subjects, even for situations
when the head position changed.

On the basis of the description above, it is clear that for monitoring of relative changes
of ICP it is possible to use the ICP monitoring device including only a measuring mat
and a processor unit.

To measure absolute ICP values the device needs to include a measuring mat,
processor unit and either a device for measurement of electric activities of the

heart 4 or ABP monitoring device 5, or alternatively both.
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Claims

1.

The device (1) for non-invasive monitoring of intracranial pressure of the patient

is characterized by the fact that it includes a measuring mat (2), processor
unit (3) for determining the time delay between the first and second signal and
for converting this time delay into the intracranial pressure of the patient.

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that the measuring mat
(2) includes at least one sensor (8) for measurement of mechanical
manifestations.

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 2 is characterized by the fact that the sensor (8) for
measurement is a piezoelectric element.

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 2 is characterized by the fact that the sensor (8) for
measurement is a fensometer.

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 2 is characterized by the fact that the sensor (8) for
measurement is an accelerometer.

. The device (1) for non-invasive monitoring of intracranial pressure of the patient

in accordance with claim 2 is characterized by the fact that the sensor (8) for
measurement is a capacity sensor.

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that the processor unit
(3) is connected with the measuring mat (2) for sending the first and second
signal.

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that the processor unit
(3) is located inside the measuring mat (2).

The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that the processor unit
(3) is located outside the measuring mat (2).

12
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10.The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that the measured
pressure inside the head is the intracranial pressure.

11. The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that it also includes a
reference device (4, 5), whose output signal contains information regarding the
blood pressure.

12.The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 11 is characterized by the fact that the reference
device is at least one from the group of devices (4): electrocardiogram,
vectorcardiogram and balistocardiogram.

13. The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 11 is characterized by the fact that the reference
device is a device (5) for measurement of arterial blocd pressure.

14.The device (1) for non-invasive monitoring of infracranial pressure of the patient
in accordance with claim 13 is characterized by the fact that device for
measurement of arterial blood pressure (5) is invasive.

15. The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 11 is characterized by the fact that the calculated
value of intracranial pressure is absolute.

16. The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 1 is characterized by the fact that the processor unit
(3) is connected to a displaying device (14).

17.The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 16 is characterized by the fact that the displaying
device (14) is part of the measuring device (1).

18.The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 16 is characterized by the fact that the displaying
device (14) is part of the patient monitor (12).

19. The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 16 is characterized by the fact that the displaying
device (14) is separate from the measuring device (1).

20.The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 16 is characterized by the fact that the displaying

13
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device (14) or the processor unit (3) is connected via the network connector (7)
to the hospital system (15) for collection of patient data.

21.The device (1) for non-invasive monitoring of intracranial pressure of the patient
in accordance with claim 16 is characterized by the fact that the displaying
device (14) or the processor unit (3) is connected via wireless technology to the
hospital system (15) for collection of patient data.

22.The method for non-invasive measurement of intracranial pressure of the
patient is characterized by the fact that the processor unit (3) communicates
with the measuring mat (2), the processor unit (3) records and stores the times
of receiving the first signal and the time of receiving the second signal, the
processor unit (3) calculates the time delay between the first and second signal
and converts this delay to the intracranial pressure of the patient.

23.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 22 is characterized by the fact that the
measuring mat (2) sends the first and second signal to the processor unit (3).

24.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 22 is characterized by the fact that the first
signal corresponds to the mechanical manifestation of the bloodstream
depending on the closing of arterial valve.

25.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 22 is characterized by the fact that the second
signal corresponds to the mechanical manifestation related to the reflection of
the pulse wave in the bloodstream in the patient’s head.

26.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 22 is characterized by the fact that the
measured pressure inside the head is the intracranial pressure.

27. Method for non-invasive measurement of intracranial pressure of the patient in
accordance with claim 26 is characterized by the fact that the processor unit
(3) communicates with the reference device that sends information related to
the blood pressure.

28.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 27 is characterized by the fact that the
reference device, whose output signal contains information related to the blood

pressure, is at least one from the group of devices (4). electrocardiogram,
vectorcardiogram and balistocardiogram.
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29.Method for non-invasive measurement of intracranial pressure of the patient in
accordance with claim 28 is characterized by the fact that the processor unit
(3) deduces the blood pressure value from the reference device.

30.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 27 is characterized by the fact that the
reference device is a device (5) for measurement of arterial blood pressure.

31.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 30 is characterized by the fact that device for
measurement of arteriai blood pressure (5) is invasive.

32.The method for non-invasive measurement of intracranial pressure of the
patient in accordance with claim 29 is characterized by the fact that the
processor unit (3) calculates the absolute value of intracranial pressure
depending on the value of the arterial blood pressure.

15



[y

WO 2016/055036 _ PCT/CZ2015/000114

Fig. 1a

Fig. 1b 1

1/8

SUBSTITUTE SHEET (RULE 26)



WO 2016/055036

PCT/CZ2015/000114

Fig. 2b

2/8

SUBSTITUTE SHEET (RULE 26)



WO 2016/055036 PCT/CZ2015/000114

3/8

SUBSTITUTE SHEET (RULE 26)



PCT/CZ2015/000114

WO 2016/055036

1 p . = I 3 p T T
+  IGP deduced using Moans-Kortweg equation from head mation
+  |CP measured using invasive sensor in brain

DU A
et

Intracranial pressure {units of converter)

200

Number of heartbeats

Fig. 4

4/8

SUBSTITUTE SHEET (RULE 26)



WO 2016/055036 PCT/CZ2015/000114

Individual pulses

Sanem-y

sjulod Bujdwes je painseaw awl |

! VM
s 1‘ ' 1 ¥ ' I|‘1NI'I“\'| &I\I"" i
!!“!‘ CAbE . Y | ‘Hl‘ 11
L AR !
(EAANTUTYR ML A
iy
i

\
1

5/8

SUBSTITUTE SHEET (RULE 26)



PCT/CZ2015/000114

WO 2016/055036

Individual pulses

R-waves \v

/ 500

1000

Time measured at sampling points

SUBSTITUTE SHEET (RULE 26)



WO 2016/055036 PCT/CZ2015/000114

Data from A/D converter

00

00

009

008

0001

sjuiod Buydwes je painsesaw awi |

...............

00¢1L

A PR oot peay s | ..o

Josuas anmseau Buisn peiasesil 421

00FL

“1nglivs pesl

0081

Fig. 7

7/8

SUBSTITUTE SHEET (RULE 26)



WO 2016/055036 PCT/CZ2015/000114

Individual pulses

spulod Sujdwes je painseaw sawl}

8/8

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/CZ2015/000114
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61G7/00 A61B5/026 A61B5/03 A61B5/11 A61B5/0456
A61B5/0215
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B A61G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

cited in the application
paragraphs [0031], [0032],
[0036], [0038], [0043],
1,9; figures 2A,2B,4,4A,4B

paragraphs [0120] - [0123],
[0156],

17 February 1983 (1983-02-17)
1-3

US 2013/289422 Al (SWOBODA MAREK [US] ET
AL) 31 October 2013 (2013-10-31)

[0044]; claims

US 2006/079773 Al (MOURAD PIERRE D [US] ET
AL) 13 April 2006 (2006-04-13)

[0174]; claim 13; figures 2,5A-5F
DE 31 30 326 Al (SIEMENS AG [DE])

page 4, line 30 - page 9, line 12; figures

1-32

[0035],

1-32
[0155],

1-32

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 January 2016

Date of mailing of the international search report

27/01/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mecking, Nikolai

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/CZ2015/000114

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

A,P

Hannu Sorvoja: "NONINVASIVE BLOOD
PRESSURE PULSE DETECTION AND BLOOD
PRESSURE DETERMINATION",

ACTA UNIVERSITATIS OULUENSIS,

8 December 2006 (2006-12-08), XP55240250,
Retrieved from the Internet:
URL:http://herkules.oulu.fi/isbn9514282728
/isbn9514282728.pdf

[retrieved on 2016-01-11]

page 24, line 22 - page 26, line 2

LINET Group SE: "“LINET introduces
groundbreaking method for monitoring
intracranial pressure",

13 October 2014 (2014-10-13), pages 1-3,
XP55239403,

Retrieved from the Internet:
URL:http://www.linet.com/-/media/Files/Web
site/linet/news/20141013 Press Release Gro
undbreaking method.ashx

[retrieved on 2016-01-07]

the whole document

1-32

1-32

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/CZ2015/000114
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013289422 Al 31-10-2013 US 2010204589 Al 12-08-2010
US 2013289422 Al 31-10-2013
WO 2009029386 Al 05-03-2009
US 2006079773 Al 13-04-2006  NONE
DE 3130326 Al 17-02-1983  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

