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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
25 January 2007 (25.01.2007) PCT WO 2007/011248 Al

(51) International Patent Classification: AT,AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
A61B 5/00 (2006.01) CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(21) International Application Number: KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,

PCT/PL2006/000018 LY,MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,

(22) International Filing Date: 20 March 2006 (20.03.2006) NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,

(25) Filing Language: English UZ, VC, VN, YU, 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,

P-376246 19 July 2005 (19.07.2005) PL GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(71) Applicants and European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(72) Inventors: RUKASZ, Michal [PL/PL]; ul. Dzialynskiego FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,

6/3, PL-80-041 GDANSK (PL). FRYDRYCHOWSKI, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
Andrzej [PL/PL]; ul. Wilenska 55c/3, PL-80-287 GN, GQ, GW, ML, MR, NE, SN, TD, TG).
GDANSK (PL).

Published:
(74) Common Representative: RUKASZ, Michal; ul. Dzia — with international search report

lynskiego 6/3, PL-80-041 GDANSK (PL).
For two-letter codes and other abbreviations, refer to the "G uid

(81) Designated States (unless otherwise indicated, for every ance Notes on Codes and Abbreviations" appearing at the beg in
kind of national protection available): AE, AG, AL, AM, ning of each regular issue of the PCT Gazette.

(54) Title: SENSOR FOR MONITORING THE SUBARACHNOID SPACE OF THE BRAIN

(57) Abstract: The present invention is a sensor for monitoring the subarachnoid
space of the brain and for observation of changes in the cerebrospinal fluid layer of
the brain. The invention is applicable in medicine, especially in the monitoring and
diagnostics of the peripheral nervous system. The device is equipped with optoelec
tronic emitters and receivers and a light impenetrable flexible casing (1) well adapted
to the shape of the forehead and supplied at ends with fastenings (2) and wherein the
internal, forehead side has mounted optoelectronic emitters and receivers of infrared
light signals, wherein one emitting-receiving unit consists of at least one emitter (7)
operating in conjunction with at least one near receiver (6) and of at least one far
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Sensor for monitoring the subarachnoid space of the brain.

The subject matter of the present invention is a sensor for monitoring

the subarachnoid space of the brain. The devices monitors the width

of the subarachnoid and observes of change in the cerebrospinal fluid layer

which is found between the internal surface of the skull and the surface

of the brain and the observed changes reflect the heart rate, the breathing rate

and cerebrovascular pathologies such as brain oedema. The invention is

applicable in medicine, especially in the monitoring and diagnostics

of the peripheral nervous system.

Near infrared light and the use of sensors for the observation of changes

occurring in the blood supply to the brain are widely recognized tools in brain

monitoring techniques. By sending a test impulse signal of a near infrared

frequency to the patient's forehead area and monitoring the returned beam,

data is obtained about differences in the penetration of and the absorption

by individual biological structures which are dependent on the condition and

changes in the width of the subarachnoid space and they give information about

changes in the brain volume. It enables a constant, systematic observation and

recording of changes in the blood supply to the brain.

Patent No US 5.465.714 discloses a disposable sensor for determining

determining blood oxygen saturation. The disclosed sensor consists

of an emitting diode and two receiving far diodes located on a flexible light-

impenetrable band placed on the external surface of the skull. The emitting diode

sends test signals of two different frequencies of the near infrared range which



are received by both detecting far diodes. The degree of oxygen saturation

in the patient blood is measured by comparing differences in the received signals

of the two different frequencies.

The European application for patent No WO 00/59374 discloses a sensor

used in spectrophotometric equipment. It consists of a flexible electronic circuit

with mounted electro-optical components and a flexible transmitting lead.

These elements are rigidly and integrally attached and overmoulded upon

the light conducting structure. The flexible circuit has a thin elongated member

which includes alternate coatings of conductive, and non-conductive material

over the conductive traces. The conductive traces are connected to short flexible

electrical leads extending outward from the sensor for a short distance.

The flexible circuit is mounted on a soft, thin, foam body, and covered by a thin

protective layer. The sensor is disposable, and is attached onto the forehead

of the patient with a layer of adhesive. Both described sensors have a thin and

delicate structure and they are single use only.

Polish application for patent No P.307.41 9 discloses a device for

measuring pulsation of the brain surface, in which a infrared sensor is used.

The device consists of an emitting diode sending the pulsating infrared radiation

stream and a complex of detectors situated at different distances from

the emitting diode. Such a structure to a sensor does not allow the monitoring

of the subarachnoid space of the brain because sensors are mounted on a stiff

rubber casing and they are not adjoining precisely the forehead. The light

absorbed by the sensors from outside does not provide the sensitivity needed

for measurement and the lack of correct earthing causes an increase in the noise



level in the received measuring signal. Furthermore, in the disclosed device,

there is only one sensor monitoring at a time.

The subject matter of the present invention is a sensor for monitoring

the subarachnoid space of the brain, equipped with a light-impenetrable flexible

casing which is well adapted to the shape of the forehead and it is equipped

at the ends with fastenings and on the internal, forehead side of the casing it has

mounted optoelectronic emitting-receiving infrared elements, and where one

emitting-receiving unit consists of at least one emitter, working in conjunction

with at least one near and one far receiver and which are further protected

on the internal, forehead side of the casing by a coating layer which conducts

infrared light and in this unit the emitter and the near receiver are located

on one rigid plate and all elements positioned on the internal, forehead side

of the casing are secured with the first flexible electrically non-conductive cover,

in which holes are made which have been adapted for individual optoelectronic

elements and which determine the location of these elements. On the exterior

ends of the cover it has attached electrically conductive elements, which are

connected to the earthed far receiver. All electric connections of the system's

individual units are flexible.

In particular emitting-receiving units are arranged symmetrically.

It is preferable that the emitting-receiving units of the sensor are placed in at

least one moulded recess made in the flexible casing, and the remaining space

of each recess is filled up with a flexible, electrically non-conductive substance,

preferably with flexible foam filler. Preferably the flexible casing has the channel

led out of the recess.



This flexible, light-impenetrable, well-adapted to the shape of the skull

construction of the sensor casing together with holes made in the cover

of the casing, ensures optimal placement of optoelectronic elements and direct

and light-proof contact with the patient's skin. Located on one rigid plate

the optoelectronic elements - the emitter and a near receiver in each of the

individual emitting-receiving units, ensures that their distances are constant,

without the danger of any displacement caused by a change in shape

of the flexible casing which is dependent on the size and the cranial structure

of the examined patient.

The photoelectronic elements, with the infrared radiation penetrable

coating, placed on the internal, forehead side of the casing are protected from

mechanical damage and from the influence of chemical and physiological

secretions of the patient and as a consequence the functioning of the sensor

is failure free and long lasting.

The sensor casing is equiped with catches which allows flexible fastenings

to be attached and as a result, a repeated usage of the sensor. The moulded

recesses, made in the casing and positioned on the internal, forehead side

of the casing, make the whole sensor more flexible and this ensures, together

with the correct adjustment of fastenings, optimal joining of emitters and

receivers to the skin of the forehead of the examined patient. The effect

of the filling up of the free, remaining space of the mouldings with a flexible, non-

conductive substance, results in optimal adhesion of the optoelectronic elements

to the surface of the skin. Equipping the sensor on the internal, forehead side

of the casing with electrically conducting covers connected with the far receiver

earthing, allows the direct joining of these elements earthing with the body



of the examined patient, and that helps to lower the noise level picked up by

the sensor while receiving a measuring signal and as a result the signal quality

is higher.

The present invention describes the preferred embodiment of the sensor

equipped with two emitting-receiving units symmetrically arranged and used for

simultaneous observation of changes in both cerebral hemispheres in

conjunction with the following drawings:

FIG. 1 - is a pictorial view of the external side of the sensor,

FIG. 2 - is a pictorial view of the internal - forehead side of the sensor,

FIG. 3 - is a schematic pictorial demonstration of the components of the flexible

casing,

FIG. 4 - is a pictorialized lengthwise-section of the sensor and

FIG. 5 - is a pictorialized cross-sectional view of the sensor.

Fig. 1 depicts a sensor which consists of a flexible, light impenetrable

casing 1, with special catches on each end 2 , which, in the example depicted,

are holes, with flexible fastening carried through these holes 3 and this fastening

is adjustable. Furthermore, there is an electrical lead 4 which exits the channel

made in the side of the casing 4.

Fig. 2 illustrates the internal side of the sensor which contains two

emitting-receiving units arranged symmetrically as a mirror image of each other,

and where each configuration, unit consists of two far optoelectronic receivers 5,

of a near optoelectronic receiver 6 and of two optoelectronic emitters 7 operating

in conjunction with each other.



In the preferred embodiment photodiodes are used. Also illustrated are

electrically conducting flexible elements 8 and an electrically non-conducting

flexible cover 9 with cut out holes for the placement of photodiodes. The covers

are light- impenetrable.

FIG. 3 illustrates the casing 1 with moulded recess 10 for placement

of the sets of photodiodes together with flexible leads and a flexible non

conducting cover 9 which has holes to suit the shape of the emitting and

receiving photodiodes.

FIG. 4 illustrates the arrangement of individual elements of the sensor,

including rigid plates 11 and the free remaining space of the recess 10 filled up

with an electrically non- conducting substance 12. In the preferred embodiment

the substance used is expanding light impenetrable black foam. The illustration

also shows a channel 13 fitted in the casing 1 through which the flexible lead 4

passes .

Fig.5 illustrates the cross-sectional shape of the sensor-casing the shape

of which is such that it suits the shape of the cranial structure. Applying a greater

number, in the preferred embodiment, a doubled number, of optoelectronic

elements in individual emitting-receiving units, allows the elimination of possible

mistakes in the measurement which could be caused by the irregularity of details

of the anatomical structure of the skull and skin of an examined patient, through

which monitoring of the subarachnoid space of the brain is done.

As a consequence, results of measurement are achieved which are independent

of the differences of the cranial structure of individual patients and thus improved

in quality.



CLAIMS

The invention claimed is:

1. A sensor for monitoring the subarachnoid space of the brain, equipped

with optoelectronic emitting and receiving elements and a light impenetrable

flexible casing, characterized in that a flexible light impenetrable casing (1)

being well adapted to the shape of the forehead and is supplied at ends with

catches (2), and that its internal forehead side has mounted optoelectronic

emitters and receivers of infrared light signals, wherein each emitting-receiving

unit consists of at least one emitter (7) working in conjunction with at least one

near receiver (6) and of at least one far receiver (5), furthermore each said

emitting-receiving units is protected on the internal, forehead side of the casing

by a infrared penetrable coating layer, the fact that in each emitting-receiving

unit, the emitter (7) and working in conjunction with it a near receiver (6) are

mounted onto one rigid plate ( 1 1) , and all of the elements positioned on the

internal part of the casing (1) are protected with the flexible electrically non-

conductive cover (9) in which the holes are made and where said holes are well

adapted for individual optoelectronic elements and determine their relative

location, over and above the outside edges of the first cover (9) have two

additional flexible covers (8) conducting electrically elements connected with

the earthing of the far receiver (5), and all electric connections (4) of individual

units are flexible.

2 . The sensor as claimed in of claim 1, characterized in that the emitting-

receiving units are arranged symmetrically.



3. The sensor as claimed in of claim 1 or 2, characterized in that the

emitting-receiving units are placed in at least one moulded recess (10) made in

the flexible casing (1).

4. The sensor as claimed in of claim 3, characterized in that the free

remaining space of moulded recess is filled up with an electrically non-conductive

substance (12).

5. The sensor as claimed in of claim 4 , characterized in that the

electrically non-conductive substance used in the mouldings (12) is flexible

foam.

6. The sensor as claimed in of claim 1, or 2, or 3, or 4, or 5, characterized

in that the flexible casing (1) has a channel (13) leading out from the moulded

recess (10) to exterior.











A. CLASSIFICATION ,OF SUBJECT MATTER
INV . A61B5/00

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

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

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

EPO-Internal , WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 5 584 296 A (CUI ET AL) 1-6

17 December 1996 (1996-12-17)
column 9 , line 10 - column 13, line 26;

figures 1-12

US 5 111 817 A (CLARK ET AL) 1-6

12 May 1992 (1992-05-12)
column 11, line 58 - column 12, line 4 ;

figure 2b

A US 5 482 034 A (LEWIS ET AL) 1-6
9 January 1996 (1996-01-09)
the whole document

-/-

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or priority date and not in conflict with lhe application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
' E1 earlier document but published on or after the international "X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
1L" document which may throw doubts on priority cla ιm(s) or involve a n inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art

later than the priority date claimed "&■ document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

31 July 2006 22/08/2006

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL 2280 HV Rljswijk

TeI (+31-70) 340-2040, Tx 31 651 epo nl,
Fax (+31-70) 340-3016 Birkenmaier, T

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



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 00/59374 A (SOMANETICS CORPORATION; 1-6
SCHEUING, RICHARD, S ; YOUNGBLOOD, JAMES,
H ) 12 October 2000 (2000-10-12)
cited in the application
the whole document

US 5 465 714 A (SCHEUING ET AL) 1-6

14 November 1995 (1995-11-14)
cited in the application
the whole document

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



INTERNATIONAL SEARCH REPORT PCT PL2006/000018

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. X Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)



International Application No. PCT/PL2006 /000018

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II. 2

Claims Nos. :

Due to the grammatically incomprehensible wording of independent claim 1
(see lines 10 - 20) it is impossible to understand the meaning of claims
1-6 and the matter for which protection is sought. Hence, it is

impossible to compare the claims to the prior art. As a result, the
application does not comply with the requirement of clarity under
Article 6 PCT. The non-compliance with the substantive provisions is to
such an extent, that the search was performed taking into consideration
the non-compliance in determining the extent of the search (PCT
Guidelines 9.19).

The search was based on the subject-matter that, as far as can be
understood, could reasonably be expected to be claimed later in the
procedure, namely on the subject-matter of claim 1 in the context of the
examples clearly defined in Fig. 4 and in the description on page 5 and
6 .

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is

normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5584296 A 17-12-1996 EP 0690692 Al 10-01-1996
WO 9412096 Al 09-06-1994

US 5111817 A 12-05-1992 NONE

US 5482034 A 09-01-1996 AU 7080594 A 20-12-1994
EP 0700267 Al 13-03-1996
JP 9501073 T 04-02-1997
WO 9427493 Al 08-12-1994

WO 0059374 A 12-10-2000 AU 4223000 A 23-10-2000

US 5465714 A 14-11-1995 AU 7170094 A 20-12-1994
EP 0699047 Al 06-03-1996
JP 9501074 T 04-02-1997
WO 9427494 Al 08-12-1994

Form PCT/ISA/21 0 (patent family annex) (April 200S)


	front-page
	description
	claims
	drawings
	wo-search-report

