METHOD OF DETERM NI NG BLOOD PRESSURE AND AN APPARATUS FOR DETERM NI NG BLOOD
PRESSURE FI ELD OF THE | NVENTI ON The invention relates to a nethod of

det er m niwgQ 2bloass44pr essure and an apparatus for determ RCmEG2OO®AIZF essur e.
The invention is particularly directed to determ ning bl ood pressure at the
superficial tenporal artery. BACKGROUND TO THE | NVENTI ON The fol | ow ng

di scussi on of the background to the rhvention is intended to facilitate an

under standi ng of the present invention. However, it should be appreciated
that the METHON OF DETEBIIVIININGcBhQOQdﬂ%E&SUﬂEANBMARPLA&ATBW of the
material referred to WORDETERNENINGBLOOR PRESSWREt he common gener al
know edge in any jurisdiction as at the priority date of the application
Bl ood pressure is conmonly nmeasured at arteries positioned in a patient's
arm SSuchIEEROF THEANVENTION t aken by invasive neans or non-invasive
means. Bl ood pressure neasurenents in the arteries of the brain are

general I'yhgeagenish et 6 VAShéthod oh AistetrRinfiy Qﬂd@dﬁ)rbgéhl\%& BRE AP at the

Internal Carotid artery (CA), and M ddle cerebral arter 2
tradi ti oapparatusdior deteredryiog dinatt pressutaleshe inveptipn deipatticolaslyatirestedke and

the chance, qf strok Qccurren howe nva5|ve nat ure of
such ma@ﬂ%ﬁﬂ'ﬂ'{‘gﬂﬁhﬁ??g %S%?afﬁaﬁ ?ﬁ% ﬁlg'?{geﬁﬂé{g éﬁg e risks that bl ood
will forma clot around the t‘ég of the catheter, blocking the artery and
maki ng | BAGICGROUNDTO dits INVENJIONopen t he vessel . There is a renote risk

of the catheter puncturing the artery causing internal bleeding. It is also

possjigbl eThdablidWiRgCalsbésidon tdfPthel bhckfbandtte il @ivenltioh! i@Mntdividdeer | i ning
of the artery, causing a bl ock downstreamin the bl ood vessel. Transcrani al

cardi o Degjitale awamdesstandingeef e Hsasemainvigntiondslowever, it should be
appreciated that the discussion is not an acknowledgment or admission that

. any of the material referred to was published, known or part of the common

general knowledge in any jurisdiction as at the prio‘rity date of the application.

15 Blood pressure is‘commonly measured at arteries positioned in a patient's arm.
- Such measurements may be taken by invasive means or non-invasive means.
Blood pressure measurements in the arteries of the brain ai'e generally
measured usihg invasive methods to determine the pressure at the Internal
Carotid artery (CA), and Middle cerebral artery (MCA). This traditional invasive

20 measurement provides early predicators of stroke and the chance of stroke-
reoccurrence, however due to the in\)asive nature of such measureménts they

are not routine tests. There are risks that bIood will form a clot around the tip of

the catheter, blocking the artery and making it necessary to operaté to reopen

the vessel. There is a remote risk of the catheter puncturing the artery causing

25 internal bleeding. It is also pbssible that the catheter tip will separate material
from the inner lining of the artery, causing a block downstream in the blood

vessel

Transcranial cardio Doppler TCCD is another method that provides
assessment of blood flow velocities in the major cranial vessels using
30 ultrasound techniques. However, the measurements obtained are of the blood
movement through the artery. The Doppler must be correctly positioned to
ensure there is movement in'the direction of the ultrasound beam. Ambivguit‘y in



assessnent of blood flow velocities in the major cranial vessels using

ul trasound techni ques. However, the neasurenents obtained are of the bl ood
noverment wonrowgiss4dee artery. The Doppl er nust be correcPCy/Sgasiotneaed t o
ensure there is novenment in the direction of the ultrasound beam Anbiguity
I nt he Doppl er signal known as ali asi can occur. This requi res adjustnents

in the pulse repetition by a skilled©perator ndthe ereptltlon
f requenc\?%@?p%‘@r signah kpowpras Aliasing aan e¢RYrN 4 l‘fer‘%ﬂ“'@grﬁﬁs

Simlarly, ﬁ{enﬁ” Qﬁ@r% used,
such adj ust rrenefrérp%t@obg{ sﬂ%?bgﬁ%ﬁ%ﬁ% S p%? gbh‘ge?cf encg e choice
of frequembtythes mnstramedrbysﬁehange@ﬁ slamptlewokmenSlrmlatly tlnerefls @awatde gher

frequenci es e tr t| | ower frequencies The capability. of
ul trasou"f‘fHog‘Bt Bgﬁg iﬂ" 3°ttg é‘?W‘?qncyaﬁ‘ﬁﬁ‘{ n%‘ ‘g’faﬁdjluﬁ et E Si%h the

| ar g& I néreaf hAfduRt of SRif %Jna é)éae'n@héé SPhey/ cﬁbi@leftﬁewu@hcy% aleohprbfiskness.
Thi ckening of the bone in stroke- a%e patients, however, nay obviate

det ecti dvetw;eeodmttemqnsﬁiwtyu to flowd jgé‘@tr fegquemsios) eamhbettﬂwﬁnetsathrb

d h vvh I
el | or g TRASRHE ST, Bl Ry Edhedle 3 s¥nelRns bhle o by o “rre
| NVENTI C%\érﬂblr@gjmﬂbwt myﬁadﬁwmnthe uatgs Snabranidl S eessels dat mdetsely he
contrary, the terns ‘consi sting of and the like, are to be

construderoagrtmﬁbimébgﬂ |tb'ékn%$3 iThighening @bt bone neatrpkeyace Rafiertsng, but

not |y m r nd net hod enabl es a reading of blood
presé)lureﬁcg?eJ b a n a?d[%h%a's&perflm al tenporal artery to g| ve an

i ndi cati on of bI ood rel ated di seases. The apparatus . i s non- ‘ﬁl ve.
El?"e a

Pr ef er ab§eosdinglyaithis @n BPisst 9hrthe spreset "'l"l%’t'BP dendetermings
cOont | NGl ofophAAKL S forkd HRHR tr VRS oFURBFAIE] Bl frBBRARSr ar tery

and the Tright supe |C|a tenporal artery sinu aneou uring the sane
heart berairrerﬂ\lﬂewm:elsfmnd@cbrhlquesneasured fromthe |eft terrporal

SUMMARY OF THE INVENTION

15  Throughout this document, unless otherwise indicated to the contrary, ‘the

” [

~terms “comprising”, “consisting of”, and the like, are to be construed as non-

exhaustive, or in other words, as meaning “includihg, but not limited to”.

An apparatus and method enables a reading of blood pressure of'the brain at
the'super*ﬁci'al temporal artery to give an indication of blood related diseases.
20 The apparatus is non-invasive. Preferably a reading of blood pressure of the
brain is measured aS a continuous beat to beat rate on both the left superficial
temporal artery and the right superficial temporal artery simultaneously during
the same heart beat. Where the waveform measured from the left tempofal
artery differs from the wave formmea’sured from the right temporal artery this
25 may be an indication of an impending stroke or an indication that a stroke has
recently happeﬁed. Further the indices of the wave forms may be used as a

clinical indication of other blood related diseases
- BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with reference to

30  the accompanying drawings, in which:



artery differs fromthe wave form neasured fromthe right tenporal artery
this nmay be an indication of an inpending stroke or an indication that a
st roke hasonewansd4dg happened. Further the indices of thecuseeo®oneses may be
used as a clinical indication of other blood rel ated di seases BRI EF

DESCRI PTI ON CF THE DRAW NGS The invegiion wi |l now be described, by way of
exanpl e only, o q reference to the aCconpanying draw ngs, in mhlch Fi gure

1is a fF'Ser illl ot view abiheraRnaatus; gure 2" is a side view denonstrati ng

t he connection of the sensor to the head band. Figure 3 depicts the ,

i nt endedFigarsapiioa sifle visav démidnstratipgutiaé sennédtipnr ef the dpisot o tHeehead ernal

| ocation of the superficial tenporal artery within the brain. Figure 5is a
system cﬁ’%ﬂﬁam of the cranial artery network in relation to each other.
Figure 6, 7 and 8 are graphic results of measurenent of both the |eft
super f i cFigure 8epicts thar intendeandcation of gde oftineeagparatals. t enporal artery in a
subj ect. PREFERRED EI\/BCDI MENTS OF THE | NVENTION I n accordance with a first

erbod! MebuR 4 UBBIORITIAAAT AR BEtHkO idieie) iR oty AR RRE at us 10

for ni ng ressure e appar rises’a pair of
pr essur ebra@gmsor s 12 Br| dging the two pressure sensors 12 is. a head band
14. The head band 14 is curved so that the two pressure sensors 12 are

tenst Onefgh8ridy eaBnhiiEa Ll 8" iR drery HeRlakaf efltin A the

tension o can hold the pressure sensors 12 1 n place.
Conponemthenf the sensor 12 according to the preferred enbodi rrent are
simlar to those discussed in patent application WJ 2002/ 030277 which is

Figure 6, 7 and 8 are graphic results of measurement of both the left supérficial

10 temporal artery and the right superficial temporal artery‘ in a subject.
PREFERRED EMBODIMENTS OF THE INVENTION

In accordance with a first embodiment of the invention referring to figure 1 there

is an apparatus 10 for determining blood pressure. The apparatus. 10

. comprises a péir of pressure sensors 12. Bridg>ing the two pressure sensors 12

15 is a head band 14 The head band 14 is curved so that the two pressure
sensors 12 are tensioned towards each other so that when it is placed on a
wearer the tension of the head band 14 can hold the pressure sensors 12 in-

place.

Components of the sénsor 12 according to the'preferred embodiment are

20  similar to those discussed in patent application WO/2002/030277 which is
incorporated herewith by reference. The sensor 12 according to the preferréd
embodiment includes a transducer, which produces a voltage output according
to pressure changes aciing on its diaphragm. A plunger 16 is affixed next to the

. diaphragm of the transducer. The plunger 16 and sensor 12 of the current -

25 system is build to a smaller scale that that disclosed in WO/2'002/O30277 to
negotiate the constraints of the proximity of the superficial temporal artery to
the pinna of the ear. It is important that the plunger 16 is able to be poSifioned
such that applanationv pressure can be exerted on the superficial témpora_l :

artery to allow measurement of a waveform.



I ncorporated herewith by reference. The sensor 12 according to the
preferred enbodi nent includes a transducer, which produces a voltage output
accor di ngvoaoressslar e changes acting on its di aphragm ARCpISGRe@od8si s
af fi xed next to the diaphragm of the transducer. The plunger 16 and sensor
12 of the current systemis build to 2 smaller Scale that that disclosed in
WO 2002/ 030277 to negotlate t he consfrai of the I’OXI m t {) t he

super fi cilBe pﬂ‘é’iﬂ%reﬁl'séﬁwuydquﬂ@% 'h‘ﬁﬁ' efigal ppo '?%"tuf%aa/% @t ant that
the blunfgi méter. a}H'tﬁePbeQFrFH%%Bdo‘?H%ﬂt #HéeHuh éﬁ? apaldf AmBlfegsur e can
be exerte e superticra oral artery ow neasurenment of a
wavef or rrpa'llqunlplagjm:rwhjﬁh is bmcep‘qaatlblel V' hdémrglﬁptiemmahsuﬂbee ofthe cormponent

de of | f odi ment the ol 16
made of GURERHAR LERGPER BIRNSh RIS HI R e OMATE] BIED oA HRFs phor | cal

surfage ghg fpaﬁudmyw&ﬁfde%ﬁhé%uaéﬁulam@erheomahewlhmettﬁwseSénqﬁéfm@ngér tenpor al

artery of a subjéct and partially occludes the superficial tenporal artery.
The basel6houRed pithinythe sensescoversithe isurface of mdiephtagre eadtisin sur f ace of

t he dlap ra d.is.in di ontact with the diaphragm There is a |ayer
of gel 9\% n? haﬁgﬁrddﬁﬁrgﬂﬁ'the plunger 16 to filter out interference
and sharp changes due to unnatural novenent. It al so danpens the noise

ratio. ThRef |§Qﬂl§§/eﬁl éwe%wéeﬁm@aiabhﬁbgﬁﬁ%@clhétmum diatl @iltepsut nor nal
heads, it could occlude not nore than h he dianmeter of the superficial

t enpor al interference apdwhenp changradue thdnnatural meygraentallalsavdampensi s wi | |

ot ol cffe nGIEF cotfthd et hOGRIRAT Sredtal SFvEheERLELHL NS Lt bur ence of
the fl ovh@imsaltHeads hrcamecst:dlmcﬁaﬂﬁ@timb@tr@ndmfmbajuambeérsofméI fromthe |
heart. As the plunger 16 and the di aphragm are the only noving units at

each pul s¢periigial ﬁﬁ‘éo%[?{ @W%{N%‘Q‘B@M@ hga(é@@aﬂaMéﬁfomfeﬂeelywras a wavef o.rm
as each peankinunabld £ UraTaltfial F4RENISsirPof el pafshfi to ba” @ change in

pressure
picked up, including the expansion of the arterial walls, the turbulence of the

15 flow and the vibration transmitted along the artery wall from the heart.

~ As the plunger 16 and the diaphragm are the only moving units at each
pulsation, the arterlal pressure is accurately picked up as a waveform as each
heart beat reaches the superficial temporal artery. For a change in pressure
between 0 mmHg-300 mmHg, the displacément of the diaphragm against the
20  pressure variation forms a linear relationshi'p. The range of voltage change in
the sensor for such an eqUation is between 0.5V to 4V, after amplification of the
signal. The hemispherical plunger 16 allows for faithful transmission of a

continuous beat to bead measurement of the wave form of each heart beat.

Referring to figure 2 each pressmjresensor 12 is attached to one end of the

25  head band 14 at the side opposite the plunger 16. The method of aﬁachment

takes the form 'of a ball joint 18. A bracket 20 is housed within the pressure
sensor 12 at the side opposite the plunger 16. A ball joint 18 connected to a .

linking piece 22 is snapped into the bracket 20 allowing the pressure sensor to»

be moved to a wide range of locations independéht of the location of the head

- 30 band 14. This structure allows the plunger 16 to be accurately located over the

superficial temporal artery of a wide range of wearers. Preferably, the ball joint



bet ween 0 mmHg- 300 mmHg, the displ acenent of the di aphragm agai nst the
pressure variation forns a linear relationship. The range of voltage change
i n the seweanidfids448uch an equation is between 0.5V to 4YCT&IGREN/000395
anplification of the signal. The hem spherical plunger 16 allows for
faithful transm ssion of a conti nuoussbeat to bead neasurenent of the wave
form of each heart beat. Referring .to fi e each. pressure sensor 12 is
at t achedPPPHRES 8rPhsiicahr 'H%@Efpls‘gﬁeallhﬁagf{hﬁﬁﬁ'%iada'ag'ff’gﬁ_%téf%e £RauUgh unger

16. The pehinge ttd bai Eo?ﬁthl'ﬁeﬁ‘évé §lf§r§;etraﬁ?é%‘f%&ferﬁeﬂ3tb| ndgoltidte e fatjdir acket.

20 is housed within the pressure Sensor 12 at the side opposite the plunger
16. A bafdatyresrar fagakstructutesdofta sabjechwhitgynpt beingdardes thamppewidthiod t he

bracket 20 allowi.ng th r ure sensor to be noved to a wi de range of -

| ocati on %ﬂ}ftgﬁ?&g}ﬁadﬁ?gf{iz% ocation of the head band 14. This structure
allows the plunger 16 to be accurately |ocated over. the superficial

t enpdr al Peafeeably, dhedinking: pieseg?? is cylindricat withr e thieads 2dthadgan be

j oi nt conprises .a, _spheri cal heni spher | d S ' r large

enough t PRI E BRerr PRI R eers fringd®ad, Baha A% The ATl

negot i at gorthmsiteitato faRmitateeinedmovemient of tHeliriking picte 22 Fitdaadtoutdf | e not

being larger than the width of the end of the head band 14. Preferably, the

li nki ng thecarerturei2§. cyl i ndrical with fine threads 24 that can be screwed
into an aperture 26 within one end of the head band 14. The aperture

cont ai nSEhemprSssube aasdr 12bksd isrvonmeredta dhtd Sed lconttoheatie @8e A2 into
and out of the aperture 26. Each pressure sensor 12 also is connected to a

dat alGandshemp i Figs| e ibis. preterserd iatithe moiptref connectipg ey ecdr thad thdat t he
poi nt of il S tyig2dn.Y i l1el to
t he port?go(ﬂgo %h@ﬁgﬁ]&%ﬂgﬁﬁ%ﬁtﬁgﬁe Ptahla s%ﬁtygnrr]\%‘ﬁjggﬁg 1t4?1{£‘ta¥g?§§s§ure
sensor 1@nnduts talhat @@sserec semsart 21 The @abler 28ris oninettedlt ta aoscsegrar at e

vavef o 18 G oL SRhaved SLtstside BY akis,h QR S81 gy s oRnot her-

The wave?
overlapping one another. The waveform is measured in ADC units.

15 In this manner, the overall visual impact of the _apparatu‘s 10 is similar to that of
a pair of conventional headphones. The pressure sensors 12 may have

padding for the comfort of the wearer
The apparatus 10 will now be described with reference to its intended use. _

Referring to figure 3, a subject places the apparatus 10 over their head 100.
20 The’terisioned curve of the head band 14 ensures that the pressure sensors .12
remain pressed against the side of the head. A medical-personnel (not shown)
thereafter adjusts the apparatus 10 by swivelling the ball joint 18 within its
bracket 20 such that the two plungers 16 are positioned over the superﬁcial
témporal aftery 102 of the subject 100. This positioning is important as the
25  superficial temporal artery 102 provides the following advantages for blood

pressure reading:

e lIts position against a bone assists the vertical applanation methodology

employed by the pressure sensorsv12 to determine blood pressure.



In this manner, the overall visual inpact of the apparatus 10 is simlar to
that of a pair of conventional headphones. The pressure sensors 12 may have
paddi ng fwo 20teenssasf ort of the wearer The apparatus 10 WRCIISGaa®/0bes9s
described with reference to its intended use. Referring to figure 3, a

subj ect places the apparatus 10 over fheir head 100. The tensioned curve of

t he head band_14 ensures that the préSsure sensors 12 remmin pressed

agai nst the sCa@manly.Haerisdvery Iifgifatdn tRisregionealiqwing fulh FaRsMissioar t er

adj usts the qw‘ \ i el LiE | diialaPfpt ATYIE AT ANy br acket
20 such that herefﬁv\%§%l%c8rt?§erre §wfé%a%éeﬂggé@ta iri)%%e%log\e@ atrﬁ/gaéhultggé |%:(|§fgl

t enpor al art dissug@dnyberisationubj ect 100. This positioning i's inportant as
the superficial tenporal artery 102 provides the foll ow ng advantages for

bl ood pressur N P f Ltd ' - e. apsists the vertical
appl anatio% @%%ﬁgmgf@&h%@gﬁbﬂ‘apﬁ?ﬂg?gﬁhﬁgggﬁh&‘s@éfs 12 to determ ne
bl ood pressure. Commonly, there is very little fat in this region allow ng

ful | 5transmi sBheartery isieengtant én pesitiens ag thefeds A9 recorged| v@rigtenan they f or any
significant sQft &i. [ QR . ery is external of the skull
bones at thi s &rﬁé'éﬁgﬁ“@%?%%@?E‘DQSG'OPgIE‘g‘r’{gE['{aSm In position, as there is

no recorded variation in the superficial tenporal artery position in
humans. Tire: intamal degatiopcat thensuperfinial deipepral Artarytie mepided dpfigujei4
depi ct ed, | Nyl : : ' j n
rel ati o%d%thga%@mbé?ﬁ?g}%z%%ﬁﬁ:eﬁ'{’?rlkgﬁrr‘%%gah?‘% egérﬁl‘aggergggg@@ odod that a
pl ague iin figguee & It tan betigideestond Ithath fpdague reohé @b thé ladteries wilhaffect

i nterconnected arteries. The | ocatjon of obstrucfion or narrowing wll
charl§e ttHe BRGSO RfhginteEzBReLiEd R TRiRR. dledRCealRn Bhany GPBIrURion Bkat i on

and 1t SDAHVINAGNBNGL t DI TS RirerMIG Rt the ABsubiyel or m t o
determ ne roughly wher€ in the system a probl em exi'sts non-invasively.
location and it should be possible to derive a range of indices from a waveform

to determine roughly where in the system a problem exists non-invasively.

Following appropﬁate positioning of the apparatus 10, each sensor 12a, 12b
15 sendsits blood pressure measurement signals to a processing station 104 via

their respective cables 28a, 28b.

On receipt of the varipus. signals, the processing station 104 separates the

measurement data éccording to the sensor 12 that produced the data.

, In the final adjustment the output for both the left superficial temporal artery
20 102a and the right éuperficial temporal artery' 102b in ADC units is zeroed or
levelled. This is achieved by adjusting the fine tuning of fhe plunger against the
superficial temporal artery 102 by turning the linking piece 22 into and out of
the aperture 26 at the end of the head band 14. It is important that the
applavnlatidn pressure oh the artery_ is equalised between both the left superficial
25 temporal artery and the right superficial temporal artery to ensure that any
variations between the waveforms measured on both sidés is not due to a
variation in the applanation press_ure.' Once the device is secured in position the
measurement is quite constant and can be taken over a long time with the

wearer being in almost any position.



Fol | owi ng appropriate positioning of the apparatus 10, each sensor 12a, 12b
sends its bl ood pressure neasurenent signals to a processing station 104

vi a thei rwoaespassisse cabl es 28a, 28b. On receipt of thePcasGoun/osghal s,
the processing station 104 separates the neasurenent data according to the
sensor 12 that -produced the data. In %he final - adj ustment the output for
both the_|eft superficial tenporal arfeery 102a _and the right superficial

t enrpor al FQH%@y'SlGQ{'ﬁFﬁﬁY Ko thie processingy %téprbﬂoﬁé\%é’w%? I’%ﬁ@gﬂp et hi eved
by adj usp fid i ' 8hdaBai Aght StisermtiBridhpon)

t enpor al ngtggiy?eléézﬁ]%ybtgmdﬁn%h%% ?ﬁﬁ%g pi ece@ %% and ou? oTJ t he
apert ur ea@éryain & moreall subjechéVhidadhérenarel veryl minas varjiationarbetween thée

appl anation pressuyr n the artery isg, equalised between both the |eft
SUpert; cmapshicnaiaken B0 SHRE fide Ang MEGTREnS M or e BHAPT GREry ¢ o
ensurg t h@lerany variations between the waveforns neasured on both sides is
not due to a variation in the appl anation pressure. Once the device is

2T ong. « FRUPe7 i < HisbliSLFBR e rgcrseite MaienafgR ShAMnd A e gtraet; <,

di splay &f poiH fife RsfPGEpeHitthl teRipoPal 3R4rySBAWI the AghtessperBcaNterAporPt h the
| eft superficial tenporal artery and the right superficial tenporal artery
i n a nor a@erysobg sebiecithatehasheacently aindergond adstroker iThe wavelbems@ny t he
measur e I 1 her S ' . orms nore or less mrror each
ot her. g%éﬁ%@@geg@g&éartyégtgrﬁqf%%} ocesgs'i ng station 104 show ng a

measurenent of both the left superficial tenporal artery and the right
supeld i cFigure 8nip@ dispkavt feem the Rrosessieg statieat 10 shewingna Imeamuengdhe a

troke. - /b I ' j in thi
case. i O BoHGHEL RATSLBBA ERinokal U Pnd e i SSerfiiMlorpdia ! T 1 S
measur enanérydfi absubjedtivehd appearedeo fbecnarimdl amddisad na@othesryindioatidriseofra ght

superficial tenporal, - :
P possiblerm\pending stroke. There is_, however, a variation in the timing of the

=

dicrotic notch which is also higher on the ieft side than the right side. This
15 subject may be at potential risk of stroke or other such blood related diseases

in the brain.

>The main aortic érterybranches into the left and right common ca.rotid artery A
these arteries branch further into two internal carotid arteries C and two
external carotid arterieé B. The left common carotid artery A branches into fhe
20  left internal carotid artery C and the left external carotid artery B. Similarly the
' right common Carotid artery A branches into the right intérnal carotid artery C
and the right external carotid artery B. Due to this brahching any narrowing or
blockages of the a‘rteriés will affect blood flow which will be reflected in the
waveform measured at the superficial temporal artery. Medical procedufes are
25 often Iimited to arteries in one _side of the brain. Similarly problems related to
narrowing of the arteries, 'blockages or other complications may be in one
branch eg: in the left internal carbtid artery. Measuring and comparihg both
sides of the main cranial arteries can be used to assess the adequacy of
cerebral circulation and blood pressure in the arteries from both sides of the
30  brain.



artery in a subject who appeared to be normal and had no other indications
of a possible inpending stroke. There is, however, a variation in the
ti m ng ofwohelwdisa+4eti ¢ notch which is al so higher on thecrsiGRowiodess han t he
right side. This subject may be at potential risk of stroke or other such
bl ood rel ated di seases in the brain. Jhe main aortic artery branches into
the left _and right comon carotid arter ‘these arteries branch further
nto twoFPhESATDIE MhABPRaes, Wilh it eomaled T ane axvagreta eTeds | eo B,

The | ef t'sﬁﬁgﬂﬁﬁgcfrn%bhqoﬁrrfpﬁg Foﬁirﬁéﬁ & 'réao?nstr%t_iéﬁftﬁ'at: \%Glﬁj”@éné?ﬁf otid.

artery C an eft extern carotid artery B. Simlarly the right common

caroti d forempnitobngiddaes pressare ire bothghight and leftisideaaderies. SSimdlagly hand t he

right external carotid art B. to thi s, branching any_ narfow ng or-

bl ockagebiebriy ey ehsdt dffefertes bawean tn HipbhArrane of 118 BBRP BRI oot ed i n
the vavefr BH8ES dftBedUsindetheldsidrafisad 0 bRV ndntiAvasivé/iéthed of
procedures are often |imted to arteries in one side of the brain.

Si mi | ar | getecting ebstrustiva depiers ohthedrigyiest ot predrismasithat genelidgyyor ot her
conpl i cagjQns. | e_h el lL.eft, Lnt: Eotid artery.
Measur i né&%l&dn%@% J%'S Qg%t ﬁﬁé%@bnoﬁoﬁhhéd%gﬁﬁ t@Ireabnrlha'%ar errnfp@g%g& be used

t o assesgari be wstrdickt n peoplerwhs daveinever diaden stroke lor do ehgriitesiagrppstn t he
arteries fromboth sides of the brain. For exanple jn. neonates, w

] ) : th
ext r acor PPl patignts: Asethexmgaadiansent; IsdIN-invagiygeviisBsisJese £igky dhan i ght

compy ¢ i ‘ tr t'q‘ﬂér t 14vQgd RN [ } ood
pressure‘ﬁ}RI%glggtrh%rl ght tgﬁcﬁ e %ﬁ%l lle arnt g?ﬁé’k:équnqﬁ arﬂgirhemgﬁrg?l}sk
stroke cgmoep. differences between the blood pressure in the right and the

|l eft side arteries using the apparatus 10 provides a non invasive nethod of

det ect | ”Slo‘bﬁsﬁr{eﬁ%ﬂe?’rﬁohﬁéﬁr@ﬁlitﬁfth%%?ptéf]étﬁé HOM b BSHALGEE dvBRk 198g€eral Iy

only occur 1in arteries on one rat an both sides of the brain.” Such

noni t or i tigec fmantee Witleethe i parson parips eouhdheinvreorneal edaihadctiviies oaed or i n
roni tori rne%opé)esé so that the data can be passed to a medical practitioner for further

15 analysis.

It should be a'ppreciated by the person skilled in the art that the above invention
is not limited to the embodiment described. In particular, the following
modifications and improvements may be made without departing_ from the

scope of the present invention:

20 e The head band 14 may be padded to provide extra comfort to the wearer

during use.

e The portion of the head band 14 to which the pressure sensors 12 are
connected may be extendible from the remainder of the head band 12.
In this manner, the apparatus 10 can be used by people having a wide

25 variety of-head sizes and shapes.

e As the use of the ball joint 16 allows free movement of the bressure
sensor 12, it is important that the point of connection between the
pressure sensor.12 and the data and control cable 22 be at a position-
éuch that the weight of the data andrcontrol cable 22 does not cause the

30 pressure sensor 12 to move.



stroke patients. As the neasurenent is non-invasive which is |less risky

t han invasive nethods, the apparatus 10 can be used to nonitor a nuch

| ar ger grwopoioBisead pressure nonitoring with the apparata3/sSGomanodoe
conducted over a long tinme frane while the person carries out their norna
daily activities and recorded so thatgthe data can be passed to a nedica

practitioner for further analysis. |{7shquld be aﬁpreciated by the person
ski |l ed i n°t hEh@rRrepside saRsaibonayi bk asitianads ahdbe| sunarkiciak emperal

enbodi ment deggL heU e ki ' and _
proverent s S VeD Bud S ohnEbfer aktifhinehl MR FaELoLS Hot R et

i nvention: The hesdbdnanih Whichegasectheaskehesbrs angy oot e conneatexbimf any t o t he
wear er durinq@use. The gortion gf t he head band 14 to which the pressure
sensors 12 ara¥gRAdeaLhe cepneeted;te dwaiSePArFtEJRPRSININGIRYIGRRr of the head
band 12. In this manner, the apparatus 10 can be used by people having a

w de variety of head sizes and shapes. As the use of the ball joint 16
allows free novenent of the pressure sensor 12, it is inportant that the
poi nt of connection between the pressure sensor 12 and the data and control
cable 22 be at a position such that the weight of the data and control
cabl e 22 does not cause the pressure sensor 12 to nove. The pressure sensors
may be positioned at the superficial tenmporal artery by a clip or sone

ot her attachnent neans that does not require the headband in which case the
sensors may not be connected in any way and nmay be connected to two
separate neasuring devices.Cains: 1. A non-invasive apparatus for
measuring bl ood pressure of the brain at a



superficial tenporal artery conprising: a pressure sensor and at |east one
adj ust nent neans attached to the pressure sensor whereby the adjustnent
means al Iwe=0tos34Bessure sensor to be | ocated over andPpTSG2am/080895

appl anati on pressure on the superficial tenporal artery when in use. 2. The
non-invasi ve apparatus of claim21 further conprising a head band tensioned
to all ow the pressure sensors to be 'pl essed agai nst the side of a head on
the supeftdi®fal tenporal artery when in.use. 3. The non-invasive appar at us
of claim1 or claim2 wherein the adjustnment neans conprises a ball joint
attached t d.t Aeopriessiveaapparasasrfovinaasaribg blvlodprésoursed thwl trhinrat the pressure
sensor whereby t I.s capable of bein ved to a w de

ch.qressurle sensor _ 8&2 - \
range of | ocatYPGHEIAIiemAal HIFRY FHUBRIING ANIEANLL STRSBANE PLFHE 8% her ei n t he

adj ust ment neﬁ’tgllﬁstlfrlﬁﬁttrﬁgafns%&Q@%hf‘i@ﬁle%résjsﬁ%is@ﬁkopivﬁxfﬁﬁeb9%§ﬁﬁ§xqeﬁto the ball

j oi nt capabl e being screwed into an aperture forired within a head band

to facilitat embansellad)stls pressureensdrdo pe dxsted @ verarsiprovde ah epplamptioni ci al
tenporal arter use.. 5 The non-invasi.ve apparatus of claim 2

i
furt her cowpr?éfsilfbee&lé‘gémﬁﬁﬁﬂ%mpglg“g?@o‘?he&dﬂuie"second adj ust ment means

attached to the second pressure sensor whereby the head band is curved to
bri dge t he 2pr tbsuomeinyesivoaprarduy ¢feclamclofwithor ecspristngeheadrbagd tankigned he t wo

pressure sensorsg are tensioned t rds each ot her ere he.t ensi on of
Phe head bandoclisoriae Breemi® Frots MRk PRsEE kB8 s T8 e it e
superficial tqipeaicadl tehpdthl fferyy@en inusdse. 6. The non-invasive apparatus of
any one of the proceeding clains wherein the pressure sensor further

conpys ses plunger. af f.i xed adj acent. di aphr of tr,.an r, 7. The
o {hvasi ve WOSPERe i Sl i ) ARRLE Bk e L s
heni spher i cal conizese bill priaqitachddao Mestredsotedsenstd vid uiadectabustdp! anat i on

within the pressure sensor whereby the pressure sensor is capable of being

moved to a wide range of locations.

4. The non-invasive apparatus of claim 3 wherein the adjustment means further
15 comprises a linking piece connected to the ball joint capable of being screwed
into an aperture formed within a head band to facilitate fine adjustment of the

pressure sensor on the superficial temporal artery when in use.

5. The non-invasive apparatus of claim 2 further comprising a second pressure
sensor and a second adjustment means attached to the second pressure sensor
20~ whereby the head band is curved to bridge the pressure sensor and the second.
pressure sensor so that the two pressure sensors are tenstoned towérds each
other Whereby: the tension of the head band can hold the first and second

pressure sensor on the superficial temporal arteries when in use.

6. The non-invasive éppa_ratus of any one of the proceeding claims wherein the -
25 * pressure sensor further compriées a plunger affixed adjacent a diaphragm of a

transducer.

7. The non-invasive apparatus of claim 6 wherein the plunger is a rigid
hemispherical component adapted to push into and provide an applanation

pressure on the superficial temporal artery when in use.



pressure on the superficial tenporal artery when in use.8. The non-invasive
apparatus of claim6 or claim?7 wherein there is a |ayer of gel between the
pl unger amo 2twssdi4aphragm 9. The non-invasi ve appar at ueCofsGamg/000895 of t he
precedi ng clains wherein the pressure sensor is connected to a cable. 10.
The non-invasive apparatus of claim9 wherein the cable connects to a
processing station where a wavef or m idasured b y the sensor when in use is
capabl e of Seilhgnen-yyasiyearraatuhel daigte esslagn Zt“éhef%theﬂls adayis9f Blvasi ve

nmet hod for neg étheﬁ‘Exetﬂl r%ﬁ%‘dfa‘ih&?ﬂﬁh? brain-at a superficial tenporal

artery conprising t tioning a pressure sensor over the

superficial tenporal artery; b. Adjustlgg t he pressure sensar to exert an
appl anat i or?- pFE%%H‘théﬁV? F@%?EW%P pepdingrqlagmp. whepgin ghe  \pasuri ng

a wavef orm as gtﬁl%jlsg&ﬁfec{eﬂ%?%?bghe superfl cial tenmporal artery. 12.
u

The non- mvaste met aim1 rther conpri sing the step of

t ensi-oni ng a second pressure sensaor over a superfl ial te or al artery on
the head ofl0Oa Thedrrinvasts appaatug of claup Sadieeip thecablsGonpefete bver a | eft

superficial t s?a[tf‘oﬁ%e?é‘&iw%vét%ﬁﬂ%a%l@&%ﬂLeeHQﬁ'&HeH”x?Qse%er a right

superficial t rrporg{ artery of the wearer non-1 nvasive net hod of
claim12 furtb@abkcmfﬂmmgldmlayhéoattlmt)protesexqgatatlsnng the appl anation pressure
between the left superficial tenporal artery and the right superficial

tenporal arfieiynonliftvasiem&Rsd fd?‘ﬁ?e%%ﬂr%gﬂﬁ%@@ﬂre@étur@b%%;agn @faclaimil3
wherein the waveform neasured fromthe |eft” superficial tenporal artery is

conpar ed wi t hsupedic vefiperal arteag comeprifingthetsteps of:ght superfici al tenpor al
artery to assess cerebral blood circulation and pressure in the arteries on

bot hysi des of the PEaidhing a pressure sensor over the superficial temporal artery;

b. Adjusting the pressure sensor to exert an applanation pressure on the

superficial temporal artery; and

C. Meaéuring a waveform as each heart beat reaches the superficial

temporal artery.

15 12. The non-in\}asive method of claim 11 further comprising the step of tensioning
a second pressure sensor over a superficial temporal artery on the head of a
wearer such that a first sensor is positioned over a left superficial teniporal '
artery and a second sensor is positioned over a right superficial temporal artery

of the wearer. .

20 13. The non-invasive method of claim 12 further comprising the step of equalising
the applanatioh pressure between the left superficial temporal artery and the
right superficial temporal artery. - |

14. The non-invasive method of claim 12 or claim 13 wherein the waveform
measured from the left superficial temporal artery is compared with the
25 waveform measured from the right superficial terhporal artery to assess cerebral

blood circulation and pressure in the arteries on both sides of the brain.



