METHOD OF DETERM NI NG BLOOD PRESSURE AND AN APPARATUS FOR DETERM NI NG
BLOOD PRESSURE 5 FI ELD OF THE | NVENTI ON The invention relates to a
nmet hod of determ ning bl ood pressure qand an apparatus for

determ ning bl ood pressure. The invention is particularly directed to
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ul trasou RFESHG Figasyrements in the arteries of the brain are generally
measured using invasive methods to determine the pressure at the Internal

Carotid artery (CA), and Middle cerebral artery (MCA). This trad_itional invasive

20 measurement provides early predicators of stroke and the chance of stroke
reoccurrence, however due to the invasive nature of such measureménts they
are not routine tests. There are risks that blood 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 vessel's' using
30 ultrasound techniques. However, the measurements obtained are of the blood
movement through the artery. The Doppler must be correctly positiq’ned to

ensure there is movement in'th_e direction of the ultrasound beam. Ambiguity in
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SUMMARY OF THE INVENTION

15 Throughout this document, unless otherwise indicated to the contrary, the
- terms “comprising”, "cdnsisting_of”, and the like, are to be construed as non-

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

An apparatus and method enables a reading of blood pressure of the brain at
the'superﬂci.ai temporal artery fo give an indication of blood reiatéd diseases.
20 The apparatus is non-invasive. Preferably a reading of blood pressure of the
brain is measured aé a continuou‘s 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 form measured from the right temporal artery this
25 méy 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:



tenporal artery and the right superficial tenporal artery

simul taneously during the sane heart beat. Were the waveform
neasured fromthe |eft tenporal artery differs fromthe wave form
measured fromthe right tenporal arteBy this 25 nay be an indication
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Fi gure 2basada side view denonstrating the connection of the sensor to.

t he head band. Figure 3 depicts the intended |ocation of use of the
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Figure 5 is a systérn diagram of the ‘cranial artery network in relation to each
other.

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. Bn'dgiing 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
wéarer 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 bressure changes acﬂng 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 W’O/2‘002I(_)30277 to
negotiate the constraints of the proximity of the superficial temporat artery to
the pinna of the ear. It is important that the plunger 16 is able to be poéiﬁioned
such that applanation' pressure can be exerted on the superficial témpora_! )
artery to allow measurement of a waveform.



PREFERRED EMBODI MENTS OF THE | NVENTION I n accordance with a first
enbodi nent of the invention referring to figure 1 there is an
apparatus 10 for determ ning bl ood pressure. The apparatus 10
conprises a pair of pressure sensors-42. Bridging the two pressure
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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 art'erial 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 relationship. The range of voltage change in
the sensor for such an eqﬁation 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 pressure sensor 12 is attached to one end of the

25 = head band 14 at the side Opposite the plunger 16. The method of éttachment

takes the form of a ball joint 18. A bracket 20 is housed within the pressure
sensor 12 at the side opposite the piunger 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 ind_ependéﬁt 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, th_e:ball joint



There is a |layer of gel between the diaphragmand the plunger 16 to

filter out interference and sham changes due to unnatural novenent.

It al so danpens 10 the noise ratio. The plunger -depth is specially
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15  In this manner, the overall visual impact_ of the _apparatué 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 "teﬁsioned curve of the head band 14 ensures that the pressure sensors .12
remain pressed agqinst the side of the head. A medical-personnel {not shown)
thereafter adjusts the épparatus 10 by swivelling the ball joint 18 within its
bracket 20 such that the two plungers 16 are positioned over the suberﬁcial
témporal aﬁew 102 of the subject 100. This positioning is important as the
25 superficial temporal artery 102 provides the following advantages for blood

pressure reading:

 lIts position against a bone assists the vertical applanation methadology
employed by the pressure sensors .12 to determine blood pressure.



-5- conprises a spherical or hem spherical head that has a dianeter
| arge enough to allow the ball joint to have a | arge range of
novenment to negotiate the facial features or facial structures of a
subj ect while not being |arger than tfe width of the end of the head
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novenent of thesid &dshpendgtRme 22 into and out of the aperture 26.
Each pressure sensor 12 al'so is connected to a data and control cable.
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The tensioned curve of the head band 14 ensures that the pressure
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for blood pressure reading: Its p05|t|on agai nst a bone assists the
verti cal Famnh[agaappmprmetmkiiimwg afrtheysshdrgtushe) pessts seassrenday $282
to determ n 1? %? 0pressure

- sends Iis blood pressure measurement’ srgnals to a processing statlon 104 via

their respective cables 28a, 28_b.

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

measurement data according 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 superficial 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 tuming the linking piece 22 into and out of
the aperture 26 at the end of the_head band 14. it is important that the
app!a'n'atidn 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.



-6- Commonly, there is very little fat in this region allow ng full
transm ssion of the pulse to be recorded as it would not allow for
any significant. soft tissue conpensation. The artery is external of
the skull bones at this point; and 5-The artery is constant in
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achi eved9bpolfyjthe tel pupefigiaintemrarahgrigfy ere {heurget supeifiaial temporal
superfici = r ' b nki ' ; AL O
andout _SepHEE SabibcBhGabppHiedt o hBIr, crtfhad RE dieRBkRiSs bRk

i npor t anpossible ineeralipd sirake ohhereeiss nowvewer,t deadatien yn ithe digning icfdbe
bet ween hoth.the left . superficjial 25 te al,artery and the right
super 1 cREroUE AR P B plseohBhefan L Teth Bie) Mgt o SiibefINE he
vavef or ngueasHayh® at Batdhtial FSE of StroRé of WhéOs @ Blobatrefiled Bidd2Bes
appl anation pressure. ce the device is secured in position the
measur enththeiaifui t e constant and can be taken over a long tine with
t he wearer being in alnbst any position. '

The main aortic artery-branches into the left and right common ca}otid artery A
these arteries branch further into two internal carotid arteries C and two
external carotid arteries B. The left common carotid artery A branches into ihe
.20 left internal carotid artery C and the left external carotid artery B. Similarly the
' right common carotid artery A branches into the right internal carotid artery C
and the right external carotid artery B. Due to this braﬁching any narrowing or
blockages of the aften‘és will affect blood flow which will be reflected in the
waveform measured at the superficial temporal artery. Medical procedﬁres 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 carétid 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.



-7- Figure 6, is a display fromthe processing station 104 show ng a
measurenent of both the left superficial tenporal artery and the

ri ght superficial tenporal artery in a normal subject. Wile there
are very mnor variations between the8measurements taken from either
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B.-Simlarly the right common carotid artery A branches into the
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conplT cat may be in one branch e: in the left internal carotid
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" modifications and improvements may be made without departing: from the

scope of the present invention:

20 » 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 varjiety of head sizes and shapes.

e As the use of the ball joint 16 allows free movement of the bressu;‘e
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 and'control cable 22 does not cause the

30 pressure sensor 12 to move.



For exanple in neonates with extracorporeal nenbrane oxygenation
there is sonetines a need for right common carotid reconstruction
that woul d benefit fromnonitoring blood pressure in both right and
left side arteries. Simlarly in high9risk stroke cases differences
bet ween the bFhedpiesesieusensdrst mayr b@hpositished tahehk edlperticial amporats
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occur in arte r

ron tor | ng. celiepAefbaRel Ah cd A PeLestydbay ot bcodtibeted Fbh
i N noni t ori ngwpgsEndsmapke qoaineetsidsto tA® sdparateaneasumay de\aces.
non-invasi ve which is less risky than 10 i nvasive nethods, the
apparatus 10 can be used to nonitor a nuch | argergroup. Bl ood
pressure nonitoring with the apparatus 10 can be conducted over a
long tinme frane while the person carries out their normal daily
activities and recorded so that the data can be passed to a nedi cal
practitioner for further 15analysis. It should be appreciated by the
person skilled in the art that the above invention is not limted to
t he enbodi nent described. In particular, the follow ng nodifications
and i nprovenents may be nmade w t hout departing fromthe scope of the
present invention: 20 The head band 14 may be padded to provide extra

confort to the wearer during use. The portion of the head band 14
ta which the pressure sensors 12 are connected nmay be extendible from
the remai nder of the head band 12. In this manner, the

apparatus 10 can be used by people having a w de 25variety 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 point
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 cable 22 does not cause the 30pressure sensor 12 to nove.
The pressure sensors may be positioned at the superficial tenporal
artery by a clip or sone other attachnent neans that does not require
t he headband in which case the sensors may not be connected in any
way and may be connected to two separate measuring devices.



-10- Cainms: |I. A non-invasive apparatus for neasuring bl ood pressure
of the brain at a left superficial tenporal artery and a right
superficial tenporal artery of a subject conprising: a first pressure
sensor and a first adjustnent neans attached to the 5first pressure
sensor, a second pressure sensor and-#-second adj ustment means
attachedﬁia t he second pressure sensor whereby the first and second
adj ust ne laimsans allows the first and second pressure sensor to be

| ocat ed over and provide a continuous appl anation pressure on the

| eft and ri ghtA seupervhsice appareaplor alcaanringrbloaf pretsersafthebtaif ara left

conti nuous beat tg .bgat nme surerreat of a 10wavef ormﬁ\/nen ip ulgg. 2.
The non-i nvasi*YR*dfif ﬁﬁg{pﬁg grery|anf g rght sneparaldeRpeREatgy 8 heseHand
tensioned to %b&@WsihQ?% fgfsgﬁfesﬁﬂgseig&% Mﬁﬁ%ﬁgﬁ%@ﬁ%%ﬁ althB& 1o the

pressed agai nst the Si a head on the supeérficial tenporal artery
when Bn use. Jirstiresswsrsensovcsievendappssuet ggsayfand lageennd adjusthant megns

wherein the adjustnent, neans, 15 conprises a.ball_.joint attached to
t he pressure tﬁ%ﬁ%h’i Sﬁc%‘%ﬂﬁsﬁne%ﬁ%%aﬁ\ﬁetbﬁﬂﬁe J{‘l#‘?ga‘fﬂg %’ggrﬂfaéﬁ‘ésg'ﬂ%tr
wher eby _the pfn@@a%%@oxﬁ@ﬂhé%st'aﬁd@@d@:ﬁb'p@es@he Q&isﬂﬂtd&}’l@@b‘céc@o@r%@'e range
of locations. 4. The non-invasive apparatus of claim3 wherein the

adj ust nent reaxevide codinuewhanplaesompiestike pig thsilelt ené oghisupedciab t he
ball joint ca i . I riu r i thin
a head band tg%g%ﬁfﬁeg}?éﬂ%eE‘@éﬁ%&%@n{l&o@% £ ﬂ@%gétel{sigaﬁp%n{s%ﬁ%%\ﬁr on

t he do0perfi ci atavetmmoriadn iafk€ry when in use. 5. The non-invasive
apparatus of claim2 whereby the head band is curved to bridge the

(St DL oSyl aanIh AR b8 REG00RT SIS ASARAL 130t Dl RGodae

pressure sensors are owar ds eac ensi on
of the 25head thalch clanfidepdrd sebend presureaseass e tondhrpised sgHisst Siensdy ofan

t he superfici al
P %ead on the superficial temporal artery when in use.

3. The non-invasive apparatus of claim 1 or claim 2 wherein the adjustment means
15 comprises a ball joint attached to the pressure sensor via a bracket housed
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
comprises a linking piece connected to the ball joint capable of being screwed
20 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 whereby the head band is curved to
bridge the first pressure sensor and the second pressure sensor so that the two
pressure sensors are tensioned towards each other whereby the tension of the

25 head band can hold the first and second pressure sensor on the superficial

temporal arteries when in use.

6. The non-invasive apparatus of any one of the proceeding claims wherein the
pressure sensor further comprises a plunger affixed adjacent a diaphragm of a

transducer.



tenmporal arteries when in use. 6. The non-invasive apparatus of any
one of the proceeding clainms wherein the pressure sensor further
conprises a plunger affixed adjacent a diaphragmof a transducer.
-11- 7. The non-invasive apparatus of claim6 wherein the
plunger is a rigid hem spherical conpbhent adapted to push into and
provi de an apdiemdhiiovespreapparams ofi clihe 6stpedin tled Hindee igporigid artery
when i n use. . 8. The non-invasjive apparatus of.  claim6 or claim
7 wher ei n t hef&misphgrigad gempegengadapkylde pughinthendomarige An apejagation
diaphragm 9. pHORuROR ARSI ABRAGE! HRrPhndii @ae of the preceding
cl ai rs wher ei r?the pressure sensor 1s conhected to a cable. 10.
The non-invasiye apparatus of claim9 wherein _the cable connects to a
processi ng St atEGRNAREASE cSPRRIGRE Of AlakR S0 cRgM pyVheraindiasie by a I pligs!

use i g l0capaly.gyQh epfedaR VG hhe processing station.

9. The non-invasive apparatus of any one of the preceding claims wherein the

pressure sensor is connected to a cable.

10. The non-invasive apparatus of claim 9 wherein the cable connects to a
processing station where a waveform measured by the sensor when in use is

10 capable of being displayed on the processing station.



