; e3eRnL6Thu O IVETHCD AND DEVI CE FOR MONI TORI NG BLOOD PRESSURE Fi el d of the
dinvention 5 0 4 DEC ZOOZ The present invention relates to a nmethod and
devi ce for nonitofy Lessure. In particular, such nmetho devi ce
i s non-invasive tm\‘wmﬂwwm ody and the device is preferably g’ﬁﬁ&b?ﬂﬂz 10
"Background and prior afgdietll Si ngapore al'one, there is at |east one person
com ng down with stroke every hour. The nunbers are rising year after year.
Mor eover, death from stroke in Singapore accounts for nore than 12% of all
deat hs since 1996. 15 Together with heart ailnent, it accounts for nore
than 32% of alMETHODWAND DEVICEFOR MOMITORING BLOOD PRESSURE |
nortalities in Singapore. Further, every year there are about 27,000 to
30, 000 pregnancies |eading to successful deliveries. O these, thousands of
pr egnant sguf f. froma condition called pre-eclanpsia. This is a
condition\,vvpv{é'r'lé'd;%j elifibert er suffers froma rise in blood pressure during
pregnargy. The bl ood pressure can rise to dangerous |evels w thout warning
and it can_] ead to convu] sion and brain damage to the nother, and sudden
e ut or THE AdRST IBYSToD LGS ta e nelhasl and siekics Wormaliorpodiiood
pre- ecl anpsieasiife, diiheghniylaf! 84 idnba dite doice! isafh ARl 1©fth! 0od
pressure of the patient. The central event linking the 3 major ailnents is
bl ood presbuman bodyfanet thei devicenip preferably @ortablest r okes and heart attacks,
the usual and final pathway is a sudden and dangerous rise in blood
pressure before catastrophe strikes. 30 Therefore, the detection and
prevemq ontgqugﬁh@thrdrﬁﬁ%mr falls in the final r. 04 occ zoo2 -2
pat hway holds e key to the prevention and reduction of strokes, heart
attacks and eclanpsia. Currently, patients who suffer fromthe above
ill nesses are; 1.t or ei r..5 u i S 1N i i1p.a
hospital . %éu_{%]ggho? 33‘}1& t%%gslg aéﬁéa%uérggi)?gérﬁ%ss:gwgna@\&é v@iﬂi?{réﬁ’% doct or,
be it noglt bv%rydfodr.or'lth“d glhtr]pws iﬂeeriéih@qdapa&asyéaﬁ. ridectover,i <.$eaihtfﬁinmedhbé

ing a bloo re rec nomanoneter. T e occC i ve et hods,
e air | SO LRINGAPEr AECRINE TooMoEe Al 12He ok All gt ance 1906w y
rel eas t i I : I Of RV, o/ &8l t@ég(*} and fl ow
througﬁ?j A??é%t\?vét wtbrﬁré%@,eéﬂﬁger?hﬁ?ggpnﬁpfﬁnﬁbﬁc er{jagéo %f;atﬁhe ﬁ%tor
| i st eni ng siocet1996hie. Maredham essthied okalt mantatiieindBidgapore. sel f - noni t ori ng
devices that are available on the market generally all use occlusive
net hods, the difference being the turbul ence are picked up by various
Met hods, SPGRhES eviefy Jeiit BHeP® P8 @bolib 201008 10190 490 ﬂrégﬁ@ﬁci@é‘ﬂ@ﬁin@f _
readings is totally ‘dépendent on the nunber of tines That the artery is
bei ng occl tpdedccegsiit rdgliveties.s @hathese, dhoysandseef pragpenbyaaen ysuffere
noni t a5 NG, h - t i he se : | t-to-beat
r eadi ﬁégds Eéﬁll'% ‘?éa e't%nrgtc% felégcpaig)régiegm %‘ne?gfrs fshé %jj)f:at'tggrn gg}\éé%&qggnor mal or
"good” bl omdtheresidiers fiom i dsecin blood pressiseauringrmriegradciyas Tharloods: 1. the
patient's bl ood pressure fromthe |ast test nust ?1% ;gg?td::én 2|éadhitos bl ood

pressure uPfaSSUie Eandige toodanggrrHs davelsyythout warni

convulsion and brain damage to the mother, and sudden intra-uterine death

of the baby. The morbidity and mortality of pre-eclampsia is directly related
25 to the level and control of blood pressure of the patient.

The central event linking the 3 major ailments is blood pressure. In fact, in
many instances of strokes and heart attacks, the usual and final pathway is
a sudden and dangerous rise in blood pressure before catastrophe strikes.
30 Therefore, the detection and prevention of further rises or falls in the final
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25 3. therefore, he will not have a stroke, heart attack or convul sion as
.in the case of a pre-eclanpsic woman. Unfortunately, these assu "tyEfr}a are
far fromthe truth as the above incidents have reveal ed. Theref dd 02
woul d be advant ageous to be able to 30 Eatch the "final pathway"” of sudden
* changes in bl ood pressure/pul se, by 044 DEC 2002 -3 being able to nonitor
a person's bl ood pressure continuously and be able to sound the al arm at

the right fti t r - h 0 Lou y
nonitori ngﬁé}ﬁgggjqﬁcﬁég\éﬁ?e‘(@s @E@%?sr%ﬁlpﬂ%glg %‘gﬂj té{ gg%’%%]’en?ﬁl&lu nber
5, 485, 848. atfdukis gt esthmpeigports to di scl ose a non-invasive and

non-intrusive portable device for nonitoring a user's arterial blood
pressure. However, that device has the disadvantage that it needs to fix a

nom nal OrCBﬁ'éﬁtfhf’,rco_%?i?hfseme sfuiffét ﬂg[ﬁ @gsﬁdﬁllﬁgéﬁ%'soé}e rﬁéﬁ&%@bié‘ﬂh@ ton is

al so user-speci assumes e pressure can mal nt ai ned
const arft fas dubpatieaits oratn-patiends war k. hospiiat. ndhepnajdritg adfl Yhezesardl e to fix
t he base pressure o i W ods descri be At nost, it

f . t by th t )
onl y. KeeplodtRatittsavEed Blendta Boghaef oS, A oMk be oo he
pressur e cgRsLaRl - rdbifd X190 dohsinGl YT GEAACCaO bbBE SbaflreDT BV ©

changes are even greate novenent” an hanges i n position of the 15
hand. Thussphygmamasemetsesi tThey vaeweclusivenygethods, peaeiriis pumped intali ffi cul t

to keep thg pressure, c tant as a.sljight chan i K i st pressure and
sensor ppsﬁ%ﬁ %ﬁ@f%@&@nﬁgﬁ*%jﬁn?ds 5‘?%’6% b@%ﬁ?%ﬁ‘oeﬁﬂy@ipvp@ﬁf@ﬂgg nore, the
cal i breg i ofpy hwredbmesheresispicatdrenidthiodbR! PO FlaW R WMENFE RN Set
Therefore, user conditions must. remain uniform since one has to show a

linear 20 WRiaadipiekad gpwy e destondsteainigsto itf Theeblogd mupssusads dhen
other wi se. Br&e%corﬁ?e”%lf-‘rﬁ@%@tqg@at ﬁg\ﬁ&fgé Bt %FH %hﬁ‘at}@ror?%&%gme‘t‘g bl ood

I
rec . .
pressure, tehe pressure se prezo-electric 11 |’ m transducer is

dependent gendrhky all @se ecck@ivieamethodiss thendiffefenem hidieg dhd Rirpulende aoeir ce of
the signal. These are factors which cannat £racti cally be fixed with the

descri bed RIESPEHP y5variplsy BRRRIS SHED A% Y19 2 MiGFORNPRR: HG OtheTewBIdSod
Pressufe Mgl RndPariaafo8Ts fodfntisbidieR ordAB RumBer dimad fpans er | al

noni t ori ng. I me- keepi'ng wat ch s e Integrated with
t he bl ood 3femriedsingcockHuded,aghathesit isvridnupl ovpaeset etectnomigdllyl. The

interpretation of the trend or pattern of blood pressure se r recorded
over & perBBNeRNG fsheraiEs nob BB, pi Sa0s oh P RFaoRash over
time my beg@ifys nportant in an unfortunate event of the death of a wearer.

Simlarly, in the collection of data by the sensor, the position of the
sensor

20 To make matters worse, whenever the doctor detects a normal or “good”
blood pressure in his ¢linic, he usually makes 3 assumptions:

the patient’s blood pressure from the last test must be “good”;
his blood pressuyre until the next test will be “good”;

25 3. therefore, he will not have a stroke, heart attack or convulsion as in
the case of a pre-eclampsic woman.

Unfortunately, these assumptions are far from the truth as the above
incidents have revealad. Therefore, it would be advantageous to be able to
30 catch the “final pathway” of sudden changes in blood pressure/pulse, by



5 and the fixation of the sensor nmust be considered. In order to accurately
.collect data fromevery beat of the heart, the sensor conpaﬂnnﬂﬁﬂﬁmgm be
able to receive reliable data with the wist in different positions. In t he
prior art, the data can only gibe reliahly collected when the hand is held
"fixed at a certain position, i.e. with Pestrictions. The prior art may try
to overcome the 10 novenent of the strap by increasing the strap pressure.
Usual Iy, thLsal ression
of vei s wpPnIEHIES mRBl: » BRRRTES fBod ks U SBRLARNEY BRd a8 T st
a few m nusend fﬁlmaautmlat tlwdghtamwtﬂ)pmma@afaytrtdphe. nedi cal conplications.
15 The Median Nerve at the Carpal Tunnel would be conpressed causing
nunbness of the finger in a feW/ninutes As a result, the hand or fingers

will swellgq r T fiects the
si gnal , but olfl %%Hse\gl\'gg@éb e:Blcla g?eé%{yré( Iﬁ ﬁféedngé@(f sﬁt 0 be
able td delslnged %esﬂaimtslysmbm b485,848. c'bmdtq:rattemﬂ m.uportshedmmsera over a

| ong 20 period and 8sthe sensor gegsdttonwe f as to allow for
nat ural moUeMHHAS B/P @H AQAUPYS& %%b iqes fol AnQRiiolingc @y H5REF y. The
donni ng a”Qrth‘i’élfﬂlé‘&d ?f'eés@?e""rHﬁe\)@”thtaP'de@i&@ ﬁef@tﬁéh@ibﬁd%tbgé%étoﬂﬂ has to
be sinple and user-.friend for it to be of value for a son who i s not
25 medi cal hgeds to fied nAgmeﬂsmr lvaﬁespmdutﬁabytfamgtmmaartensbnni The

deficiency, the.problemis to vi de an inpr device and nethod for
cont i nuousb%”ptﬁatr'fﬁh 19 n9'50i ‘\'/%errﬁﬂ%cﬁ'&l ﬁ Bﬁ?g?aseopfﬁfﬁ &80P%. such a
devi Cm@homaﬂmtairnea%ﬂatamb@r t%@ @aﬂﬁaaéqioﬁ t@fw@*kar|msrhgot§fh9cm8 Ow‘ssrm nf ul
rises or falls in the user's pressure Summary  of

the I nvent thﬂXM&%@BQBngeS%"@n@f @glp;@amg avrist iy theemethodsndesgribsd, Abere is
provi ded a ood

P oasur o, - MoSHLEY RegheRid Sty RlrufRitkndt b inti Ftied B keepiashe on o

bl ood prespressule @odsﬁaotgeBgrEbtmgsﬂngnakmm@mmr«faﬂwevetrahepmn‘suw cont act
with an external surface of the l_‘E]ser s bd | ocation adj ac?nt an

artery: at CRRMRSHRIENBYSI ofeRtes Eoyemsn |aHS ¢NANISE B RO ithe oper abl e
contact{s W khnd herpges esy\}PiQEj}Soélhoﬁ hanfsl Qhérﬁ‘eﬁt 'IrPgraéii'&Q s MREQE§SSOr means
for interpreting sa| si gnal's generat ed sensor nmeans to deternine
actual art beemthebpmsdummmham amshg*ntrchdmgeserwrmt presswse iandl seshsor a

proj ecting tio r detecting and transmtti ch in bl

pressure, Bﬁﬂ[' r}{ﬁcﬁ rﬁ@dg\g@j é‘gt?rhga%??'?g? ie%(pegﬁapfﬁ]é‘gﬁ}%”@ﬁ'etﬂ at | east
partial ocghlirhtish Rivolvied édtizo¥atidh At irfiédpdidtionadl @adinks. | Therdisf er r ed
enbodi ment of the invention the attachment neans is adapted to

non- penet r H8@M§PRdipRs IMuste reNaine eNifrN. pSINCE 0ANE 13s tPeShay fadvesf t he
user od I e j agent the
arter?@Zoyﬁl%%sg&:f@éﬁ@Jﬁggbﬁ@l ﬁ%‘%ﬁ 'ﬁystgﬂe&f"r?@?ﬁ‘% (%ﬁé:t tfemé’@\g%%r (rfr'gans

i ncl udes aatcadance aiithathe dém:rlpedjfennulag‘op@atoudntmgf biobd ressure, Means i s
adapted to transmt detected charges, in.bl oo ssure to.t e transducer.
B of er abl yPIAREEPETREY Pl SHeCASRc D Sanacbicer s HeppadsmaRdie napad

pl unger 25aFé%1“8f36cSrﬁQ% Aidthikcd T@%ﬂ‘r@ﬁﬁe%ﬁﬁ&%@ RﬁéPth%“QbHﬁlr FRESEL of the
present invention ére I's provided or contindously nmonitoring a
user's art ard factdss adichpecarwmalpeacticaty bdifixgd with teajescdbed devise4 DEC Z002 -6
provi dijhg sensor neans adapted to continuously detect said bl ood pressure
and t enerate signals representative thereof by contact with an external
surface of Tbhﬁowa@rcoﬁtnhoniy|rarnoamtbﬂﬁ@tuh@rbladd Presduremast! se yedmired ai ni ng

the. sensor neans in oPera ble contact with the user's
on a beat-to-beat basis, as in intra-arterial monitoring.

The time-keeping function of a watch should be integrated with the blood
30 pressure data, as this will provide a meaningful interpretation of the trend or
pattern of blood pressure seen or recorded over a period of time. The



5 body such that said sensbr neans effects at |east partial occlusion of
the artery at the said | ocation; and conputing the actual arterial bl ood
pressure detected by the sensor means using mcroprocessor neans)a@8D©gH to
interpret the signals generated by the sensor neans. 10 In a preferred
"enbodi nent of the invention the step of "maintaining the sensor neans in
operabl e contact with the user's body includes the step of

The Surf aca kPeelind] 86 8P plefUNEERlay BBk Ahoftant i i SR Rfgs '™ °

i nvention é¢ventsf ¢pe oéatheofr weaieng t he sensor nmeans in operable contact with
the user's body includes the step of securely holding the .sensor neans at
the said |l ocation by attachment neans such as a strap. 20 In developing a

bl ood. pr eSO Y EAREN!df Gias 591k 0 AndRREiBRLEBES Rpodi ment

of this inventl e are various- design considerations which should be
met . A& rulnd did éxatiore ofl éhe: sendamr mashbe ruonsklebéadodn préesto eccomatdlpr i ng

houl d he fol | owing bas; i ; 25 1. Portability. 2.
Conti nui ¢ yeollgSl el 8 EVkey B oh it g0l SesisBe comRMSRRIATHELh ani 11ty

to functi oghibRodefalélralabtdMbfzPRIR Mhe Wrish pHdifeRdRIo4RIONGN ThAndPrioY
activities. 30 4. User-friendly so that there is no need for

medi cal | y-am,aﬁhaeﬂatp@aﬁmngxebetr@ i@trdyslrc@ﬂlectteltle/vtw\/thaehand & helﬁ flzleg a2 -7 5.
| , o . . 5 |
v, age o9 §BsRBY, b 5ty ESUEPnCoRE HFBLERTET ulp AR o range

the daftea ceblesieadof thel étralﬁxb{/)irhﬁeés?ﬁgﬂﬁ‘é stap bredserel WBLERY, tHRSSMdpe the
invention in greater detail by reference to the acconpanyl ng draw ngs which

i |1 ustrat eoyemMpiacticalil byl Yndesirable a§ HhieneampeansionTré veilts willicakseéy of t he
he gener o rTieER! GiribeSion P HE M Biskd g HinghepEra BGLED TrodyPer oo "9

descri pt i oeadfto naenthessiangsuiher chedidahgsmptitationst 0 one preferred enbodi nent

of the invention. 15 Figure 1 is an illustration of an intra-arterial bl ood
pressure nonitoring device of the prior art. Figure 2 is a side view of a

SensoNgACCRElIMEyeR NEREPBE LS (eApaTIANER Hout! bbeol PEREHOBudlg Fl dure 3

is a side view of a sensor o'f F re 2 used on the wist of a wearer and
pl aced adjrwohnespohithe fingar ial 2 jewavinutisngAsreerasadty fthe handror fofgersie wear er .

25 Figure 4. illustrstion of e sensor placed next tq.the. radial
artery V\/ne\fygi ﬁwgp}ecﬂ%ﬂﬁé sfﬁhéﬁﬁ clggg%;}éc;ped?ﬁms ot only gr a%ly acffec?s the
signal, but is harmful to the wearer. Therefore, the challenge is to be able
to design the strap system that is comfortable to the wearer over a long
20 period and holds thé sensor in position well so as to allow for natural

movement of the hand/wrist and collects the data accurately.

The donning and doffing of the wrist monitor and the whole calibration has
to be simple and useiﬁ-friendly for it to be of value for a person who is not
25 medically trained.

Against this medical background and clinical deficiency, the problem is to
provide an improved:device and method for continuous and non-invasive
monitoring of arterial: blood pressure. Such a device should preferably be
30 capable of alarming ;the user of harmful rises or falls in the user’s blood

pressure.
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Figure 5 is a perspective view of a portable blood pressure nonitoring

devi ce of the present invention as preferably enbodied in a matcﬁ4mggqmn

al so 30 shows the position of the sensor and the curved strap in
Cross-section. f' $ 04 DE C 2002 Eigure 6 is an illustration of a
“hand on which the bl ood pressure nonitoring device is worn, show ng that
part of the watch strap is curved. Figure 7 is a view of the hand of Figure

6 | ooki ng é o1 ir ﬁé% B Figure 5 6. Figure 8 is a side view of the
wat ch head%wu%%& poi nt anchoring principle of the watch,

i ncl udi ng Apedvdingotei ories agppedt lof the grssent fraeation, thbee I8 grobidedatidetibe radi al
strap and the ulnar strap. ,10 Figure 9 is a top view of one strap of the

wat ch of tf?éC@@QBW%"@WBHPQ{@H{SQFFIWP&P‘WQ%@@%@SW@WQﬁ t he sensor
| at i to th = bi I i - Of
1 ustrated i n B angafis adepiéd o Hplifudhey Serde SUApIORE phiisle o 1,

illustrated in Figure 0 rom position

i s a sampl engrtagenshatel signdld eep@sentative thereof yoshntact Wigh taimeesterrsair

according to.the ScCri be%ge diment in %géﬁonse to a pressure applied to
[

mo _
t he sensor SUBRCEpkihpdisessibody at glgeation.adi (ﬁ/\]_?fée@!énso_r readi ngs of a
wearer's bl ood gf E6t LAKSRS %?rSQCLﬁ@@g?S’Zd‘{@ tgﬁéeszeé.;ggrs 4 gRective

view of an auto-calibrator ' that is conn ood pressure
nmoni t or i ngopenabtecddactowith theauserts padypatstes sakd lgoatori;dands a f | ow chart

i zi th t i |ved in th |.i brat.i d . Fi 15
Ts 8 11 ow ohart TRIARRKEZHTGTERES LB rRIBO Y Rl RaE B BY fhess r e
readi ngs. sendorfmedns fg detefming é_btl!iblﬁar@crli%pgl%oﬁiﬂé'ééhréﬁ is a flowchart

summari zing the steps involved in the data transfer and communications
aspect of the iwhergindre sengargueans indudes a pemjeeting porsiomtar detesfinghe st eps

o ea | Bl e HEDERSIGRT LB RSt 2R e BORRIREY, o o
di agr am of pertiohde @daptesistarffevdat teast partial occlusion of the artery at the said
location. |
15
In a preferred embodiment of the invention the attachment means is
adapted to non-penetratingly press the projecting portion into the surface of
the user’s body for operable contact therewith at said location adjacent the
artery.
20
In a preferred embodiment of the invention the senor means includes a
transducer and the projecting portion of the sensor means is adapted to
transmit detected cha‘hges in blood pressure to the transducer. Preferably,
the projecting portioi‘i of the sensor means is a dome-shaped plunger
25 connected to the transducer.

According to another aspect of the present invention, there is provided a
method for continugusly monitoring a user's arterial blood pressure,

including the steps of[:f
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10 devi ce designed according to the preferred enbodi ment of the present
-invention. Figure 19 is a Echenatic circuit diagramof a bl ood prdk$@fg2mn
noni t or devi ce desi gned according to,the preferred enbodi nent shown in
Figure 18. 15 Detail ed description of agpreferred enbodi nent of the
“invention According to the preferred enbodi nent of the present invention,
there are several major conponents in the design of the device. They are

t he sensor 20 AEGS : tfefe§t emto
secure the sen:%rr%wrale éat%ieve tg{egﬂg%%}%g%?ﬁéuagstl%h he%déﬂrbﬁ%g i bration
and ot her pnessureazndip penprde signdsrpresentafivaBtmrdoiPby sentaet bthTare

i nci pl e behi the desi f th ' ti i t imc th
7t b ¢ GPIEM SUlre AL W 804 roare SYRREh{7h PREAT  or ol mot hod of
bl ood pressure mBREsh/EHe 58nsdr RIe@RSh b;ﬁb’rﬁﬁlevégrﬁt@cgmthhﬂféiﬂséﬁgy f 30

Figure 1 is an illustration of an intra-arterial ood pressure nonitoring
devi ce 51 dbodyheugh that sHid semaer means-effacts ahlledst padtigrasshusien whitihe or i ng
devi ce 04rt DEC &002 ~.10 %Tng)e_neBal |y conprises an intra-arterial cannular
2, that isai%@ ré'%is?'lqt8c £NY adi al artery 6 of a patient;'s wistt 7.
As is apparent dgraputiigtiecadtual Breri@idiledd pregdurs Yebedisd afj theasdinsbhe radi al
bone 8. The intra-arterial cannular 2 is connected to a fluid interface 3,
cont ai ni ngMgans uHNg oMIGRPPrOGRsSeI ungans j adantedcto dntesprebntiectsigNaly a t ube
to amcro 8395 it 4. The m croprocessor ;end sensor unit
4 detects @%ﬁges |ynﬂ{éﬁseéﬁ6?)§{deééﬁpr essure in the radial artery 6 and this
inform@ion is transmtted to a pressure display unit 5 10 In the
intra-arterial blood pressyre measuring device 1 the blood pressure in the

radi al art8r§ Breferred amedimeshiafithepieXentinn the serRf BsiniaRing, thee
i nduct i | . L = A Qe t f
TEUEL 00 St b oA, IO PSS 603U o

change t o mdrepenetraiprghe peessing ipeocjecta#igepontioniaf tiod aaegwmorimeang imdd thes t hen
converted to.a 1 igital fqgrmand displayed on a graph on the display 5,
t he systol?lﬁfaf&(?féﬁ?%éeb?ggaﬁre val ue when the heart punps, and diastolic,
.the prgessure of the colum at rest. 5; f The primary di svantage of the
intra-arterial blood pressure nonitoring f, 20 device 1 is that it is

i nvasi ve. mha prefereed emleodimeins efnther invaniiopdhe siep tafemiaiitaining g i al

cannul ar 2_J .S ed 1 [ LN, d te ; t he
device 1 i%ér%otgr?%%r[s @oéégz{gﬁ)@ &gﬁ%ﬁ%ﬁ\a?{% Péélrss %%Q@Icwegﬂﬁé%gésgg fi n a
hospi tal essgurelgnBolting the sepsopessary at tthensaidt Ricatiom er)s @ttashiiepod
pressure continuously when he is going about his normal daily i; 25
activiti esMePAE SHORABE $tEAP-neasur ement's cannot be taken with any novenent
of thegwist. Therefore, the whole wist nust be i mobolised, as during an
operation. a In the design of the present invention, the whole system
i ncl udi ng nhdeveloping 30blohd pressuie amnitoniagwievce reesordingetot 8 Mwstonsi der ed
together in I a e simdarity in inciple to t
i ntra- arte‘?ﬁegérgginhﬁ]b@%sﬂ o tHE |?\\/5'?111|06H, thete” &' Varus 5’e5|8r?
considerations which gshouid be met. A truly effective device for continuous

blood pressure monitéi*ing should meet the following basic requirements:

25
Portability.
Continuity.
Accuracy in the-calibration, collection of data and ability to function in
a natural enviréhment without interruption to daily activities.
30 4. User-friendly sa that there is no need for medically-trained personnel

to operate the device.
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~rel: k' a-11 E, Corrponents of the sensor system D 4 DCC 200Z Figure 2
is a side view of a sensor-"10 according to the preferred 5 enbodi nent of
the invention. The sensor 10 includes a transducer 12 which prpgdUE€sOR

vol tage output according to pressure ch?n_ges acting on its diaphragm 14. A
“plunger 16 is affixed next to the diaphragm 14 of the transducer 12. 10 The
plunger 16 is a specially designed hem spherical conponent nmade of netal.

It sits on t he ; ef erably covering
substanti a Iy tﬁe asnggo aﬁgwpgﬁsrm%de]?g@%%atlpﬁ pose of the di aphragm
14 is to gbve altrshsuidr@d\kmﬁ@gmsghbemeahle alsa@sr agontmunioatipnetaml const ant
k; value. The pl un 16 a ahes ||nt the wist and partially occludes
the 15 radial aft¥ 9”%@@5?19%\88% @%FOIPPSQnabI es the transnission of the
pul sation of the radial artery 20 '"to be picked up even though the wearer's
hand may be at various position. F There is a |ayer of gel 18 between the
di aphr &gm tavilabe theemiBnh@tnemmaﬂer gesdiibia the iouention iergreatmdetaihbly sharp
changes due_.to un novenen t al so dampens, the noise.ratio. The

bl inger deiererenge apetieapePriaan G drewiios wBEM HURpete "nBs mariibels 24° i
coul d occl yedeeried e’ﬁ%cﬁ:hrh@ﬁf‘ bt f Rhﬂ%u@r@%ﬁ‘%e@ra%h\%sré‘ﬁd Qhealféta@éd’ 20 when
the strap is confortably worn. is wll enable full” and faithful

transm ssi @esasiptionds arateloi be yndessiopdrag supersgditigethe2 gengralithef dake ng t he
expansi on I | turbul ence of the flow and the

vi bration ?{pgﬁn%r?t{ﬂggﬂ 'ﬁlc% 'ng%tﬁ éry wall fromthe heart. Figure 3 is a
side vigew of the sensor 10 of Figure 2 used on the wist 24 of a t. wearer

and pl aced_adj acent to ?nd partially occluding the radial artery 20 of 30
t he marer@ﬁ_@,ﬁ@%—p&ﬁlﬁﬂﬂm&%ati on of the sensor 10 placed next to the
radial artery wherein the user's hand is fl exed. 0 4 DEC 200z -12 The
illustration shows that the sensor 10 is preferably placed adjacent to the
r adi al art'élneyd?é)mn@beelamiiwd)neiptmryedﬁnﬂiodimenWFthe ientias. been chosen
because firstly, it rests on the radial bone 22 dorsally. The radial bone
22 5 allows for full transm ssion of the pulsation to be felt as it is
rigidand F‘I@Ul'éj N A HIRtraA6n %TYaﬁHﬁﬂbfdrfé@ﬂél Bidd JreSSiHe FROMREASEL | on.
Vertically) "the sensor system 10 is | ocked in together with the watch
straps anddewieepf theapriairbne i movabl e and uhstretchabl e unit. The plunger
16 is thus behaving simlarly to the intro-arterial cannular 2, and the
fluid colum 3. As the 10 plunger 16 and the di aphragm 14 are the only

novi ng uni Figued 268ehsidel ewioira sémsoraideerding toties praferred emisodiaicpty pi cked
up as a waveform as each heart beat reaches the radial artery.

Never t hel e@fthetim¢erdi@Pant age is that there is no need for the systemto be
invasigee and it is portable. 15 The follow ng reasons inprove the
functionality of the sensor system 1. For a change :in pressure between 0O
mHg - 300Figotdy3 is heside view of a sensor of Figure 2 used on the wrist of a wearer

and placed adjacent to and partially occluding the radial artery of the

wearer.

25 Figure 4 is an illustration of the sensor placed next to the radial artery

wherein the user’s hand is flexed.

Figure 5 is a perspéctive view of a portable blood pressure monitoring
device of the presentgi;nvention as preferably embodied in a watch, that also
30 shows the position of:the sensor and the curved strap in cross-section.
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di spl acenent of the diaphrdgm agai nst the pressure variation foréns a linear
rel ationship The range of voltage change in the sensor for 20 subh [ 2002
equation is between 0.5V to 4V, after anplification of the signal. 2. The
hem spherical plunger 16 allows for faithful transm ssion in various wi st
"positions. 25 3. The system dogs not redquire any fixation of strap
pressure. Its main aimis to pick up the waveform of the pressure in the

artery for | pr:at, - C i in the

2ot tvar ¢ pr are5 € endfusthondt £ Hath oy En ME B ERSLRIBHEA U 1 0% 1
a per spect dendcey iscwonf, showing thiak altlob tite watchsstrap isonirved.i ng devi ce of the
present Invention as preferably enbodied in a watch, that also 5 shows the
position of the sensor and the curved strap in cross-section. The watch 26
conprises g aasihf t HICHT tdgs on a

| i quid-cr ygltga gpia ay. 0‘?’?1@? égggym%gﬁg{%&gp@rﬁgdéﬁr%gﬁzﬁ?fsfgpg erred to
as the Hadbal strap 30 and the ulnar strap 32 respectively. The 10 sensor
10 is preferably | ocated on the radial strap 30. Between the watch head 28
and the sensor, the radial strap 30 has a generally flat surface 34. After

the posi tiP;guﬂi 8 hé sa S8 9flewOoPMhé hRatcAdhédd SddrmbnstPitiighehd aslpdint strap 30
has a generally curved surface 36. 15 Figure 6 is an il lustration of a hand

on whi ch téaerchsringd prirgigler eofnolfiet owaiel, dénduding s anshar-peinésvi @y theit part of

| ooki ng 1 4EPeck bRk Udehingeadtis el 3o Ao Wi 8Me Tece for
flexi op and extension of the wist 24. The 20 main novenent that effects

the pressure change in the strap 30,32 and/or sensor 10 abutting the artery
i s flexionfFigure 9tigear Enatie behdingg skert Ak thei wately of| the gdeseribed i1y this:
novenent t ti e i rLQk: ensat e
e L L e L R
circunference is fixed can be great. The novenent may even 25 di sengage the

sensor .10_fromthe skin tenporarily. To allow for_ this flexion, an

addi ti onal FiO8ER Jroe'sh%@'crf‘egw Qgiat%é%at?'h "{Uﬁgaqur ip Figurg A ieq Eﬂoﬁ‘?ﬂr strap
32 andig adhaditish B3R & s is to nake themslightly concave at both
straps, ap%ro’i?ﬁnatelﬁagcmfromthe wat ch head. (see Figures 5, 6 and 7)

Wth this feature, the change in position due to the flexion or extension

of 30 the i 4, j [ ] en r | i h sitions of the
nat oh 26 of GuE, 49,sY seine o ||Sﬁ§@§t% e Q}Htg’c')‘&??%(ﬁf‘%ed b6 °bec 2002
-14 The chesgoridtcordit@de the duisekissd embudirbat i Assponesitstapesssire of the
sensor 10 is transmtsd into the watch head 28 via 4 cables 38 conceal ed

bet ween 2 fBRliadstodheSBBSPradi al strap 30, made of pol yuret hane resin
20

Figure 12 is a sample chart showing sensor readings of a wearer's blood
pressure taken over 6 seconds.

Figure 13 is a perspec}tive view of an auto-calibrator that is connected to the
25  blood pressure monitoring device for calibration purposes.

Figure 14 is a flow-chart summarizing the steps involved in the calibration
procedure. |
|

30 Figure 15 is a row-éhart summarizing the steps involved in taking blood

pressure readings.



5 material. These cabl es aiie | aid during the injection noulding of the
-radial strap 30. In order t'o keep the Tensor systemfixed in pogy,tﬂfgrm@ver
the radial artery despite a noving vvrl st, the inventors have devise
3-point fixation 10 system Firstly, gwatch head 28 i s designed such
"that the back of the watch head 28 has™& curved surface and preferably
concave so that it sits snugly on the human wist. Figure 8 is a side view
of the watch head 28 denonstrating 15 the 3-point anchoring principle of
the watch 26, including anchor-points at the undersurface 40 O the watch
head 28, tRRuUIGIB aFlowashald semmdriingthieasteps ird@IVGY inThe Yaks Gdhsfkes
stability, primarily in the position of the watch head 28. A strip of
flexible rﬁ%é@%@@@twnsﬁﬁ%t pblbgtieei®ar t he circunference of the curved
undersurface 40 of the watch 26. A gentl e push on the watch 20 head 28
woul d provide suction pressure to |ocate the watch head 28 onto the wi st
24 mucls | i Rgutdrat7 o aa flowbdteart ssmmmanzmgptheSet@psdlhyolvbhemstheamtéiﬁ t he

wat ch COI’]SI st of .a radial strap 30 and an ul nar strap each contributing
a poi nt of dalgERENNG mhather t squpd t%\pakﬂrr@woowafm@fme'a%ﬁlm dargeipuso of the
watch 26 o gﬁ%enbodl ment illustrating the position of the
sensor 10 ?e}ogt |r€§§({%o t wat ch head/face 28. Further, Figure 10 is a side
view of the watch 26 |IIustrated in Figure 9 | ooki ng fromposition a B in
Fi gure 9. Fi 30 'I% e. radl t E} 30%$gouses t he ené 10 that incl udes t he
t ransducer "8 di%ph F’a effjatic Dlocks diagFRm «ofi @p@@? FIESTHTEN GIANIRBNT The

hem spfreri gélice d Z%hed? abcordln"_g R6 OtheUSePétréd érhl?odlhié’hg%f e bresfitacent to
the radial artery . This position of the plunger 16 adjacent to the

radi al artiventien.t o det ect changes of pressure should be kept relatively
constant. Thus, a circular, band of sticker pad 44 surrounds the plunger 16.
Once the radial artery 20 is located, the 5 plunger 16 is placed directly

onto the ppRjuré a0 |@achohefna'tmd3wuntmgrbm of & dfadcepressarPoditof deficy t he
sensor position. The ulnar strap 32 Is made of a nylon material that is

unstret chaQ@%g&%a§%ﬁrﬁ'n%@rth§tﬂr6§$§'egrﬂin’é‘éﬂ’1€}e@§ Sh@\df‘l'@/ Figurend. wrist. Its
quallt?/Sls that it does not 10 nove easily over the skin. The ulnar strap
32 is |ghtened Iast |n a confortable but firmtension. A section of velcro
mat eri al (Deta & n 63 d @ne gat/ofthelgeehtiom adhere t he radi al
strap 30 to the ul nar strap 32. FoIIovm ng fromthe above description of the
preferred enmbodi nent, the 15 steps in adjusting the blood pressure

noni t or i NgABENIRRY W)H"Jedpr*é?aﬁ@d embdditahtof e peskeht Mvedtioh Ntheradirgl artery
20. 2. Place the sensor 10'directly on the position. 3. Press firmy for
sticker pagevetatmajasicompongnts in the design of the device. They are the sensor

20 system to measure the blood pressure, the strap system to secure the
sensor relative to an artery and the watch head for calibration and other

interfacing purposes.

Measuring of Blood Pressure
25 |

The principle behind{the design of the present invention is to mimic the
intra-arterial measurqment of blood pressure. This intra-arterial method of
blood pressure measgrement is at present invasive to the human body.
E
30 Figure 1 is an illustration of an intra-arterial blood pressure monitoring

device 1 of the prior ait. The intra-arterial blood pressure monitoring device



20 4. Place watch head 28 bn dorsumof wist 24. 5. Press firmly induce a
.suction effect. 6. Tlghtengthe vel pro strap 33 (on the ulnar strap 32 and
radial strap 30) to a confdrtably tension. 25 Data collection Flgqy DF@zmﬁ
a sanpl e graph showi ng the voltage outpﬁb produced by the sensor
“according to the described enbodi nent fesponse to a pressure applled to
the sensor 10. As nentioned above, the sensor 30 includes a transducer. 12.

vol tage T nhereralyraEnBie k Fe 8eR| BAGHLATR i B e ER", 6§ ¢ ¢

2002 - 16 Froaippldredy 6rdfe patipnt é@Vrisﬂ?dUA}@ts asparendive® Fighieeathegadph sinilar
to the one |IIustrated in Figure was found that a suitable

t r ansducerait@ryt BeisFasieeryy tr@rr%alebomqsm 5The dntsanaeterial cappuigri$ds sensor
t 10 d h h t
SrSTo 10 e o AGERLARERS, SPBURIES A T DD

second § V‘ém&arfdmadf rl@ctodnectgao btyeattsb@mo tahmuciepno@esscﬁyawcalsgns;@r thiedinterval s
of each ~fetection, i. he nunber of val ues per second, the |nventors
have been G eW%OB’[ﬂC%?Pfoﬁf‘p nBeNSREv ety f'rsd%tﬁcéo Ch@ﬁﬂ?%g‘ﬁ e bleodecond.
These wav~ cQrr €r S o [ ey heart
when t he ré%é??rbe ?ﬁ?%@%%%% 3 é{ S@lﬁe@ﬁ%rﬁ%@mhtﬁ gréﬁ%@ﬁtﬁdoggl Doppl er
machi nes. piiegaure djﬁpias umltﬁnph chart showi ng sensor readings of a wearer's
bl ood 15 pressure taken over 6 seconds. There are a total of 6 systolic and
6 diastolic values pro~tlded. These systolic and diastolic readings are

aver agryl URARE ifihé-PrekiaDBiabl pheddie fliistriflg weuickertiaehiogy pRatdleasi on 20

Figure 13 is a persper~tive view of an auto-calibrator 50 that is connected

to F. the teotaipr agdett & is: lsensed nbeairiorkealely dbe (blaod heatemnt it thell i brati on

Val e or e RHTR 2o ahiSbaat o SRilnRH & e Bl B lifoa The

concept i 8whh>ht|san§@ﬂpfe%%mldvehatwma@|ﬂwf5ﬂ§/ Felap thar pReSUF® chARgetd 3he 24 next
to the watch 26. The wist-band 52 us a cuff systemthat is automated,

sel f-infl amlcrsgpmsa%ras dheselegionissenangeeimppighal ji drenceonveited dpea ence by

t he bl V. (%ﬁﬁ? d%é}

i nst ea %ﬁ?.ﬁéﬁﬁ cryl @E\k&gpgeﬂ gyﬁgn %ﬁéy ﬁ\esc)% 53 éq@% the
data r ead pressbe mhuewbemdheﬂwabbpumpsdaadedlastph@c&msp[esbyre of the

m croproce @or ( not Eown) rand downl oaded to the watch 26 via a 3-pin F;
outlet 54 FQUERI?'JPEte t1~e system 5 The electronically operated cuff-type
non- cont i nuous bl ood- pressiire nonitor set at the whist level is already
available in the market. The inventors have designed a software program and
a ni cropr otbe gwimany disadvariage f thesindiararterial bio%mwsweemnﬁg@ng nto the

et oidE el 1B et e ALY Batloh NebB s thioH Ai@RaREaL B 00, 100
bl ood pr esiptracarterizli oganalad 3. is inserted into his skin 9 and artery 6.
Furthermore, the device 1 is also not portable, such that it is normally only
used in a hospital ergﬁvironment. It is not possible to monitor a person’s
blood pressure contifpuously when he is going about his normal daily
25  activities. Intra-arterita} measurements cannot be taken with any movement
of the wrist. Therefoé’é, the whole wrist must be immobolised, as during an
operation. i

b
EE

In the design of the pi’f&sent invention, the whole system including the strap,
30 the sensor and the wrist head have to be considered together in order to

appreciate the similarflfy in principle to the intra-arterial cannular 2.
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wavefornms of the lash 6 seconds. As nentioned, 10 readings are taken per
.second and 60 readi ngs are;:therefore taken during the 6 second@. A sanpl e
wave-formhis been illustrated in Figure 12. The average of th 41E£[p

readi ngs (systolic) are cal cul ated aftei sanpling to obtain greater f
“accuracy. Sanpling ~t~cludes filtering Lédi ngs that do not correspond to
an expected wave-form ~(~for exanple, nuscle contractions produce a shar per
c and symetrically-fon~ned peak). Correspondingly, the average of the
trough readings (diastolic) are also cal cul ated. The val ues of the average
f 20 systod:bmgnéntﬁ@‘sthgls'gg'gmm@'@_gs respectively are conpared to the
systolic and diastolic readings fromthe auto-calibrator 50, to assign
absol ute values to the sensor readings yr~th reference to a voltage |evel.
It is thengjerd T4 y e i t ware A S the din ationship
of the pr e’glégtée %ggi %s?@ol%eaﬁﬁaﬁgéggmm&cgrafdﬁ% %y t*%es%g%@gé 10 (a
chart i8 | uembadinmentt bfetha ireeenti@d. r €hat sensohi 10 iirclsdesmvar transdigar €211 ) as a

gui de. The a‘_‘i brat or 50 (ft%n t hen be reg.oved and conti nuous b] ood pressure
f: noni torWﬁ'& YRR 2 ‘{’Q,_Qﬁf‘gﬂ‘ét BFIRES IngHa WSP%eo?haﬂg@qu’_ b9 M essure
can be Chei%@%ﬁﬁ'iagrﬁeﬂ.fﬁeﬂuﬁg%r; he ﬁéhbééﬁ%a& té%é%;;mﬁgmawatﬁ@y be 30

di spl ayed on the watci ~-head is Is useful when 't alarmis sounded
f 0 4 0 tEarGREeP 1218 when, for exanple, the blood pressure is outside a
pre-determ ned range, or reaches a preset value. The pulse rate nay al so be
calculated sinply by the tinme interval between 2 5 systolic or diastolic

val uesidi VT @it 01 65 RCO R cially lesigPied hdrhisphéitid comnfstidnt trRade@df heart
rate and therefore allows verification of the regularity of the heart beat
when the daeali 4t gtsoon theaidigpbragim Jérafdbe dransdueer &, peferably goveragi on 10

Figure 14 | | A S ' i | i bration
procedure.éiforﬁ%ét!agwtﬁg%I(’gtssge%z;r@@ygﬁbqgc%}@ 'oﬁ;ﬁg%éjlrau oééﬁael@?gﬁrgargﬁgdj acent
to the watthis to giveeatragstingficzsiet weight.bndhe tdiephragst 14 fo gienaeonstane
calibrator to th tch thrfough the physical .interface, 3. Switch on the
Cal i br at or V3lde; Jﬁ\e\gﬁﬁngﬁd@@%%a‘fl@n%én the wristng pardia(ly ocelHgeg e obt ai ni ng
the syad ol jGy La G i ! i IS RI on the
wat ch ad o Ay e g ORel aendhles f GRAH ARSI B M pUsKEtn 20 4.
Renove t heofdiveaadil iateay a0 tatbenpickéed hipagviennthiosghb ding Mestager’ Thbhdanhapn and

st orag-~. of daEa 25 The .pmi.n objective o~ ahe collection and storage of data
is to be atB(l’@ YA'AERPOHOS end and deterr~rne the danger - poi nt of the

change in bl ood pressure duri ng a pre-determni ~d period of tine. Data can
be printed_or otherw se downl oaded to a stage device for such g)eri od. Since

bl ood prestbere ipenltdyanef aele1& betwepn the dipehagm A4 mandothe ploBaee1@ite h respect

t0 a 139", fjter out interference. and sharp changes due to unnatural movement. It
also dampens the noise ratio. The plunger depth is specially designed such
that in most normal éwrists 24, it could occlude not more than half the
diameter of the radiai;artery 20 when the strap is comfortably worn. This
will enable full and fali;ti'lful transmission of the arterial pulsation to be picked
25 up, including the expfafnsion of the arterial walls, the turbulence of the flow
and the vibration tranéhwitted along the artery wall from the heart.

Figure 3 is a side vie\é@ of the sensor 10 of Figure 2 used on the wrist 24 of a
wearer and placed adjacent to and partially occluding the radial artery 20 of
30 the wearer. Figure 4 is an illustration of the sensor 10 placed next to the

radial artery wherein the user’s hand is flexed.
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30 such trends in change of bl ood pressure over a period of time can be 0
.4 OEC 2002 -19 nonitored. Figure 15 is a flowchart summari zing the &4999ﬂm2
i nvolved in taking bl ood pressure teadi ngs. Communi cation tool 5 The watch
can further be connected to a personal_ f@ﬂputer to downl oad data or to a
“printer to print data. Figure 16 is a flOowchart summarizing the steps
involved in the data transfer and communi cati ons aspect of the invention.

Al t hough the watch nay be connected directly to a personal 10 conputer by a
direct cabl e connection such as RS 323, Universal Serial Bus or other

si milar i nTke filsération smvca)maértbee&e@dot Aatistpreferablyhplaced @discenbtidect ed to

bl uet oot h devi ce fo C tio ttin alarm15 1t is

bel + eved + B radia ek 20S: FEf sraBloae2t atfhe itk 2 Bobaka hpbet e o
suddenl y i psgRR2eHsHY, |deé§t§%ﬁetﬁe%aratl beakl 22 UBrs%IlPat'FHé”Fadlér Iliond s2true in
sone stroke patients and very evident in pre-eclanpsia patients. The ai m of

t he cort i naltayes fasdull benamission pf el gulsatian tocke éelt asi insigid and wadrol of 20

s an 51 ar g evERF B dlaniet R SRR Ronbes 5L VAR BERRRL Ly arm

can be presgiterit 10 he Idoketidntogethienaiithi theawhichssirapsiad Watth Headahgr ms can
be set for the blood pressure or pulse rates. Figure 17 is a flowchart

summar i zi n@Ne HaMavVapie ﬁﬁddmﬁér@tcih@bé%tuﬂltngﬂ?%@“ﬁ]%ﬂﬂﬁ i thus beladngo warn of
25 potenti -0 b I I S ~natic
bl ock di aggh{#g?qggﬁl H\?Ia é@@%&%ﬁ&%ﬁr% EH& ﬁ%v‘ﬂ':‘gtbr ngrﬁﬁnéed @.SCZ%'dI ng to

t he pref erpledgemﬂ@dlamielnthe)fdnap‘ma@meslénare mkr@rtbmlpnmoBingoclnm estsgaehr eadi ngs
60 are take sensor 10 and are 30 ;@Ed to a val u&t hat can be
Coad by a RIERIRIbNE AT RIPESBR CESUHOBAPICHE Sis b PeWaVSIornpas

m Cr ocont [ ghdiPhbal R REAGRESHe (it WrleRP! Nd\RitridRas, 1 éd\%ﬁﬁagg% -20 with
the device nay be the Mbtorola 68 series of m croprocessor ronally, a

t enper at uré\agth&rens as nieedrfdr the syistemito bedovasiveg and iids porﬂahl&ed into the
device to read the body tenperature, and send the readings to the

m crocontrol l er/ mcroprocessor 64. The readings are preferably stored into
5 a sty agehé RWIeH fedEonsamphd\RyinaUahatidRility 6MtAe.sehber &)stémeontrol [ er/

m croprocessor 64 may al so be coupled to various alarns 68, such as bl ood
pressure, body tenperature and heart-beat alarns to warn the user if a
pre-det ernyned e h e re y suppl y.
The readi nmlgs) Vﬁ@i% rCh? ég% ﬁr%ssa-l -tblg'%é%f ds?P)r gtoﬁeng?@ ‘Q@Pée 10
conponent 66, cdisplaeethamiobdidedidphragra gumissirthe meﬂslueexarmﬂonrfonhher

communi cati on deyi ce. e s .
a\{lnear relationship. The range of voltage change in the sensor for

20 such an equation is between 0.5V to 4V, after amplification of the
signal.
2. The hemisphatical plunger 16 allows for faithful transmission in

various wrist pgsitions.
25
3. The system doés not require any fixation of strap pressure. Its main
aim is to pickifup the waveform of the pressure in the artery for
calibration and«fcalculation of blood pressure values in the software
program. r
30
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Figure 19 is a schematic circuit diagramof a blood pressure nonitor device

.desi gned according to the preferred enbodi nent shown in Figure 18. hig DEE
denonstrates the circuit connection of the primary conponents of t 100

device, including the pressure sensor ipput 74, body tenperature input 76,
“mcroprocessor 78, liquid-crystal display nodule 80 for display on the

devi ce, the EEPROM storage 82, blood pressure alarm 84, transceiver 86 and

power supp#He Ie a partlcular enbodi ment of the invention has been

shown and be obvious to those skilled in the art that

changes and nDdlflcatlons of the present invention nay be made w t hout

departing fromthe invention in its broader aspects. such, the scope of

the invent TEH®D EhduParshective Viewiafea Rorakbie dioed tﬂ"@%ﬁlﬁﬁ BhsarAg@nt and
specific ¢ F&bj;' V.

appended cﬁg\?%Hg{ngo ‘gre%?@g nggﬁfgorfﬁé? c%@ﬁgld ﬁagﬁ} ;F/'éjﬁ’%gag%r}n& arllg$he
appended cd;rmwmthaspdmtlcom-étheaddnssuahddhmnwedah@pnnd:rdss:sectms as fall
within the spirit and scope of the invention. r, 04 CEC 2002 21 What is
clainmed is: 1. A device for continuosly nonitoring a user's arterial blood
pressure, TREWHEh DO cofitiups dTRARD RERDtRE JafdBLitdhS pouslaydgiRet sai d
bl ood pressure and to generate signals representative th ereo y cont act
with an exsettings opuwa figuid-asystahdisplayr ' Ehaéredare & watdhostrapsy icoasgnisotint an

artery; a strap,for rro SOITe ot h art of the user's

oy i o sEIeTEr IS hsie R shapad AR 456 (ISR 5L BSidatbely  Fnete user s
body, f3 |§ét$§or340p|@r;§rbﬁé?a@|fy |bBtedtdritheheidid Strip Bmlngetﬁééﬁdﬁ@ v@eﬁ@ﬁ' gured in
cross section to curve inwardly towards the user's bod m cr opr ocessor

nmeans for Neadefand the sanser, sthgrfad@l gléar Bthas @)genﬁ@"ye‘las@ﬂrfﬁﬁa% to

et e e, Afbte, AUl o 1Bl QACoPABIRUNG AP LR sy RIS | ! udes
a projecting port| on tec and transm ng’' changes 1'n ood
pressure, hasia\geaemllyddneewsoﬁ@mii@g portion is adapt ed to effect at |east
partial occlusion of the artery at the location. 2. The device is clained
in claiml wherein said strap is adapted to non penetrati ngly press the

pr oj io i i af

Bont act t noaly B2 ISR 14 haRE R which tig Blodt BRCKIPMRBAT: Ce s

cl ai med i ndeviegé im Wowhestwiwing Ieat s of thmdsallsmmﬂ:[b$ wmednﬂ‘dgwer? and
wherein the pr.gjectijn rtion ~of the sensot n adapted to transm t
det ect ed cﬁzfﬁ\j'@ C?Cfrjfhﬁﬁagg epffé%@ﬁ?b{alopg'ngﬁéomrdéfﬁgﬁ‘?fﬁé‘r‘)fhgur devi ce as
claimed In claim3 wherein the projecting portion of the sensor neans is a

done- shaped pl unger connected to the transducer. 5. The device as cl ai ned
in clai m 4CPReidatatieg has todesmagrdosiianien pad extension of thenmisi24. ngherov ement

of thezdge”ra% %g@hérﬁ'tﬁét‘ é@eété’ttfé‘ﬁréé%ﬁ@ Ep@g@tf in_the sf a:ggﬁs@%d/%? 6. The

devi ce as InclairmJ3 inc Ing a one s sing pad for
i nhibiti ngsmsoenﬂmbumng tiea adesois flexions ieetre forwatdbbemding dithe wristly. 7. The

device as clainmed in m 2 V\,he t he sensor ans cludes a. transducer
and wher ei 241 Hes H'G"%ﬁlf ﬂ’H tQ@t &ﬁéﬁ'gfgﬁggrs Fﬁ%?r%gtﬂ@ RIRA e ¢ o
transmt dﬁ%teéérﬁ‘ eﬁé&i@%ﬁ 'Tﬁe%] geHHEtﬁéLHréséLﬁetcﬁethé d8g 8p- wﬁ n The

device as clained in claim?7 in the projection portion of e sensor
neans i s athgosteap ickpenferenneds fl&i@dlrﬁ?@tb@l greatt hd hermavemest may, evm devi ce

e o1 Aheacisingadt MEsder BT od KBS otert 2 RIAIEM &P TR i 1t g

an additional feature has been designed in the strap of both the ulnar strap

32 and radial strap 50 This is to make them slightly concave at both
straps, approximatelyf i3cm from the watch head. (see Figures 5, 6 and 7)
With this feature, the ‘change in position due to the flexion or extension of
30 the wrist 24 is well compensated for enabling the positions of the watch 26

or sensor 10 to be still kept relatively constant.
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movenent of the sensor neans relative to the user's body. 11. The device as
.claimed in claim4 wherein the plunger is hem spherical. 12. The d %%ﬁ 3@
claimed In claim1 including at |east one stab|I|S|ng pad for inhibi 6 U

novenent of the sensor neant relative ti the user's body. 13. The device as
“clainmed in claim 12 wherein one said st 6I|ISIng pad is positioned adjacent
t he sensor means and i ncl udes adhesive properties for adherence to the
user's body. 14. The device as claimed ~n claim 1 wherein the sensor neans
is mounted on the strap. 15. The device as claimed ~n claim 14 further

i ncl udi ng Fheasrargef pr vblmage S pleRed Wy by thee pxo-neetencdndid ofithgorating a
di spl ay panel for dlsplaylng to the user the nonitored val ues of the user's

bl ood pres8@nsor hisrteansrpied intor ther welshpadwivia 4ca@blase38 caperaladans are
in electrigafydyn i te 0 be
secured tOB?Jh usgegéje‘?ﬁeofz't?r?%"\%ga‘? Qré&‘ﬁ@gﬁbggaggﬁ%ﬂ ?{j‘ﬁgom e sensor
means. 5 Onvateridt CThesezcitied Gre Taid digingcthednjectian meouldmgnbiethel radiadi d devi ce
is adapted to 3 worn at the patient's wist with the sensor neans
positior~, @RdPacent he radi al artery. 17. The device as clained in claim
16 wherein the casing and display panel also function as a wist-watch. 18.
The device as clainmed in claim1 further including a casing for housing the
m cr opr ocedsordardarnkeepntie sermqmyatamguxaddnmsagonpavm thieoraditl sasteayi ng t o

t he user t nltored val ues t he user, s bl pod .ein the

i or opr oce eI Ak aound WHEE Bies ivepltiicndve YL ArEdint HBRHER on. and
whereifothgygiagi.ng is also adapted to be secured to the user by the strap
at a position spaced apart, fromthe sensor neans. 19. The devi ce as
claimed in claim18 wherein said device is adapted to be worn at the
patient's al

rtery. 207 ok i ot ReSERRAE SARRARIRERY iR (REATIRG visth hAET

di spl ay palelhaalasmmedtsu'rfame andaprefarably wahcave §d1héThtesukasrmugiy aa théai mad in
claim8 i nﬁl udi n\g east-_one stabilisi pad
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adapted to conti nuous t'ect 'sai pressure a erate signals
repr esent atha/@ndefeméacEe A0 of dme watchwhead 28, ébetraldrailstraorSQaaed tifie uln@ruser' s

body at aI 0 d] ace rtery: attachnment..neans, for  se hol di ng
t he sgnsor rt‘?? %8&5‘?‘5@?% {t&chYWrta" eBQ%‘ 'OE ogi%%ta?ﬁ gal
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sone ot her Eart o] he user's body, said strap adapted to securely hold the
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m cr opr oce#wowristEzhmuchrlikerthal gfreetubber sactibrscgmal s generated by the sensor
means to determ ne actual arterial blood pressure; wherein the sensor neans
i ncludes a projecting portion for detecting and transmtting changes in

bl ood presS\éb@ndl?nﬁeV‘éI%p%&fﬂd@%ﬁfcﬂl&ﬁsidﬂ%fréofafd'lé?%tﬂa? 90 @Pkiesh Uapf fect at
| east parti al occl usion of 't he artery at the said tion. 23. The device

as cl ai nedstrap 2aieack zontrijutiogray paint iof @schon&iguret? lis sitap view dfdhe

The. det caridicthafof EwaRAT 28 TRE BebRY ¢lphBioietiAEiahodts’; "
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LA CA[f9. A [10/ga side view of the watch 26 ilustrated in Figure 9 looking from position

B in Figure 9.

30 The radial strap 30 houses the sensor 10 that includes the transducer 12,
diaphragm 14, gel 18 and hemispherical plunger 16. The hemispherical
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6. Tighten the veléro strap 33 (on the ulnar strap 32 and radial strap 30)

to a comfortable tension.

25 Data collection

Figure 11 is a sampig graph showing the voltage output produced by the
sensor 10 accordiné to the described embodiment in response to a
pressure applied to the sensor 10. As mentioned above, the sensor
30 includes a transducer. 12. The transducer is preferably one which provides
a change in voltage that is directly proportional to the amount of pressure
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5 With the sensor systém 10 used, and a microprocessor employed in the

watch head 28 to ca[;qulate the readings produced by the sensor 10, up to

19 values per seconcj iwere obtained during tests on the device. By varying

the intervals of each detection, i.e. the number of values per second, the

inventors have been:-able to obtain optimal waveforms at 10 readings per

10 second. These waveforms correspond to the systolic/diastolic cycle of the

heart when the readiﬁ'gs were compared simultaneously with conventional
Doppler machines. .

Figure 12 is a sample chart showing sensor readings of a wearer's blood

15 pressure taken over 6 seconds. There are a total of 6 systolic and 6
diastolic values progwlded. These systolic and diastolic readings are
averaged under the cfa'libration procedure described below.

Calibration
20
Figure 13 is a perspagtive view of an auto-calibrator 50 that is connected to

the blood pressure mid;nitoring device (watch 26) for calibration purposes.
.

The auto-calibrator 50 has been designed to give an absolute value of the
25 Dblood pressure usind a conventional occlusive method. The concept is that

a separate wrist-ban;d 52 is strapped to the wrist 24 next to the watch 26.

The wrist-band 52 uﬁés a cuff system that is automated, self-inflating and

measures the absoll#e blood pressure for reference by the blood pressure

monitoring device (watch 26).

30
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band may be immediately processed by its
microprocessor (not shown and downloaded to the watch 26 via a 3-pin
outlet 54 to calibrate the system.

The electronically aperated cuff-type non-continuous blood-pressure
monitor set at the viv:rist level is already available in the market. The
inventors have desigfhed a software program and a microprocessor to
download the systoli¢:and diastolic readings into the watch-head 28 itself.
Simultaneous with the calibrator 50 taking the systolic and diastolic reading,
the sensor 10 of tha watch 26 takes the blood pressure readings and

waveforms of the Iasl; 6 seconds. As mentioned, 10 readings are taken per
second and 60 readlings are therefore taken during the 6 seconds. A
sample wave-form has been illustrated in Figure 12. The average of the
peak readings (systolic) are calculated after sampling to obtain greater
accuracy. Sampling imcludes filtering readings that do not correspond to an
expected wave-form %('rfor example, muscle contractions produce a sharper
and symmetrically-fofmed peak). Correspondingly, the average of the
trough readings (diastolic) are also calculated. The values of the average
systolic and diastolic rr‘eadings respectively are compared to the systolic and
diastolic readings froh the auto-calibrator 50, to assign absolute values to
the sensor readings W’lth reference to a voltage level. It is then verified by
the software progranE\% using the linear relationship of the pressure against
voltage change charagterized by the sensor 10 (a chart illustrating the linear
relationship is shownfE.n Figure 11) as a guide.

.

The calibrator 50 caEh then be removed and continuous blood pressure
monitoring commenciés. At any one time, the value of the blood pressure
can be checked or f\'lerified by the calibrator 50 (which reading may be
displayed on the watch-head 28). This is useful when the alarm is sounded
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or reaches a preset value.

The pulse rate may also be calculated simply by the time interval between 2
5 systolic or diastolic values divided by 60 seconds. Therefore, this gives a
beat-to-beat heart rate and therefore allows verification of the regularity of

the heart beat when the data is provided over a period of time.

Steps in calibration
10

Figure 14 is a flow-clf\art summarizing the steps involved in the calibration

procedure. In brief, thase are to:

1. Put on the auto-calibrator adjacent to the watch in a neutral position
15 of the wrist.
Connect the calibrator to the watch through the physical interface.
Switch on the Eéalibrator to inflate and deflate the cuff automatically,
thereby obtaining the systolic and diastolic readings. These readings
are displayed qn the watch-head and absolute values are assigned
20 to the sensor readings.
4, Remove the auto-calibrator when calibration is compiete.

Collection and storagg.of data

25 The main objective o# the collection and storage of data is to be able to see
the trend and determine the danger-point of the change in blood pressure
during a pre-determingd period of time. Data can be printed or otherwise
downloaded to a stq?age device for such period. Since blood pressure
readings are stored in the watch memory module with respect to a time,

30 such trends in change of blood pressure over a period of time can be
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data or to a printer to print data. Figure 16 is a flow-chart summarizing the
steps involved in the data transfer and communications aspect of the
invention. Although the watch may be connected directly to a personal
10 computer by a direct cable connection such as RS 323, Universal Serial
Bus or other similar interface, it is contemplated that the watch could be
connected to bluetooth device for wireless connection.

Setting of alarm
15

It is believed that many catastrophic events occur when the blood pressure
suddenly increases or decreases drastically in a patient. This is true in
some stroke patients and very evident in pre-eclampsia patients. The aim
of the continuous monitoring is firstly to discover and help the control of
20 blood pressure. Secondly, in some cases, a tragedy may be avoided if
there is an alarm system to detect these sudden and drastic changes. The
alarm can be preset ia\t the factory or individually set, and multiple alarms
can be set for the blood pressure or pulse rates. Figure 17 is a flow-chart
summarizing the steps involved in setting the alarm in the watch to warn of
25 potentially dangerous blood pressure levels.

Figure 18 is a schematic block diagram of a blood pressure monitoring
device designed acdording to the preferred embodiment of the present
invention. Blood pressure readings 60 are taken by the sensor 10 and are
30 amplified to a value that can be read by a microcontroller/ microprocessor
64. An example of the microcontroller/ microprocessor 64 suitable for use
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Figure 19 is a schematic circuit diagram of a blood pressure monitor device
designed according to the preferred embodiment shown in Figure 18. It

15 demonstrates the circuit connection of the primary components of the
device, including the pressure sensor input 74, body temperature input 76,
microprocessor 78, liquid-crystal display module 80 for display on the
device, the EEPROM storage 82, blood pressure alarm 84, transceiver 86
and power supply 88.

20
While a particular embodiment of the invention has been shown and
described, it will be obvious to those skilled in the art that changes and
modifications of the present invention may be made without departing from
the invention in its broader aspects. As such, the scope of the invention

25 should not be limited by the particular embodiment and specific construction
described herein but should be defined by the appended claims and
equivalents thereof. Accordingly, the aim in the appended claims is to
cover all such changes and modifications as fall within the spirit and scope

of the invention.
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means in operable contact with the user's body, at least a portion of the strap having an inner
surface configured in cross seétion to curve inwardly towards the user's body; and
microprocessor means for interpreting said signals generated by the sensor means to determine
actual arterial blood pressure;

wherein the sensor means includes a projecting portion for detecting and transmitting changes in
blood pressure, and wherein the projecting portion is adapted to effect at least partial occlusion

of the artery at the location.

2. The device is claimed in claim 1 wherein said strap is adapted to non penetratingly press
the projection portion into the surface of the user's body for operable contact therewith at said

location adjacent the artery.

3. The device as claimed in claim 1 wherein the sensor means includes a transducer and
wherein the projecting portion of the sensor means is adapted to transmit detected changes in

blood pressure to the transducer.

4, The device as claimed in claim 3 wherein the projecting portion of the sensor means is a

dome-shaped plunger connected to the transducer.

5. The device as claimed in claim 4 including at least one stabilising pad for inhibiting

movement of the sensor meang relative to the user's body.
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blood pressure to the transducer.

8. The device as claimed in claim 7 wherein the projection portion of the sensor means is a

dome-shaped plunger connected to the transducer.
9. The device as claimed in claim 8 wherein the plunger is hemispherical.

10.  The device as claimed in claim 2 including at least one stabilising pad for inhibiting

movement of the sensor means relative to the user's body.
11.  The device as claimed in claim 4 wherein the plunger is hemispherical.

12.  The device as claimed‘in claim 1 including at least one stabilising pad for inhibiting

movement of the sensor means relative to the user's body.

13.  The device as claimed in claim 12 wherein one said stabilising pad is positioned adjacent

the sensor means and includes adhesive properties for adherence to the user's body.
14.  The device as claimed in claim 1 wherein the sensor means is mounted on the strap.

15.  The device as claimed in claim 14 further including a casing for housing the
microprocessor means and inéorporating a display panel for displaying to the user the monitored
values of the user's blood pressure, wherein the microprocessor means and the sensor means are
in electrical connection, and wherein the casing is also adapted to be secured to the use by the

strap at a position spaced apart from the sensor means.
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17. The device as claimed-in claim 16 wherein the casing and display panel also function as a

wrist-watch.

18.  The device as claimed in claim 1 further including a casing for housing the
microprocessor means and incorporating a display panel for displaying to the user the monitored
values of the user's blood pressure, wherein the microprocessor means and the sensor means are
in electrical connection, and wherein the casing is also adapted to be secured to the user by the

strap at a position spaced apart from the sensor means.

19.  The device as claimed in claim 18 wherein said device is adapted to be worn at the

atient's wrist with the sensor means positioned adjacent the radial artery.
p P y

20.  The device as claimed in claim 19 wherein the casing and display panel also function as a

wrist-watch.

21.  The device as claimed in claim 8 including at least one stabilising pad for inhibiting

movement of the sensor means relative to the user's body.

22. A device for continuously monitoring a user's arterial blood pressure, including:

sensor means adapted to continuously detect said blood pressure and to generate signals
representative thereof by contact with an external surface of the user's body at a location adjacent
an artery;

attachment means for securely:"holding the sensor means in operable contact with the user's body
at the said location, said attaci‘l'ment means including a strap for surrounding a limb or some
other part of the user's body, said strap adapted to securely hold the sensor means in operable
contact with the patient, at least a portion of the strap having a concavely curved cross section,

the strap cross section configuted to curve inwardly towards the user's body; and
p g y
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23.  The device as claimed in claim 22 including at least one stabilising pad for inhibiting

movement of the sensor means relative to the user's body.

24.  The device as claimed.in claim 23 wherein one said stabilising pad is positioned adjacent

the sensor means and includes adhesive properties for adherence to the user's body.



