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WD 2004/ 004558 PCT/ SG2003/ 000159 METHOD AND DEVI CE

FOR MONI TORI NG BLOOD PRESSURE FI ELD OF THE | NVENTI ON
wdbe4poessent i nvention relates to a nethod andpdesGem®3/000159

for nonitoring blood pressure. In 5 particular, such

met hoGBTH OIS \AS DIEVIOR FON mmbgﬁmtﬁzﬁ AP EEESSURE

and the device is preferably porta
PRI O? ART Hypertension is a silent killer. According
he National Health Survey, 1998, about 10 27.3%

FII&#DQFeTanH&}SEF\JIQ%uI atl on bet ween t he ages of 30 69

s are h ensi.ve. trans|ate
gt]’(?o?)‘eﬁ%i‘f {ﬁ @esoéf’s%&?’eg}f’dt *Hg Af‘“fc ﬂlﬁOBHOIb’%%B’P&d pressure. In
pan!cﬁlatrh's§c]ﬁ9?eﬂgfdoh'rﬁ)d d@tnce V@Q%qg%fvehﬁl fheh iGall YodPEHR the device is
previously di agnosed. The prevalence of ypertension

prefamatllyi patableel at ed corrpl ications are on the rise, with:
1. one new hospital adm ssion for stroke every hour;
15 2. 25% of stroke patients are < 45 years old; 3.

hours as recorded by the
BA%&@W)CM Jﬁy“?ﬂ}l?‘ﬁ. on Register; 4. nore and
yowy@eﬂemsadn RN Silene qslidr] NAcdofdiAg (iRl Mstichal Heaih fSaple$, 1998, about

re not unique to Singapore. Many devel oped countries
27. 3Ff¢a\9§ tho Rpteen@eepopblatiop (befrentihg fages, of BAHGD syearssarel ypertensive.  This

trans%tpse{o X\?oug%()o B?(? fg;%ee CIS]IS](\)IES ngssﬁé ga 6{))2? g rgr 2091 e?pa(])ee in thisgge group, of

I'dem ¢ propo

whoineﬁﬁiut GBK HaeE ROMbeeATéEVIBudhY ]gﬁ\bs%@ The Pr&/af¥RE Yof M9pertension and its
The nupbers are rising year after year. Moreover,

relatgrbeArRpkGagiansare gRdhe HseShbgapor e accounts for more than
12 0 Q I gSthce her wi th heart
nte%elv 1%%%& nWéss]fo&"l ’n%’rogeteh%?ﬁ '3%6 of al |l deaths

SImCeZSWSﬁstrdkepatléiﬁs o3 iafs e-third of all
nortalities in Singapore. Further, every year- there

are aWsukeap7attrsh evsr3d, bows mserserded by theadiwtg Myocardial Infarction
succ E .. deliveries. O these, thousands of
pregnant wbmen suffer froma condition called

pr4:- endragpé yéunger patlenisSe lﬁ?ﬂﬂnbl'&ﬂyé&@er eby the nother
sufersfroma rise in bloo ressure during
olaely are mofauiqusde Sinespete: eM@aIﬂ devedaped ®0dmmge havescomparable, if
not h*s%g S I B AEn Bt hER SERmicBisiTR piderne proportions

| ThrSingHperd d1ene] @akdisalt 1&5@&8&3}/30117581%11@0&&&;%&&{ sB0KE every hour. The
nortality of pre-eclanpsia is directly related to th

numbegs, e TEHIE Xeahefte yeor. Moisorerpdestsfiom stbke hESmgapmeratcoums for more
than 12% of all deaths since 1996.

Together with heart ailment, it accounts for more than 32% of all deaths since 1996, ie.
more than one-third of all mortalities in Singapore.

Further, every year there are about 27,000 to 30,000 pregnancies leading to successful
deliveries. Of these, thousands of pregnant women suffer from a condition called pre-eclampsia.
This is a condition whereby the mother suffers from a rise in blood pressure during pregnancy.
The blood pressure can rise to dangerous levels without warning and it can lead to 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 10 the level and control of blood pressure of the

patient.
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WD 2004/ 004558 PCT/ S&003/ 000159 The central event
linking the 3 major ailnents is blood pressure. In
wé aet/004588 many i nstances of strokes and heartpar/sanios/poo1s9
the usual and final pathway is a sudden and danger ous
i g9e deRuhll enght PMRIBUNR PEhAHE aliALASTE ANER ?Fe@ilﬁ‘@.sln fact, in many
Therefore, the detection and prevention of further
mstampm sorokésadridshean atthuds ftheabuapatdfisal paibhdsg is Hsidden laeg dangerous rise
o.the prevention and reduction of strokes, heart
‘nb@P@88ﬁ§ﬂﬁhﬁmgﬂﬁﬁﬁﬁglﬁsuﬁﬁﬁrentIy, pati ents who suffer
ou%te?oée qu g(ﬁe tilolﬁ @xg Seesve{) ion (gioignh%; gs(ej% §q fanse}hn A2 final pathway holds

the k'é?]t@ EHetﬁfe\Qﬁmeli"ﬁﬁﬁ e@ﬁ&:oﬁ ¥ PRdHeS Metirt aW'&Q aﬁ’@@cléﬁhﬁéxh s a
doctor, be it nonthly or fortnightly, the blood

pr €vs ant@ petatitnghd suffep frannibd abg'vmﬁncsgesaaxbhmodmpd eghéura@ outpatients

o g BUAGIREIER 2 Th 052 SEusvE et e
monﬁﬁ )1 of Yoxﬁﬂghﬂ 1d 91%% g?&kﬁ@%@éjd ih®id blg?ikx%:é’ m?'dsﬁl:go% IBE)od ressure cuff

ood to r’come t resi stanc
sphyghlomahblmbmf deg vksSodchusbrespttholds, achipis phagded Ehtbyhd &t to occlude the
doctor listening to it. The bl ood ressure i s then
artery %grlaé@wlyﬁgegﬁgﬁ o finaily @rllpwgthgeb}p@E@ preicomg dhe resistance and flow

111100%?19]; tg«pvlfﬁf ﬁ[}]e{&aflf Jhi éﬁgé Igel cﬁ rlacH]cy up by % ugo%t qfslte%?ﬂg 1 it. The blood

ence are

pressprecisabentigcérded ahe QelS-mMBREBALS dewSéatQhatQﬁie ¥padaBle on the market generally
m crophone. In other words, the nunber of readings is

all U%C&C&lqsye asteadiache diference beme Abmbehuleice afemiekedim by wsious methods,
s 30 0RE 4 By B0 B U MU 05 BB gopenten o e

nummebfc]mt itlied GleSartel W;stﬂkﬁlgs&ﬁﬁﬂe@fwﬁ@l\!dl nglsbﬁaaiual 6r pRakt electronically.
readi ngs. To nmake nmatters worse, whenever the doctor

The memigqring l%ﬂh@&f@fﬁmomomlgw mBh%)%ﬁ!PS%)ﬁ@%U@é)e?htO bragreadings. .
ClTJ]}n%kt; sg%ﬁ ggl'seyw%lﬁgg'r tg @gc‘cf e'ichss n({rma{ 3rn§s?f)d"t)l)e100d pressure in

pati ent t essure rom

his cl'irquréusuéa[yxﬁakebB&sh:lnmngr essure until the next test
wll be " therefore, he will not have a stroke,

héar fheaHaP%zBl% blﬂod @&W@P&oahihaéaﬁt test must bgseoast’; a :

pr I f s S .
D7 B ARE LTI R R QUL ph P BRSSHIRL ot have
r evestred, hdaaswadk &l atlHoR 851 1Be 68 D h PFEL smpAK 8dmiah.

t he doctor s office or by the patients thenselves are

nd{nfpdenaiadyy these ?%Bmé@,@ﬁt e Kaé ftﬁm ahqaémtho As $he 4bensuimgidents have

reveaﬁgvan ‘%2’2‘%3 r;sessgl% fIIx r menC aia]c(ﬁn PV\@]G ?cfcgodl B’%’{Cﬁv%{ Ly the patients

themsefves uttdein nedvanagBsy epftsahzﬁﬁ@ oFaGefdah 8/ USRS bleYd PRisBde. Therefore, it
able to nonitor a person's bl ood pressure continuously

wouldy kg agaardagesvs & be@lledtor erschather Minel pathavap] giitsutidenechamges in blood
cat a [

T
soundShé‘Eﬁﬁn abak ekt (NERES, e\5en4§§at§§§7ﬁhgh at patent purports

di scl ose a non-invasive and non-intrusive 30
p@IBaIbbtéodieﬁ|comufu@uslpmnmtxmrmggblaodj peissise as kegdealed ihoodited States

Vv t hat device has the di sadvant age
Paten{) f}lg:enshe{ %F@éalg 'tht, Batent pRFROAE| 1oofisteseea @pégg\gﬁsgeb:gpd non-intrusive
ponaglé e s th&em%}lﬁoqgl £TR4R aﬂenan]ood pressure. However, that device has the
disadvantage that it needs to fix a nominal or base pressure by fixing the strap tension. The

calibration is also user-specific. It assumes that base pressure can be maintained constant for the
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calibration is also user-specific. It assunes that
base pressure can be nmintained constant for the 2 WD
wQo@4/0064658 PCT/ SG2003/ 000159 cal i brati on t or@Ds&2005/000159
is not practically possible to fix the base pressure
calilghti@n MWK IVE het pradtidahe po s ORAs: theDakd %Qme’%f aR&king wrist by the
it only keeps the strap CI rcunf erence const ant
methaodstdesehted. Beapishgt oblyekeppedis strap coashizrnce B(ynsianxnmsgead of keeping
t he C|rcunferea§e of the strap, pressure changes are

the RIGIMIGFASIBT BY e Hisvaicemicraiice of Higrgas, mAsspissihengss atsyeven greater
with rﬂgv{]ﬁ Of-and IZHg‘nsgeg hx? Pg\g’mc?ri oft%@ Ihtalé(g nlihﬁlg,n ?&ggsﬂ Sggnon canngt change. In

Icu
pracGed) st i @@]t B Jede @Y preLARORNEIBNIYE 2 STigIRTBESIL IR vifpressure and sensor
sensor position affects readi ngs to an appreci ab ?
positaut lefCC’lSFmaﬁh?@Sm@r en epeedatle baxmm ofuitharajovesthe calibration involves
nd i n%er pol at readi ngs.

extrSpRLAER G, LS FY R miSTe Reng R bR A mushpein unifor,
sincOse Hﬁstotsﬁo@t%qmegrJélﬁﬁ)ﬂghlg%ﬁéh' ?Hbtpexm f&ep@é’ndq s are otherwise.

exist if user conditions are ot n accor dance

In aoabtdantdreitd abe désbsbtled fummulaafof calcladnpblabd p@sfh€QBe pressure sensed by
pressure, the pressure sensed by 10 the piezoelectric

the PquPﬁllefﬁ“gr@w@@ﬁdw tedseenfient orgthe aree oézrceata@f dig@necafrem the artery and

| c e,.ar our.ce he s

sourdy B AR Behd o T B R R AR iy Sp R e describes
dewwmth t he described device. To prOV|de contan|ty in
itoring, the blood pressure nust be nmeasured on a

be Q -RT8YIHE a§ONHRYIYS  Ina@onionings rthe dleet ipsgsswreninustr beigneasured on a

beat- éb5be-|éh%a§1§ég?\ll{nhﬁﬁgl Etgn%llm&g O?H%Of a wat ch Shggl ?mbg will

I nt egr at I'60d ssure dat a,
pr'ﬂ!ﬂ theckeeag fuagtioh of Ateldy Bbald RNinflardieewith @IbIBSd pressure data,
§ern of bl ood pressure seen or recorded over a
as thla il pgoyde @lwnmgﬁlg igsEiaben eigthefreddion petveen of blved pesssure seen or

reco:@&f:@@ a éJEBGH toglﬂhlle'[ ﬁ*h?gewililllagﬁ%g tt?e 8?%/1'61%6 g{aygﬁfcgneoynponant in an
unfort\met@@nstocrfth& deatlpofsa wearer.of the sensor and the 20
athn of the sensor nust be considered. In order to
a Aeiate) i tig) qodlesicmeh datadim Bigesepsasese positiarhef Heasensor and the

fixatidd 8f ﬁﬁ%ﬁ%oé HRAIEPBE tcg}?ﬂéergﬁ ﬁé topa%r ?obl:rfc]uez‘?%r eCﬁ%%gfn? fiqna every beat of

reliab ta wth t I'n di
the helart t]h:eeepmr oommmmexﬁthﬁusﬂ Bt able 261 re2BVY rélRbIlAtARA Y the wrist in different
ted. when_ the hand is held fixed at a certain

POS“*%%#*B C‘&PHOP a8, hgjdate qaB onpy b,wbﬁ:éy cqimrq@rwhnn the hantbiy held fixed ata
certaih pBsitiBn OVE rvﬁﬁﬂpes{l NGoh® Mor %rtuls%}'a )}o o(\fJ & ch'ie Jhe movement of the

I ncreasing the strap pressure
strap lmjnin)m danipp Aot suaplpresouie. UnegIs] thallk Bodshly hﬁpl%@txca] but undesirable as the
onpression of veins will cause significant congestion
Compfeﬁﬁl?lh@ YR “Wilseause isignificapcqngestios lﬂlet}ae Ieind udistgl, toTHiis just a few

th di
mlnutgsaml? Iec%g t]«%ag r%é] H@ﬁggﬁ%@}%? ngIhEéxps czg?:% I C@éﬂnﬁal Tunnel
Wﬂﬂié 1daarCNERE €8 ﬂ%dC&ﬁMSTﬁ}ﬂeln\%@H %iscoﬂf r%éggd cé‘dsﬂ%g{uln Yhess of the

a fewmnutes. As a result, the hand I ngers

Oingergnel few wawgdsngs fawesiig nh&:bmgestf irg@ers wfﬂhs\SeID Qhu $urther congestion.
gnal,, but is harnful to the

he, si
This %gﬁlrgeaf&eaf‘fé‘cgr ge sxtgH%] bWHs hasnfal fosthe wearer. Therefore, the challenge is

1o be able 10 design the strap system that is comfortable 10 the wearer over a long period and

holds the sensor in position well so as to allow for natural movement of the hand/wrist and

collects the data accurately.
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30 to be able to design the strap systemthat is
confortable to the wearer over a |l ong period and
whoebdsoisse sensor in position well so as to al POWSEZI03/000159
natural novenment of the hand/wist and collects the
dat]@ae%@lﬁﬁ@ta@]mﬁofﬁ] V3 (ROV41-0045R3 aRET 463%@@%%@@@11&9]}35 10 be simple
The donni ng and fgflngo the wist nonitor and the
andwhat{eicody ifdriata tmmfh/ahletfor bpernmgiogs naindecﬂjsdb'-tfa‘m@hdl y

for_it to be of value for a_p ers? i'S not
medi VY herginewrWhenaees v dareiehp PG Wﬁ@p Hilaagiemand us to take 2

new YOOﬂteCﬁIOO F%z%sesgf)aiagon%oﬂn eaf &t Al é geﬁaoq’ds 1t(ﬂ§§en from the

new res ure noni toring. CCOF

Beaﬁ}h@xﬁteH%gf talODGblg Ei'ié SzFH fdigeresthigdividBeasIP Mo 'ﬂ?ﬁﬁieil?'duffel ent blood
bl i I'rel and, ferent individuals fall into

pr esemsmancms,ywu:wh fogm @nty bé aizatifpedelys df-bopattasings, ofwhe dalvod pressure (as

oPPQfF@&SJBglgggaﬁggt?]&;g]{]gﬁg%g’é%%F%glgg)gr'ﬁbq % ncolrlrg%lw mam blood pressure
pané;},g Rshsifd.ce reading). The 9 (not exhaustive) main
| ood pressure patterns identified are: |. Nornal

BI dodNénes Blsod, Presklre?.  Bor der | i ne Hypertension; 3.
Isolated Systolic Hypertension; 4. Isolated Diastolic

Hy perR@RAgHBA Hygerensonol i ¢ & Di astol i c Hypertension
W gh, 619@5 &kt@ﬁ% ﬁgﬁ%ne%s:o%/ﬁ olic & Diastolic

Hyp er ensi o Rt tine dip; 15 7. Nocturnal

quberlkcﬂﬁxsd@ﬂasuﬂ;c%ehen@@t Hypertension; 9. Wiite
Coat Normotension. Naturally, each individual pattern

had iSstobgrt Piastedichiperionsioncth Wekt timadipi equire its

q . reqU|re
R s e L T T
bl ' hodNeuesdHypettegdigs, Wite Coat Hypertensive
patients may _unwittingly be put at increased risk due

t S-uniteessHyretensiaient . On the other hand, certain
blgqp%B{eeé Fg a{eglsws May predi spose an individual
res

to i ncrease stroke or heart attack and

edNatyratlgc eguhi fidbidwd] pattbiesSigaspad behngskal drdwWind Patipdsi Blbe require its
treatment to_be given to arrest or slowthe
UniqYs B ERABEBF BN WichTHRY ofimay agieleanis pRpsAseioginisnissmEer. Without 24-

hour B8 rﬁ&'&qleaﬂgcxﬁ: d ARl & Hg*)g{ébﬁalﬁretﬂ}%eﬁ’@]e rg u%(mt 1H@y be put at

present inventioh is to pro rov devi
increzsad risktdhedo himecessatyl thesdtantath hedilienhasd W&ﬁaﬂiﬁﬂﬂbé@ﬁﬂeﬁ@re patterns

of arterial blood pressure.
may predispose an ndividual to increased nisk of a stroke or heart attack and early recognition of
these patterns allow appropriate treatment to be given to arrest or slow the progression of the
disease.

Against this medical background and clinical deficiency, the object of the present

invention is to provide an improved device and method for continuous and non-invasive

monitoring of arterial blood pressure.

SUMMARY OF THE INVENTION

According to one aspect the present invention consists in a device for non-invasive

continucus monitoring of a user’s arterial blood pressure
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SUMVARY OF THE | NVENTI ON 30 According to one aspect
the present invention consists in a device for
WO e04i0Msasi ve  continuous nonitoring of a userPeT/SG2003/000159
arterial blood pressure 4 WO 2004/ 004558
mmP@Tc/aﬁ 008/ RAR1eRat faty hx§b19§t@ﬁjbb@at% b&ﬁ'ﬂ]@odiﬁl%gsu@@ n@fitor (ABMP)
atory beat-to-beat bl ood pressure nonitor (ABM)
inclbdiogudi ng, sensor neans adapted to conti nuously det ect

said bl ood pressure and to generate sjg
r eSER9B meam wwweﬁoewmwuédrd@%& wai H‘Poédﬂ ‘?:Sﬂlé [@Rg|to generate signals

replgéén{a?leh%x €Q grcglzt?étcleé bOdé/x neggarﬁu é:eaotfllg s%djgg{iﬁn cln ]g%auon adjacent
an afibgnal s generated by the sensor neans to detennlne
actual arterial blood pressure; wherein the
M OF OEPECesSD MEass rfongnameedg sodr eguid genecaep bgt the sankor means to
conti nuous. ar ul se waveform 10 In a further ,

dewﬁgﬁééfm?ﬁgwﬂﬁtgéﬂ PI&HHt i on consists in a nethod for
CORAHPHR ﬂﬁ?{)ﬁx Qée's e]S g{o§?an}f§&f 10Srefdrl 2{ ¢ipiat and cytinuous arterial

pressure I nc recording 'a conp

pulsandvefont.i nuous arterl al puI se pressure vvaveform
| ocating at least the dicrotic naotch and the diastolic

tr Bu@ﬁm ef 19Fpecs HiedPTeTsAt INVERILPS capsisisiap mehedor continuous monitoring
ast one paraneter
ofa M@Y’g %m]éﬁ&%ﬁ? s%?é Jﬁ&gﬂlgﬂ% gﬁtpso ol ¢ troEgh and

orm an

dl féf:@ltdhlfg aedrapleleapdicomiboud drtevial pulEpreumeniveirnt, 0
herei nafter describe the invention in greater detai

bylofatingra Aeast he digrrtic aetel aprhily idingtadicAwiugl svithin ed continuous arterial

one particularly preferred enbodi nent. The
pUBé&%$$%%f%§?ty of the drawi ngs and the rel ated

desdeulingOat Jedstnie pHab@eingsd stiaodaSorst B S&di digstolZDtrough and
t.he %ie]neral ity of the broad identification of the
dicrofip pafehilefatiomR| EF DESCRI PTI ON OF THE DRAW NGS The

drWings c[)r?\f__e%e%t I 189%&%1'%]‘ %Flrbg%e lnpenqlon In gre e%ter degll by reference to

i nventi on ustra
the acnbnn@ar@liﬁgardlask/m@ls O@H;cnr ﬂfﬁStwie dﬁénphm&hlﬁﬂydﬁ’éfc@ﬁd%mb&ﬂment The
5 all Figure 2 is_a side view of sensor

Pam%.‘iaéﬁy af ﬁlf drgwings %&de‘fle#f’r@ad AeA5H A1 PRt QS ftO tbﬁemdel stood as superseding
the grRYEH bAe bFLANEE @Ralich S hORBRIGPECt i ve Vi ew of a

housig according t e preferred enbodi ment

BRIEF DESCRIPTION OF THE DRAWINGS
The drawings relate to one preferred embodiment of the invention.

Figure 1 is an illustration of an intra-arterial blood pressure monitoring device of the prior

art.

Figure 2 is a side view of a sensor according to the preferred embodiment of the

invention.

Figure 3A is a top perspective view of a housing according to the preferred embodiment

of the invention.

Figure 3B is a bottom perspective view of a housing according to the preferred

embodiument of the invention.
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of the invention. 30 Figure 3B is a bottom perspective
vi ew of a housing according to the preferred
wenidadpssesit of the invention. 5 WO 2004/ 004558PCT/SG2003/000159
PCT/ S&003/ 000159 Figure 4 is a side view of a sensor
off g‘uﬁautf & £sideeLvoBs | Q&lsw bﬁ]%ﬁlfe_ﬁuéé’@@ﬁﬁhe amidt f aoesrer and placed
jdcent to and partially occluding the radial artery
adjaceht tohed wealatly ocHudingehdradia] atery of hetveatei.on of t he
sensor glaced next to the radial artery greln V@
usiigues 5 teandlingratiosxcd dhe S glaced gextdo dhegegial ey ereip the user'
| dpogt a‘%t e bl ood pressure nonitoring device of the
1ah invention as preferably enbodied in a watch.
F'Igg'hf‘e d i % AdPGIPECH p¥Radlé %}’Mo@fpr&ﬂﬁl eMAbSirifg ddvider &f the present
6. Figure 8 is a pressure v time graph showing a
inverttippizsakefaiablyl entmdiegrinalwapll se with its characteristic

features. 10 Fiqure.9 | a crgﬁg sectional side
e|%aatq7olﬁ RGBT crvie BEWE SRl 7l FEake Bt housi ng

%(n%r gtq% J PFelg rONELife Qplﬁgpc% hEEJ‘Id dﬁ’rfe al tfg‘;%]é AMETMI | Rse with its

gur es
cha;aﬁ{éﬁgﬂafdaﬁ]rbd ock d| agram of a bl ood pressure noni torl ng
devi ce designed according to the Preferred enbodi nment
ofFighee grxésagmosp wémxﬁabﬁldepqlwpgmtqougg the SEPsORaNdsensor housing

accorglggctéﬁfée g%xea grcx nheé) ?P tgxf nvgnno lﬂugp%édte ﬁg:(]) Xi 3:& and 3B.

erre

s Whrel 10 E'agwhén&@c blotlg b]fa@railnzof § bﬁ)oﬂ%ﬂﬁﬂs@regﬁ@ﬁfbxmg device designed
showi ng the vol tage_ output produced by the sensor
accmdmgoﬁOdhérwedetehﬁmd@se@r PIIbEPERYGAIVREHEM- i n r esponse to

H%’S%S CL% ? pE’}ﬁ, na 1c mchxI?%] rarxlf?%lf 1!):]08&‘ 1ples;l%‘}e n‘?oxﬁ'(or device designed

SERSEE PR A0 n S0

accorbiﬂgoca R e fefce eiaﬁ@anaenosa@nmen ng@d(s 20 Figure 14 i's
adﬁerspectlve view of an auto-calibrator that is

gerstldds e Gample g@m@aowmgéhesml@gﬁ@hﬁwt)pr.oﬁvgcedév. thesqugpr according

C ti Qses

to telfikbR AR RHER 35 Beorsh b1 et Sl e BOREL o,
prmgeﬂmr:se]s a Eanfplé ehal'ﬁslio&/n&?g §dnw&bwangs sUamREeZs Bipoti@essure taken
steps involved in taking blood pressure readings. 25

0Vﬂ‘i§@ﬁWé517 is a flowchart sunnar|2|ng the steps

t {
B0 S A, O B S SRR b o e i

pressﬁ‘dﬁ‘i’(&rﬁﬂoiiln@@iewaéféﬁcﬁﬁﬁraﬂidm/]ﬁﬂr}d&ds.i n the watch

det er m ni ng . i ) o
Figure 15 is a flow-chart summarizing the steps involved in the calibration procedure.

Figure 16 is a flow-chart summarizing the steps involved in taking blood pressure
readings.

Figure 17 is a flow-chart summarizing the steps involved in the data transfer and
communications aspect of the invention.

Figure 18 is a flow-chart summarizing the steps involved in the watch determining

whether to sound an alarm to warn of potentially dangerous blood pressure levels.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
According 1o the preferred embodiment of the present invention, there are several major

components in the design of the device. They are the sensor system to measure the blood



10

15

20

25

whet her to sound an alarmto warn of potentially

dangerous bl ood pressure | evels. 30 DETAILED
wWOEHTRBTE ON OF A PREFERRED EMBODI MENT OF THE POWESHN0ENI0159

A ccording to the preferred enbodi nent of the present
pressaxeeathoosing fdrahe saker, 8RVehAlsyNBh 06 seRBNORGRbSreldliviens an artery and

design of the device. They are the sensor systemto
eleqHiRRisy PEOCE SN 2b Moib dhouged N zé@wam@ws@ PgTrEEad3/ 00D k8igEr interfacing
UI]?Orgssure a housing for the sensor, the strap system
PUY S %Secure the sensor relative to an artery and

el ectronic processing unit housed in the watch head

for calibration and other interfacing purposes. 5
MEMSARINNOTCBLBIGIDP RIRSIFUBE The principl e behind the

design of . the present inventionis to mmc the

i ntlhg-REcEe éphmﬂﬁl@@s é¢segnenf ﬂ@fplme@bdwpnm i ©. mThicsthe intra-arterial
surenent |

meaE\{}Eﬁu@]r esftebﬁ J)aapll e(sjlsurr;] gqllxs m}rﬁ @11%%}:{?%8‘59? bfm 8 o pressyre; Igealéﬁrement 18 at

pnesbrhlnufatsfv%ttd)Qﬁlﬁfﬂaﬁfboﬁﬁtfa arterial blood pressure
moni toring device | of the 10 prior art. The

i nfmr%nﬂ tigah allushiebod op pie S8 artenahblood ipregswie wiangtoting device 1 of the
cannul a 2, that

e an intra-arterial
priof g Bis bt cHeSd durireatary e dP Sty Comyiss
intra¥¥rieSih] cannda 2| $raPRRAELRN muﬂ{hg mdr él%?ltr @/ of %&‘ﬁf‘{fs%% 7. As is apparent

artery 6 is adjacent to t radi
fromj Figyrg-Jatheeradil anamﬁﬂsadj%cem to denmnédiat B@het&) Thefihtta-drterial cannula 2 is

ining a f colum, The fluid 5

coxmeﬂ?ae ? @glcﬁmgeé ats Antuaping @yﬁjlag ol g hg fluid 5 interface 4 is connected
by aMiter @Pf REE8HOEestRaReRA: it 4 4 2P ]

and sensor %m% 4 o]Iet ectsf 15 chaﬁdggﬁqu&t%% bﬁ&%gﬁs%i unit 4 detects
Chanﬁﬁsel?;lSUﬁ loed pressuradh ahe padizdraytefy dnahd thisi miférpfationds it@Asmitted to a
ressh ({) nsmHed to a pressure display unit 5. In the
PIeSSISt P4y P8t -al - bl ood pressure neasuring device | the

b'IﬁQﬂe RESSWR] bibol r]ﬁesrsﬁ’% 1ﬂéa[suﬁﬁé %E\Xc ] tffe g}%‘?ﬁe}g essure in the radial

beat -t o- beat by the "bl oo uct
anerm@mpsedzbea'ﬂw -bedidatthe blobéa@lunmham]@andﬁdtﬁ;gmamﬁlhﬁ2 This beat-to-beat

chan c}n t?f: )c,oduana(if fY\'h % Cgp g’élgldlp Y %ggggf@qj%ge\y]iln%ﬁgfulﬂy relay the pressure

changmts RIS 65:6&dssor. e BE&FI OBahp €
o conv@?t e('jssc%ro e 881 mic & ag% mh@é?%%x ] §11r ayegneé 10 a digital form
and displayRd en atgrephdpis pleadisBay Shibe sysolid b@n@dler]gestshfb value when the heart
val ue when the heart unps, and diastolic,
pump? %S %glﬁrtge SFeStHe Oig‘le lfrﬁlr\mlgta‘l’g% The primary
dﬂﬁa%\ﬁmbagﬁa&fan{agg o!’ ﬂkrlﬁfrﬁfnﬁﬁ fd] El‘)hoola rﬁ@s@m@rﬁgﬁiﬁoﬂ fhe device 1 is that

moni t ori ng devi ce IS
iis n}yg@]ivgﬁ}fhef}@gblg feéls dmndmfdrt zalddaapﬁaﬂhaantahmenal cannula 2 is inserted into
ula 2 is inserted into 25 his skin

his S]\b‘l ﬁaad g}iFlé’ré/aIlé“ﬁ]ﬁﬁFQl ﬁ,etlhﬁtsilegxce tHe alpa\iot gortalls, %gcgdh.ﬁdt 1s normally
only d%@dfl G0 BospRAICEh iR eht I{ ?s H& sibYe ﬁ)nh)?énzl‘fﬁog H%amolngrblgod pressure

hospi tal éenvironnent. pOSSI

continpeushp when Heosdg ging $Bout elns maﬂha]n@@lﬂ'sédwmg nifg- éﬁerEP i surements
Imlg)out his normal daily activities. Intra-arteri al
cannotbs s (skeheiitls any movement of the wrist. Therefore, the whole wrist must be

imumobilised, as during an operation.
This present invention utilises the principle of Applanation Tonometry to capture the

arterial pulse waveform, from which the blood pressure patterns and other medically relevant
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cannot be taken with any novenent of the wi st.
Therefore, the whole wist nust be immobilised, as
waleooogesss operation. 30 This present inventi oPCT/SG2003/000159
utilises the principle of Applanation Tononetry to
paranspdrsiaee ddngred AUk @lrrept)) S@ailkdledaion, this Gmeamlirelplt method is nejther
bl ood pressure patterns and other medi cal ly rel evant
0001?81\7@33@00‘42130@49 E pmabg@f@@am@@wg hoyssrlmteuoebe@t mpaitoring

iléﬁlfeegf}ea{%gl:qéfﬁgf Eeg{?g]i]etglgl{ﬁ tlpﬂ,eWe vgngq dey! g;enzglfdmg the strap, the sensor
and ’(h@\(ﬁ%t ¥€ad 134 14 Be ‘éé}Rﬂﬂle% t%etﬁé{inﬁ bf&éPM%g}oz%?ﬁgQHE §1mllanty in principle

beat -t o- beat nonitori des resent

1o the mtendrieia) cdrnelavihol e syst emincluding the strap, the
sensor and the wist head have to be consi dered

together in order to appreciate the simlarity in

rial cannula 2.
coNpORGRTE or il KBRS SISTEMEL) B soon™s 2% i de
Vi Biuf2 B 5885 GewldT aaesi A0 A6cdrfin® Aol alt oquet #Qention. An
i nvention. An alternate variation of the sensor

'ahe“?sﬂ*\‘bmlﬁtlﬁnIGifgtjU:rSen@xl lﬂihoweﬂeFrgurfg%o Figure 2 the sensor

RSB T P 0 adR S Baricer g Whioh taoiuces a voltage
outpauaa@&eﬁg% fessife ehmggeéaﬁqg dnsitsa(fhszd ﬁ(%gne Pﬁ% Rfdjg)ge,lg@ﬁggﬁxed next to

di aphragm the transducer
thedapblmgm Mktzfphdumsdhmnl%pherlcal head. The plunger 16

e AT S oS Aol 1t n e
diaphi &5 |lm9f t}iEEtrafx)%&%r o 'lthla%uhfo@@ SEHE Sl g{ln%gm 18 % earcogmgiam resting

is able to float freely a vertic |rect|o
force ampheirdmdelpm IRedhgapuniget e srebith® fhees dreelly iplawegedal Bfection due to a

pre- d(’«atfﬁné qe g%ﬁé%%mﬁha Tfj])im{é'ﬁlg{‘% 1%1 g‘ap]tuﬁgm 14. The plunger 16 has an
effectﬁ&ﬂ%x@é’iﬁh}h@é’h is QRS dpRPomee %]ﬁxﬁn@n Woﬁgﬁfféﬁggq ebcf'r'mge of 3mm

to 10mm The di aneter of thepun er
to 10pBt. \7@;19 diggmatertad tBerplungérdi$ is prafesplyridiween 3t1hﬂ to 8mm which correspond

t f t 20 | th
to e e L Rne e P e we ot and partially
ol hswlgs ditibet adiRkhaalibRl i%e wHE and"ﬁmﬁ]ghﬁédl&c?eg t?@%‘?a] artery. The

of plunger 16 ensures confort over ours
hemispperidehghana of aluggereHatiserss cpufaabyaydortghdues daivening ehyi also enables
12. Advant ageously

he
pulsalxoﬁabqs ?gtﬁaﬂgfu l?ﬂ%ﬂgmx%@q ?91%% nlaﬁﬁiu&% Eht .ﬁgy]anéqgepﬁ%ly " it enables the
transnfi@@babf fel éét]%g 6thcp?ad?dl Gef) 99 1 SYe ?]CS(Q(P ngkvggqhou(’gp Jhe wearer's

wearer's be at varicous positions as de
hand mwﬁ@}u’raesusﬂfpcandms as A¢pidied myTegumMgﬂadSlS sits betvveen

the d 14 dth | th |
¢ e SR U8 e Be S Saem Y cnbitrediage 16 the el layer 13
filters %ﬂaﬁtbﬁﬁ"@m@m% cﬂ_g]'fgeg%l]e L&Y RhatdR) %o%gmegtalmn%ngel Ig&er 18 also

noi se to signal ratio
dampens the noise to signal ratio.

Referring to Figure 4, in that embodiment the senor is fitted within a housing. The
housing has an outer cover portion 300 and an inner carrier portion 301. The housing will be
described further on with reference to Figures 3A and 3B. In this form the sensor includes a
pressure transducer 912 which produces the voltage output according to pressure changes acting

on its diaphragm 914. A plunger 916 has a domed head 917. The domed head 917 protrudes
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Referring to Figure 4, in that enbodi nent the senor is
fitted wthin a housing. The housing has an outer
w@o00e/004568 t i on 300 and an inner carrier porti oPCBS8G2003/000159
The housing will be 30 described further on with
throngf ererolar tapeiffirg B1€Sin3he AodsidB301 N K i Freé a8 Mdvdetowards the pressure
sensor _includes a pressure transducer 912 which
trangsgeiu@ls t\Wen opt pigsseduppend tieqoesimgrandmeeSddrtbere is a slight gap

e ST SREH B PRt R ST BRI D e e
rans - e e jS 0. pr ;e l again
trans Ot AR TR eemhe oS P g e e BB B i hfifho 916 agenst e

presquosnvasitbduden®1pr essure transducer 912. When not pressed

toward t heeﬁressure transducer 912 there is a slight
gaPefepétanodiisues 4pndrighe purgendepth fresedictadrmoatan @LAosvmormal wrists
. rg transducer 912. The pressur transducer. is
(ee: BEEP2H] e AT ST s ermp O S o BRR LT s BAPEIGT i adial artery 20
ai@fmﬂ&%ﬁﬁﬁﬁs@ion of the arterial
and the

wherpthelsg: is@onifﬁﬁalﬂ}lﬁmﬁ TR 61128 RLNSHhIILAE £
transducer 912. Referring to Figures 4

pulsabion gy be piglspd bp.iiscledihe Bteentparsi dnheftthd artemiab tvalig tiveturbulence of the flow
ists. (eqg. wist 24), the plunger can occlude not
and ‘W¥’§’%§waﬁlaﬁ§?’¥“eéﬁ&nai‘ tesy WSI‘] ioHetE ARl artery 20
when the strap is confortably worn. This will enable
full and faithful transm ssion of the arteri al
The $ryisenHionsingo be picked up, including the expansion of

t artetr,i s, the turbul ence of the flow 10 and
t ég‘Q}F%sét ﬁbng\’@r gﬁg\’ﬁ“ia{eeél‘eaﬂ”ﬁfﬁﬁeq heusitg ed e hapsing irmindes an outer
coverl RRLALTIC andTHE HENSHY i i | Ovf e R
iﬂla)fhust rate the prefe ;egg‘ Eéﬁgﬁ(@g yﬁ%@t%ﬁ&uosv?ﬁﬁg?]ggg%g? a smooth
convexrpuiértserface 3z endoo peir ofi side Quardsl 365 tHenmBpose DTIthé BEhvex outer surface
cover portion 300 has a snooth

ortian 30Q1. Th ter
. and 5@8 %’8‘%68%83%58} E’g‘ﬁ}r PGt @1 golernge i haipaddng sndlenggsingsystem. The

inward @&cet dTR 0P RREER 900 §IREIGES P‘f@t?ép@bllte ] 1%‘8# Ie%gi%ixgn1?18§ritaﬁ§ducer 912. A

guards will be set forth latef with referenc
set of paeitiiding kes 36hextond frgmsths fievard Thve of icovamdrdaCRPfoward the carrying
portiofi Q¥ portion 300 includes a receptacle 311 for

réceiving the transducer 912. A set of protruding

| 256 c&RBnepbRRA J01 AMRILAS J SNRLHy | ecEQV rdQn

300 towar di()t he carrying p%gé\‘t@iao% cggl%.mo eégghﬁéfgc%?rrécfﬁa]g the body

of the frapsduesr 9361 Thecinadlesreaesy 808 iradlbdes aiseites] (dicof @RESSeRORs ending at a
he transducer 912. The

: fQr._receiyi t.nhe bod of
cireulag Apatifs P! o B SIS apiitire d b opens b issn 81 reese 469 Hirevgh the inward
face 32 Plof A SarBiAl ?911%% 1. CTRE gxle ur@ﬂ%s‘ﬁ?%&? 330,55 TH getéened cylindrical

. circul ar aperture 310 open et ween e TEecess
main hody 3 and ke flanged dppef ase 9321 Thé niahebedr 930 RG1sPSY Lde®Y terrace 923
d

... 301. Th ressyre transducer 912 has a flattened
wnhmg% {eﬁedslsl%g% T -aﬂgeoﬁage ggggegﬁwpg'rﬂlﬂﬁgﬁg@ﬂs op Pest terate 925. A pair
f loca%aa mehhsey i1 , an second..t e ce. 923 25
oo oY T £ ReRY 4R iR ot B BV POHbT D e ersfas merbers
927 pressche@iadt the flasgedrupper &id 98" sfabe udRduceh N2izhd 188ate the transducer 912
r

. locating nenbers 927 extend downward fromthe cove
agamstptgg {§3RERH. a5 oldwtplvngenB hbbassan annular retaining flange 930 at its end

distal from its domed end 917. The retaining flange 930 seats on third terrace 929. Third terrace
929 appears as a lip surrounding aperture 310. This lip retains the plunger 916 to the housing.
The spacing between teiraces 929 and 923, the plunger 916 and the diaphragm 914 of pressure

transducer 912 are all such that when the plunger 916 is urged toward leaving the housing
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927 press against the flanged upper end 921 of the
transducer 912 and | ocate the transducer 912 agai nst
wo b@4ierssaces 923 and 925. The plunger 916 hasrParsG2003/000159
annul ar retaining flange 930 at its end distal from
thr ou%ﬂi §$é¥ﬁl‘ '@@lén&tgr&%meﬂb? £RERI 97ong nblangpa@36r saalls bes between the
terrace 929. Third terrace 30 929 appears_as . a
plunglei 9] Gairdr the dthpheppap@ia UssereB16d tarbarkerthis gepepivRes 1heye is no preload on
pl unger 916 to the housing. The spacing between .
the ransAy e 852929 and 923, the plunger 916 and the

dlﬂiphr agwg?}%oé‘rﬁg]f a%ln%ﬁ@f§1°°&“?ﬁ[]ﬁag§$%mgﬁf eiglviﬁjﬁ%é Ugiich receive
the 139968 BEthe% NG 2ABEA 05T Re PSSR0 GRS a HoltedbL@ in the wall of

aperture 310, but retained by terrace 929, a narrow
recessm eTler ngelp3 20 pravides aib epangeyiotrheess g)(p%wgb thegamyenpRytipp 200 located
di aphragm 914, referred to earlier t
on thg ??é’ryénﬂ gorﬁan ap]eAilé OBSPINg PEMELS Yng conpe ?ﬂs ggl.ﬁ 0S SOt F6
¢ 0 d udes: dPEAhEORDNNRLL503Gehding from either
|?§%oaﬁltq ]r]&s}lgjérlé 2’12636911 |l(§:b%gr§%e| ve 5) th ]e] éegs 308 of
end. tHaeh paiy @f cpaidction 16905 Bleadagtedto mgcepcerﬂmiomaum@lsmgloaded watch
notch 320 in the wall of recess 309. The notch 320
strapmlammaégr an opening to recess 309 with the cover
p%rt gﬁ 1§9 1&60\76%%9111&5@11&0;]?0 %?@o%ﬁé‘? &L& A2 Wikt 24W'a3wea1 rer and
erm 'S W T S t sensor 10

placea' h@;a@éﬁt rt)é' 5301 ﬁ@ﬁélﬂ}oﬁcc&ﬁlﬁng ﬂGeJ rhdesd ageyald offthe ovearct Fugme 5 is an
| egs 305 extending fromeither end. Each pair ci d
lllustreb@m@i:tbp 6enspe 4@ pPos! nexetodheaded aftey W@Eéﬁwg“eéﬁﬁf shapgd jslexe
a Ogefildr he radial
SRR 5, P, AR ISR o o e

arterytJ0e THE i8% al 2def 2 (Pat WRAKESt 24 hds bgehahedtnddiace ﬁtsﬂlyolt aasts on the radial
artiall occluding the radial artery. 20 of t
bone 5% gl‘h

derally. gu%alebo.ng 22 llows fou Sy HaRISBHSSion of flee WHsRLIGR ta be felt as ts
L e nu ,
rigid %cﬁg\%?ldqgﬁ 3&!9’& ?né/ Fxﬁhcr{iﬁﬁ Eﬁ%ﬁ%‘%s&ﬁh 55{?) fﬁ/e?ehlé]])’ the sensor
systeri @059 lock8d irstopebewnlbihe xpdtaCﬁﬂapadpdmertﬂu Head theng mdheﬂ'able and un-
15 artery 20. The radial artery 20 at the wist 24 61
stretchpbleunih Jd€ P peend 6 és thyg gqlqaylag istmifazlyrte thgintggartergl cgpnula 2, and the
fluid @&G%nz’az }5{9 L%igﬁl-rr@ f@%eablaﬂgggrgzl?fl BHe! tﬂl‘,"sbrﬁypﬁnofvﬂgl units at each
ransm ssi on e pulsationto be felt

pulsaﬂidrg iitgk @tedtiahvptesshre ¢ acabrarly Hiokedanyyasa gslalvéfbnﬁmt escﬁf lbeart beat reaches
ti ssue conpensation. Verticall the sensor system1

the radiél gk e verthelogfe titadvatans it et hattedhne PEAHiOr iFFYHERdR e invasive
and m ﬁodna%f‘e one i nmmovabl e and un- stretchable unit. The
7 er 16 is thus behaving simlarly to the

| Mhe folRyvbiag rakosampidva ti2s fuatitbnkig oI Ohd deusad sgzmbmrm 3.
As the plunger 16 and the di aphragm 14 are_the on Z‘iﬁ :
movilFRy aiRbangedp reesswe hstvesatd sHrHE ne W waria hpdiplgprgent of the

peatoiianE e RhE T it Bp R PatY Rk el dRy. Toe yange of

advapliage ch§ngtehﬁtlhé B&is6r 1o 200su0B @ q@EtidrnR 18rSE@M.Y to 4V, after
be i nvaSive "and is portable. The follow ng reasons

i mprawdifidagorh uﬁidrelsxgnail ity of the sensor system

2. The hemispherical plunger 16 allows for faithful transmission in various wrist

positions.

10



10

15

20

25

30

25 1. For a change in pressure between 0 mmg - 300
mmHg, the displacenent of the diaphragm agai nst the
w@eegsmses vari ation fornms a |inear rel ationshi pPCT/SG2003/000159

range of voltage change in the sensor for 20 such an

eq;uatn-,@ @yshén Q%E:\!‘ﬁ&r} e&)mfé\én&q}ﬁ\vfon af tiedp prageplel fik gali 8m is 1o pick up

of the signal. 2. hem spherical plunger 16 allows

for flmi whbafbirt roénbm:mssxmmm thevaterpdier ealibsation 3@d calculation of blood

posi tions. 10 WO 2004/ 004558 PCT/ S&003/ 000159 3. The

syst Bies BB ¥aluet 111r18%1§9ﬂ"é31%}%5¢gfﬁ”9<at i on of scrap
3e§?o&§1§1§r18%e§§%% l% HRukS 1k 4y 15%{:1“%} a{hgghyg\é]eglﬁ 15 @fect a vertical

arter y for-ca
applaﬁﬁkd}mo%é %hu%ft 1R LAkl aRESSHkneuséalvgSan Bladttestpf Thiieachieved by
program housi ng i s designed to house the
havmgraasmdmh eonandotteesplandeasingnuven) veflf eguard aleng the side. Bhe smooth
natjon force against the radial ,art i
comvey Bt QP%ﬂhecsts%pﬂgpshgwwg 1he <aehe eV 1@9%11%\!2\;?%1&13%?5 the strap in
S S r face f
place.g@rg Cf.lag gg&éﬁiﬁwg“@lﬁs g%ér%ﬁs&fcé 'lf]'ﬂglgg%ﬁ ﬂ)ev}ﬂlgﬂhé’gm surface facing

he snoot nvex surface

inwardb. Owsnhdreusfaca@ thoholsingds ddﬁgneﬁheiﬂcmtmmfmﬁnlnd uhgdee while allowing
guard maintains the strap in _place. The casi %
a precistanpatcd neaps befweere Uher IHBERN SEFR¢S ?’?ﬂ {hevgigifirgare. The plunger protrudes
aphr rf ce f rd The i nner surface
ﬁomﬂ“feﬁgdggﬁnﬁ]sngﬁapl su’%lengtl%ﬁg] 1&@/\% seati ng for the
pl unger while allowing 10 a pre-determ ned gap between
the plunger surface and the di aphragm The plunger
The 4ran Sydde® fromthe pre-deternined aperture in the :
l Y
a%%)?ggéégg ur-@e(} %({ i a(%/o?'?]ggnrtegl g rpro%fglge(} 9{1}%5&%{%? o@ the present

invenfi6:e 8RrHousihp eh1¥SIng lﬂﬁﬂseﬁm iTenseded enb hogitdchdah 608 emtiswnh the wrist
is connected with a watch head 600 and with the wi

of a wgarey %grsquelg)pfétrggssgm@[dn@ r Bigs waiel headi 69 gpcludsea ﬁrst strap 617
exten#ﬁ%cﬁox %% gc?e e%%e ugo%%ea \fmfé St ﬁ]%L pgp oqjszfpseéécﬁﬂgé n(%s 305 of the

carryifig Ipaﬂﬁ)nsﬂxltb"fltmhcbﬁg& 3@15 f@it str8f pofidh 64 7 RgpiRfer bl p of BlXhgth set for a
. of the housing. The first strado portion 617 is
pamcbhaéfUé?ra%W that aith hegpaicl Bead 600 againsathg evipraplapks af a siggis wrist the

plung& f’é oWhE Q;:x‘i;&? m%&%@%ggﬁ%%%% zqé}et%rpe TRILE m{:gs"i'i%eﬁ (iusmg to be

f a user's wis unger t he sensor w

skeweldnp @ng €idegditifsinnémface @fdhabsea’fs etréety Thd lfirs strgopirties 61 hevill hereafter
housing to be skewed to one side of the inner face of
be referped 198 thesragial ytchhap 1%-st strap portion 617 will

%8%{9{ hea[k()ie(?,]doe]ga% d’:{ %g#ﬁgga?) égoh?or{ @6& @“Jﬂe%%% l?lrofhlt {)téﬁetéa(% side edge.

second stra

The s€hantap oftiomndi4t wilPbdeferfedde a€dgeulnarl fitaps ETIRNEANSt stAP 604 has an
ortion 604 will be referred to as the ulnar strap
end 60thhat, peraes eutivarsl guovphsanaeblommsrieg 605 e bw&wppas@@g This outer end

606 ﬁ-szSgaP)e %H%]gpogﬁﬁxép?glhe Hn:%ngragal &8 691115%” mg 18 pxefépa%?y adjustable, for
example by a hook and loop fastener arrangement between the overlap of inner and outer
portions. The radial strap 617 and the ulnar strap 604 are preferably substantially non-extensile.
A second oblong securing ring 609 is secured to the radial strap 617. Preferably this
securment is by a short connecting loop 619 connected with the radial strap 617 and having an
end 621 passing outwardly through the oblong ring 609 to double back on and be secured to

itself.  An elasticaly extensile strap portion 611 is connected with the second pair of strap

11
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606 fixes to the inner portion of the ulnar strap 604.

This fixing is preferably adjustable, for exanple by
wa@26dvaob4sard | oop fastener arrangenent between PEESG2003/000159

overlap of inner and outer portions. The radial strap

coxme%?ig 12 ?l—%g 3&)@%110 WeNBhso %{3\%@15%6 el £ P pZ}Fa@Qals Yutwardly through the oblong

non-ex A secon | ong securing
ring 07N BP0R Wasd E@ﬁ@ﬁ &qi3 H&Jlﬂéﬁﬁ)aﬂadvallhsi}m&m parfion 611 and passes over the
Preferably t 30 securnment is by _a short connecti ng.
outsideoaipth6 Tovepnmaet 300 of thh serrer hawing.  Shy sfAPeit PoRTigIned 10 Sit over the

AT A RS Tl L AEL e o
throu %]5 Rl ok € seor ob‘?én‘%sr% %@9%0‘3’6@?%&{& @né bEiAP sRQf eff' {Red itk@lf.

secon strap
2Wéﬁ@@éﬁBBEMng@@ﬁﬁh@ﬁ@izﬁﬁd w:ﬂmnﬂactcndg of eg@h%@i A0, straps 604
t he sensor.

h |
i @enghngn@ngéf 3 of fngrs7houRiPEoHCWEL AN SBFE RO R Loff 602 of
padd:B% é’?al?] 111%‘6@%?’%2&1})%?1%# :{ﬂ%cégve?%%ﬂrg?p ] @%é 8%"5%?&95 ¥6Pannular double

ver
sided %@Hsa%hesh@éléécﬂBetw-EB?ﬂfétdu@paﬂdsth@ QB Aol teauss theowdl to the sensor
convex outer surface by side walls 303. The ot her
houslsglwnth]ﬁe plung¢rgsotineding theqrgb 1% gpa8¥%s outwardly 5

b e 5Pt % e £ aoriooBrp oK B b IpaPBlaf gpsioned e

ep! é LEesh Wet &nRext BErfader 6 Bre0dover Sﬂloheﬁ)?d) results in a
e]asuEf% rgﬁs@?apéerg%r%va Gfl nc‘:élrryrl ng portel on 301 of the

pelpesdmslar appdasdtiog faree. rifalwhsabeelspr tg providthe seitably emptapt force under a
? ég mat eri al includes an aperture fitting over
range o B roMB St the sensor. An annul ar doubl e sided

sqhfis ashasd ¥e2 Q@?n@% V}ﬁ%])l e seHidr safderit@dsBasatking segment. The
housi ng secures the cuff to the sensor 10 housin

sensombdgmeniy Aaapmu nlgsrc lppp)wlbdmn gnd hﬁ@ﬂlﬁgﬁ tq the vegely bwﬂ@ng\rbq pther end to

housna%)p\?nglg\}/l]l C %w p?)g?éﬁegf%gxg%ﬁgg) shéilse gaY2; i]te ngge&t %Jifgg'et LARR outer casing.

This Wil R8E #a RGHOS SppIARLIeR W@éoﬁﬂkﬁﬂﬁﬁn?ﬁwh&ﬂﬂae&%&ﬁé loop is pulled.
portion 300 resuf er pendi cul ar appl anati on

ts In a
f diheeconivex hh@eb@feﬂnefh@umagtagom @i eHen Spesap tappligd axial force onto the
const ange of user novenent. 15

plunggyvith @ @F?Eﬁ]e ?Jasg %tba@rﬁé) nanely the sensor segnent

and the | ocking segnent. The sensor segnent has an
el astic loop with one end attached to the watch head
The Eleekrokie Porptmmgrlhnt o housing, with the elastic

pﬁrééuldgggggglégl q%ga 1 %](Séleﬁf% OVeSP}P{’](?P(}:F%g}}{Ce)’%‘ nutonﬁg%e\%;e designed

accor @59@'1@@?& b)QréneQreﬁﬁoo@ﬂaetnth heyséee MWRERNidhhBIRIdastdstre 1e@fings 60 are
The convex shape of the housing allows an

taken eh;ve mesmleézd 1Gppd iaed amplified forcelenthet wche be 2©a<b by g &¥i crocontroller/

wth the aid of the_elastic str orti
mlCrOE]Cé:efspb | CAPIBB%'EE]&O#@’WW“@PBBﬁé/ g crogrogesgglhgmlp a(lgle for use with

the de&k&%@dg@@{ee}\%ﬂolé‘@k&% o Eﬁéx%wo%eé!@f“dr@fohﬂ% Q%’r'ngé ature Sensor as
esi gmed according t he preterred odi ént o

founddh @Bt chiild alkbibe nnchidled otto pliccdsiveao reaidhe gsd\6@npemture, and send the

readings to the microcontroller/ microprocessor 64. The readings are preferably stored into a

storage component 66. The microcontroller/ microprocessor 64 may also be coupled 1o various

alarms 68, such as blood pressure, body temperature and heart-beat alarms to warn the user if a

pre-determined value is reached. The device is powered by a power supply. The readings,
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25 taken by the sensor 10 and are anplified to a val ue
that can be read by a mcrocontroller/ m croprocessor
w®2004058%anpl e of the mcrocontroller/ m cropPOL/EEHOB/000159
64 suitable for use with the device may be the
whet¥et @d1@han 68als8hd 88 s@fedﬂ:ﬁﬂﬁpﬁ&ﬁgé;%&ﬁpm)@ﬁ{ 66’”@31}' Ve dé‘wnloaded into a
tenperature sensor as found in the art could also
pexsmmaé couputer A2 or ¢ther dewwoscdtiondesde.t he body tenper at ur e

g gend_% readings to the mcrocontroller/
i 8t Bisrigeiesied dorgy of ﬁwewewwﬁb%seép@pavwervdm: ycapprisgdhe electronic

plocuf;rng&@Qleﬁ]to%ge%ggtﬁemeg%a& 66. The microcontrol I er/

Foe SO ‘be coupled to various

al Bighge 68.is Stﬂéﬁexﬁﬁlcb&%iﬂ @Ségﬁﬁluéﬁa bR%GprfeﬁU}%eﬁa%Mzedewce designed
and heart-beat alarns to warn the user
aCCOpii@ det éllcrrpné@edabmbodxmeneabmm mTﬁ@L'Id?eV]IOCét i enoayeated the circuit
WO_ 2004/ 004558

TR TR
temp%?a‘ﬂﬁ@qnﬁlﬂ ’fd]%n%{ogf&g%o?e@p gtrm}@% d?s?ﬁ'a 8080 \gr%ﬂo?oqeﬁsplay on the

into a  personal “conputer nmuni
de\flqd:emed“BEPR@M hterape 82 eslvedl pfeasune afarrh 3@, ir mmemdno% tpesesupply 88 and
b coggopents whi ch conprise the el ectronic processing
uttog st tehegrallhoused in the watch 600. 5 Figure 1l is a

S DR RGOS s HbAIRAMIL SRS RICIH EUCIRRL, Blie processing

devi ce e pre erred

and @Iteomllsnnsd?mg firetidhs. The dmﬂki@h%‘ﬁe&i‘&bly?bé&ﬁid bn a continuous basis.
connec¢tion of the primary conponents of the device,

Data PHCEENEAS pgqf@rablyégagfgpgeds@tﬁgqu 10 W{atqqstmmmi/absolute pressure readings
from ttﬁmﬁir i %eﬁspp Lt'éad?%’s mfﬁ 3?59&%%. gf{ta dndg P )}h%]h d{rﬁcé]y uploaded or

|qu -crysta

tlansudmcldcfer fhﬂﬂ&er&E&R@\ﬁlgmtS&@eﬂﬁ%evmeoﬁdey Eb‘ésﬂdﬂﬁerab@'éé@sed within the
ceiver 86, power supply 88 and 10 button

S
dev“’%\m EH@%’ dgareteTanalVisise SBPt 8% bais siaphiag thienst araseutes gver time, and for
waveﬂ%ﬁfa?iﬁl 5G5 Wﬁ'l Be 993%%&?&%8% on, data processing and

data tfansm ssion fuRcti ons. The data col | ection
preferably occurs on a continuous basis. Data
r ssing is preferably perfornmed at least to
ﬁh“”@@ﬁ?ﬁﬁ%te esti mat ed absolute pressure readings from
tireapd 9ot i £@hmpd
?g e thén dlﬂrl}zgﬁsf hggﬁe vm%%g%t Bﬁtﬁ\(j‘( nﬁo%g da éf the sensor 10
accor dlug ttchére ql)ersonmisq:mbpdmmtsu nieei;hﬁsd&;\/a Peestire MplidiP1o the sensor 10. As
ocessed th|n the device for elther

mem]%a?eéicar Qf’%’ 1&5 AFROF dne lgeéﬁz wapsvper deaphs ﬁgns‘g,l[ug@dxs prefel ably one which
pxow%ﬁ %%‘Eh‘ﬁ nq)()ﬁﬁ%é U dﬂ? o@:%gt]y gxropo@}/g]ftgrtr«% %a}l}%t S ]:%f)ssme applied onto

escri a Co
the uaﬁs@ueetol@ otfecea Kwgap bapyrsanitaraband aig Hberied 1ApRuRUN Ut was found

I ced by the sensor 10 according to the described
that a g‘ﬁr’@g qgé)ﬁ@uqehxsrﬂégﬁ@,@éo/{%T Mqﬂpbk&ﬁéﬁ@ngb@b]{ ed to the

S t he sen

¢ ?\gﬁlgi a %ge}}sop%steﬁxﬁ% #Jgegiﬁ g &‘ﬁc 5 I)cxogx 05?58?16?15@%;&{;1.19 Hwagﬁ head 28 to
calcule aivé ce@irds ghediged by telseaae 10hap b S20VNeGt ht second were obtained

proportional to the anmount of pressure applied onto
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 32 readings per second.
These waveforms correspond 10 the systolic/diastolic cycle of the heart when the readings were

compared simultaneously with conventional Doppler machines.
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30

the transducer to produce a linear graph simlar to
the one illustrated in Figure 12. It was found 25
wWo batt/oassseii t abl e transducer is the Foxboro/ | CTedvDbE€2003/000159
1865 transducer. Wth the sensor system 10 used, and a
mﬁg&@ﬁ_@cj‘é‘%sﬁh] SR LY 8y $disorwaidiipshefeadwager Oblood pressure taken
cal Cul ate the |Pead| ngs produced by the sensor 10, up .
over §Ge@Rdy, dlhessarpe totslenicng siobc endbhdrsibe valaes proyidedsthgsigsystolic and

. the device. By varying the_ intervals of each
diastejitreedingiare pvegaged Wédﬁuhﬁéﬁibﬁﬁf“oo & %‘8@“6 pese ’E%%Bﬂa‘,"' t he
[ t ) . i n.-apt.i 2 .
S P dait e 33 el R Cis0 MR SRR B Ak Waph compile

usingCBE LESIARBLs tedsd@adysd Rlliet (1eh Ascrld Radyigs of Biguteht3. In Figure 8 the
heart when the readings were conpared simnmultaneous

ly.
presstietwavefmmetit fooa aing Bogtsriel puktectan be scen 16 begn 200 Arggustsic trough 82
PCT/ S&003/ 000159 _Fiqure 1 i s.a _sanpl e ghart :
and co N geB RSP UL Gt Yy R B e of el pusotic pesk
er gconds. There are a total of 6 systolic
83 angﬁllgie@mg%ﬁgé}togf]i%c' val ues provided. These systolic and
di astolic readi ngs are averaged under the calibration
_procedure described below Referring to Figure 8 a
Calibyatipm e chart is shown being a Pressure v Tine graph
cqapl Led i3 MSLG; $N6 KON dNHLL 50 1RAGL B8mhected to the blood
rat uégqgh] r?pgﬁlré grglé{ee\lreg’a iaﬁ]gés{%ci?a@%ﬁfeo 1%\%E I'n Fieéﬁre
press§renidhitoBh g asuEe(wistel ) o dlibfation purposegl e arteri al
pul se can be seen to be%i nat a first di astolic(bti og]%h -
8 Theanth-eahidiraser T0easrhesp designsd d enve 2nizksqliei alver déﬁ od pressure
.85, The. wavef or L el : t.0ld .G Reakisi- b3 52 is strapped
using g Comy AL Gl Ve Heth 8 1 S0l EjsR ichroRPBlS ol 52 Js s
to theawliet 3Pe6l ity eheviveteh Q. aFheawtia-tzad iSPraeon cbfi dybtat that is automated,
connected to the blood pressure nonjtorjng devi

e
self-igfiping hargemensyrescliei Psalbicoblopd ipeseus forgterence by {he blood pressure
.aut o-.cal 1 br 50 has been designed to give an
mom@ﬁégfigﬁgé %?%]?631‘ t he bl ood pressure wusing a
C omt&ddt bfon Siuidcarl stsli dieplagohale s@tiauenoddpitoi $0.t thatdat read by the
. Separate wist-band 52 is strapped 15 to the i st .24
wrist-hast melp bg HEmaREIS DISSeSHHLbIAT SVODRIARE S5 (Qaiediony dtq dovloaded to

that. i BB rateSEL fvstenf | ating and neasures
the w E]ztzgg}sao%%lé] cﬁ‘\ﬂgg%@pr eggluareeﬁ% oyrS reference by the bl ood
PITRS SeldceroniaBliy bperated cdéfvype ndwaditinu@) blobdipresade ofiorator set at the
i quid crxstal di splay on the said auto-calibrator 5
)|

| o!
wrist deyel iscriteady evadablp 1prbe maphes Thsanveniary hxe ArmgRedat wfjvare program
proces. Yol d-S,1.Gr Rpr : - “head
o S RESTETNG SuT ORI SORIENR eyt 2
itself.to calibrate the system The electronically operated

cuff-type non-conti nuous_bl ood-pressure npnitor set at ]
t Bemuligneays wisly dhe ¢adibiteretigkingdhe aistdic and; fastpls keaeing. the sensor

0 o1 NS TSI P B R AR A o
mentibRAA110G8adiftsOaré RekeWaies Redd8@@nd@ B0 readings are therefore taken during the 6
seconds. A sample wave-form has been illustrated in Figure 13. The average of the peak readings
(systolic) are calculated after sampling to obtain greater accuracy. Sampling includes filtering
readings that do not correspond to an expected wave-form (for example, muscle contractions
produce a sharper and symmetrically-formed peak). Correspondingly, the average of the trough

readings (diastolic) are also calculated. The values of the average systolic and diastolic readings

14



10

15

20

25

itself 25 Sinultaneous with the calibrator 50 taking
the systolic and diastolic reading, the sensor 10 of
wo b@4natssh 26 takes the bl ood pressure readi ngBCEHRAGE2003/000159
wavefornms of the |ast 6 seconds. As nentioned, 10
respé@adlynge c@]ﬁnﬁa]‘ééik@ﬂleoﬁrst&x%%ﬂdh@%c@@a(f ﬁg’&dﬁ&ﬂsthé‘ra&o calibrator 50, to
therefore taken during the 6 seconds. A sanple
assignaabsofuter valleaso beesnsdr Ixemimr@tvedi lieferdricgus e vbBageTleeel. It is then verified

ave e of the peak readings ystollc are
by 1S, Selivare duosiPp ‘E*S’@aHﬁ birgr ¢ %Jafablﬁaprpfgtﬂléamsw&cwmbyohage change

char eh %g tll] %:An%}eﬁ) {( Aata)t%r gwps% aagg ?lgqﬁqle%rq {,arhgga(%“%rs 4 1%wn in Figure 12)

corr
asa@M&@le contractions produce a sharper and
symretrical ly-fornmed peak). Correspondingly, the
av@h%tg‘»éhh)ﬁmt Hé tamodiyn be eanhlov@s afdlicastimidus ) blaod paéssare monitoring
ed. The v Iue average systolic and

t
conna?rbcgf d@ a(?yroélﬁdﬁn?f'g dhe vy uq,@" %@E@o@@g{@s\g@e can be checked or verified by the
calibRtdh/ Wa{ Q:Qg])ﬂag s I ay b Hl%g]ta%é’de&y th?r\gatgl?ﬁpaao‘r % ;s ]Q%Seﬁﬂ when the

systolic and di Icr I ngs from
alarmaist uoddd what, dor &Gxumiile thafbiido@rpx asiel igtoatsydd dese-ti@etntifed range, or
sensor readings with reference to a voltage level. It
’e“mF§aPH§ﬁ‘@ ified by the software program using the

| 'Th%ahlsreq f%txln §]|§6 %e&gghﬁﬁqpﬁlﬁ@ﬁ%g th%g%!(enls vﬁlbe‘?\geen 2 systolic or

chan ara terrze
dlastqlicl uaﬂbd’saﬂnvngdtﬂs)e 60i seeauids! Gthatef@SihiP gh%ssd"%%k t'ofbeat heart rate and
b %5 5 as a_guide. The calibrator 50 can then
there Bée a %ﬁtﬁrﬂéﬂatwfc@ﬁwmwg opthgdarbeatswhen the datacisipneyided over a
periofBfKEACEs. At any one time, the value of the blood

pressure can be checked or verified by the «calibrator

50 (whi ch reading may be displayed on the watch-head

This is useful when the alarmis sounded when,

Stepsf"Br‘alé'%éﬁ‘ﬁPe the bl ood pressure i's outsi de a
pﬁ«‘ et ey A et val
' ?8 & pul SeSrQr gf?‘g cfrxrgﬁ]gﬁ nn%y%mg; %ﬁ%aﬁgodve lrlrlp NE cg&bx?tﬁ(@ procedure. In
brief, theneamm erval betvveen 2 syst oI ic or diast oI i c val ues

ﬁ 60 S conds. Therefore, this gives a
at ult gn {@ athaatdéachdo I]ieh\éql@f Byaneytappesition of the wrist.

VE riddnGadt 'tl%ncaﬂgra'icn Qo NRAVLAS IhFah éﬂ fﬂ) %}E}%fsp:?la & ntierpaig t _Wwhen

the data is provided over a St eps

| 3} catifchr e itha daligute b infiatea afldi adeflalanilie TuMMBihiodiatially, thereby
e S |nvoIv?d in the calibration procedure. In

br| é’i arppedie st ’tcoa”dld'aff‘a}(’c §dge Abess- léaqhnafr ateoflisplayed on the

ad] agent At Lon t he

acl S‘éﬁiﬂ hea@ alt.ichﬁ)s\;mwmé%?al% ?fééédg{o 0159 ns?lhlea tgi:h A

thr &ﬂglbvél’ te aptoyslibadtor \nlﬁ@rdaﬁb)etzoxﬁls coMipigh on the

gﬁllbrator to inflate and defl ate the cuff
HeoFREESEOy|iF programeghyo calibrate the arterial pulse waveform from the pressure

transducer output using equations 6, 6(a) and 6(b).

In particular the instantaneous blood pressure Pj at a sample point is calculated as:

P s ia
Po=| —2 % x4 ;+C )
Amax - Amin (©)
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obtaining the systolic and diastolic readings. These

readi ngs are displayed on the watch-head and absol ute
WO 2004684585 € assi gned to the sensor readi ngs. 4PCReGDW&000159

the auto-calibrator when calibration is conplete. 25

ﬂ}, e:Pr OI‘%%@ S8hoté SR AT ARTRERshRd S3ktlohe Bfeesurhieoreasp@rd talAmax,

se waveformfromthe pressure transducer outp ués

u3| ng ekdiademness the czﬁ(baa)ioxanchs@@dplaSItQiICpPaiB&SPI@LﬂOHFSHOH to Amin,

in nt an I pr r

cal cul sk dsnotesne pasimap reagted Yok & R0 AGHR PR ch e pressure

(6) O 13,0 20 4{ 004558 PCT/ SGZOOS/ 000159 \Where:

Psys deﬁad?ggcefﬂ Calibrator measured Systolic Pressure

cor r espRRsh B&of®e mPdhamdeaeies viloeofal arterial pulse from the pressure

nmeasured Diastolic Pressure corresponds to Amn, Anmax

denot edranséuarasitputn neasur ed val ue of an arteri aI

pul se fro t he ssur transdu out ut, j e CQTIT
denot esPk H{Ori'ﬁ g%’ﬁi‘?@:]r ﬁ’g 06?“ crig] Pglrslé\glpﬂl pressure
pul se ft{&%ﬁ‘{g%lﬂg&s&we transducer out put, A denotes

the jth sa asured value of an arterial pulse

from pr@senotes antarbirsy vostanoctipudted asiog Gedeibe egiatins 6a or 6b.
arbitary constant cal cul ated using one of the

equations 6a or 6b. 10 PS~.S - Pa. C=Ps~~s - A A

xAmax (6a) max mmor 15 P P 1d| - a-p X
Amin (6b) A inax -Artwn V\?yeformgﬂcessﬁ’ﬂq x A

5ys max (63)
» Amax - Amin
or
P..—-P,
_ sys dia
C= Pdfa o y 4 X Amin (6b)
max _ “*min

Waveform Processing

A waveform is captured as a series of points from the continuous electrical signal
generated by the pressure transducer. A complete arterial waveform including the dicrotic notch
is captured. The peaks of the continuous waveform are jsolated, the diastolic trough is located

and the dicrotic notch is Jocated.

The electrical sensor output is converted to pressure readings using the calibration set
forth above with reference to equation 6. The electrical sensor output is also run through a peak
gate providing a digitial output. The peak gate has a predetermined threshold voltage. When the
sensor output is above the threshold voltage the peak gate is “on” or “open”. When the sensor
voltage is below the threshold voltage the peak gate is “off” or “closed”. In the prefered
embodiment of the present invention the peak gate threshold is preferably chosen to be
approximately in the middle of the pressure transducer range in normal pressure monitoring use.

For example if under normal conditions the sensor output ranges between 100 mV and 300 mV
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A waveformis captured as a series of points fromthe
continuous electrical signal 20 generated by the

w@eessmses t ransducer. A conplete arterial wavePOT/8G2003/000159
including the dicrotic notch is captured. The peaks

then Gh djabﬁ))ﬁi@fét heAN QL% WRMESIBNICRIBe W AbED0) hhe @1]@%}6@& loGte output is
troug |'ocated and the dicrotic notch is |ocated

usedTih eh@ IpEacfd:rradCJanIeUmé rg docating et syis®lic qrerler diastolfcotr qugdsadr dicrotic notch.
readi ngs using the calibration set forth above with

The peakepaindegic éozéljlu%{fq ba ilpplemgaied i sofvas PEASHIE Bilich ke raw sensor

mgnalé%] ﬁ{e.c%}xgrg%tdﬁau%s%HJ ea%b eak 25 gate providing a

&ak gate has a predeterm ned
t hihesb Préreved Eﬁ]@@dlm\éﬁﬁﬁ fhB f?n\&%ﬂ@ﬁ’ heO$WfsRitc ﬂe§k 3&39&8]15 B point and
tl.u-eshold voltage the peak gate is ™on'
dicrofihaptch e loeatsdin acaoxidala:gemthsthbédlmwmg]metﬂmdes hoI d
voltagethepak ate i.s "off "¢l osed". In the
prief en-2 8IS Se }&P%Wststfépwi%g YWt i on t he
peak g Y n «
Bt ot ral o P o R i TSl APAnE SBREA By PR gite, ither “Peak
regaganpen”r[BG@Iorme%AreeCIErm‘li(PGl(j)ng use. 30 For
exanpl e if under normal  conditions the sensor output
ranges B¥thigsst Yowlng paind tekon dusng the “WE P adwsoBas58ned as the peak
%} ﬁg £000159 then an appropriate peak gate
h 5l'd to choose woul d be 200 V. The peak gate
oyt put Hrem thiseaint,thé fenmedbBudsedhiinpbiadddinv08 alehM@ven as the peak
the systolic peak, diastolic trough and dicrotic
n&fEH emarrﬁeoméammbéﬂteepqabgate toehaldaisseadhed.i wiftesrtbistint, the PGC
wprocessing either the raw sensor signal
O?hé% WatFﬁ%r ated pressure reading. 5 1In the preferred

efibodi nfetr tlaf PGO@hhsveNinedthd figt sykt(@lise flIRMed by a fall), is detected.
trgstol ¢ end point and dicrotic notch are located in
acCbYRfFa E,Sere(i\‘/i”t?jf’i‘j %SrfBBfIBJCFQSWNF@C]Pret hod: I . A series of

I t 2. Each .
S M BAALT oSBT AR DUPHSIY v SR e g 0 5
gatgere@jlat H&rpea?gak thregskioh] gpape. (PGO) or "Peak-gate

Clzlose Tf 10 3. The hi ghest sanpling point taken ’
i ng ' th éamlrleéjvalﬁ?ﬁa% chegked i thnaevesss ditsetiqreiak compax ing each point

Sbbsﬁlg gl &R YR; uhil tgé BPa & gé %5 }%%1 x lﬁemﬁlcgtﬁ@s g%eté ALUES end point.

how a downward trend even
r Eh@samsolopmnsunmu thisttine: malcogﬁttetef, ﬂfeféﬁbmhadtdli‘é préeagked.
ter m%fs oint, the PGC phase will follow 15 5.
At er B yﬁﬁd&@lﬂ?f@%f?ﬁaqlmﬂ# ’la’r%’?"@é@akm(@ T se

fphd x‘%\@ﬁgexg}sﬁnt@xhag @\l,agfouh anqu%%toﬁ Os the di cpc[xr%g g?t&;} 20 djastolic end point

recorde _ crot
are useetieaticolpd hertadh adtatiedstzed Pﬂésetchbx%gieﬁ%d@'”'ﬁﬁldd@ 81hB6%4an arterial

PGOis triggered at the peak gate threshol d vol tage.
pressure, a mean systolic pressure and a mean diastolic pressure. These calculated characteristics
are further used to calculate a mean systolic pressure index and a mean diastolic pressure index.

In particular the microprocessor is programmed to perform calculations in accordance
with the following equations.

The Mean Arterial Pressure (MAP) is computed using equation (1), as the area under the

pressure waveform between 2 consecutive troughs.
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7. The sanpl ed val ues are checked in the reverse
direction i.e. conparing each point 20 to the

w@e@mioesss one, until the first rise is | ocatedpCTRG2003/000159
indicates the diastolic end point. The sanple
pressure at this tinme p0|nﬁ constitutes the

end-di astolic pressure. & Iog c cycle is repeated
for each arterial wavefor p recorded
arterial waveform and | oh of (ﬁe dicrotic notch

and dggég K 9¥Eg§nL J& e used to calculate certain
characterfts rézﬁ e charﬁgeﬁé_ﬁflcs i nclude the 1)
nmean arterial 25 pressure, an systolic pressure

and a nean diastolic pressure. These cal cul at ed
characteristics are further used to cal culate a nean

YSAkleS, BEEIRURE IS HRaNg dpiian di astolic pressure

processor i s progranmed
to perIBJQfeﬂbeahﬁuixedsum‘ssanﬁplapcor dance with the
following equations. The Mean Arterial Pressure (NAP)
5 i s conpienets tigiindexelqusamdey (1), as the area under the
30 pressure waveform between 2 consecutive troughs. 17
WD 2004/ 004558 PCT/ S&003/000159 )9-1 (p, + P +J P
( #%%M&Hggysmhl Breds¥r ez((\ Xs ééxﬁput&h@ﬁ WEP1DSad e area under the
total nunber of sanples Pj denotes the ressure at
curvesdimpdieglg waSeforodreot g staméng palet(pforousdrpigh) jo trpdigutignnotch of the
ystolic Pressure (MSP) is conputed using equation
“degﬁ? as the area under the curve of a single waveform
10 fromthe starting point (previous trough) to the
dicrolic notch of the waveform 10 j=d-1 (pl +pj+l
MSP (mHg) = j=" 2(d -1) (2) Were d denotes the
sanple at the Dicrotic Notch 15 P} denotes the
Pressure at sanple |j j=d-l

S(P,+P.,)

MSP (mmHg ) = =
(mmHg ) 2(d-—1) 2

Where d denotes the sample at the Dicrotic Notch
15 Pj denotes the Pressure at sample j

j denotes the index for sample j

This represents the average pressure during the systolic phase. The MSP index is the

index obtained by dividing MSP by MAP as in equation (3):

MSP

20 AJSP_]I?Q’QX = M | 3)

The Mean Diastolic Pressure (MDP) is computed using equation (4) as the area under the
curve starting from the dicrotic notch to the immediate trough. This corresponds 1o the average

pressure during diastole.
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] denotes the index for sanple j This represents the
average pressure during the systolic phase. The MSP

WO n@hex04588 t he i ndex obtai ned by dividing MSP bgT/BME03/800159
in equation (3): .1'/.fSP 20 MSP_Index =1V P (') The
Mean Diastolic Pressure (MDP) is conputed using
equation (4) as the area under the curve starting from
the dicrolic notch to the inmagdilate trough. This
corresponds to the average S e . dupi ng |di ast ol e.
18 WO 2004/ 004558 PCT/ SG2003/ 0 41 ¢+P)J "+1 |
MDP (mmHg) = J=d 2(n - d) (4);_jeie n denotes the

total nyypEYPof nepebf [)S:d le at the
Dicrotic I\Iot}(?h(ngjﬁ de%g es the 2&%w>t sample j j 4@
denotes the index for sanple j i‘ndex is

cal cul ated using equation (5): 10 MDP I ndex = NMDP MAP

(5) The mean systolic pressure the nean diastolic

Pr eSseles: [iBsu1dERe: {dnd exndBLofisaapPP i ndex are believed
to be useful quantified neasures of the shape of the

pr essurde deeotesftbr sanyié atthe Diretid Nothlave cl i ni cal uses as

i ndi cators of onﬁ_or nore nfedi cal conditions. It wll
be appredratiednt hefSWs AP Brdcessi ng of waveforms to

produc MAPin VB ,; MBP_i ndex and MDP_i ndex
may beggtgﬂ(gﬁct eg] elt reS? 'etJhi n the device or

externally of the device, for exanple using waveform

dat a _downl oaded .fromthe devi.ce,at intervals or
cdmeiMbEuagder it F%ﬂ%?f?n% PEe FRBHY ﬁg: device to a

recei ving conputer or other device. 20 Another
obj ective of the collection and storage of data is to
be able to see trends in bl om essure readi ngs and

determ ne t ger:,pphpt_o change in bl ood
pressure dﬁpﬁ—@?%%gtﬁrw period of tine. (%)
Si nce bl ood pressure reading stored in the watch

menory

The mean systolic pressure the mean diastolic pressure the MSP index and the MDP
index are believed to be useful quantified measures of the shape of the pressure waveform which
will have clinical uses as indicators of one or more medical conditions.

It will be appreciated that final processing of waveforms to produce the MAP, MSP,
MDP, MSP_index and MDP_index may be conducted either within the device or externally of
the device, for example using waveform data downloaded from the device at intervals or
continuously transmitted from the device to a receiving computer or other device.

Another objective of the collection and storage of data is to be able to see trends in blood
pressure readings and determine the danger-point of the change in blood pressure during a
pre-determined period of time. Since blood pressure readings are stored in the watch memory
module with respect to a time, such trends in change of blood pressure over a period of time can
be monitored. Figure 16 is a flow-chart summarizing the steps involved in taking blood pressure
readings.

The sequence of steps involved in taking discrete, pulse by pulse, blood pressure readings

begins by executing a blood pressure reading loop of steps 161, 162 and 164. This Joop mcludes
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nodule with respect to a tinme, such trends in change
of bl ood pressure over a period of tine can be
worewporsegl. Figure 16 is a flowchart summari zP@DSGLO3/000159
steps involved in taking blood pressure 25 readings.
reading€h& QRUECRGE @fic TFEPIhé MYRInaedlddk bhkhadgedicscaettey 161, taking an
pul se by pul se, bl ood pressure readings 162 and, 164.
instanTiiesus byodi ]me$sunbe1$ad1bggi sisp B2 emd staringghe dplecg time and associated

pressure readi ng | oop 19 WO 2004/ 045
bloodmssme@@pemswyméa@pAZ}‘* RBisdatisis xep iadae PO GRAS over @ one

half hou}’ E”‘?Aang%}{) £k h d:qede%%\ﬁ 78 Akte gtl%B) 1 tne ]'iae}hi&g ]ﬁﬂod has elapsed

us b ressure rea

thekﬁp@&hﬁﬁtébﬁ dgte and tinme and aSSOC|ated bIood
pressure readlng in nmenory at step 164. This | oop

is
exdéeutisoavcessons pxqgtae)pm §0 Hadronge Brestermiles ahétlg:p 165 that the half

vor B B i ESEFESESH PR PG HED v o
hour ﬁ]‘f’ex%lepf%%xcxa_ 16c R FOPIRERIRE 1d &]Mﬁ@%ﬁﬂ'&ﬁ?%@@vérﬁ‘g"é systolic and

nce 1t determnes at step 165 that the half hour
diastdlip bldodotresseechzading efven algereadidg s $tored int meniokyol mp@gwmeed to store

readi ngs for the just el ?fﬁéed hal f %Eour i nteryval Q d
at stepyil 67 Sy GUEadS dpte a§d smsgndrte avareecbloed presre readings calgyated at step
systolic and diastolic blood pressure
]66"?%%1%%5 fromthe readings stored in nenory. It is

PThe ﬁl&ﬂi@ﬁjodegsosisqmﬁgrﬁﬁ}m&ﬁ tetdeferhbié at ktep A48 ménthedatfall 24 hour time
and tinme and the_ avera bl ood pressure readi ngs

- periog hpe alapses B najtibgp 116 rwoﬂ@tﬁﬁrlw Pl ppEraF deelizpioop. 1 the

micr obﬁ) E§s895§%‘ﬁ9es a ngdgﬁ 'fﬂa?g Athogf @Bf %Q@od"ﬁh@%ﬂﬁ%fﬂ fs% L)grammed to

as e apsed not th

mouw&mxm@ﬁlﬁeaaﬁew)16l and the pressure readlng | oop. If
t he mcroprocessor det erm nes at 168 that_a

hédrsten e plei BT oReceatoapisats e i bal g JrugY s 5T (g immediately
prececﬁ{a%%@ &ul DS tHR54 %%? ?E thekd Q) ﬁo g]%tr@o%r(i 621 Et@ﬁfl 70 the m1c1 OpProCcessor

ropr ocessor rea hal f urly records

storesi therguleseheldyte and aoed bnd) 14 aveoagedi 2t bowaleading mmamaxgeaf It will be
t.hese tqQ a single.record. At s 170 )
appregifig St 3B 8eh opergiing; @Ec‘lflﬁéa”ﬁ?seé’é rﬁ’F"‘&%P‘épz’ﬁdENaH’ég ahgloop of steps
161 lgfgn@‘l’@cf.aggg lﬁoja 1%9%5155 m&gmbﬂtsﬁnq@@{t}{ driredhitde PBlood pressure

appreciated that 1h nost operating circu tances it he
alarm dewig bettond 201eg:rseqpeldBi.ng t he | oop of steps 20 161 162

and 164. This |oop may al so include provision for

setting or resetting a blood pressure alarmusing

Comi ik 25 (eg: step 163). Communication tool The
OmlWatlcﬁ ?"sg%?refer ably provided with an interface 89 to

cOhaeatchtis prefrablygnatidebwpl Taﬁ finte@&cet39 1do:wnh@ado dataomal computer

to a printer to print data. Figure 17 is
10 dowrlgmtg AP agUiiRreare PF Jﬁbd@tﬁeﬁgpwé:py 1s a flow- chart summarizing the steps

involved in the data transfer and communications aspect of the invention.

The flow chart of Figure 17 summarises the process that the personal computer software
is programmed to implement according to the preferred embodiment of the present invention. In
particular the software is programmed to begin by initialising the personal computer serial port at
step 171. With the personal computer serial port initialised at step 17] the software proceeds 10
send a signal 1o the waltch microprocessor at step 172. At step 173 the sofiware determines

whether the watch microprocessor has acknowledged the initial communication signal of step
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involved in the data transfer and conmunicati ons
aspect of the invention. The flow chart of Figure 17
W@ ammo4sses the process that the persona]l conpRCESG2003/000159
software is programred to inplenent according to the
172. A @feedi it heyhadicer atliividdaed prarentsidpnVRrnd @ontinues 1o Joop step 172
particular the software is ramed to begin
untﬂumcmptalsu sikmgWiddgeper @Ofrtahc}@@‘ffbg%@ﬁel%e]FﬁSabeepdle@ﬂ‘éﬁd fsgm the watch

BET S R e
hand$) aki n%n]gé étgetﬁ]% Lofele gﬂg %@%Q§ﬁ% ﬁ asfog 0}:% s"l\t75 and 176 to

sof war e &rm nes er t
uplodﬁl @dl@pwca&ao]rephmona@kmemesiglad sctﬂ'neamm]:tlmaﬂls a smg]e dataset from the
communi cal ion signal of step 20 WD 2004/ 004558
mempzomfs@@mst@o@@g e4ding mpl‘udmée SYSiolEd alwa@a&ﬁ@tc leedipressure readings,

date gq ﬁmi72&jtg§?ﬂ | 6 Illgep réc]% e‘?ﬁgy}% W éeg]éeégp st gonlpqgl@ If not it

returRCAHBQ e%é%?égel% fﬁﬁﬁme%ﬁ'ﬁa{a%ﬁl ved ffomthe WatCh
m croprocessor the software proceeds to step 174 and

esﬂ?xatel the mittdprocessonuiziecaineoat stipudh that traeedsisadomplgte the software

pr oces@s gqe 3%%6 Tl?eg ugﬁgE]% ggtggﬂ gen g%{glgagg eaggfeg)o 1 ﬁf ' gg%hmso%\Jageo %rovidcs the
it
capal D e Rl U L Puar s Ep SFREPILE) 48! PRTRBTYRY Brovhs suchas
blood predsutestimband pbd |pir essumd pdlisafau@ Keg abtepd7§)r essur e
readi ngs, date and tine. @; eg 176 the softvvar% . ]
detidiongindie WRish meay bheonaprishdiTsedy ¢o ppestopal qopinyly bya direct cable
conn%ﬁBH sﬂﬂ aDYR & PRALHFLEP glﬁé B of BﬁmW%Mﬂa‘i‘%@rﬁ@et {he watch may
ce the mcroprocessor determnes at step 176 t
advantggeondly i e poonitel avithhevisbdst vmnﬁnurﬂ&tmnpqmantslatlp ﬁiroﬂxe output of
t he upl oaded data in a database at step 177. The
continyops WaYOPPLyi des the capability of printing out the
data results, (eg: at step 179) and plotting sunmary
graphs such as bl ood pressure v tine and bl ood
Settingefsdume v pul se rate, (eg: at step 178). Although the

byt 5 BilFLed TERGEY ESRHBED GHodaoRe BN PROTS2o5s Piessiie suddenly
mcxeals@é BPG@&Eas@@HEa@hcﬁ’ inC4 g%éﬁ?rﬂﬁ‘sr& e inndBfel @fdke ﬁaﬁ@ms and very

may 15avantage be provided wth w rel ess
evxdeMOnmmchahpnmpatmm iToelhiar dnyhé omtinoevowbpitdringfis firstly to discover and

onti nuo vefornms, Se t|n of alantn It is helie
help (i By Blods HE PGB OB it SBE ERE iR L R BITGGROIC if there s
an alaﬁﬁ R$5ibth §o SHEARRLY sudddnlalf BRERESAEesIFHE BFFE Tresholds can be preset at
drastically in a patient. This is true In sone stroke

the faptaty entsliadchllyesey usipy ibdents 20, preemetipderpbimas pat besttsfor the blood

The aim of the contl .nuous qonltorl ng.is firstly 5
Pressue O BYISF ralff FIGHEF g Stiha Tdnteg suBmasizitdthp siss gipelved in setting the

alarm §Eﬁa%r1941éh 10 \Darrcf% ofeRAy da e%l%%?&y ﬂ?%suﬁqe\ae\{so' ded if

I'S "an alarm system et ect ese sudden and

diragfiteuham@emicrépRcat@r M phprmhatdSoCpéida Rr esfinudlg loop in
the factory or individually set using buttons 201, and
conjungtiiop] yitle ital dataneollegioh op el steps 1165,31@19 @nd 164 of TJOU1e 16. This Joop

begins with a step 181 of comparing the presently read blood pressure with a value as presently
set using the set alarm function of step 163 in Figure 16.
The microprocessor proceeds 1o determine whether the blood pressure value is outside the

set range at step 182. If the blood pressure is outside the set range at step 182 then it proceeds 10
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25 pressure or pulse rates. Figure 18 is a flowchart
sunmari zing the steps involved in setting the alarm
WO pootloess¥t ch to warn of potentially danger ouspti/e6zho3/000159
pressure levels. In particular the mcroprocessor is
end pho doapmenichOowPE bt Qe fRatedCdhi i RObIoB@Drésture reading is taken. If the
. conjunction wth its data collection |oop of steps
micrpproce3WP dgreamird avfsieRi I§artbatlibe biduidspressope isbmuysides thei sehrange then it
) a(étep 1%k|0f conparing the presently read bl ood
ProcRrasde §teR MictiA 26 Npig Al . present |y 30 set using the
setyighas Bk ' t 63 i.n Figyre 16. Th .
e BAes POt LABedhcRt 0 B0el o O TR e v b
obvipioe sdllddenitise AULS SRnEAANd HUifQNOEs G 1h8 pRBent §Rention may be
If the blood pressure is outside the set range at step
madq vathouh daparting fsee dfs inventialini® BORAEOGHEES8 As such, the scope of the

invezgg%—]{]&%i% E&gg’é%gl %1%%(1 @ggé Biiezg lmﬁ gxgeaap 1f\$g]ii 1?1 g‘"},‘)“ﬁéh léplebc?ﬁq[ ceog%g&c%%n described
hereif1 ok QREGE GRSRL S LG BGRn8dd S5iGR a]rﬁzeqtum}en{shtﬁe]%@ A cordingly, the
ge then 1t 'proceeds to

. pressure is outsidé the set range

am lgtlbq)ap;%dtcbclaimd isat eovenakbahrehadifes lagd modiichii@isl aifall within the spirit

and enbod#%ent of. the invention has been shown and _

N4 SGATCPIBEHVEPPOi || be 5 obvious to those skilled in
the art that changes and nodificati ons of the present
i nvention may be nade without departing fromthe
invention in its broader aspects. As such, the scope
of the invention should not be limted by the
particul ar enbodi nent and specific construction
descri bed herein but should be defined by the
appended cl ai ns and equi val ents thereof. Accordingly,
the aimin the appended clains is to cover all such
changes and nodifications as fall within the spirit
10 and scope of the invention. 22 WO 2004/ 004558
PCT/ S&G2003/ 000159 CLAIMS: 1. A device for
non-i nvasi ve conti nuous nonitoring of a user's
arterial blood pressure that is capable of being used
as an anbul atory beat -t o-beat bl ood pressure nonitor
(AI3MP) 5 including, sensor nmeans adapted to
conti nuously detect said blood pressure and to
generate signals . representative thereof by contact
with an external surface of the user's body at a
| ocati on adjacent an artery; mcroprocessor neans for
interpreting said signals generated by the sensor
nmeans to 10 determ ne actual arterial blood pressure;
wherein the m croprocessor is programmed to record a
conpl ete and continuous arteria
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pul se waveform 2. The device as clained in claiml
wherein the sensor neans includes a pressure
woreenspdsser that provides el ectrical output sPONaG2003/000159
corresponding to an exerted pressure by pul sation of
CLAlM®. 15 artery. 3. A device as clained in claim!l
wherein said mcroprocessor is programed to detect at
| east the dicrotic notch and the diastolic trough
L A ledeSe oPRiRgeE ﬁé"‘ré%ni{araax@o&#%%% 24§ Mo ibod pressure
that lg]c%g%w% %?eo%f’ngsuseﬁ a@ra%g ) a}‘ Bef2b-664: i & d@pre8RAE monitor (ABMP)
i'C préssure as e nedn sensed pressure bet ween
lndu@n?ald det ect ed dicrotic notch and 20 the |nned|ately
| ow ng diastolic trough. 5. A device as claine
cIseihsor Meahe péiptedstai coniumnelyrdstast st¢ blagd p’r%‘rléﬁﬁédo ﬁﬁne’ ate signals.

an ar erial_pres
repregsiag e R P B O By e YL A¥ocetion sdjacen
an artbfyoughs, and to calculate a nean diastolic pressure
rzdex as the quotient of the cal cul ated nean diastolic
pmsmprc&:eshwnﬂmis Hyr tritepresiag said sghad gpreegiediby, thesegsor means o
A device as clalned in claim3 wherein said
de‘e”m”@raﬁﬁlrab%l‘é"ésaép oPd PIFFBEFanmed to calculate a mean

1#1 hPhSds o@es it E?og?éﬁﬁ‘h@@?o RIcEISHEG B WRE RoAtinuous arterial

di as? t'rough an e 1 nredi ately subsequen
pulse ttavefoiinc notch. 7. A devrce as clarned inclaim4
mherern sai d m croprocessor .is r ammed. t te

2. g Thedgwcaps é‘ra}’%ﬁd lﬁw@adr‘@h%nt‘h S w@égm g8k E transaucer

that pR&Y; M‘@seéleé Vé?elv Eorrdd gncﬁlhgaﬁ:t B Eferfeli QH#EHASe b)39ulsat10n of the
and to ca culate a an sy to I'C pressure index as

arteryquot i ent of the cal cul ated nean systollc pressure

di vided by the nean arterial E ssure. 410 detect at
5. adodpotsbee BERII) DD LSO TICEEGPER S PR to detect 2

least ﬂ}@ d&lr&h:r?rc!tcl $ Bia thgngﬁ%ﬂl' WRABGEIRDHucuS aiér2Y bﬁﬁmvefmm

tect peal ( systolic pressure and record the
4. peﬁa&e\sgesasmlmme@ meslsmr 2 whereiasaid eagtpacesedrgs pi qgmalmﬁled to calcvlate a
recor ded arter}J uIses and to_ det ect tg g ?ﬁ%cﬁ €. notch and
mean GHSIRNR BARIOREEOPE mEpPRSElPESHIE PRCE Agt detecficiigptic notch and
the Jrrfn‘i’éd]at@@qgl]@Mx %%Jégfoh%%‘oqtgl@t ] east selection of arterial
pul ses: device as clained in claim8 wherein
5. sm dieuﬂce:vasmnnnd brudeisr 4whatear saidmicrspriodessariie prograwwnse by calculate a
al?ramred H %erate sal% alarmin res opse ég ANy 1 ouoh
mean jaFgh 6ot PRGBS PEFE e &“ée&ar*\retcaaser (hifesaig gfagiohic toughs,
and 1d OHEARE Y mPS ﬂgstél% ?%s%% ks ﬁﬁ' RoBst P H]heccd?&ﬁéﬁed mean diastolic
pressure, sald diastolic trough pressure or the
pmmmméﬂhakedgahbammmenmaapdmsystoI|c peak pressure. 10. A
device as clained in claim?9 erein said.device

6. i AcTaYiReas seamed H’pﬂfmh%é‘r’ greiny jd BUCTPPTOGEFS OIS p@&@eggg&,ca]cu ate a
mean si 181'3(%’%{ ggq}ggs bR %Je%aggvp%%gﬁrk WRtven 3848450 h #hd the immediately

res rsai di cat or
subsequent dicrotic notch.

7. A device as claimed in claim 4 wherein said microprocessor is programmed 1o calculate a
mean arterial pressure as the average pressure between two consecutive said diastolic troughs,

and 1o calculate a mean systolic pressure index as the quotient of the calculated mean systolic

pressure divided by the mean arterial pressure.
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11. A device as clained in claim8 wherein said
m croprocessor is progranmmed to cal culate an average
W@ ® 004568 pressure as the average of the sai d PCESE208000159
as recorded at said systolic peak for said at |east
8. Sed gelitons @bindtiallah 1PMhEES saltidnioyesngss ghashohedio detect the
pressure as the average pressure recorded at said
peak ey stelicopriessure anytechidrihe peak astdliegyesseis| et et lgest @fselection of recorded

IEETUR T A e e
each ]RLfsgﬁraed e RFS ﬂb?gfﬁ-ﬂzn@fﬁ [y of the user.. and

aining an-a |c and systollc r eadi ng
9. ofp td?:@]c@,s@sr c%nﬁéd 8f | @hinPI8oodleRHESSIdr Beviice QRfdas ianeklarm and said
connectable to the device and said processor is
microprasgssanirepiogranuaddcialopratecald Prian iTo¥esiRapRe toaam igdicpiginfalling outside a
npari sons,Q absol u readi nd_s S
presclEERAPES 584 SHICH P LR AT BPor B AL Stk RP SR B; o diasolc
nougﬁ'ﬁx@%ﬁﬁe 8t GR &} {Feressd b?:&veeﬁ‘szﬂ@‘é §61i@Seak lpddsspe in claiml
cluding a first housing holding sald sensor and a
10. sécdedce bodsinmg ientdinsd whersai ghidrieviopinoldssser lrawd nggns, and said
| east ope strap conn said first_h
micr ogleﬁcsssgbﬁd%agrﬁwsqdﬁfgalgqm 5%‘%’&?%5&}“%1%?%%%{ W&f %@d ipdicator.
11. b%nge\ﬂge ﬁsnahﬁu&ld%n cna% W {Ng{reﬁf saf HE@bGbeessid rongrﬁltned to calculate
ousi ng having an out facling pressure sur ace,
an aveMagé‘l S}&tOliCQﬁSisum tBﬁa‘dar@eroifphepeeSG fpregsuré ase&lcgrrde@ et saadusyisto]xc peak
pressure surface, 25 14. A device as claingd in claim
for sa;_cg affeast pelection s i“’éﬂﬁb pplses s an aélg@g?]@agtgf Ig pressure as the average
d
press e B B B M o A SRR SR ey
12.  sAl dewtasat lclaus&d apclaaidwhdrast a caliliraap whéhngeaonsetht eder’s blood
at one end to said first housing, .extendin

there.. :

Presswy G 0o Tucng) ap Hiriery 8t thepUtse 9 ORGIPRE 7Y Mgwtmgk?ﬁwhc and systolic

readink! ehE Js@-{ QN2 lJl&Qip Je§s%iedls ARV EQENIE ¢S 88k Blvice and said
al'd third strap 0 Then over “sai d pressi ng

processonr ﬁsipmmnim&htcd ca‘]tlrlstt: clabbjstlmg condtdrits BOmt dvmpatrinems efnehid absolute

1eadmg%a§ Iﬁag gelf.naslgxésu éxgﬁ Sd{ a@p;&g%xbelgﬁn%t]q %po?nccgf gggest;ay?azr\%}ingsgﬁgge%ggr signals.

13. CJAa(']eW?&j: ds 1 A ddind Pﬁic}!ﬁh 3 Brsk ﬂblﬁln{gghorldhﬂg said@kfkor and a second

elastic strap passing through said joining ring at
housngamd:]dsmgosaléndcmpnodessdm, eod st leap gpassepgoitecinggbeid dirst housing and

oi o ring, and. 24 WO 2204/ 004558 PCT/ 552003/ ooo(gs
said s aeﬂ 195%?8 ?’i‘%‘@EFmFo‘hﬂS}”&h AR BIVAPDIP FiCHele e Wit of @ wearer, said
frst oG WAAHE b o By Dbl jPULER JPEEENiPan REk (5Bl Pstrap passing
freely poeit saithgressbfe suffackevi ce as claimed in claim13

i ncl udi ng a paddi n? cuf f di sposed within ac,al d band,
1. o4 #\'lmoqlﬁ@wéumc ﬁ“ﬁcll3u\5ﬂ“1"f§ma??’da§é?l¥d’ﬁ‘éu €5%SECOPEEP connecting

betwe%rpg:isl’é]’ gigﬁ% & 59 ohg %8&5]%@({ éd?{elﬂzgslr' g%hﬁ%k Hlﬁ %Ld sgcond housing and

said elREheEesh tsﬁ!dadlladuG@ﬁ‘ﬁp béing cohneetddttfdne ehd Mo st st H{?usm‘g extending
met hod for continuous nonitori ng of a user's arteri al

there fy@r@o@ sk g8 grapniesiondi taxpinghbacit *@p}s] s torfgunrad]qw, 521d loop being
conne SE' ek &,]1] I dd sxfa%”%' hgl?lf)gss%rvtexegallg Je%ls'ﬂlg Surfaces of Said first housing, with
the other end of said elastic strap being connected 1o said second housing or 1o said second strap.
15. A device as claimed in claim 13 including a joining ring, said elastic sirap passing

through said joining ring at said loop, and said third strap passing through said joining ring and
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| ocating at least the dicrotic notch and the diastolic
trough within said continuous arterial 10 pul se
woawehorsss and cal cul ating at | east one par anePET/SGHI0BH00159
sai d waveform and said diastolic trough and dicrotic _
back Ppbs NieFCRt h@)ASsaidl Kinifg aighasthisa dbep negdedin seild ahid frap including
i ncluding calculating a nean di astolic pressure as the
adjustablerconeewiod etkaps epsting Usevesnenidan g euiganEt ks

di crotic notch and the_i. iately,follown 150 oo .
16.  qi%48eyFs s &nmngp clpgn % Al%ﬂ?ﬂ%a ng%ﬂ]%FﬁggsPﬁseg l\xgtlhm iaéd band, said
pas I 058 SUBAIG BB SSIA oRAGTSHERRR, 508 s

housifly @56GIH Gid &pRHORS andel € baih@idhegdao ar amerlfzas bdai dlirst housing.
pressure index as the quotient of the cal cul at ed,m?aéj

17.  difasedioddoprossisueus nindiodiag obyusens arers blepdipessee including the steps

~ pressure. 20 20. A nethod as clainmed in claim19

oft includi ng cal cul ating a nmean systolic pressure as the
a ! L b Brek 61981 0RvaBEh,t he
e B e o B od as
clladarieg ai leagt ltlsd dic2@icinocchudi tie diadtalid weughgvidhimsaid continuous arterial
arterial pressure as the average pressure between two

pulse vesveloEms e di astol i c troughs, and cal cul ating a mean

336?%91355% d'apr]eea§ts UhéE gbx@ fetbr &Eﬁinghs%i@%,tvéi%ﬂk M e diastolic trough and
cal cul at to

nean sy I c preSsure divided by the nean
dicrotZdbn@ch Rickwdwdnspr essure. 25
18: A method as claimed in claim 17 including calculating a mean diastolic pressure as the

mean recorded pressure between a said detected dicrotic notch and the immediately following
diastolic trough. |

19. A method as claimed in claim 18 including calculating a mean arterial pressure as the
average pressure between two consecutive said diastolic troughs, and calculating a mean diastolic
pressure index as the quotient of the calculated mean diastolic pressure divided by the mean
arterial pressure.

20. A method as claimed in claim 19 including calculating a mean systolic pressure as the
average pressure between a diastolic trough and the immediately subsequent dicrotic notch.

21. A method as claimed in claim 20 including calculating a mean arterial pressure as the
average pressure between two consecutive diastolic troughs, and calculating a mean systolic
pressure index as the quotient of the calculated mean systolic pressure divided by the mean

arterial pressure.
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