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specifically to the non- invasive nonitoring of arterial blood pressure. 15

2. Description of Related Technol ogy The accurate, continuous, non-invasive
measur ement of bl ood pressure has Iongﬂgﬁgén sought by nedi cal science. The

avai l ability of gughpImRaARMRIEIioHEab U JwesnViiHithioR BLAME N /warseghiner to
continuously nonitor a subject's bIoodLﬁéessure accurately and 2
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surgi cal operating roonms where contindous, accurate indications of true
bl ood pressure are often essential. Several well known techni ques have
her et of dife been used to non-i n¥adicuengohtbninventiona subj ect's arterial bl ood

pressure wavef or I |tation, oscillonetry, and 25 tononetry.
Bot h the auscultg{?%ﬁqgﬁﬁﬂggéﬁﬁﬁonetry techni ques use a standard inflatable

arm cuf f that ocdhudesntidneelsbgeetallg tdnabhisahd aypeerug fortheitatiscpdriradtos y

techni que determ nes the .subject's systqlic and diastolic pressures by
roni tor i ng. GSRPAIR WEF BEicsEr Rt Hae ok e TR sbeufe R & By
def | at ed. Thevaeis€ inbhimmBE bt sertdriaChimidtessuren t he ot her hand, determi nes these
pressures, as well as the subject's nean pressure, by neasuring actual
pressuréj30 changes that occur in the cuff as the cuff is deflated. Both

t echni ques detergjD&mﬁPﬁ§§Mﬁ§mu&ﬁfaﬁﬁdgﬁJy intermttently, because of the
need to alternately intflate and deflate the cuff, and they cannot

replicate the sub]eetusiaoPiiilion GORirELs MeRsuRFar of MoodRipssurg herelong
contnuous, Ay Ak ! PRCMRIROLS AT GROREL Bngglt e, 1
descri bed brailed |the edvesier haventyegistyanpyitob@enbisd ireibal prefsiscciweateiyrandémsi ng
long-teryp t rr&{%g@blie BasflioR WHHE L the u&l! RN PLE S8 cartdONE Yc%rnmonly known as “A-
lines™) in any number of settings including, for example, surgical operating rooms where
continuous, accurate indications of true blood pressure are often essential.
Several well known techniques have heretofore been used to non-invasively monitor
a subject's arterial blood pressure waveform, namely, auscultation, oscillometry, and
25  tonometry. Both the auscultation and oscillometry techniques use a standard inflatable arm
cuff that occludes the subject's brachial artery. The auscultatory technique determines the
subject's systolic and diastolic pressures by monitoring certain Korotkoff sounds that occur
as the cuff is slowly deflated. The oscillometric technique, on the other hand, determines
these pressures, as well as the subject's mean pressure, by measuring actual pressure
30 changes that occur in the cuff as the cuff is deflated. Both techniques determine pressure
values only intermittently, because of the need to aiternately inflate and deflate the cuf¥,
and they cannot replicate the subject's actual blood pressure waveform. Thus, true
continuous, beat-to-beat blood pressure monttoring cannot be achieved using these

techniques.



Such instruments generally have been ineffective in sensing short-i§r£%ﬂ 2066
bl ood pressure variations, which are of critical inportance in msmf?““b SEe
nmedi cal applications, including 5 surgery. The technique of arterial
tononetry is also well known in the nmedical arts. According to the theory
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over conprsessh@dryt 0 under conpression or vice versa. At the onset of a
decreasi ng applanation sweep, the artery.is overconpressed into a "dog
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of m ni at ur evpressussent tansttueepssiihator i Gceapptd. edaagal ostt bhe ticsskies
overlying a eripheral artery. e.g., the radial artery. The transducers
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t o appl anate the underlying
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transducers. An array of di ff erent transducers is used to ensure that at

| east one t PHEREGUdETS ithe ataRal BresvEs s PRwertiqdar yio theeyybipen wxlsis dhe ey siess

posi tion on gefhed Y RIeQE ometerisSnshy P& 10 hQANEEL BhassuRONVEME e thimRbeGl to
several drawbacks.” First, the 3 30 array of discrete transducers generally

i s not anat drpedl hppldodmpahe blnexigiunh puksetile dneriessusu sbtaiseshcotesyosls toheero
subj ect ' t%éﬁHﬁu&ﬁﬁ%b%Eng the artery being sensed. This has historically
led to ‘i naccuracies 1h the resulting transducer signals. In addition, in
sone cases, thi sOneémpconpatdeticd ifdryimpéomeongs thettoissureryi taghmique dmdudee mviggidanmage
and can r eStaeriaj? tof br!]f%%%lr(f: lp?églsutrg tragsi u%ear‘sl, t}tmit SISS %Splie_dzaglainét ’[A‘hlgc%iszsgeg%verlying a
peripheral artery, e.g., the radial artery. The transducers each directly sense the mechanical
forces in the underlying subject tissue, and each is sized to cover only a fraction of the
25  underlying artery. The array is urged against the tissue, to applanate the underlying artery
and thereby cause beat-to-beat pressure variations within the artery to be coupled through
the tissue to at least some of the transducers. An array of different transducers is used to
ensure that at least one transducer is always over the artery, regardless of array position on
the subject. This type of tonometer, however, is subject to several drawbacks. First, the
30 array of discrete transducers generally is not anatomically compatible with the continuous
contours of the subject's tissue overlying the artery being sensed. This has historically led to
inaccuracies in the resulting transducer signals. In addition, in some cases, this

incompatibility can cause tissue injury and nerve damage and can restrict blood flow to

distal tissue.



Q her prior art techniques have Sought to nore accurately place a single
tonometric sensor laterally above the artery, thereby nore conpletellyy 2005
coupling the sensor to the pressure variations within the artery. However,
such systens may place the sensor at a |ocation where it is geonetrically
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This is an ngthant consideratiﬂn, since no two neasurenents are likely
to have the TBRVIIERNG FUCE NOFFMAR PhING SHAH! QNG ERFEEISL t he same angle with

respect to the anbietryMyB¥mofard RS LomROR NEiBREIAAENEShS otdi@lohYor @uf fer
fromnot being able to nmaintain a constant angul ar relationship with the

artery regd¥dpusdagrlupeatosrthe spoet OFipa mapieeln Seatcadsesh sysipos fovoni ng
mechani ss il i B &n Neburdd RAPHEdnk QR QinlAeBNANGRLG. SRahLr es of
the subject, such as curvature of the wist surface. Another significant
dr anbackl Ot o agetyels ivaliect Giprormat foptinyld tiemdeninangémei bik 4 gn irhigirfant ¢amalderkiicry t o
cont i nuous! y, joni tor a0 Adhusle e LSUE! 00l AL ALLAL- WAl fQTPRESSION O
an Cptlnun1feve . nerally, optimzation o arterral wall conpressi on has
been achi evelt omieyari2® Bith pepecodd ceraeal. i bfaag icbithe BlHgsinpagproedui siediadn

interruption of the subject nitorjng function, whjch sonetines can Cccur
ur s ng-ori ¢l i B EF R bR o tloL adRy PR AR JranEE of
t ononet er s irgpatdi@s of iardrgl dosigny ido® mBaty. casiito @bsifidiengmsshasik@nivhick art not

limtatigns of prior art_taononetry approagches relates to inconplete
pressuré 5pu|ﬂ§@°t#tar?§?0éw o i e aReS PE@F SHELEE PENEUF of erHet poi nt
of 25 measuypgsent on the surface of the skin above the bl ood vessel.
Specifically, even when the optinumlevel of arterial conpression is

achi eved, there Pgohpicgapfierne dadaef (e arteiakdenonggmplveime dusensig of theihe

arterial bl qpﬂnﬁ{]%é&ﬁﬁumryq&fl&hm} e ¥§5Sehe Wall oraRghidi R AU fBSion kd S5UE tO
the Surface of the skin, Such that the magnitude of pressure variations

actual ly ocetmpnigyrehiGengrallt hetibizgmd of eseel wilscoemesalaahasdierf eqhéaved oHan t hat
measur ed,,by L . t. ery) +.pl.acg: . . Skin
rence, a7 A By SE TP P LERRU, B BRI 0P B RO y
di f fers frorhudientwhieh pressey @nwctthidnrindaitaritperiyds. Voiddlsatngty seteeclphyst cal

repponse, o 15, AL Bhllh o SRSy NGRYL 21U, Lendons, bone, okt of
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I ntroduce qu)crogglle% grl?zlss%ree;gurlger trelmgll;eg ﬁ%ﬂyﬂze_ig’terior of the blood vessel to the point of
25  measurement on the surface of the skin above the blood vessel. Specifically, even when the
optimum level of arterial compression is achieved, there is incomplete and often times
complex coupling of the arterial blood pressure through the vessel wall and through the
tissue to the surface of the skin, such that the magnitude of pressure variations actually
occurring within the blood vessel is somewhat different than that measured by a tonometric
30 sensor (pressure transducer) placed on the skin. Hence, any pressure signal or waveform
measured at the skin necessarily differs from the true pressure within the artery. Modeling
the physical response of the arterial wall, tissue, musculature, tendons, bone, skin of the

wrist is no small feat, and inherently includes uncertainties and anomalies for each separate

individual. These uncertainties and anomalies introduce unpredictable error into any
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Figs. | and 2 illustrate the <cross-section of a typical human wi's
illustrating the various conponents and their relationships during nornal
(unconpressed) and appl anated (conpressed) states. Fig. 3) graphically

i |l ustrates reheurtoregoblegd presmici phassyia g peoimkirsakiopr-t Higs. vlaarﬁdaobillpttta;c tha 5
the tonometr '1&55 g&%ﬁlgro?r?%§caL%L1%£d \(P\Q’ISE 11[‘14?!%?1'14“&1%5{/ %us con &%nts dt Lt
arterial pressure ﬁg sure (i
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i nvasi ve cat heter gressure such variance not being adequately addressed by
prior art tlEeRRitgiFeshe BEyeircoReTRE e ral§orivgre Here s Wik detndnvasirpr oved
met hodol ogy pﬁ‘?&gql@%@&@ﬁ R yga‘?étus aha (RCEYERLE - Xme%ﬁ’ﬂﬂ&tl&ﬁ“@t@%@( the@ @ fferences

non-i nvasi vel y nmeasuri ng B pressure within a [iving subject. uch
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intra-arteri cat ressure, rovi ness
repeatabiIiﬂv:thﬂew&Ma&ymngmmathMWthygumbaggaaﬂmae@nwﬁmamwémumbzan
conditions. Such method and apparatus would al so be easily utilized by both
20 trained n%én@é?;personnel and untrained individuals, thereby allow ng
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Summary of t he Iaventlon The present. inventio %ﬁtlsfles t.he ajor nentloned
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conti nuousl massaﬁ;ﬁswagnétmm@gylammh@am@pﬁmta @6ally dlBe| fodidh@ingib (ﬂ:fnbﬁtlatn@' ood
pressure, within a living subject. In a first aspect of the invention, an

i nproved netHESTEREHBE atoﬁtl H@S%F ep‘w@gig Grstlestiynal ruobiranisial forGren PESHE

vessel of a Jiixi@ sebREtrob&Rg RAM APBLdbISy SRk wagmtgspﬂteﬁtcbt%t%ttay The

met hod general |y conprises applanating a portion of tissue prOX|nate to a
bl ood vesselenyignggnigcysndiiensa Syesmetaed aumgparitahwodd alsorbasasiy ngizehby petessur e
associ atRdl el bRk AOGMESRE uneRRRr IHENARKY Shircby THRWIRARUG( re may
t hen be optlgﬁa k gcaﬁ gmu3|n ngrane{}}c %atée%%ﬁgi §#£§%$tk§é§gbject
(or ot her sub@@%ﬂ$muﬂ9m$b%awﬁm@wﬁﬁmmam§@at|st|cal basis). In one exenplary
enbodi mrent of the nmethod, the portion of the tissue (e.,,., that proximte
to and effectively surrounding the bl ood vessel of interest) is appl anated
or conpressed to a level -4 4 Btdbhryd086 Invention

The present invention satisfies the aforementioned needs by an improved method
25 and apparatus for non-invasively and continuously assessing hemodynamic properties,
including arterial blood pressure, within a living subject.

In a first aspect of the invention, an improved method of obtaining a pressure signal
obtained from a blood vessel of a living subject using parametric scaling is disclosed. The
method generally comprises applanating a portion of tissue proximate to a blood vessel to

30 achieve a desired condition, and measuring the pressure associated with the blood vessel
non-invasively. The measured pressure may then be optionally scaled using parametric
data obtained from the subject (or other subjects, for example, on a statistical basis). In one
exemplary embodiment of the method, the portion of the tissue (e.g., that proximate to and

effectively surrounding the blood vessel of interest) is applanated or compressed 1o a level



which correl ates generally to the maxi mum pul se pressure anplitude. Jor ttlg
bl ood vessel. This greatly nmininizes the error between the true AbG 2106
intra-vessel pressure and the tononetric reading. The tononetric r eadi ng
is then optionally scal ed (adjust ed)_ for any renmining error based on
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or no scaling i s .Ne i _other case t he transfer oss IS
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appropri ate. o lﬁe @Lngaect E@(Waaméd Viarck@dh c@bs, bid e dheditses RtiRtd @nges of

parametric datsg g) F fPP are 10 establ i shed such that a gi ven range
trelost sesultng;ff

of data cor @ b I GFsugtierrrisdi Qivesy QeatIpty vessdovet aB¢ set

of factors. {dnrraRlbaidesenat af % «bheds iBotd. B omt EReOfk. gt,%eﬁ%emswr' st
circunference (WD is fornmed, and appropriate scaling aBp i ed based thereon.

Ili a secondosaspeetiiendt waliigwfdht onpmetEn PiessyFoedinappa PR RO e dpphanat i ng
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The apparatus conprises 15 an applanation ele t adapted-to appl'y a |evel
of appl dffat icgpblshcdcwrp thebs Bigen taoge Helatd @yg@eptmumﬁt}e@t detﬁlhembiﬁcow ivessel

whil e al so @c%srugr' 5@9infa%i%%uﬁl?ﬁltl{)%[l]e?r&gﬁl 8? At%bodlmen%) a raf ormlealE}X/H terrbo i ment,

t he appl anation el ene ectangul a a ‘havi ng an
aperture cemtrctailﬁexjanJ((‘y\é@)esjfcuzhar and’lappﬂ'dpelaiap@?ﬂmgm@ ued;b:a;ed:merendrl cal shape

havi ng one or ansd yeer s di s ed therein . set to a
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dri ve mechamiside 1ﬁ)11€1ﬁ)\nt§1®€ﬁ3&)dd tpcbsmﬁerrehsamtnst@d@tlbs@w Vs yiphgius leemglises of

force to_be applied tqg the third aspect of the invention, an
i npr oved® netaﬂﬁgpl?’ﬁpoq YaEY A p{ aéo Blfﬂ[ff ﬁiﬁ"e Fof SBplaniey BrnCOFTB%‘ESﬁ‘%%%T?F Hgug’

henmobdynam ¢ ppasdIeiake Hisoddeselasediso Hdgurml fedus enshatitaly Frﬂﬁ%k&%ri\:af ying
the position of the aforenmenti oned appl anati on el enent reI ative to the 25

bl ood vesseleMpEneithiie applpAipy cRBFERPRRRTE scoRditipbnEcangar mad havipg ebd
vessel are %E&ﬁt«ee@kmrgwe&ca&émemﬂherh@%&1 lslaea/ﬁilndr@cfa aRpl anatd QR d}gﬁléhe

element is t deterined by anal yzing data obtalned tonoretric y from
t he bl ood vassare fransducerstdipgossd drdrgin agdl st 46 a@yedeteimanagpdepimivith Feepest to the

subsequegt | 36%@5'% ?%gaﬁ 5@@%@&&3%{1@”@' &@a&lgén}is% iskDGheSE) RCGhEDe mﬁ%%?‘io% r‘ﬂa‘%L"’ one

exenpl ary anaton occurs est or
maxi mum pul é@ebpé‘@mﬁ@b%pﬁ@i tothsérsued. An algorithmis used to iteratively

anal yze the pr ESEPE ‘%luyé@gs ec(t)rorptﬁ) n%enq g anl_ﬁrl n%dtfi{]%%o& %go Itlgeenttllﬂ% nt he

opti mum (maX| mum Pul’s essure Fevel
adj ust ed or apgeravioeddr xmfastunq d lhmodgmmlmlaramelems dlwﬂtelf:ce ’Etddhéth@in@nelally
measur enment and. grocessur‘%amcu our ect of t he i.nvention, an

i nproved net SRS A SETON ‘%ﬁ%@oﬁ%‘ en}gmlone& AP & U‘i%f’ ement relative to t%e

25  blood vessel such that varying hemodynamic conditions within the blood vessel are created
over time. The optimal level of applanation for the element is then determined by analyzing
data obtained tonometrically from the blood vessel (i.e., the overlying tissue), the optimal
level subsequently being established to monitor the selected parameter. In one exemplary
embodiment, the optimal applanation occurs where the highest or maximum pulse pressure

30 is observed. An algorithm is used to iteratively analyze the pressure waveform obtained
during the sweep and identify the optimum (maximum pulse pressure) point. The
apptanation level is then adjusted or “servoed” around that maximal point, where additional
measurement and processing occurs.

In a fourth aspect of the invention, an improved method for scaling the blood



pressure neasurenents obtained froma living subject is disclosed.. The

nmet hod generally conprises: determning at | east one physiol ogr [ fH&r afed er
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and a scaling function; and using the scaling function to scale raw (i.e.,
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rel at ed to mheSiwglgtPa@Iﬂﬁ@tﬁn@eﬂ’e!h%f’ei dfe tityepargingfreetmpaisesdit érody meds ficdom t he

Su bj ect. ?% (?fr{f?é Q Hﬁnc Qllid a{leﬂgetgqg%/té)& tﬁetﬁ&ﬂ% m%SL{P%]deputlSQe TGSSuUl?JB ect is

used to deve op” a scal naf aspec Ion, an
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an obj ect cddé representation o Sour
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device of a mc oco ut er stem T ogramis adapted to run on the
ni cr opr ocessor o¥ f HE O“Fhe bSﬁ‘B}?Bhtﬂeer gg/i}s‘tgé%lﬂte&% th Wr‘r’ﬁ‘r B TBRTEi Helke f or

| npl enent i ngulkjfe aa@pdrant irem B si@pict. NinZat dnetheadisboaGddnt, 1e: vHRY Radelagi-es
descri bed above are included within the program In a second exenplary

enbodi nent , HHEIEGADEIEE VOER AMRREBHPTEEs an instruction set di sposed
within the storage, F’El\/!as‘%)@ct@‘tlféhmﬁaﬁtl&h%n ﬁﬂﬁ@%%rﬂﬂﬁt@gﬁr@m&w&%ﬂel@n dﬁ‘g

digital processor. In a sixth aspect the i nvention
non-i nvasi véhﬁ’sé}félteé}?iﬁf@ﬁd asdwds isndfsclagd.ofhe cor expmdarnembadimantnihe @amatset er s

is discl Osegfom e cérxﬂﬁs@ﬂdﬂ Bﬁfleéfqgée ke ?%sen%gﬁ SFgRnE+ oned %ﬁ@llm tI?enobd)ect

appar at us, ong Wit tal processor and storage device
exenpl ary ewbréﬁdllenremwatiomeeiag)paptatdm ﬂn@mmvrasemeaopfrcewnuﬂa storaga sidvicenf a

di sposed i “nﬂ%ﬁ%or@&%'ﬁgs%}%oﬁ‘hee ! %E?ﬁltl 1¥\Qdapt f"usneon iR m{) apr?cetss[eoﬁte [adi al

artery of a ocessor era connec Pessur e
]Er ansslﬁcer arridoapqutu&maiyrsmm a[plmabanme @b@uﬁk&sfﬁ}cr [h1pteme68ng:)rt&ce§1$amgmsr Iglnal S
rom ressure.tra cer in ssure asu as well as
control 287 DR B R e P O PR SO M ERR: fp@in
processor f s thetont re@élupie@ @au@ﬁm@hammmuyer(ps@g;mqq asmanse rhaskdedidil @sh
menory) vvrtg %ﬁ?wﬁ errentroned aI orrthm oregtherern |ntheformof a
conput er GF the sioragg dleyes SEeh PsihgPRIBeRdst Bragei 81etme) Y 8ceg¥br, and

al | ows for ptRElage of data generat ed by -6 AUS

In a sixth aspect of the invention, an improved non-invasive system for assessing

25 one or more hemodynamic parameters is disclosed.  The system includes the
aforementioned applanation apparatus, along with a digital processor and storage device. In

one exemplary embodiment, the apparatus comprises a pressure transducer disposed in the
applanation element which is used to applanate the radial artery of a human. The processor

is operatively connected to the pressure transducer and applanation apparatus, and

30 facilitates processing signals from the pressure transducer during blood pressure
measurement, as well as control of the applanation mechanism (via a microcontroller). The
processor further includes a program memory (such as an embedded flash memory) with

the aforementioned algorithm stored therein in the form of a computer program. The

storage device is also coupled to the processor, and allows for storage of data generated by
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the pressure transducer and/or processor during operation. In ope %g lary
variant, the apparatus further includes a second storage device E ﬁEﬁ%
which is associated wth the transducer and renovably coupled to the
apparatus, such that the transducer and A EEPROM may be easily swapped out
by the user heTREssHEERalrE HahBWGEEr TEPROM S 0As S8 mBF yx4mapli eatBwithyur ed
Wi th given segl At['éJﬁEjﬂ&amWﬂHé%hx !;e%mﬂjagtFn aGd! h@ﬁéd{e@%ﬁ%MPhlmlcﬁ q?lagsg&aeaﬂav' ng
certain paranetrics (e.g. hin & certai n range) ashi on
the user siwiisl the gewsucst el tehv@vm aerwtadite she apneaial seel ﬂiat ﬂve trapqﬁm@ﬁprancét e
assenbly forg { t . r, he
second ot or ShErauid th R RRAMELUR by e B0 IR SRR TuidiBiiBPhoy
scal i ng ﬁacM&mmbBumcmﬁ@nﬁkmumewapnpﬂmruahﬂ;dma@@ﬁdoh whuahmhséam&dsklected
at tinme of use ar amet r lled to the
sevent h asp@&@e%ﬁ @‘FH@B&?FEW wﬁﬁa h%?@ fh%%%@ﬁl%?g%%§3€aiﬁ§mPr %tnent
to a subj eckerdshpgeidatsafieramrticonad Sﬂﬁﬂfh@d@[b]ﬁ@jrﬁ& ds&entbi sl osedih thhe
nmet hod general | conprises the steps of: selecting a blood vessel of the
Subj ect use@ﬂ?ﬂ%8% measuring pressure 15 data; appl anating the bl ood vessel
to an optimal | eutlnoREASHHIRGvA AR, HeReSHE Qofidd deWRal cddiRur-BkOassel s
optimally applanated scaling the neasur ed pressure dat a; and provi di ng
treat menf t @ tweliyupjseding Jadae ostiemni b SpRPRiiPRss iH oV iddt warg wlesie at
exenpl ary eﬁﬁ%ﬂhﬂ&ﬂh@udﬁ&Em&%ﬂ@@nyﬁﬁﬁﬁhtS@ﬁH&h££§sthe radial artery of the
human bei ng, and forenmentioned ' nethods of optimally applanating the
bl ood vessel andlrs@@ﬂvmﬁ@ agpel Qifesigvandomay éhppmduséthel of200BNhY PRitaed to
utilized. Bri i f i S al
i agr am of Havi, oy i ARlens RANORRL 1O ugdild HETRIRCHLEING the
r adi al artemwnamasdthpsbﬁs@umn@mﬁosdwuwﬁmfé@§UMNﬂawﬁﬂdapQMana@qdmmRS
(Unconpr ssed . H g mor .the wist area
of Frg b i fePb e shv Dorh 037 A gk SRR et Snc
radi al art er‘o}boﬁﬂdsﬁt lsUgtitiads ap;ﬂa@ted;’:}caillsg theghi@pled |pfel9531'ﬁd’ adth;ngrdtgaeviding
rel ati onship between t hg t ononet r |.y, obt ai ned . pul se ﬁressure and t he

i SRv B

cor r espondi HGAM0ES; s URISE P on tAlS| BlEdalr Blig sy gmbopimeal 30

human subj egfe M’e&nvés&e chaghiak tRrhekYartesy 3PPk aRLLeihe MBA: AbfeBloh@ned
pressure. Fig is a side elevational view of one enbodi nent of the

appl anat i on ‘%ﬁ@}?&? at esimeyly apmanapipsetie Rood ¥rpesh enchisaling the PigssueVHCIIMBRSI0E ew of
t he cont@act madpmoftiig.apparatus of Fig. 4, illustrating the relationship
bet ween appl anati on el enment and pressure transducer. -7 - 4 AUG 2906 Fig.

4b is a side cross-sectional view of a second enbodi nent of the contact
pad, Brief Description of the Drawings

Fig. 1 is a cross-sectional diagram of the wrist area of an exemplary human subject,
illustrating the radial artery and other tissue and structures, in an unapplanated
25 (uncompressed) state.
Fig. 2 is a cross-sectional diagram or the wrist area of Fig. 1, illustrating the effect
of tonometric applanation on the radial artery and structures.
Fig. 3 is a graph illustrating the relationship between the tonometrically obtained
pulse pressure and the corresponding invasive catheter (A-line) pulse pressure for a typical
30 human subject when the radial artery is appianated to mean arterial pressure.
Fig. 4 is a side elevational view of one embodiment of the applanation apparatus of
the present invention.

Fig. 4a is a plan view of the contact pad of the apparatus of Fig. 4, illustrating the

relationship between applanation element and pressure transducet.



illustrating the Use O multiple layers of material. Fig. 4c ism%gﬁtgtg@g
plan view of a third enbodi nent of the contact pad, illustrating~ the @

of materials which vary as a function of radius fromthe center appl anation
element. 5 Fig. 4d is a side plan view of a fourth enbodi nrent of the
contact pad of thig. 4i ivvwendd ongs-settlonslt viaw ichg stdeed embodiheniad Wiengnpaidpadat er i al

t hi ckness. Figs...4e-4f are bottom and si.de plan views, respectively, of a
fifth enbodilllé%%ﬁ?tmgﬁhe L{Sﬁgf@Bllr?llfj%(fzyelpsé)gmgfe”?ﬁe invention. Figs. 4g-4h are

bott om and si de Pigatr #iadosom pespést biethyd cobodmsntxifthearhadi prenitluafatind 0 t he
contact pad of the invention. Fig. 51is |.ogi.cal flow diagramillustrating
one exenpl afif UShHBOBIHAT "D 45 BREIROT MATHGE TGRS FRBLE ARG ] BB Br essur &
using opti m zed apphanatiw AAg vESabI BJoudC eabslimenttd thd@okt gatid@nhe Fi g.
S5a is a logical flowdiagramillustrating one nethod of scaling an unseated
15 t ononet r iYeNERPe g ATES s gsbYdprymesed nereR! BiskPssul se pressure. Fig. 5bis

a graph illustraftigiearRkidbint 3hdldeadnelifal kB APAL. 5Tl fiffeRMRERRLEf I | es
useful with the present invention. Fig. 5¢c is a graph show ng one exenpl ary

met hod of i derroptastipadobheirepitithnati ng noise artifact froma tononetric

pressure wavef or moUsi,ng A0p&% Jiﬂaslideﬁjtl)&n\%ws, %Q%\ngzhg%%q %ﬁq%&@?ﬁ&éﬁ of | gw

diagramillustrati-ng-one exenpl ary enbodi nent scalin
her nodyri&mi ¢hempascimedrenths inversiong BM  and PP) according to tile invention.

Fig. 5c is a graph show ng the relationship. between ./ PP,_and_ errar_ factor
for radial artol sats Age Sl FAHeE TRAR R Rt BBt Sudtihe %6}
is a graph ghewingethdieof elcatiriopdivqp fredsweersiac batahizan dpplametio ewt edling
tonometric systplic pressure for the sanple of Fig. 5e. Fig. 5g is a graph
showi ng theacé)f‘ﬁ?g@ﬁig P58t ween actual and uncorrected tononetric

di astolic pressurg. tois 1 hesiGamphadigkarriiustriing drieOnetbdtl bSscaligy apbngshiem ng an
exenpl ar% "zero nean" tononetric pressure O waveform before and after
bei ng cdPr edrERelE RV vitpgbodsimasgingdeX a5 iPblst PEISHE di agram i | lustrating a

second exenpl aryrembodi Meaph AlusthBg aBEAY SlansealngpRenBAYRadP Sofiles
measurenents (using BM and WC) according to the invention. Fig. 6 is a

gr aphi cal r dpfeseptthe PewnbiPvartimr st embodi nent of a nonmograph useful for
"8 --4 JU

Fig. 5c is a graph showing one exemplary method of identifying and eliminating
noise artifact from a tonometric pressure waveform using an external signal.

20 Fig. 5d is a logical flow diagram illustrating one exemplary embodiment of the
method of scaling hemodynamic measurements (using BMI and PP) according to the
invention.

Fig. 5e is a graph showing the relationship between BMI/PP and error factor for
radial artery data derived from a sample of human beings.

25 Fig. 5f is a graph showing the relationship between actual and uncorrected
tonometric systolic pressure for the sample of Fig. Se.

Fig. 5g is a graph showing the relationship between actual and uncorrected
tonometric diastolic pressure for the sample of Fig. 51.
Fig. 5h is a graph showing an exemplary “zero mean” tonometric pressure

30 waveform before and after being corrected (scaled).

Fig. 51 is a logical flow diagram illustrating a second exemplary embodiment of the
method of scaling hemodynamic measurements (using BMI and WC) according to the
invention.

Fig. 6 is a graphical representation of a first embodiment of a nomograph useful for
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All" HE scaling blood pressure neasurenents according to the nethadgl ggy;

of Fig. 5h. Fig. 7 is logical flow diagramillustrating one exenpl ary
met hod for laterally positioning the applanation apparatus of Fig. 4
according to the invention. Figs. 7a-7b are graphs illustrating pul se

pressure (PPyaliigpogd pleastuerasasiyospils ensorlo (¢ e mefiofiplpay ofdiig Ssecond | at er al
position sweeps t-he t.ho f: ELg. Lacl udi I i tion
of the PP maxi rra?{ghe?r gi 1%&% ﬁgion (I:El:gli[?gn éﬁlbs}rgtg‘l‘f % %%m\t/plieh?)élﬁelﬂﬁ)tgt Eﬁe&ri'sﬁﬁgr;c‘)%g ition
i Il ustrati ngosatispuy thoaglantief aptratué pflggsiuceorpiealkd) theteedtonnot i on of the
Subj ect during as nt. Fi d.is raph PP versus | ateral.

sos) 1o i11ustr Serng L ppisreLtiair s ot fre Ml T ot s 1 s a
bl ock di agr @amtaind caeneXanpl asyticandadparenthe ofictitddesfapipar.andsdih @rhe @SN i Ng
henodynam ¢ 1%ar.amsft e{/@) within the bl ood vessel of a |iving subject
according (&AL BRIEnTRgRa YT 8a is a side plan view of an exenpl ary
unitary transducefy gt as ag@aplevt 0@ AsSeMedl pddtists afubkacibth sfuhBuaRR@at us of
Fig. 8. Fig. 9 is a logical flow diagramillustrating one exenplary

embodi ment ~ GPICESHE PedBROE TBFOBEUE dilHEt fydgtTRsHt et Ela Subj ect using the

af orementi oned neihods 4 Bepiabl Bel vRESCHIERE howwidf i1LH&hOY BBLI-ON: 20, iRefer ence
is now made to the drawi ngs wherein |like nunerals refer to like parts

t hr oughd@t . clegr naximpmed that while the invention is described herein
primarily in ter f. . i iy L t_of I ynam ¢
par anet ers of thg&b?r%u g{&gl% @%&E@?g?n%ﬂgi%é%ﬂ%yrcgﬁ |Ogrﬁ§‘%§1trst§g‘ra{;} ?ﬁ%agngnﬁjl st)
of a human Subjent hembé&namicerrinmernaythialtsoblbed resdiof y 112 Bigentjodiaedrding
adapted to rg(pplieti]%r'emiso%ch paramnmeters at other blood vessels and | ocations on
the human bor!iy, as well as nonitoring these paraneters on ot her

war m bl ooded spe€iges is Akitle plsucibw aflaptamplerysinasd tralstiererasregeairbiodiwantiis ar e
readily .i.npl enent. by thos f,ordinary skill in the relevant arts, and
are consider&d” “St%gl%ﬁ P tfl%?efrf%{'ﬁ'e scope of the clains appended hereto. 30
As used herein, Fige9otieramoglemely ridgian plarsameiesic dempRANEmb&IihaR! dfdge
paranmeters associated with the circul atory system of the subject,

i ncl udi ng f el ghpiogidiedcaieat fpg sybiect “ﬂi‘%ﬁ‘f’ﬁf[qr‘?f‘?ené‘?‘?fjé]?qﬂ&ds-puI se, or nean
pressure). The term "physiologic paranmeter” is nmeant to include
measurements or quantities asgegeabedrihiddbrianaysh ol ogy subj ect,

including for exanple the subject’s weight, height, body nass index (BM),
wrist ci?Pcunfer eﬁ@%{en@nlﬁp@w medeato fhesdmwprgs ggerein like numerals refer to like parts

throughout,

It is noted that while the invention is described herein primarily in terms of a
method and apparatus for assessment of hemodynamic parameters of the circulatory system
via the radial artery (i.e., wrist) of a human subject, the invention may also be readily

25  embodied or adapted to monitor such parameters at other blood vessels and locations on the
human body, as well as monitoring these parameters on other warm-blooded species. All
such adaptations and alternate embodiments are readily implemented by those of ordinary
skifl in the relevant arts, and are considered to fall within the scope of the claims appended
hereto.

30 As used herein, the term “hemodynamic parameter” is meant to include parameters
associated with the circulatory system of the subject, including for example pressure (e.g.,
diastolic, systolic, pulse, or mean pressure). The term “physiologic parameter” is meant to
include measurements or quantities associated with the physiology subject, inctuding for

example the subject’s weight, height, body mass index (BMI), wrist circumference, ankie



circunference, or body fat content, but may al so include one ot gl 705
"henodynarni c" paraneters previously defined herein (e.,-., bIood pressure,
etc.). Additionally, it is noted that the terns "tonorretric " "tononeter,
and "tononetery” as used herein are intended to broadly ref er to

non- i nvasi veirsemfeaoe. medsd &veantenf bgneapplso Snosie eonkh evroalyaahtreodyarmainet er s
such as pre I nmuni cation with the
surface of ﬁjﬁgéﬁn%f?wﬁ# ?@ﬁo@é é%{(}%ﬁ{[u{; tg%v?nﬁ;(i?)ﬂ%%ﬁsé sil?{\C need not be direct
(e.g., such as thAddigimlig, 1ccsmptedmgltmedmmm onomtthet “uomIaeatéracaeal “tofitreettrgl s
"appl anate" and "ha{) | anat | nc'l'tab q%z/ E ein refer IN¢ t he n;%pé sion
(relative td& 4 SEEE B "RERC OohpPBslHR) O YE o] ac%f“&%%“’% e’ and
ot her st rsuctxwre%eﬁmdynanﬂ@ raminteefd Qichoks nus&edre, elcht e bsuplaciag ' S spliysiiol ogy.

Simlarly, all | anatj o efers ne or riods of tinme
during whi cHOPRD ﬁﬁm“a‘ﬁ%h PSR S a%&%%&wn st S P pt be
decr easi ngl Vire@f(e.8 Mu:ﬁ@i‘fﬁﬂtdlgﬂih@cﬁuphhﬁﬁneﬁﬂl% or bhthaughcegeneral |y used in the
context of linear (constant velocity) position variatigns, the term

"appl anation" asT0G&dMS hEWRENHE nal | 'BH@%@t\?éBF‘ﬁ/L‘%eéll“@reﬁl refes g theafang¥sssier ot her
forms, includifg.w 4hasbe 1lldnna0§1ﬁ)tré598i1)(df)tlssjclé Iﬂo&quégéeﬁkboé{% cﬂﬁ’é“ sﬂibd‘t‘lﬁé’é’ su(:h:' g.,

| ogarithnic) increasing or decreasing conpression over

non- contlifnudagnden pinasele ¢f He severt’s APy Hederhsan nmﬁauamu é&ﬁemo lfSé@5| on;
(i) alterpatin (o] S n el ion; i o M/ ot
triargu ar v(\)g{@/ledsr ?\ufe gﬁg dfoﬁ‘)n@ (qmlhﬁ \?ﬁ%?%ttiﬁ)é; ap[% lé“:@‘@ Q\l& b(rj\galﬁg&)r&elﬂv\gf K";
(vi) a det enmrmmgliycdmaaﬁmg g, oAy sudination mis:recd. e\ltl:lou@u gh@m@dy tu@edb'e the

encorrpassed b SSQf i gital
processor’ éte nl%ne%rgaclo%sc nk‘ eloclry) )})031?0? varm%lPlésg tl (}:el = planag (%1}1 4 use&1

el ectronic dﬁkehncma)( @mc@wbll}emke mna@fvadayloéeml foapaflcadois vp&fotnollhmtamgn ain
oper at i o on at .l east ane instructjon.including, wthout limtation,

reduced PnstrQBYTGHS %Oé‘ﬁ”‘c%rr(ég é%ﬁ%@“‘cﬁr“&e&*&efmsde&%ﬁ“ BTG MGt ur ed

by ARM Li m t(gd aofonGantiuoagers plde-wide Eantifllott OREQCAS HEH-Bnea €O iddsiddl QLESSi Ng
units (CPUs), and digital signal processors (DSPs The 25 hardware of such
devi ces may aﬂi@“?tﬁ’tbe“é’iﬂé’tf’éﬁ%ﬁ‘ﬂ‘br%héﬁ‘% (ig) %‘H‘b@tdlﬂ]a?‘e “(ﬂ%c‘@)ﬂr waypsy fugsliersdive ), or

di stributed rama@]gném (@Jchrgeraeaama%tw@&"egl (v &éi'é’rﬁﬂpé’tf% pr@ET QUssubinght onal
aspects of tile processor nay be inplenented solely as software or

firmware asgbcioasidcdiotn cegenpysedBsdeferm. Overvi ew 30 | n one fundament al
aspect, jhe pres ety 'nl%eeaaﬁsoqms&sgwa%s‘aﬁm&?tpmgss&ﬁpﬁ%a&t%' %ﬁcla\@%%g)r“ ng

one or nore henodynam c paranmeters using opti nal nation an i ng of
raw or unseaktegiatpbcisuit el slectianicgevies @f colletion of drveks) ampblanépdrbrming vi gat es

transfer |os erat?onldon% E?Jt P‘g‘{; lh%{ugtﬁ@gﬁ(g_gﬁ%c Q/QTNRX dl@lﬂfﬁmn ;\é&% a/ %thu%tlon %} core

tononetric) of
bl ood vesseI(RISCt)lpwuseols erRCls e};xosammnm‘kciunccaby ARe Loma’.ﬂm lﬁlamrb; ldg@t UK— CASAAUG

égggr i gggsfanegle gllopl%egsms cent1anroce¥smo Ut E@Fﬁ%%ng dmlz'l: Qs{ﬂna Xp?o sso:s (B§F‘s\5\lI LFLe be

25  hardware of such devices may be integrated onto a single substrate (e.g., silicon "die"), or
distributed among two or more substrates. Furthermore, various functional aspects of the

processor may be implemented solely as software or firmware associated with the processor.

Overview

30 In one fundamental aspect, the present invention comprises a method of accurately
measuring one or more hemodynamic parameters using optimal applanation and scaling of
raw or unscaled measurements. In general terms, such applanation mitigates transfer loss
and other errors introduced by non-invasive (e.g., tonometric) measurement techniques as

applied to the complex system of blood vessels, tissue, muscle, and skin at the location of
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detail below, the present invention is useful for accurately neas ri@g-éﬁg
bl ood pressure using a tononetric or surface pressure sensor drﬁgoé r
the radial artery of a human being, the neasured pressure waveform
potentially varying substantially fromthat actually 5 experienced within
the radi al arswgryment gbih hemedyppraicantiodiereher examplpetsivll by dessibddgneedter

appl anat] on dGAMRLESHAMAPRALALYS: |SrdiGelonady WIRLE Bkl anpLanal | on
element is utili to conpress or bias the tls e and caccord

bl ood vessehmmgmﬂammmmhd@mmm@m:meﬁhwsmaypﬂamabdowﬂampaﬁatm&xadﬁaMUngously
with associ aled BEESSNS LIANSAUGET,| DAk DR MipEie sl
detail hereifi-eore p fnetT of th1 Ter: FVV“%%&S?QS%y PR

appar at us ad:apsfrﬁﬁheﬂ O\K/lﬂhle rrl&dyaalaamfaaergalnsarfetle bnaTeAsoHheeRN b ,spedmlyudjnﬁgw%@r
exanpl e the gEVICES descrij bed in co-owned g S, Patents 54,774

i ssued Apri [2PR&AN9RGLTRIEFSIOBL EPRAEEF ANVEPHBY ARG % At a"th]@“aft‘BP QU P ng
hermodynami ¢ \@rigRes thigsre3 drbiad tid@suCindGuladingly, tﬁé’@lb@dm&fse @orhthlueme@mbl ect”
or 6,471, 655 i ssued Qctober 29, 2002 entit]ed "Method and a par atus for

t he noni nvasiMFedRPEANaHH FHRRRB ﬂéra%gﬁwiyw%@aaala}ﬁﬁé:‘é%sa%r@"uan%f@cemnwm as
those descriBgdibfd £QREBEH NGdkdiSherdlRM c@w?lmci:&a{vhﬁ) M@l Al NRSF other

09/ 815,982 entitled "Method and Apparatus or the Noni nvasi ve Assessnent
of HerpdPnarPearatmapdinist dps hamrdybIAPaRNSEE Nessenentoediding forrpesdieMis ch 22,
2001, and O I i h r AQSS

Henodynam c%{ﬁargegn(getgg?bseg\?\# chloﬁ%%'\g/?é Pﬂelﬁ{goér@?g%ﬁ#%%egf Q%Llﬁ)\slfjr?w qn‘lioj ect”
al so filed Mhtittdd 2®lethadOdnd @m@hﬂm#thm&h%aPeh@@@@@@mgnewpm@eih@tags%gnee
her eof and | ere r tirnet n
nspect , 1he B oy BRCArES, A58 G tirlEh “hobr st BRELQENL 28 Yooz B
general ly cO‘Mmthoslamg aplb'ﬁeaisi Epgl moﬂommzeawdetﬂgmaatlbn s tartgyéed atmtt @resﬁmdmaﬁ he

bl ood vessel measuri.n seco r anmet om od

vessel ; elgeri nﬁ QOF &%8 |3nu)Wﬂﬂ@g{§ﬁ B%g§d¥§ﬁ€$ﬁgf§ '6%B§§§%gr; and

(a(zr r ect: ng teh@t(l;fdl riglkthplraa et pardsss Mg thraeNalﬁnﬁhervbvad;eﬁaalentbbat}mfbdpwti on.
ce calibrate econ par e i nuouys! y or

peri odi cal | y: aMEW§Hg§§%dW €$§ﬁ§ﬁ§¢“§réqﬁigﬁﬂabzina&gaﬁé d4Hgd8%i n t he

henmodynani ¢ epfiReriyhed ahat&matms fan aéskssaéenah@dyyam‘opamﬂaafs,wmlﬂﬁ fhbr st
parameter conprises a pressure waveform and the second paraneter

conpri ses t Kérchigioal Systesyokiankitving Subiselr gﬂ}SOOﬁie%ﬂV&?@@ Wt 200k el oh MBS Yessel .
During npasuytenent, @f asfsi&ﬁeeq{e%%waqnc‘,’@]}/&&% MBreinfy | Pe*?@re&la%fﬂehf gsnel. s

appl anat ed (conpresse ) "so as to induce changes in the henmpdynarnic
properties wthi it the abieglodbs efsenengnerdcy 8L BOomplisasion edescribhe ek imadpd ¢

energy and/ oty ?&)Il ising W s?%cﬁﬁq ea@tﬂﬁ\ldaanﬁlrs Walhaertﬂ%ptﬂm%éﬂr gseli"ﬁ{d used

to identify“one e arti suc exa
ki netic enem@yﬂmrﬁmamocgﬁwﬁwomfphemﬂﬁﬁﬁwmrﬂchp@hxéﬂﬂchown131cmhemon
generated b g on.t artif re re

waveformto - leff onges%Pﬁigumn% ea%P§8¥?%%%g q&“%%ﬁ%%%ﬁﬁ?&b veform
repr esersat idegvedf cillveatiact Qmktiqr eQsasr ealdratl, Ntk heecond parameter is monitored
continuously or periodically; changes in that parameter are used to indicate changes in the
hemodynamic property of interest. In an exemplary embodiment, the first parameter
comprises a pressure waveform, and the second parameter comprises the total flow kinetic
energy of blood within the blood vessel. During measurement of the pressure waveform,
30 the blood vessel is applanated (compressed) so as to induce changes in the hemodynamic
properties within the blood vessel and circulatory system; the kinetic energy and/or velocity
during such applanation is then measured and used to identify one or more artifacts (such as
for example a “hump” in the kinetic energy or velocity profile). A correction function is

then generated based on these artifacts, and applied to the measured pressure waveform to
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bl ood vessel. In one exenplary enbodi nent, the calibration nethod conprise
nmeasuring the pressure waveformfroma bIood vessel of the subjeétéﬂf 208 8
measuring a second paraneter fromthe same bl ood vessel at |east once;
identifying at |least one artifact within the pressure 5 waveform based on
t he second g@n@ﬂnh@nmaﬂﬁﬂhvhhgmaiwakﬁbmaﬂhoﬁn$Mﬂﬂﬁh&nmmaﬁﬁdwwm\mﬁ@zmeasured

second para anE at | east one ﬁert% %§OC|ate mnth the at | east one
At fact s agbIoy Raer HeoRa B GROHRCt o A B S GRGEMPEE HEBF 88 aur o
wavef orm t o gefedsalictvavaiotal tdi abRddrepEleseRt albiden ks P SSYEMd Wafalichi: t he

bl ood vessel; and contlnuously moni toring_ .the second paraneter to identify
variations iffPmbingsunshieadkyrrs! il (t“ic?réde“g@“@ %@és“tﬁﬁ%a@ifaéh‘éﬂﬂ“wﬁﬁé}* essure

measur engnt o £erm Waﬁ:%sdhr &) sb&nﬁ'ﬂ%ﬁxm\é%"r' @iving! 4 €Nk f@ﬁ‘Aon @RLeh ‘f\& i on
are selectively utilized wthin the algorithm enbodying the met hodo ogy of

t he present Wavent peand praeesuard fiofeasthing m@mataswates&p%h fliecail kegst onhe
signal ist 'aﬁﬁa&f%’[pg?ﬂltﬂ th@Vfibraki Bensb@hta @?g‘c 09& o fgqe ghef%s& cgrmotégr gcitr?ﬁg ver

the | onger perio the respiratory cyc € even
| onger or shnnh@aw@emﬁm@nﬁmnnémn@ymawtml@héhg@swmésmhmom®umﬁ)hmmnkmagying

dr ug Concenttll;caste!:c% ll%mgte % 1&&%&?\!&? 19011% 1 bolggcf)plgssuglvyth tgnbee al gorithm

descri bed herern utrlizest or efrent’i one applanatlon mechani smto
conti nuald y f|ndSmndﬂmnm@nlamn:mhemm@ﬁmmmdghﬁmemephtamﬂhaﬂatn&ﬁnmhhﬁﬂeby

mai ntai ni ng ap_envi ronnent. conduci ve at e, ontlnuou nd
non- | nvas! caopEEAEL P ce ReaERrangsd S g R FoptHR el ohe
opti mal bi ashd gedent Buentioh td a@omﬁe‘@etnts vanment ipecigadly, th2Qighd iUSed vaRant
conjunction with Iateral ransverse proxi mal, or ot her posi tioning

t echni ques 985" HeFlr| RFEIg¢ @ﬂﬁé’t&ﬂ%ﬁ&*ﬁ@\fﬁ A densEeprisy ob Vs resnatony %&F vessel

of interest . ad@ofehiadly @REh thdBYen IDRIEPSF siRftedpdrfog @ MEmBBShhIANLNGs aRpRigaches
may be enplgyed either alone or in conbination (where conpati bl e) For

exanpl e, 15t hdratvap Iz Hysi MRS a8 d VM aIrainess- s %ﬁ“n¢ﬂﬂ§’dﬁ@§%@¥ém%|gnal

obt ai ned by .
Veseel (deecrrhod Sus %%%sﬁ%?éﬂ%1?3?%’*%%2?%2@13?1 gy TR ILOROSS, o

primarily aceasgeindhe dpiivet &ve mfglpplﬁmﬁlpmgth@mw nalfairdey @ceivonnagp coathies
descri bed "%oxfr{{&&u?tfeoc%ﬁﬂﬁ'w ONEHhG Rvaspﬁgﬂlalﬁ& d;%‘%'a& eﬁkﬁién{)“s may be used. As

yet anot her ‘alterna tive, manual ositioning of the

appl anat ors and ftreifigdticebe ovted ¢ mhmesgmemﬁmmthmomd:v%mseksmmynbﬁnmeﬂmloyed.
30 Appl ation par at u erring

4-4a, atird ugﬁboamﬂ% fO“W“ha”ﬁﬁr“gﬁée Hﬂgqu?é¥ ép%wmwﬂltm¥%Wgﬁ??on is
descri bed i rhekiielbadtd the plBsyre datvdoeeZ90MRT the Thendakisdel b intedesac Turtiat @hy, arpasur e

t he pressure sociLated with.a bl ood ve sel ends | ar gel pon t he
rochant cal QHRPTQUE diiTgRoPUY N g0 VT o e Chas el s ome br n

con"jbmatlon (where compatible). For example, the lateral positioning based on analysis of
the pressure signal obtained by a tonometric sensor disposed generally over the blood
25 vessel (described subsequently herein) may be utilized. Alternatively, the primarily acoustic
lateral positioning and wall detection approaches described in the aforementioned co-
pending applications may be used. As yet another aiternative, manual focation and
positioning of the applanators and transducer over the selected blood vessel may be

employed.

Applanation Apparatus for Pressure Measurement

Referring now to Figs. 4-4a, a first embodiment of the applanation apparatus of the

invention is described in detail.



the typical prior art approaches previously discussed, the pressuresis 245
transducer conprises the applanation nechani sm such that t he mechani sm and
transducer are fixed as a single unit. 5 Hence, the pressure transducer
experiences the full force applied to deformthe tissue, structures, and
bl ood vessel . Thilse api]tityoax: hcqw@hecmmmhéhﬁcprﬂurﬁentsomted h*étta@[blkmdt vosel f or ce
rpreggleres f,rgacfsé egtg{j?ar%e n%pon tller:]'gn%i;lfgmlc? GOIthLH‘?liJ[lCBll 0% ﬂgF a Saél% 10n IS CHEG]TZIS el?g/&(ﬂ under
no conpr ess|thmtyptb£tq>nnﬁgnaptpmiehaafprevtdmetyplﬁsemw alevpretshnanmtseudet cotbrisesdel i s
attenuated or ﬁosed tissue su{g 10 that, the. fressure

measur ed toﬁlBPtétﬂfmtate?W e Jogh 2a S e SRR fﬁ*gas it essel

(so-cal | ed "Henad)She prebREs irdnsdliddr eQitie@st et M RRRAPPLSIOlEME tHRI SNt
i nvention enbodi es the pressure transducer disposed within an appl anation

el enent, t héﬂtl%ttfﬁ%ranfi‘wak?iwesaelsﬁ@%tp&rqay‘1 s Ch B ceRIRn Y of Beicerantidepred to

mtigate thevetﬁtlt@% So@breSUER fnfRNaEetisduOSsci it R 1 ShEPhE the! GOEALARLLuregNd
reliable way 15 such that it can be either (i) ignored or AII) conpensat ed

for as part tefonehEatviendes bleod yasws roanssly. upder dp semgrsesion e gragatiuie ofet ai |
bel ow, the spape.$iifin meao%mtse @AfenuSel 8F [ QRq uﬂé’aﬁt% aaoéédstlss%attte

appl anation el enent can be inportant 1 n determning of transfer
| 0oss expédri ghtdict pmdere racasyyied émogetricdly isdedithanchs. actSp@c pfistrglih yhe vdvede
factors |ar rel ati onshi p between the nmaxi num Pul se pressure
and the ggoz%ugr e];ag%fr%e}topsa id hence ultimately the error associated with a
gi ven tonorret ri chpa:cmssattrﬂ% appeadtsm@tae,q;ﬂ;essmowmmam (i]]h’t&)d&!(ﬂﬁ?mrﬁﬂty‘e entddieaent of

Fig. 4, the | anation el ement 402 mpress th Ssue.
Gemer al 1y Sl PRR G PrEP R oncFREweRe R Ty R AcRrRLy Rt eb Ry ¢ o ce
to the bl ooddmesseimiald ths offecss dfeuddagintfet 10ssaN @ kB rdpb@ati@llahd fliaklo@@y St r ess

25 t her eqf e appl anati o ment (or. applanator) 402 is coupled to a
drive inot ors‘"‘g’o%‘a“!O ﬁ’ tg?}l dﬂ)e@l?‘ﬁ% Of diPpryesnspgd %maaﬁat i%hdh BRe|eEwos in

reaction to et enhs Misdusded W gfehRARGa P helfvaCRe 400c( Ge, aNa®Nel Nak
Surface). The applariator 402 of the illustrated enbodiment includes a

general |y r SEEHRGUATAPaBHN EridhorPRBEoY emant FRngbes pstiamtin aleleymingye thadr i cal

proj ection 412, (S&e, allzbtgr oﬂ‘ﬁcxpeﬂaﬂe@uﬁ&maa%en%p oﬂ(%dgfo§§o§ ifRA1§, hgesPot torn
30 surface thereof ody 414 is nolded froma polynmer (e.g

pol ycar bonatfegyors tﬁf“eéta@éfa@ffhe redeigRdEnt bﬁ’f\lvqrvg the ingkiginmypu Samﬂessuswambﬁl@ meah t hough
ot her er' ?F]l ﬁuémyndb engg%l;tﬁtrxlate theS léﬁﬁ‘t %&Bé@tletlt Xmﬁayk %]ﬂtgl @ﬂi&m&ﬁ@ tréég frl 415 is

f or med centtP in the contact 1 to recelve
412. Accor d|rcﬁgin5g, when the cont act Surface 440 of the appl anat or pad - 13 4
e 20 S L BT IR IS AL T B e SRR,
pressure trassidveempd2the dzts:ﬁ:p(gsmia Buhsbtafdiigaht yloow eesst @4 bif oacestessab 404
and apply force to the blood vessel wall so as to begin to overcome the wall or hoop stress
25  thereof. The applanation element (or applanator} 402 is coupled to a drive motor 406
which provides the compressive applanating force 408 in reaction to the patient via a
wristband or brace 410 (or an external surface). The applanator 402 of the illustrated
embodiment includes a generally rectangular applanator body 414 with a substantially
cylindrical projection 412 (see Fig. 4a), and a contact pad 441 disposed on the bottom
30 surface thereof. The body 414 is molded from a polymer (e.g., potycarbonate) for ease of
manufacturing, rigidity, and low cost, although other materials may be chosen. A
substantially cylindrical aperture 415 is formed centrally in the contact pad 441 to receive

the body projection 412. Accordingly, when the contact surface 440 of the applanator pad
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received within an aperture 413 of the applanator body 414, is used %
obtain tononetric 5 pressure readings fromthe surface of the Sklhf“" 260
(tissue) overlying the blood vessel. The height of the active face 420 of
the transducer 422 is set within its housing 417 so as to provide the
desired degriéé iefpressupbiantt bkt weienctt the patiants dugewreraflacectanmiiat i®staet when t he
appl anat or I qma[ subject's tissue. It wll be

recogni zed,iﬁ%v%r\%/netr) %Se%ﬁghg&w?%}nes er 422 or it's housing 417 may be
made adj ust abl e @érpmov@bt@sdictdi??, tisp@ed Guiaperidliyr &cA 13 ISeodasestadd 4hacid i t at e

optimal positioning Linder different operatin nditions  and/or ta
acconmodat e 1%‘%"*%"?%?‘3‘#1{” A eREE %gy?glr% gf%o‘ '?ng 4ﬁ%vw§| Upq "ﬁloata”hw“%f“‘f‘H? n

pol ymer |Sayq!)lfesél£8:da8m§d S@m&ﬂ@lsmrﬁde ovefe skhe(ibap) oferlyhe thd rRBSducar frage 420
so as to (i) Cﬁ Eflfﬁ t he tran@gugrcﬁer face nore positively to the tissue; and
(ii) level tRENSYriPaedvedie ¢4 Fastyceistie IF SEnEiibys hawingr Hisuued? f ace,
the body 15 jphiee@t s e&h@greé’-ﬁfjc&ﬁbﬁn% hARSNUGE Fira RS Ncedhd -issReGhdni fal |y, a
| ayer of a pllable, conpressi bl e silicone based conpound (e.qg., silicone
rubber) is FEPAEEPTG0RIS PRBEIAREBUBRIUbIERTEsSUR O willttsireroemacdh beise vy el 7 as
shown, al t hquah.pLher 4@33%?'&*@]'10%315{@3&1b‘?nﬁ'fst%dmac']@ad aaebid FPE‘:@@%%H Whﬂ“lﬂ@r! or
physi cal properties and excel | ent“pressure signal couplin romthe tissue
to the tiWangdutes 4fhee a0 facilifge Qpﬂlln@m@eﬁlbmygrtmdkz3l)tfﬁabr3mpallatmg/vsozfddi'ronsorre
degree of 2 [ t n the transducer face and the
top surface%ﬁg] ?Eéoﬁﬂqcﬁlnte dﬁ‘?er&t%%%:@?ﬁ}yl n y= rrgnuf acture, since the silicone
is "filled" to tHAeshppr mpana#ea déppdlyher | yaD\AlzBies also bgplielt oandhefdpestthyel y

or osent enbddlHRL 15 1§ © EbuprEdr SvehsctRPer SR rane JEEREIF it <o as

to provide dgiisldvst et dudfabey comnting ahd tpduat foansn b?&hﬁgﬁhﬂﬁber\/\ﬂb@ heht hedyrot or
may exer, reacti.on f rce, ile g@ip natin {Zj‘he sug,] ?:t s tissue. This
'rigid 'ConPrYeriar 9l e BS Prodires Jondng §lhy ot RFCEY sidgives ehrft Pl i ance

of tile assempleykiassitifige 'H)Eie@ﬁ:@téﬁlﬁmﬂl(é.%” e§hdo|ﬂ@rdb@ﬂ4} aCbrRAtvAdthe knsducer
conpression of the tissue/blood vesse durl(?é A planation. This rigidity
0

i s advant agdsG<t ot (s keusiagor e shat. ahep 47| BHETHD Y dssied  In
transducer 44atitiProliBGApSiok Bﬁysf@l’(ﬂ)rﬂbmléé%ln&l'%x&i e Y& PEIESS YhiB1 1(19 oRtder 30
sel ected par anet er%fd greater rees of |iance in the mechanismitend to
reduce the tsagrpt %ﬂlﬁfﬁucﬁlh@%é the élbwéab@béé? wisd allptie faesbpmp oteeee o4l | y
making the igdenih ki fﬁ@ﬁ!s%ﬂcé’tgetwéﬁzg%eorrgnﬁﬁlcﬁrfg&sa'ﬂﬁ?xegﬁﬁ&zrﬂ% 1o d %HL@

wi |l be recogni zed however ternate configurations havin Ie st
some degr eél?)ﬂmmgrrpfhﬂuﬁﬂqnee, iyarye the siicpde iz 84ll4dA (e Mpmpphat@adzpﬂmmsploﬁ(w a

exanpl e, in,Qn I n - A0O6 2006 enbodinent, arigid

Coupl i ng of QJ Fan% eh?cglr\]f§1§‘%011t11mousn§1f Sur{a(%e the wist brace 410 is used;

however, a sonveﬂlaat mbloeXDéloé tlampbkamamoerssehnﬁdy 194 1 thed frése@ cenbod@tknt, ntg&ﬂj/ or
surface (not

~
o
U

coupled to the wrist brace assembly 410 so as to provide a substantially invariant platform

25 against which the motor may exert reaction force while applanating the subject’s tissue.
This “rigid” configuration is utilized so as to avoid any significant compliance of the
assembly as the motor 406 drives the contact pad 441 in compression of the tissue/blood
vessel during applanation. This rigidity is advantageous from the standpoint that helps
allow the pressure transducer 422 to record the maximum value of pulse pressure (or other

30 selected parameter); greater degrees of compliance in the mechanism tend to reduce the
magnitude of the peak pressure observed, thereby potentially making the identification of
the pulse pressure peak more difficult.

It will be recognized, however, that alternate configurations having at least some

degree of compliance may be utilized in some applications. For example, in one alternate
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shown) that can adapt to the curvature of the subject's wist nmay be ‘
utilized. In this fashion, the coupling renmains ri gl d; but the “ap“pl’%aé ?Qﬁs
body conplies in a limted fashion to 5 the subject's wist curvature,
thereby allowing for a substantially uniformlevel of contact across a

br oader porteinﬂ)ndiofenm heig i:@tp]inﬁl' hethd egp! el@mfaswmhspl ioathewistf b1t1d:te4§tﬁbislylse¢ll4 is
controlled its flexura

i ncrement al Iqiéwaeefror Som%\%hedt t%ﬁi%% %’glrag%{g%reg()d “)1 Wﬁﬁ@t‘i’ub\r"?d ”fltei f" SLE% f?oénce or
"bendi ng", tsh@\mabmatecfafn@cihptvteltye lcinfhiteng the tSSbjé(ﬁ’tSailHﬁ@xﬁﬂ?' beamgied. ariﬁi tigiausi ng
the contact pad 441 mat.ed thereto referentiall 0 corrpress fter a
certain degrrgsgloﬁf maé?t@?& "Hat9"6h"= o'¢ Ejué"ét t}Pde]@?at%ngy ﬁ%’ﬁ‘?][\‘?%g‘ & lamitdy W%foéé% oned

by those sof gy dibparywsk dulvatiBy thecbysaehvag el bubsiehant.aBaeuRl Y of diadpunber
of different wist brace configurations nmay be used  consistent with

present i nvERICOA. DIRET EXARHIS the pEishr Higedegies sl ipire pfsthg redy <Hé os
pendi ng U. S..opatigfthyaRmlckGat iRAgHerd ahe NQel &%éé%&%&m WC:@Heﬁal e&%gﬁ A

6,471,655 15 preV| ously 1 ncorpofated herein %; reference may be” use
configurati dhsb qqlayncwagqg apa funstigysafiits gpwpliafgg o7 @ﬂgimb”sb@gl@sg‘fec‘@%hhmitmo
configurati ; e 0 the
cont | gur atl ans BeLAtf aﬁgéjeelngl c%lﬂagﬂ, MLty tpgml 1 GhareHRARTY gﬁegélumh

al so undér sc;:omeg:ssaafmt h@@taubéergee{mqf dgﬁnmaﬂen pp@ggemth@ mwfemtwmea@perm Tﬁqneal | y

that the af o ed a t| on mechani sm (and associ at ed techni que
described in % E %/w?mln%aysgrlrl%e Wefless sensitive to variations in

attitude of the Appdrmgammy aumdmpﬁmwm&mamdumfe codlfiafirtiehs trdayt eussdir f ace
of the subject’'s skin than.prior ratus. This

t tec
S omparat |y et iR Phs Yk SRRbey e B e PR i e cRsur e i

coupl ed t hr gughng hes.t passieppindtidl e viess®els1swabl oovel. mdhaiNd. ¥,4m @3¢ range
of are with respect to the |ongjtudinal axis of the blood 25 vessel, such

that anddl arP SHESYiRFRmeRted fere by rsfrginee may by pssd sQfher ¢ERYAIRIE Ay 3P Bence
whi ch deparshbsftl’fu%@ \almf@@ﬁa@rsud@@srsrralchtdanmﬁazﬁ%g 'Be@crsré!{dﬁ?‘%‘%h%he& B¢ AL RE Of

measur enent) | ess effect. Furthernore, since the first applariation
el enent 402 Oéfblf*ﬁ*aéﬂ%mdh%ﬁ’é@mnfﬁﬂéﬁsd ti ssue around the bl ood vessel and
conpr esses/ di St ofhg fhleadifle SR 9 &fist RLE 81%9%&-&% | L ALUIE:

1 % 1 nt ‘contact sur acenf?(g L\;ﬂ.l\lldt% re@%gg{m to the

rotation of the apg)l anat |
-30 skin surtedé @arﬁhebe)lqsmterl‘ezﬁléwn Fheviiowhy atit pad afotdmattiondre appiphaginat i on

el ement 7(8)02 2 handn o&gtgd RE ﬁﬁ @tdesc?l ooql tbe% & G nR/Baetﬁéssls%lnesi’th |1 able
S SRR

foam|i ke ce ane rrater ers corporation as
PoronTM al ttchmrgaltiomtihett:tmr&tcénmeadpglamtmmﬁlpmeslstae thrusahaet redgiveay ithbautigedf in
conj unction WI t her ei n.. Peron, has

I, i,n
aong. ot her 14 3B W RS srpSBuii-ale PGult F S BupheLerR D
char act eri stré! mem| gt dus tovetlel faadhmtpaﬂsdz ozstd@epiadi asenh thappld gat biosy vebhe

contact pad 4 1ov|ersa qye/ b?ga%r;gt)l(clrcneft arc th?l 1espe!:tnio tﬁG?OSngmmag Qllxz%koft (.|=: %)Ib)gclljgh
25 vessel, such that angular misalignment (i.e., angles of pressure transducer incidence which
depart from a vector normal to the skin’s surface at the point of measurement) has fess
effect. Furthermore, since the first applanation element 402 contacts a broad area of tissue
around the blood vessel and compresses/distorts it to some degree, some angular
misalignment or rotation of the applanation element contact surface 440 with respect to the
30 skin surface can be tolerated.
The contact pad 441 of the applanation element 402 is formed in the present
embodiment of a compressible, pliable foam-like cellular urethane material marketed by
Rogers corporation as Poren™, although other materials with similar qualities may be used

in conjunction with or in place of the Poron disclosed herein. Poron has, among other
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ot her thicknesses may be used. The Assignee hereof has noted durlggm @gh@ys
field trials that the Poron material provides excellent phyS|cér ’”
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confi gurat i o 8F tvsellopad asgembl yI“tfé]e"@t“ﬁh?éEP"e“ésa REsdsY e e othpiiegRe

Speci fic Fargse & cB!n&%bk‘?mﬁ&ﬁ@tﬁﬁ§$éa%clﬁ ?éxqg u@erdotwp(é&udeoé Bl%aleglﬁ»%wg ing
performance attributes. The design and fabrication alterna¥

enbodi nent s SBPKE(in Rhdwnrad et%wo@@ Breropldimpigrigl wik pllefemtlﬂlﬁe cospiegniichl  and
mat eri al g, a%ﬁ%ﬁdﬁg @Q@e&%&q aﬁé} %!erYHe méliQI‘SgIQQZ@HgPe%QoJ W LEF m'éqaﬁ' Bver

Addi tionally, he enbodi nents of . conprise a Substantially
pl anar, recressdutharof gzecsedupd Jaygi-t In apotberambatlimgnt, feanediagperatieserhevicng a

circular cr OE% ﬂ%ﬁecfg b/oﬂdlaf %re‘é@ Wltlp?en%?%?%gll% ch elvéégltt?rgts?ﬁg tosér%gg)gé V«“:ﬁ’g / Or

Confi gur ati ong Sray exa as s
Fi gs. 4e- 4f ratthel pagredSdn ofa ﬂuhrmoapﬁ#admaﬁbmlrthettcﬂatmmout[tmnhrihfs%uaova §hﬁg4 AM

2O e L BB A st BRSO SRR L EEY, e
of the wrsi stvad&bas aAfanmh ofigatifigivsition so as to provide varying rates of tissue compression,
Based on the foregoing, it will be appreciated that the configuration of the pad 441
may be “tuned” as needed to accomplish specific rates of tissue compression and/or provide
other desired performance attributes. The design and fabrication of such alternate
embodiments is well known to those of ordinary skill in the mechanical and materials arts,
30 and accordingly is not described further herein.
Additionally, while the embodiments of Figs. 4-4d comprise a substantiatly planar,
rectangular pad 441 with a centrally located aperture having a circular cross-section, it will
be recognized that other shapes and/or configurations may be vsed. For example, as shown

in the embodiment of Figs. 4e-4f, the pad 451 of the applanation element comprises a
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alternative (Figs. 4g-4h), the applantion el enent pad may be conLQgg&g%Tgo
set of discrete |ateral pads 460 di sposed on either side of a TRVE utio
mul ti-el enment array 463 of pressure 5 transducers 464. Mriad ot her

conbi nati ons of appl anator shapes, sizes, footprints, planarities, and
confi gur at i ehsulmayobacumed scgrsiigt mighnbdrbateheec fir@se it the nyreat isafice dbd such

conbi nations fallij within the scope of the clains ap ed heretg. The
rotors 406 gudatioh it PrlutPapclOiet HiRe of B o PRI Pocein
appl anat i on alteheenFigd0f:-ils, de PpEEitHhemMET SRIPAAY béodBiguell atdaeot ypgetnel |
known in thg nDLor ar&i.,Thia 10_nth%1also i ncl udes one or nore position
encoders (ndt@hda) *othidtROSH o GRIA 1 8E 3 PUHICIENgh Al o*Ph & issturey st em
processors angnamsnsi4at ednBHaProHenBoh@ind@dnt & §flm8loY shQRE " Qlest MtprR@Si ti on
of the applanation el ement during operation. Accordingly, as described in
greater detPdnpritss) @ cophgratigns BBY de yedFonsisterr v ithrtbs pristenk i erdionemt suel
represent appl8RatidRRIBENRI heRAPEbE @R clafnd HEeANIREL, Of nMOtor steps
(positive or negative relative to a "zero" point): this 15 approach
advant ageousl y r éhowesrs ¢ ussla theg! lpalsd prabadimend b bt © doigs iheiapplanaitivin
respect to eﬁe@%n?&‘@! 198@3 e%isb'nsétlé?peprm%ﬁsm typw h Lowl Rethg ﬁl ?otrla}’ltg ?l![lsgber of
steps is neasured Via he positiion encoder, and thi s i's efrective y
correl atiéd tniprassouielcrpasureee pbsidbt @cnkd hoiohvwhhehigr @sside en electrical
transducer(s}d {%Qﬁt]ilegﬁpispusstoqjof LquqLe%}rqnic and.skgnak]
processi ng ApPararlis Hs ¥d ol S % dphar e #RLISHEF B P SRYIFCL Y UPpP Ahat i on
mechani sm 4@@siadn &itge apgplinatigr @vhehe dunmgt dveradisipedtcorditiy;iag destribal i@Wreater
Met hodol ogy , Referring now to Fi 5, the geperal methodol ogy of optimally
Appl anat | g i1 03w BSPEL el e Bieatsh oy SRR o iesOa PRSI | 21 ny
t he previ oughbyitilesard RetheapPAbAL 8ps Bosith@SE el rdlatlet@k FzerdSpddftp\hiousl y
di scussed, one fundanental concept of the present invention (and hence the
met hodol l6gy preaditsatasep sty remeves dediet 1odneaste hephioARapssivnariBneimecid02 Such
that the transfigfect O88u28586GIANE IRMNht REathvk SaHSe T iept FUGLANERS via the
surroundi ng the bl ood vessel 30 is mtigated during neasurenent. In the
case of t he Patiieihencadiraanddhis éy gifectivedy ¢arighddddp prasgse measugfienicetitaieddyfrom
mtigated aghgﬁg%mgggﬁhu&;@ﬁpplanation where the tononetrically neasured
pul se pressure Is maximzed. Too little conpression, and the coupling
bet ween t he bl ood degkeldisowsidn andic telestoac sud Sgod fraredsite pgeratrsamsducer
active sprf [ npl Y €ldi ofpelerd € ,pressur e yal yes which
A e R S T SN
G 2 vessel tnailgl 7 cobkapses, thereby distorting the cross-sectional shape of
t he vessel significantly, and again producing high |evels of error. The
opti nmal congh%%gp]is to couple the vessel wall through the interposed
ti ssue as coNPrét@y as possible wthout otherw se

Referring now to Fig. 5, the general methodology of optimalily applanating or

25 compressing the blood vessel and local tissue utilizing the previously described apparatus is
described in detail.

As previously discussed, one fundamental concept of the present invention {and
hence the methodology presented below} is to control the applanation element 402 such
that the transfer loss associated with the tissue and structures surrounding the blood vessel

30 is mitigated during measurement. In the case of the human radial artery, the transfer loss is
effectively mitigated at that level of applanation where the tonometrically measured pulse
pressure is maximized. Too little compression, and the coupiing between the blood vessel
wall and tissue surface (and hence transducer active surface) is incomplete, yielding

tonometric pressure values which are significantly in error, Too much compression, and the
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affecting the hemodynami cs of the vessel itself. 5 As shown in Fig. 5, the
first step 502 of the nmethod 500 conprises placing the appl anatiomiis e
mechani sm 400 in the position with respect to the subj ect's bl ood vessel .

Such placenment nay be acconplished manual ly, i y the caregiver or
subj ect vi sd@f’slely vl @fﬂ HG©S: "ﬁ@ew afigerteert %nﬁfoﬁfé%??t&)@a]m?@%pet RE it ¥PEtedr
portion of theiehisl andaa/oatnh&oddar gﬁg&rz@m& SR NI @dﬁﬁfauo?ﬂd!tfan rﬁ%h:@@@ of
posi tioning previously reference yet ot her means. |deally, the
appl anat i on tgq wareoh tvali Groaglthe tiggerpeve é@wemaéompllete Yo @Wléﬁ‘t@mﬁyom@?\’tsﬁlat ed
transversel yqover, tﬁg}ﬁ”{(}@% 2 Qr f‘EH(e e wejrst, with the transducer el ement
422 directly ovérlying e radial artery with little or no inclination
with respect thedetsbowhelg énthntfirst40d d}idoftuhamsadwde’i{)ommprim; deidgather al | y
ZLL%BFSI §,S;er%§815noa%)on %ﬂegl% 1159)(4(())@3% , rpg (%n\%qh l(egse%l? t8 é]‘ISCOS% Secét srbgoe u\}egs%p Sulcln one
obt ai ned frq;rtactalhamtmfa@msdme]rphglﬁa mmyallp,e; mﬁ@cﬂhmlegwbﬁmssb}é@mwm igning

| at eral / proxi5 ﬁOSl tioni ng, at used for

det er ni ni ng 'Opt ¥k mﬁbpf“%ijna‘ilq 6°ﬁ Ioé?/‘el E(HE@&% 881&101"‘ O&ef i 1YY o) . ence

t he appl anatyr@gureteamrnic/ A0t snetbidt abpasitloamatpdiang ofkianddeds b ha @lenment
402 is operat ed per step 508 so as to applanate the ti ssue sur roundi ng

(and at |0ea§@eaﬁ%1rlfw Ny FPE I EFEHt |%idﬂ%/é@§@t e Wildesree@tidyel so

as to identiga@n:Rid-dBl o RPHE S Whekavishevigfthestsart: Litanstier qfeas and
other errors associated with the tonornetric neasurenent are mtigated.

Speci fi cal | yverigngs Hewliplrarerew dinibidieatinomatmngy its gespeaithalsist afke slomens weep
I's comenced, (5§ %Qll]séé&) 4Y8ihNg b%haemgm%@?%gnoa 08 gt&ﬁm%h ra%@elaegg@ Pby the

t her eby progressive i ncreasi ng the pressur to t et
cont act pad 44if @qmredght s examvendgay em’@edlmntprt@smoleetwm}bf weasrshtmagsaed from

the tra duc?ggaﬂ%@%ai 2 fﬂﬂglﬂ}{ezt?%ﬁ&@e a{bz' 1&%}? e f?%ed (a§ 5 b fvﬁ)%{léhoilr?l%fa}tllféliog%saltl S per

step 51 deter mine t pressur e erval .
Such cal culpatitiarisg, an e fhdieresialilay tcadxaomhlf’shédewmlh'g rpsughapplagitant ledlir at i on

(owng largely to the .signal processing apparatus described below with
respect to gij‘é.c”bfjj “?/ﬁettﬂﬂfeg%@ect to the rate of change of applanation such

that the necessapccibapplatationslesan 402 iswadsly @oatdhend drightedCheluleintg 40he
appl anati on sweeg{[ﬁcﬂ Cert ai nggrtl facts or andl tions exj.stin W|th| n the

wavef orm ar'® OPUERA! iPFi 6P 0Lt &P 253 PPPIFHET BISyISSHATEREIHER (44t IFRst BEEY 1 ed

| evel ofzpappivamahd) @i has ReRNo srRaedel o 1examl @n optind Pesigsdeh-h@nt  of
Fig. 5a, the pul se pressures are calculated for each contiguous heart beat

interval . " PESKS hleRsHy. o5 ang psher i aysnciaied With ths donpareEfomassUBenede h

interval ar %1@!?&1:&[ ”Sﬁ%@ﬁﬁcé% Q@Eﬂw@nf 111tt1'5H SmiGRkF&Hk BF FRN 54, D aBB]aMti% &Rlep is
enbodi nent 8 4 6 hough ot her quantltles and/ or portlons of

t he wavef or reormengndse (sien $303 esing WeifﬂéOI‘t‘Wé deizing Healwnenp % eheprbe Psagressidder eases
bel ow a cer tlﬁdr&s? rﬂ%‘ﬁﬂés%gf@ aﬁ&re@ 10 lihggs@ue ) 1 BTl 8RL DJ;R{U éﬁls desd gﬂ@;ﬁg

nunber of bea a pul se pressure X1 mund eclar e
25 pressure Wavefonn obtamed from the transducer 422 is analyzed on an m‘zel val (e.g., per-

beat) basis per step 532 so as to determine the value of pulse pressure for that interval. Such
calculations are generally accomplished within such a short duration (owing largely to the
signal processing apparatus described below with respect to Fig. 7) with respect to the rate
of change of applanation such that the necessary calculations can be made “on the fly”
30 during the applanation sweep. Certain artifacts or conditions existing within the waveform
are identified (step 534), thereby indicating that the desired level of applanation has been
reached. For example, in the embodiment of Fig. Sa, the pulse pressures are calculated for
each contiguous heart beat interval. “Peak-to-trough” amplitude values of the waveform

for each interval are determined as part of this calculation in the present embodiment,
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| evel of applanation is reduced back to that corresponding to the prior
beat interval where 5 pulse pressure was maxim zed (step 510 of ;%@j%ﬁﬂﬂﬁ
The coarse positioning of the applanation el enent 402 back to the position
of maxi mum pul se pressure is acconplished in one enbodi nent using the

mot or posi t iahoughedlor dedntdiss iangot hetiappriatiatiayposneey Peuglizedatvharcghven
nunber of I t f I

appl anat i orqt%tgr&[lgﬁﬁ ngﬁl&%&& %%ggeﬁg)glgﬁud%é‘ﬁnﬁ ?Cfgﬁ (Iesggs)usrogr O?s p%’ g%att ed).
Once the coafms:edq:swhtbd ommbes o6 btadd faed t\am)dauahl@e alpﬁsluaariaxmnmn@t urdndded, camdt hi s
ggzl ;Inor ter a% Ie% XF appmnatlonnls Iresduge%rbac}h%o?tgatu toniasponr%n% t({)) tv% 101‘,&%%[ 1Bt81 Vaﬁv c’])fHC Of t he
appl anat ison mttst:pfesﬂxm:lwallﬁz{mmzed Bepsaebfdgrigction; i.e., nore applanation
and | ess appl ana i Nng_rean pressu er m ned f.rom

the pressure trahb%ll%aé?e Vv 0(15’1’1=d0f0rf) PRGN FHomeat f‘&%/faﬁ(Am' XiORRT °15

det ecti on r Qubdii@nipalsetgrdskizeds acoR@lishe®fin b Smbd@maitti Mo NRY @MRA pdsioNeri fy
that in fact the maxi mnum point has been achieved and, i f required, nove

t he appl anat'Fo¥ice| Brpatths 6pﬁt¥%1§tlon poicAt (Cfr din? ﬁée"cﬂ‘t“?“é?ﬁtf’fﬁb@i)‘t plgps. Whichj s

noted that vmh!es%oﬁcrgemrm& QyeP OB Lt AN a{%lasﬁt’tlm Ioarcoma@gs@‘dnawbé}ernﬁa%ﬂ%%@g to
t he nmaxi mum pu Se pressure is gener a coar se' posSI t1oni ng

det er m nidnt preseiie wag aeecsids @pfw@@ ma@glp@S%@S@bth@ﬁW@ébw menelausiInddo| evel
of opti mal %Fhs apRLANaL gé‘fe&a% er%%g:%W’gaEenlet hgr fg Hod©F iR 'Lt%t%gﬂattﬂ

maxi num det ectl on routi nce ove for resul

dependi ng oh‘mahél”laemedic 10f> aialmdlrtcawy d@spmseldl,l of the aprﬂ@laamseibtcn ep«i)siememinn ng
Crlterla rm‘yact'}x Cfe 1'1101‘8& alagx B Al SsaV\flatICH 1%1%(![ 1'101 a Varlety
of di ffer ent ApPIantT 5f SRSEBP BrDP Fé S he P B L S 8” 3?‘%” p(ﬁsmf he

f or egoi ng st&;dstemSp@bfrcﬁm@lad wryssuﬁehﬁnﬁium@ltlest(axﬂrsaﬁpdneagi cSrcpim@ba!blmamdaem 25
strai ght n rat e .swee erein hea | anation el enent driv tor 406
s cont 101 | BT, KBSy S Lo F Mol HELE P RRETEE! BayF Dot bieseh e

appl anati on glse@f@fithoRat ha beerbiteki YR, Vif reG@IRSL ABYe MhataBplbitign elehRRo MRL OF
steps/inin). This produces a non-linear appl i cation of force or bias to
the tissue BOIMFOROHDFELIEROSIENNHES AFRipioV il fif Moty @osidue wailadndeiapr ess

the tissue c%ﬁeslandu%v fbeaq@hﬂﬁuwhIpuq:s@rﬁ%s%ghmelﬁfa 1ORPEAtchbAsd" N sRRsaL of
appl anat i on. another 30 alternative, the appl anti on sweep nmay be

step-w se | Mﬁ@aﬁmam ather Fcwen(ibytiongic sf agferyisei mass\ﬁ@éwhwe\fébﬁfy pRiivealr at e
punct uat by pibh ok etop@&r')§esmm@\%aqd§w%y %cé&'@&dnﬁ@ t a§1lﬁlﬂﬁr%hon TRYinke

usef ul ere significant” signal processing rocess
i ng/ acqui si treferenéed abevedfar st etlutrsu Howetsa dalpﬁmldagatl |ﬂwrie\§\lr\e@90wm deeitedaihot her

alternative,. »l Aa determ nistic. For 19 4
AUG 2006 eQEéa!rPr%I é%gﬁmm 89%&’]%‘5 a%ﬂ@?%n%gfd?&ngﬁdt the rate is coupled to

the patient's hedirwil lrlatleg:oowh:ecé: that 8 vd:eettgDﬁﬁﬁédanemmaem:d|swem)tmyﬁlb;/ napée
hermbdynari ¢ eq% osylélcq ‘Es”;?arzl Dl‘s%gq’oerfr:gfogﬁig' s?ép's. Specifically, the simplest profile is probably the
25 straight linear rate sweep, wherein the applanation element drive motor 406 is controlied by
the system controller (described below) to move the applanation element at an effectively
constant rate (e.g., S000 motor steps/miin). This produces a non-linear application of force
or bias to the tissue being compressed, since more force will be required to compress the
tissue as it is nearing full compression as opposed to the onset of applanation. As another
30 alternative, the applantion sweep may be step-wise linear; i.e., a contiguous set of mini-
sweeps of constant rate punctuated by finite pause periods of no motion. This approach
may be useful where significant signal processing or other data processing/acquisition is
required during the applanation sweep.

As yet another alternative, the rate of applanation may be made deterministic. For
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extracted fromthe pressure waveform neasured by the pressure tr a}nsdqce[

422 through signal processing), or by another apparatus (such ag fanlis 2006

el ectrocardi ographi c device adapted 5 to anal yze the QRS conpl exes of the

heart). Specifically, in one enbodinment using tile indigenous

plet erm nati cmampla, mrr@ermfamam‘edelpluc@swrc,eﬂwvaazeﬁsr ocmpletihg tex pataot’ etedieaund rat e

IhS ent er ed vlkan%O i%a d%t%r%%r?‘é’d ?ﬁ%?‘tdili%gtlyoibyttgg l%ﬁ{o?%%q?c ri‘]'ge)éﬁﬁ%g%%gsggtplat ?t | for a
i gh subj ect ar ate, e rate-of” appl ( 5 _ natel y

hi gh, _ and VieRBacvel Bam tkd ﬁ@gshbe, wmvwme_heasmmby :tl:ld’l@afsuﬁe&%&d@ﬂﬁ%ﬂ%rcﬁ)@h . 10

For egol ng. al R ARIEVRE): RAGET AT D HUS dbe Br oA CEIEM BUNE KBS mmy be

used as tshe ipagdiszeltBs QRISI @mpaRp] an@at e ahecifelIgr i dath®dinfedl uaxanp! e,

t he val ues of systolic and/or, djastolic blood pressure (or derivations

thereof may HHEUeRTIAE PR Yo RASHSPIPATETT BAVFame tsordesieh hearivptei iad

best sel eot T et  Ate e LG Sor gy RS 1O
est sel ec e proper app t _ ‘

ghy_si 0 11 ogi ¢ tewonth afi E’fﬁlélztmelﬁ ¢t ppjféqortsmétply%ﬁ; ond megﬁn{é@ hggaﬁmmo%j @né g,r atg 2 e
esired pre eV " ]

devi ce, di siﬁlggslgu Cgeﬁgwé)lﬁsl[l é‘“ﬁgﬁg‘%g&a% ?%éf%llﬁs “gglthsa?[e%%ﬁ Ser \8/%%3

ar ound) I’tOhatfmpgnmgaIWha_neeSpul se pressure is maximzed. For exanple, in one

pressure 20 ¢ rancuubgr§u Bt REHENIC AR IR Rl . BB B0kalE B the

gx?arrpl ary hmpﬁlmgtc-iaﬂi-zad: daeme?::rayi{m. Fb};aexambhlat thtefvalacmcbfé’s@abliicﬁamdailr d\ti)ﬂl@ioﬁg blFaXi rrup1e
ul se pressure Qccurs correl ates stron o nean arteria ood pressure,

with the dedrSe ofo By vaioat I Der iy Caridct dep it B R by alS. s hape.

si ze, foot pmiyad cBRAPAARGEy aMIheQEREEitHRI BBAE b i8SoMbinkd®, &ORL@GEt RAgk 441

previ ous]y dlescrl bed herein wth rgaspgect_ tto Fl‘q.0,4. %St Next, in step 5 14,

the measdr edNSRAPRE QPRY AL pE s ARBH Y AR IS RSt BB I(legic condi Pressure) are

optional Iy seategic@rl p&otdpetibest fi®methb@B6H 6f Fle0SSthateARRHAREI B ueklakd | | be

recogni zed that not ?ver_ytrreasturﬁed val lée w Il need }o be scial edl, and in

some cases MEFABER GO N tsesysip quioraeg devin. dispussadi helogy, sie thegaplatigion act

A S B A e S e S S L L

stru , :

i ndi vi dual tope lsebagimkeldIthe @iswgem%tdiaﬁwém\wmfpm aregptiaqiéd Jromhie mravage t ude

as compaed L pHE oyeE Sy T PR I o o R R e e o

be i nconsequienpaial of applamitioh dbevhitbsomiiloed pue Busheeguent cdiektesssiongy her ei n,

there is a strong. c el.ati on between the _na ituq%. of .the, transfer |oss
for & g ven 1A 0T BBCORAT T Rer D MBS eSS CF RO (B et ko) 4 F 0 ng
the -20 4 AUG tROGKapepsies ebbtpiinty emhpl@ncd @nd ioMee hrapeitizs of ithd ebdticgend lay] scal e
the raw neasur ed henod ndahnl I.C . .
previously described herein with respect to Fig. 4.
235 Next, in step 514, the measured values of the hemodynamic values (e.g., pressure)

are optionally scaled or corrected for transfer loss as appropriate. It will be recognized that

not every measured value will need to be scaled, and in some cases no scaling will be

required. This result stems from the fact that (i} different individuals have different

physiologic features and construction, thereby allowing the transfer loss associated with
30 one individual to be markedly different from another; and (ii) the magnitude of the transfer

loss (and hence the error in the tonometric measurement as compared to the actual intra-

vascular pressure) may be small so as to be inconsequential. As will be described in

subsequent discussion herein, there is a strong correlation between the magnitude of the

transfer loss for a given individual and their body mass index (BMI), thereby allowing the
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paraneters. It is noted that the present invention may also utilize, the
heart rate signal provided by the aforenentioned ECG or other. ext @Jﬁa@@m
device as a synchroni zation signal to aid in 5 identifying artifacts or
other features in the tonoinctrically obtained pressure waveforill.

Speci fi cal | ypressitnioeertiph do, E@G@ (@i, otibtellizenilyh-skaid itlpe rrou s1camasiuharmentamic

t echni que us%c‘jc1 rr%y not be subject to non-physiologic noise (e.g., novenent
by the pati ent . ration of the treatnent facility, |owfrequency AC

noi se, etc.), ar ﬂu i actbd;t%qarewrﬁsen'tmwtahtﬁcm 1'pa£3ea§$ljurtéizcivdmélfem1t mte ggnl bevidapped

agai nst the external r%{ rpo f.correlatin nd .el i m nat.i ng
Sueh 10 artiPaet Sormspidd roicetr QhRERGR Pkt e e BPEsen fonad® eoc

t echni que uS%U@ls@,Cﬁthaealo: cﬁhegrfedtlﬁesf &l At ithgnicaichine okdRBe & prpduex wafefddie

Subj ect's heart. f rreasrkl iﬁﬁgi heart rate; .the ECG waveformw Il fherefore

regi ster QRSPEGHA éx%g"e RO USSP MGEHEMSERECIBYA e e Bbj ect s

heart, |argely bé ciHSEPES hbehy@biddRt AR @let, Ik Aekne@rbyOthb QL0 §B-atidiEHTHe
wherein the tononietric pressure wavel ormwi | | di splay notion artifact

(such as t héregiiteAeicign: (M EsuesytHendtthplectariiiacts picsgt Hebhpyeisnadseioant | y
ki cked by squepeng,.a0ai kst ed &g id ?@Hﬁ&lpulﬁbrsestd?%ml@'{mllélﬁ@%ﬁmhﬁtn\m%tﬁh the

subject is riding travérsing a rough patch road) to sonle degree, such
artifactl® wiartifagenfer akdngplhes &tyg’élmw\fvn dhq afh@m@@@nsd ghaltechiqee preaslegitical

vention  phikenakh IRe (RRE. R SLONEl icoL EL IRt A NOLeTROAL .

di mensi on usim tal Ssor des respect

7, and exammwvﬁéolm ‘grhlathasefateaablga @R&d@nﬂﬂmag:ﬁe ma:tlm amadarergeetmati b(/e g.
a noving 10 {J w eyer ! 100 ill n% ar ptg 1 occurr nce o1

predet ermin Bﬁ%\%eﬁ E‘” TR OE RS Y TR g &g é’é& g "4 i VEk® ‘f’Pﬁ“‘éEhol d)
t o det er m nehabetherc ﬁﬁssaﬁsﬁfvvbdnw‘lGSISplﬁ)embﬂ'cﬁﬂ‘E&hi@ﬁt(SL&h@Uihd ob@ey ackvhided in
the data coletedfor od, or car ded s a Spurious noi

transi ent orNBPIeghs AHRg %’%\‘Eﬁ ma‘? he%ﬁé‘“é?g:'ﬁsﬁls%ﬁlipné BE?I"SF?é‘Hﬁ tegdment, o @‘? t he

ECG wavef or rambalaﬁmt“qmdhé bejéchi@ na@ltge&%@lﬂo 4%010h paRE bf RRAY b sbRdtegree,
wi ndowi ng function fi( i is applied to the tonorretrlcally obt ai ned”

wavef orin dateh edifsts @8 ot S yb‘Pﬁ‘oé‘kS%tufmlar@%sﬁﬁ% stgnalns ilBRtrEessR VLAY

outsi de the o%ﬁ&ﬁﬂl]% 26 tﬁeefmpglalka M&H&&&m \{Wt{éﬂelh org;ea%%ﬁﬁaa Qnd AR digital
ECG detected "beat". Hence, onl y those artifacts which are coi nci dent with

heart beats Paeeget aletcadiehpelone ZVEOGeRRct DeFiEnd] WaécExamines Hbe sigvelsqrient
si gnal pyocessi-Nentd ltatkeanh?rpavat(é ?ha%‘é%%mns%ﬁdbm Ay oro%@qmuggq the

distribution of noiselartiffict e -rea rrajorlty such noi se/artifact
will be elimicaateeet of raometiﬁe"nmeéss\@nte (samy 06T MRSs ianglivde lexeeetiog hmig q/lge | t

wlt be appr, f’?r%shl% d‘j:} % dQQWEi‘X \If‘vheﬂt\c@%% (%%%Qed 51 SlhEE tz%nssxelftl QOL%P ?{1%@*&&5 in 1%

correl ating external onoinetric
wavef or m nayiata&ol]&e&dl fof-teat peema,rmldes;caxdat Iver spuhaus isaitndomit pg mapar adtdt. whi ch
has two di sqr ete sta i scard),

mor e sophi st ab earerpnar sTamsCP g e e e bk arysiine” Ssdela o
25 of each heart beat; a windowing function f{t) is applied to the tonometrically obtained
waveform data to effectively block out pressure transients occurring outside the specified
temporal window, which is centered on the ECG-detected “beat”. Hence, only those
artifacts which are coincident with heart beats as detected by the ECG will be included in
the subsequent signal processing of the tonometric waveform. Assuming a random
30 distribution of noise/artifact, the great majority of such noise/artifact will be eliminated
from the pressure waveform using such a technique.
It wiil be appreciated, however, that other functions and approaches to correlating

the external signal (ECG or otherwise) and the tonometric waveform may be used. For

example, rather than a windowing approach which has two discrete states (i.e., discard o
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selectively identify noise/artifact and renove it fromthe wavef ormiﬁ)zb%
the fly" luay be enployed. Such algorithns are well known to thcré;e‘“*i
ordinary skill in the signal processing arts, and accordingly are not
described further herein. 5 BM/Pul se Pressure (PP) Seating Referring now
to Figs. 5d-Bh disoird), exepppeliisticetnd sitimeprocassing hed métdion allapgyhnisordapsdabi ng or
correcting [ I hg_ .net hodol ogy
of Fi g S doseeCaaaR B R Ao VR & P ehgoa: ment
of Figs. 5d-&iplaysd. lOSthéSaigCll‘tliBniS lalm Weht oof tanhcabg:cﬁmzmhmyssmh uashev\mghajl be
utilized in conjuncti stem having a

ni cr opr ocessOr B s Eirté’nal af)cobdélé%%%g ”Oftcl?écrf?@qnﬁbthm&fer e present invention
may be parti aIIy or even entirely practiced i ndependent O Such all

al gorithm or /F;::r /St e ppQr exarrple portions of the at.-orithin may
be acconpli shed Ngs gate |l ogic enbodied in an ASIC or

FPGA), or even al. | V|a |r t. 15 or dire t contr of the op rator.
Accordi ngly, rer?{@%’érﬁﬁl g 3@ Shﬁe%e‘?’gla?fe?‘ ogfiman ?foé"f I“E:fhog‘ék’@f Y he

br oader COﬂCseﬂtng or O dchﬂld»llit’vroahﬁéda fedhdnh@yndlc dith ebtﬁﬁédm%g(lﬁe S6@bddMghy D4
generally ¢ par aneter of the

onpr esflrst rmnlngaflrst physi ol ogi ¢
|'i vi ng subj anE %%éﬁfbe@@‘éqvﬁa ﬁl Redeghigarhihat wiifsihg ﬁ‘@b%d&l%%“@f Figs1 Wstriat i on,
the method S{dribsd desshd Bed alddriter BRhof wohR b%qall lk&gnqtanjaléglﬁﬁﬂomtgwlCal ly
obt ai ned bl ood pressure measur ement obtained fromthe radial artery of a

human bei ng, COBPHRLEYSE having 4 midsepregsproeel sigwd prasatson He methebel Hrayrdent
enpl oyed at ;Q{fgsn m'é!PBé 8'[1'11 01'&9[@&1‘1‘[95‘[ 9&{&1%6*3%11&62%10 ofq‘.luéﬂc 5{ %gtgutﬁlgeo I es.

The first paraneter obt |ne this rises a body
mass index (BWp}lenfystdne tﬁppeexwep B, Rertiours Dﬁltlwhfégorﬁbdlmal baratcg)m}fﬂplw| fincal |y,

the BM Con&f}jl cﬁ%? sgc% a%vl\élgte'f?ﬁw %’Egodgﬁcm agl%SIC 0{ bﬁ}{ eien i} anu%l ;Eir% ndex

(Kg/ 1, 12) | €c BM
val ues figr tdnendlwmacmm"pbof éls apange Acwondiadhnube &&mmdrmmﬁ@ @dtsh i @m@hyy 50
Kg/in', althgI %h val ﬁ S, tside this range may occur. The values O Subj ect
wei ght (W AR AT YR CaPE%PEadi |y obt ai ned using conventi onal

nmeasur ement t echpisgiesrardtin Hes6d,i e dndthigcd beEcaligg Siln.cend@ ALkmZRED firdlext , a

second phySId%‘le?lgmmo a%rst gfs%{rjiocroltz pg.llglgletsﬁilao the Hvbmg gttlblel:c? usgd%;[ S\Earlrtllaﬂg:? (slter[:]) 534'6)Gp >42.
For the sake of illustration, the method 514 is described in terms of the scaling of a
20 tonometrically obtained blood pressure measurement obtained from the radial artery of a
human being, although it will be appreciated that the method may be employed at other
monitoring locations on the same or different species. The first parameter obtained in this

exemplary embodiment comprises a body mass index (BMI) of the type well known in the

medical arts. Specifically, the BMI comprises:

25 BMI = W/H? (Eqn. 1)
where:
BMI = Body mass index (Kg/m®)
W = Subject weight (kgf)
H = Subject height (m)
30

Typicai BMI values for the human species range from about 15 Kg/n12 up to roughly 50
Kg/m?, although values outside this range may occur. The values of subject weight (W)
and height (H) are readily obtained using conventional measurement techniques not

described further herein.
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I'n the method enbodi ment of Figs. 5d-5h, the pulse pressure (i.e., the -
systolic pressure mnus the diastolic pressure) is used in conj ufict ikl 2?f53
with the body mass index (BM) of the subject to generate a corrected

pul se pressure. 5 Fig. 5e illustrates the relationship (based on enpirical
data derived by Na¥, Asespud piwslolopismenmeted P e smrecsubiacigy eagraxineden sitn S48l ow)
bet ween the 0 tr B ul U PP)
and the erroﬂé ela@te@;d }f\){g?c%ﬁe)lﬁlﬁtage rr5 hogﬂbe]fg\%gﬁfeggﬁgg b tﬁeef)ﬁ[o(ﬁ%g) Js?uré
pressure reagihumghe dkado}ﬁdneeamtahialusadnn ravastoh ith greesgy nmssazsda:ke(BMIhbﬂed by
A-line invasj.v cat f c) d n, Fig. 5e, the relationship between
error and BNMABPR SR RgegE dﬂ%sgé’reeciﬁ 'substantially linear for the data

presented, the | atg e¢ ilspeinRithgreatibispdbisan ge e@piricdula BBVl byaBe ARlighee S5€ 1S
si gni ficant fro he s andpoi nt tha}j@ igaﬁ)row des a description of the
PO §

behavi or of "&KPor S&gssa i §ERich e HYSBIBCIRE phi¥!ldr dgrenssietiet er s

BM and Pp)meagmétﬁpﬂﬁﬁﬁéshlﬁé m? R {h@\é@rofi ReoPH82eMhecl MER VA thn@RRlaMy t he
appr Opl’l ate | evel scalin 5 to the tononetric pressure rreasurerrent s to

correct for cl@»r!téffﬁs@f@%ﬂllﬂo”s%d%én@ dicatcdnnl dnfagpssulappresaist asi dptarmese by A-line
measur enent g, .85, SHEW. 1 Rs fHoln léﬁyg £, 19@%%“5 A élﬁ)qtaﬁd‘riBW/PtPhgm@lr ror

factor) at low BM/PP values are I'ow, and increase (|inearl

i ncreasdd. Igouppt arsh subsidntinty mear f@ét@dﬁ@ WS@meChﬂgHaTBI\/ISpa‘ﬂomgtaHEO‘lsiameI@P vaI ue
wi Il requirepge, fiiansfer loss correction, which intuitively follows from
the observation th 't such people comonly 20 have a greater mass of tissue
(skin, fat, szch, St emdanificedtcirgm ithd etapcdmaeﬂi thetinpervidehe dtﬂdiipaion @rthery and

surface of th on the |nter Conver tall,
thin per R 0P e o et PGt PR T e ¥R g
transfer | o9P). Whisclesdistiad swsithietpaesknMetettieor@eply trGpplbose 168l AREhRG
illustr te the rel atlonshlgL bet ween act ual int{avasculfa gq(j%re (as

! ¥ e d¥uf

measur ed?> 3P U RAFPETIDPTENTA MR HET DRI G i RATF DHFEIE ur e

for Systol I graad in @1e§§tn@isklfk11ﬁﬁ@5§yﬁlﬁﬁvn :lhﬂiﬁ}%)@@t h¥ @bsYes (E@Fefzre&@d By Rierdriopl dat a
previously referenced, these figures, the data is

As in
tightly grodfed & B’WgB%ﬂi’ff’lﬁn@%Lﬁ%ﬁ% IOM ﬁed fesee (lagrky éﬂ BMI/PY jnqisarey. 1St at ed

di fferently, 4@l Qe epa%e@iwh e imngt hovale pehall Ons RigRse %Fé"ﬁ’@r@fe? he
tononetri caIIy measur ed systo ic and diastolic pressures and their

cor r espondi ngps geresapn, vguch lﬁtUFth\?b(SfQj_C[WSaﬁﬂ ony gleupbservatian thiie syshesems cembody nent
o Tom g RSP Rl g L s PeESPLa, s o g cen
-2006 PP 7 artpR| anBMLrise Brfrtor s@P%n Nhe umlﬁ‘bt of tre(vEgm. @nverWheraevery tall, thin
person with average PP value will require little correction for transfer loss, which is also
intuitively compelling.
Figs. 5f and Sg illustrate the relationship between actual intravascular pressure (as
25  measured, for example by an A-line) and tonometrically measured pressure for systolic and
diastolic pressures, respectively, for the empirical data previously referenced. As shown in
each of these figures, the data is tightly grouped along a functional line (here, modeled as
linear). Stated differently, there are predictable functional relationships between the
tonometrically measured systolic and diastolic pressures and their corresponding actual
30 intravascular values.

In the present embodiment, a linear relationship is also used to model the

percentage error between the tonometric and actual intravascular pressures, as follows;
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PPT = Pul se pressure (tononetric) 5 PPA = Pulse pressure (actual) M=
slope b - intercept Manipulating this equation, the follow ng |S~@Q§@mqggg
10 PPT- PI~4 - M BAIIl + b - PP7 (Egn PPT - b'" PPT- All- BAIII -

(Egn. 4) and PP7, (I - b) - M- BM = PPl (Egn. 5) 15 Egn. 5 is the
generalized relationship gﬁgatlngﬁbhé¥act IBmﬁnrav?gculg pressure (PPA)
and the tonometric press(t&{PPT) Hased 9 Kat PPA (al so
referred to g i:he corrected pulse pressure, PP ) is based on the current
interval (e.g., beat), while PPT is based on an ge pul se pressure over the

prior "n" pul sesppHehBge prksueddnhgeraly nunber (e.g., 10). or avera, 20
made determnlstlcheBLsepl Su%?%a ea@d on anot her quantity neasured from

the subj éct or 8BPhepwsserederci(sdd)i n the cal cul ati on process if desired.
Hence, in effect ng ratio PPc/PP-r is the scale factor which is applied
t o subsequent sanples of the tononetrically obtained pressure wavefori-n

An "n" interval hmevithgepi ndow i s established, wherein the sane scale factor
is applied over each interval (beat). 25 EEspite the use of a linear
relationship in Egn. 5 above (and the functions of Figs. 5f and 5g), it

wi Il be appmegiiateile thadquihe, thelf@lbivansiBbiaibel: ween the BM /PP and error
factor (or for that matter any other physiologic paraneters or function

t her eof llised for scaling) AeedPPnot bBMI i hedPror Hsmule any prescribed
form For exanple, data collected oil the population as a whole O Subsets

thereof (e.g., those withippa specifiscpBM- prgnge) (ipay4)be decidedly 3 0 ¢
non-1|inear. jfyrthernore, other parainetric relatlonshlps so h as the BM/WC

approach described bel ow yi pn Ilnear nct. on, which can be
used as the basis for scal?ﬁyﬂ Q?Aﬁ{%yaatlvély, th%mfﬁnction may be

plecemng' conti nuous or even dlscontlnuous Myriad functional
rel ati onshi ggnthenief @nhealivey rdieiosdgoersddiht Yeosdl Rekidstlle drands ypgraconsi st ent

with the general. prems ve 3 turning to Fig
5d, the cor Ffé‘@t“éaw(@%‘—‘alr%z%"?é%%g GE égmmé?t&g%p,}, (ﬂm@?éarés tw&hepéquecte% 4
AlJ G stepparédprebdire PR Y BS&NEN %@Qﬁﬂéﬁr@fﬁ@rvalt@lﬁsb&a@ %H@PP‘? NEHasby of )
subtracting the average "n" pulse tononetrica neasured nean pressure

from each S@ﬁ%@id’é’ﬁ? p{eés{qwtelrlp@ pg%{nﬁ] @ulses. Here, “n” can be any number (e.g., 10}, or

20 made deterministic such as being based on another quantity measured from the subject or
otherwise derived in the calculation process if desired. Hence, in effect, the ratio PPc/PPr is
the scale factor which is applied to subsequent samples of the tonometrically obtained pressure
waveform. An “n” interval moving window is established, wherein the same scale facter is
applied over each interval (beat).

25 Despite the use of a linear relationship in Eqn. 5 above (and the functions of Figs. 5f
and 5g), it will be appreciated that the relationship between the BMI/PP and error factor (or
for that matter any other physiclogic parameters or function thereof used for scaling) need
not be linear or assume any prescribed form. For example, data collected on the population
as a whole or subsets thereof (e.g., those within a specific BMI range) may be decidedly

30 non-linear. Furthermore, other parametric relationships such as the BMI/WC approach
described befow may yield a non-linear function, which can be used as the basis for scaling.
Alternatively, the function may be piecewise-continuous or even discontinuous. Myriad
functional relationships therefore may be successfully substituted and used consistent with

the general premise of the present invention,

35 Returning to Fig. 5d, the corrected (scaled} pressure waveform is next derived per
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val ue of pressure (a "zero nean" sanple result) per step 546; (i]), o
mul tiplying each "zero nean" sanple value derived in (i) by tﬁ’*d&@i%g
scal e factor (step 548), and adding back 5 the "n" beat average nean
pressure value (step 550); and (iii) repeating the process every I1'II"
beats, Usi ngtea Sﬁévﬁ’zyhed[sbsieuednksadmh@t ftaieﬁsodetefrm'meébel(iy siim:‘acﬂbgahs a(e&tge;ffn%SZ) :
The resultant vaye fectivel

o eeted T abise PG Rieu e M@ et AL Ao et ook Sy i Sathls oach
i s used soO aslut@f pRE@IO(a ’Qaﬂtxﬁd‘an’t enplsveadef) Qremsiap Gﬂl(ﬂdn}am&n@Whgr @fcﬁl";&ﬂ@e

| evel (zero). Ip this fashion 0 SS 1 ure

advant ageoué‘FfS?“ w?allqpllea‘f riged ’&lféj’é( L%ge@@‘?éca#e%ﬁor gﬁ'ﬁ 52? aé‘ﬁ d(‘i“gd?aéésur e
nmeasur engnt shetanas ek SN cAIOMBNEIE  vaRic m@ﬂy 79 aqumam re(p'eat@]g zh@{nfosag kv@y ot her
reference point may be chosen if desire such as an val ue between zero

and the nmeasr BeitprEaspevly deryed stHe faslr & ruen “ap 1D P32 g Fepulgt

expedi ent C%V%Fn‘} L Eé:lecﬁ%mgcdl ﬂcnyw aaak Xﬁ\éc%lv@?golrégﬁh@orttﬁﬁsféﬁ%él ts nore
intuitive to the user/operator. It wll be appreciated that such 15

val ue(s) may be N@‘@slé«'ﬁt o frensingi ‘Caranessppiratch dhased sbfas dp avre\pr cegpebe al |y
|0 omore St e BRLONAL %) KRN RN 1oE1eL, i O U fagma% 52eAe! E.%éagé the
host platformis mn Eor even
dlsposadwe)nappﬁma@@%m@whuﬂywmgwﬂhéﬁﬁyxh&ﬁMnm 1nvanhn@m mﬂyhnavmpaxdnglpal

pr ocessor \M tca LEI‘EETI%] Iwa sebe Oa r 13- 6!’0 ean (1.E. I‘T?th other ﬁﬁ’r ICEOI nt
can therefol®h sen R Bg Hf %hfs 1T HT 8d é% AT ty. 20
It is also mbmedmyhathﬁhﬁﬁﬂ&@mﬁHdemnhyQMmabd&ﬁﬁﬂﬁi@@ﬁﬂhMﬂ%ﬂmkﬁ@w&@ﬂ@ﬂEtriC
measur enent s desﬁrlbed herein is almgys ne%gtlve Fl 5d | é;re

the "ne. - at V8" E748 B R OB o P efeRctoP PEdg] &y ‘stoé‘ﬁ"r Pes548 the

tononmetric piRsShl esalkvays BRING loe®s uséhpbatohe Iaclinae dp@ie‘fzﬂtéaslﬁaﬂll Ak
pressure_in magnitude due to transfer loss. Wien this fact is coupled with

the "zerld neale(st BRRAF fiescads &b campvialionst clfigisny srerialioomete jigin”

systolic 25 papdafi &St (Qllnie%tsm%%sdb'frﬁ)uﬁéﬁbﬂ@%p\ﬁ@lﬁf 1 MRYSadtatis %nlnﬁpcgred@-sed in
rna. gnltude during scaling ("stretched LIP" for Systolic, and "stretched

down”, as sHOWNIR. Eppexasile, a A8v eRsboF PYsadiisppsablgh enphistus gebad:lindé owssal t h
r eSpeCt L Ova vgntuﬁl’ m gﬂﬁw@? Q%tﬁg)ﬁj%es%gpwf?ﬁ véxiﬂﬁmﬂ&? aﬂd%\f%{%{o thquéaﬁ %l ates a

"stretch” PP according t e previously discussed
nethodologyCﬁhﬁ@hmpemﬁamﬁbW$hp§matﬂeﬁéhb%gmnmunhbmtmn@ﬁemw&@nmaveforn1so as

to Corrp|2}6 30 \é\"s t 1st ﬂg %%feﬁat!laﬂ H% rﬁ’l‘é%ﬁ&{hé qucl’ ?1ﬁ§%v§ssocqa%d t?l n%'%eto%m H(l: S€

pressuré (PP) ogi c aranﬁ resent

provi des thewﬁun@hmms@ﬂuamﬁa@euoﬁzﬁemﬂgwgeweqég ﬁdimann&ybenhwaﬁgabk@s

neasured b ress retr

ot hermt i cab kAR BSTaL e PR S SLiE AR Sp R i usteRe 9 ues

at any gi venhdhitheadoi lr@r%esrsmaarmraﬁﬁ’éelﬁ ma@nﬁﬁhdé AtefoMadng fer loss2 SWherAG:s ZENvQ
enbodi e t he invention wherein the

Scal i ng. {actBIPIEY G her b GHEIT o KB GHFr ReEITaY B+ bl Enih 5 S i P besur e
val ues 0Bt aixAdiakblid prosivealalus Btich always must be increased in magnitude during scaling
{(“stretched up” for systolic, and “stretched down”, as shown in Fig. Sh). As described in
greater detail below with respect to Fig. 7, the apparatus 700 of the present invention
calculates a “stretch” value based on BMI and PP according to the previously discussed
methodology which performs this stretching of the tonometric waveform so as to comply
30 with the actual intravascular waveform.
The use of pulse pressure (PP) as a physiologic parameter in the present
embodiment provides the further advantage of being derived from other variables measured
by the pressure transducer. That s, PP is derived by a mathematical manipulation of the

systolic and diastolic pressure values at any given time (or over a predetermined interval);
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the systemduring pressure neasurenent, there is no need for the_caregiver
or subject to neasure such parameter. This advantageously sinplifi 855t H85
scaling process. 5 As previously noted, the data presented above was

obtai ned by the Assignee while conducti ng clinical trials in validation of
t he et hodolzogydiogly.t hethpre@semlryi awtedinieoh of tISpEmi:nftibna’He;c,in ltkh:escééfuml faciant
ononet i o aavarrha el YeiPtRy Flpd PR AR o805 PG A T e
relating tahd hesa dndg \prdsiat meaﬁm’mndaltaae fsi doencedSorthe kedgivartcd sabjpltus al ity
of "epochs” lge. ,-., 10- beat éO incr errentsi? \fVI th thﬁ gr essure val ue being
aver aged ove&reA¥AE IR BRI RIS 28 nEgREh SHEUTEBI0f SHULERSTal i ng was appl i ed

to each averagedagpeshhusiMinbled aht d86 pleehic@POENSWAL dbtdiBlialyhe RSigH8e while
collectively analyzed %ﬁ enerate "gl obal " or non-indjvi dual speC|f|c dat a.

The radi al 08&‘4“@?1}@ SHnigqh &T18lE nin ofe ‘Q?alé)ﬁ pindicvinethadolegas oafsi piesnt (Wettissen as
the basis f@peélh&l iy 'TRAAWHIRABIE Reted hlnBbdr 1€ (96 P& VA B Af rahin, SATBbtained

i ndi vi dual (s) was utilized to provide 15 substantially concurrent A-line

i nvasi ve cathetide toneagitie sfetiensdpr whloddismeayaiad bl exRess of 1) dapt filphiektingr oof

of principl i e i « ol

diastolic ﬁ%ggéef@%%ggof%& (gamhﬁfe ngf%&%lﬁm-igg? e Hgté)& ?%n (é— 8%6]%’“

-2.6 mH§ ( staemabéy.ivath e plessuﬂe)Yahreésp]g(awwmdweraa‘atiecposh;aﬂm@cora&emmpdir ed to

the corresp ne_ val u N n met hodal o

experi nment alcl}‘{le &%ﬁf{%ca ”F?a‘fvasb%)g g%" tgneafqh%veraée%f:l?oecd \W i %%rﬁ‘?ﬁﬁ °Bo-p gﬁdm%xy

devi ation = bslngfcb [‘dc@\)el)pﬁmfy\'zedmrgemel:itei?gétbbadj‘fortnbae—uwahdiuakmwﬁcAeﬁsM THPkDial
standard rel atl ng to ausc ti, on/(g FI JNe) II’I@ | ood pressure gea?uremant
techni ques, f'He &1 i°Af & © 8? o RARET oYast HBUBHRS BREST #YethiEi Hiisi &r the

excel | ent. BMabiEnseRlvitie RaE efifet ngn nAWhE Qalﬁé Grdivdliual@) $QS QRdz@xX@MPbaY
enbodi nent of the net hod of scaling 25 (step 514 of Fig. 5d) is described.
In this SecdhFtHBbdoRHtENt f‘H@eé%‘@é‘N%lC%W§|16?%@P*Be“tba]?@ﬁ%q PESSEGNBEUdes t he

ci rcunf er encg uf «4:her o?ggwn@gres’steywﬂosglemme@ 1A NEr RN EysidTRABHGRBNE - Thi's
is functionally relate previously described to produce a

scal i ng i ndéxasumeEsd rpusdly 112 @rﬂé@t(&tfj datatpl = Bl evd -2 hmirke idr daviagipep 562
of the methgd, Oies&%elwgﬁQGQamo gs 'mﬁ)élled b R& L%'}/lesp\é?lhﬂg A-fine @Qf_gg,g{h@%egfd for

the subject as previously describ erein with refergnce to Next ,
in step 564alidakiae BWImQIhCMQé)bE@N@Tmen@HYI Aotst b 162l drsthe etqired] +-Fntridg second

t t t
o i ng nogsdtovstb St AU HBRARE, ol ATNARPRRLERY SPRogRhBed °
where: 1, =rSetalgitn giusicatmt@n/o(s@tbmmtdebbdd girenens nomuessht teBMiques, Bodylinias s

i ndex (Kg/l - el%g)rmance of the present invention is excellent.

BMIWC Scaling

Referring now to Fig. 5i, a second exemplary embodiment of the method of scaling

25 (step 514 of Fig. 3d) is described. In this second embodiment, the second physiologic

parameter comprises the circumference of the subject’s wrist (WC) at the point of

measurement. This is functionally related to the BMI previously described to produce a
scaling index, as described in greater detail below.

In the first step 562 of the method of scaling 560 of Fig. 5i, the BMI value is

30 obtained for the subject as previously described herein with reference to Fig. 5d. Next, in

step 564, the BMI value determined in step 562 is related to the second parameter (e.g.,

wrist circumference of the same subject) to obtain a scaling index [ as defined by Eqn. 6:

I, = BMI/WC (Eqn. 6)

-26-



WC - Wist circunference (cm) 5 "Typical" values for 1, range from,, . saon
approximately 2 to 10, although val ues outside this range nayfﬁﬁfﬁgﬁé#W%d.
Not e, however, that the term"typical" here refers to values observed over
a broad cross-section of the general Popul ation, and variations in body
type, bone silee; weight, body fat content, and the |ike may cause
significant variationsg] =J 1 i.ndiviiduals. 10 Fromthe scaling
i ndex val ue Is dgterniﬁgﬁn%g?gggﬁﬁglH%%@?eﬁgﬁF%% scale factor K, is next
det erm ned (st epB566)=Bihbhesindoelwimi) | ust rat es one exenpl ary approach
used to derive gﬂg Qgghiﬂg.fagpor , Jfromthe scaling index L. This table
i s derived from &piri CalF EAPLEIE Ki™ed by the Assignee during clinica
trials of, a statistically significant.number i ndj vi dual s, . conpar ed
o auscul’t at SPBotl T Sird B kit Fey RS G Db Bh VAN s RREE s he
sanme i ndi vi dusl & oblabde Wote SeddeRed, AR e (tdnm “tHeiadle hbagtfer th KaleRewraiks >4.0
1.2(20% Significant fatty tissue present, at radial artery 3.3-4.0
1.09(9% Som¥catey Ctr?sé‘éiFé‘O‘ng@% REnchY PRRYCALIAN- 24¢ vaajionsds bedytype. PR ¥%al i ng)
Little fattyddigus@y Pi@S8BA:, ald the Ak HMay b sYenfilRentenbacingent, wvlablke | has
t he advantage of sinplifying the K determ nation process, since the K

val ue to be Bpitd to the neasured bl ood pressure of the Subject is chosen
20 fromg |imted rber,qf ks GHIRL & dbhShdPhos efdh-ifigialR, avahw%a&@rng%) . For
exanpl e, consider the Subject having an 1, value of 2.8.  Using Table 1. it
can be seen neXadetqpingd dstengo@f Teble ir bakow bllwtetep pes sxamplare agproarersed its

requi red. Thj _ L B TR e suhj.ect.:-havin . tively

| ar ge mmistq%§¥%ﬁé eﬁ@ﬁgﬁkrﬁﬁPé%é@?%%mﬁﬁﬁ@%éﬁr%%R?¥kﬂgggﬁ@§ﬁ§F%%ﬂPHﬁﬁthe
absence of ghignbfaredhy tambdssignse dfrifgatiihizalt trisls wé a atatitthel imBgsticaamemntbes iof e

*oupt i ng. (el EFaRaAg B n Bkl TR S M Rt PR SR T e

bl ood vesselthamalik indish@ragby requiring |l ess corrective scatilla. -27 AUC
20106 |In contrast, consider the individual with an |Is value of 6.0. For
this individual, Table |I indicates thathaiscale factor K, of 1.2 should be

applied (effectively correcting the —observed pressure-value-upward by 20

TIIdOCTT—Vv O

percent). SelleSfdkiMy i s needgehisFagsr (e transf Remabi@ss for this

i ndi vi dual H4-s—substantially gteater—as reflectedin-the-greater ratio of
t heir body =49 1.2 20%) Significant fatty tissue
present at radial artery
33-440 1.09 (9%) Some fatty tissue present at
radial artery
<33 1.0 (no scaling) Little fatty tissue present at
radial artery

The embodiment of Table | has the advantage of simplifying the K, determination process,
since the K value to be apptied to the measured blood pressure of the subject is chosen
20 from a limited number of discrete intervals (i.e., Is value ranges). For example, consider the
subject having an I; value of 2.8. Using Table 1, it can be seen that no scaling of the raw
blood pressure measurement is required. This relates primarily to the subject having a
comparatively large wrist circumference in relation to their BMI, often indicating the
absence of significant amounts of fatty tissue at the measurement site (i.e., radial artery).
25 Less fatty tissue provides more complete “coupling” (less transfer loss) between the

pressure transducer and the blood vessel wall, thereby requiring less corrective scaling.



5 mass index (BM) to their wist circunference. Hence, the BM (r]urrerat )
‘tends to drive or be dlrectly related to the anmount of fatty tiggudlic 2
present at the subject's wist. Lastly, in step 568, the scale factor K, is
applied to the raw or uncorrected bl ood pressure neasurenent to obtain a
scal ed or corr ecfie@onsgs trrsidenthe imHyigusl svidiceohplalusHdd-§-n For As indivisek at ed
enbodi nent i i i R by 10
the scale fg%:é%) %rlmwachEteag%%%r%t&rgﬁ Oﬁn?ceggi;lgg%gg {eegg‘fﬁfﬁfgbﬁn% @%ﬁtﬂg Ks of
1.2 woul d robsubed drgssige colne epved bprRe psues). valch scaing 120:edeHgnce Alse parefer ousl y
?g;g(rjre}[lmrfga:‘l S%QDI‘C’[‘HS :ndl\&@u% Is%u stanFizl?ynagaq ;maésgrt ﬂt% 26h Ithlc)aeggeea l?g%g) Cifﬁ]%‘?%{ b[OF% e

i nt ravasaul aﬁasprnGS\S(BMI) t@.ﬂldlraﬂ“(somchui‘n@IMmE H&n’b@ﬂl&l’!ﬂﬁﬁ (rivenevadryenid toldrival ways
be scal ed upwa ni.zed that while the

orbod mont 3y B dReeld TRAD W G BT sis Pt AL RERE PR nonber (1 r ee)

of discrete scal SadtydBXstdpni asr mlsaaecﬂatctmm nyﬁrmre@t@fhelrM%r ViddoprectbvBRbier
equal in magnitude or not, or ded) may be utilized to |rrpart a

greater ded¥earpmepEmes teﬁb‘@rn ag%caﬁ%@aﬁorrweci BehEmsie S pecerishig in
correction Qﬁ@i@ﬁ§@ted%9ﬂbo@?ﬁ@ﬂmg‘%mp 1§ &itph@e hOLRVA S AELARIGD s P ndit by

| ogarithm c rel ati onshi be util |zedg et anot her 20 alternatlve
ot her pdﬁanéh%?cg]eﬁwmﬂé U9e gxangplyy galupgopled val smbfs Wnnmaigend Bessddld weuld
process. For. I ac

Table I (or gslugr%n)f g@%r?ecte@gﬁ*é@%tgé gg%éms%ggﬁ?}?@ %g Itegrrou%:l%ﬂ%g& g’etm(!:érqs %é%ilﬁecked
agai nst a stiHdI/BR ewaddidartatsagded abovot ﬁertonwmtmadmallmsmd vaiumwmli assﬁ‘@:tof

i ndi vi dual s b hi on,
data mout t ieryd s LOBRE ok Pt RORKEL R, FRLAEMTRHE Lgd e VAT

pot enti al | y alwet bgatledgptadiein i@ntake. -i ver to obtain a confl r mat ory

measur engnt or cnslt ot her sour ces. te that_ sinc he et of Fig.
5/ is aﬁ%l east i eprlﬁ%%@ﬁfé gﬁﬁ&'ﬁiﬁ%@ﬁtg}@(ﬁ’ﬁ’ﬁﬁﬂgiﬁ ??Pé%(lf a&‘t"fe 15 T PS‘?dd'P eci se
measur enent t@fnstohh Sm&lBﬁlﬁlﬁliér [Iﬁsreamtdﬁblelesscﬁl@ﬁiidei irftdread, o‘ihéqclﬁﬂrﬁlﬁl NG liptervalpr eci se

| ocution of the rreaSLirerrent on the subject's wist is simlarly not
critical. THPaethel F9E3!dR spagritudergivh fr Campadadanbage volizef He ippatgreater

met hodol 0gy dekde bihgbcidiior %&Hﬂé&lt{'g} 66 plebNet S iARRHEAM hRockie mneﬁ%ﬁh@d
pressure ITE&SUI‘EITEI’I'[ i s substanti al y insensitive to errors in the

cliniciaws & daFBENAsYarengsd igta lepa Blune selatinnehiprsadd be wilined. Aphies angdieant age
al so eX'Z@t Sa thﬁtﬂer(ﬁﬁ?aﬁﬁan{eﬁis 1@% @Msecfjt%tqﬁﬁ ﬁ} B@‘_‘;u‘b%mfafe §§é ?chu{]vo;Qgcng % ously

descri bed, since the deterination is fairly insensitive to errors in
measur ement csfmplhefisutip seafing fagér @ﬂatls dovmencd upag Talpln I (er28mlgr), Ahe pro@sd

Al ternatively,. ot Lol al .0 t cal e"
the wavef or Isna (1 &gﬁé é: LF\%S} ? Ogtgg]?c%lﬁd z%ﬁ?&%?aes%tl?u@){at%fy}m 0 h%? &Hlev?dua% o
pressure rreaslupleﬂemf)mdlﬁdma s @eaniplsewith B\dlabmldcekwnommlue)hdm tlﬁshﬁaslredredatal cal

i npedance of, subje S. LI e i.n iven n of . t ,gan be
related to tﬁgﬂl%r%d anmalt)esldgqt ieﬁ be%ﬁ%ﬁg%ts?a B o c% F tc@H% PO gatfng RE

25  caregiver to obtain a confirmatory measurement or consulkt othe: FesOLIces,

or
1’\
a5

Note that since the method of Fig. 5i is at least in the present embodiment somewhat
heuristic, very precise measurement of this second parameter is not critical. Accordingly,
precise location of the measurement on the subject’s wrist is similarly not critical. This
underscores a significant advantage of the present methodology, in that the resulting scaling

30 applied to the un-scaled pressure measurement is substantially insensitive to errors in the
clinician’s or caregiver’s wrist circumference measurements. This advantage also exists
with respect to the BMI determination of step 1002 previously described, since the BMI
determination is fairly insensitive to errors in measurement of the subject’s height and/or

weight.

28



5 neasurenents are made Using electrical signals at high frequenci e§ e.d.,
100- 200 kHz) so as to overcone noi se and ot her del eterious ef f éet-shibF dsent
at | ower frequencies. Hence, the present invention may utilize such an

el ectrical inpedance neasurenent obtained fromthe subject's wist or arm
as a basis for deﬂtammtiwlyngatlhnnd;yhymakagic@bnpmamam- equi healiginted tpaf‘aab‘f ehg, the
| atter bei ng us ko 3 mefact[oek H)lem%t ré Clﬁgt ure waveform B 30
nmeasur ement s mé oS Jd B e T e B v PP HEL 6/ @ %‘gpoé%siglflem%suh%%ﬁn fy°tile
scal e fact orexartigle,i iv @&dwbly (ﬁxtvhenafréﬁl‘&ectr&ﬂldﬁiq:redaﬁi‘cﬂ‘@f deubddistiisonaln ggaaul arity
Wi thin a given di re{D rangg q $cale actor. Ijg ano heréglnbo |rrent t he
rel ati onshi 6’3%‘& &F Pl SaPe rPded & the PR MPRe Ok Hig Bbigeh dawically.j wich
determ ngd Usdall@eiBerOr® giadd BsidSelbdilidas ikl €4 hiigh friq@encs (45%; 431178y ) umg K g. 6,
the 15 nonograph 600 conprjses a series_ of vertical es. 602, 6 4~ 606,

608, 610, 6F2 [ @rioRRele #rerten dplslsEersichepaparangit 19\@@6&6@%@1@? pHeisedhe

anot her on %1&&@“@611%"1%%%1 ﬁ@s&h’an ele@tﬁ‘i\:ﬂarﬁlﬁgiaﬁ@cr 19@&1&9@1991&10%3[1163 Ren hke)
not shown. In t elllustratede odi nent he vertical scales conprise a

vei ght scal eUBGZs wrifiedighi seal baB0r deiBVINIEL Abd 606 (o arbst- sivlent
ci rcunfer en%%gn\g@é%a £o6Q maa[]fg(? é‘qﬁ‘@( t(%ne fr écﬁ"l é%u%lga e?mﬂeaséi'z

(raw) bl ood sure scal e”6 d an ac sca ood pressure
scal e 614. Tﬁmsmam%mag@&be@ e in al qogﬁesdausp mgactty) tcp)@;ﬂMfgf tkseeem&nfac‘ak
det erm nati on .of th araneters o ood

pressure detS8PVRIHA °|E’n‘“ﬁ%lsh%ﬁ%‘8‘(;;0"14§e'“‘3§‘%1°‘bai§‘%‘8‘“é “q’i’—“b‘ a gy %ché&efwgetvm
| ef t - hand sodkek A2, 604 are entered (u5| ng the data obtained fromthe
subj ect) and, usin st raj.ght s a ruler he BM

Gorer i ned by ai Ttons FHESLARE h Pl Bl e ekttt Re b Mtiteiand
hei ght scal esde@02is d6@4niatd tshp av@m@sapﬁla& ﬂlu@@ﬁecf mrrigachad detih FR. 6sHbj ect .
The BM value is then read off of the thlrd (BM scale 606 where the

st r ai ght! edd@mogpie PUbetaprispnt sgica|d veisal SFﬁ‘éS B SO0 698 Sfl Osbilch 614

nonogr aphi ¢ a6l &8 dishovel In knemn tnudhgp tﬁa&{éeﬁ%ftﬂeF%ln AlaRar %ﬂﬁac@c(ggr di ngly
is not described further herein. In the nonograph fp

remai ni ng sdanrisged e, pspd) @ thabkornot greagurle ghe lﬁti@Fatﬁﬂ@(}@mﬁ)\r@ﬁsd}fif@vera@
correct ed blogd BIESRUILheRhe sglé@@@egfh@@h@g&r@ 6h ggsq\gw toe gt . and
aci| 00

BM scal es to tate cé’ culation o e correcte pr éssure.
Speci fical | ;mrc&amft:@nce CHCE bt i6AY 2 heelBMdeas:psald 6Us|a rdesicxdi pad), bbhé user

sinply ac Lr n h t.hat .t he ed
mterse%ltos ?’ﬁeesg Eﬁ%/fca ﬁh%asagg ﬁa% éﬂa%é)bo%Eig?%% gpc&%’tbg?nfhﬁe@mﬁ\ﬁcgv%%e and
actual WC valigredab at #wqaesnnbp@]umt]ar {daﬁqmmmmmed)ﬁ/the jhanseabeinfeast @latig td e t hen

-29 - 4 AUG 20 t t er sect f the ed
and tho Scalt FatpB PEEHICG IO AT PR T LI Aot BET-BRT et e er

t hen Subsequénhdny sadldsg0s, doharddnicadd (ubihg Biddea sbated fah thd dubjebd) S @Ghsa t he
scale factor a

the corr ecﬁﬁﬂqﬁrergg‘%vﬁ% Oagdap ﬁ%%ﬁxps\f {ge ﬁ?‘ég’eﬁgytaﬂi@t“% &gb%@{gg%’%{g? Z@; "9
bl ood pr@ssykigsectSleNgeiSHGRd height scales 602, 604 at the values obtained for each from the
subject. The BMI value is then read off of the third (BMI) scale 606 where the straight edge
intersects that scale 606. The construction of such nomographic scales is well known in the
mathematical arts, and accordingly is not described further herein.
In the nomograph 600 of Fig. 6, the remaining scales {WC, scale factor, measured
30 blood pressure, and corrected blood pressure) are disposed adjacent to the weight, height,
and BMI scales to facilitate calculation of the corrected blood pressure. Specifically, after
calculating the BMI as previously described, the user simply places the straight-edge on the
nomograph such that the edge intersects the BMI and WC scales 606, 608 at the determined

BMI value and actual WC value of the subject, respectively. The scale factor K is then

~20.



5 scal es on the same nornograph 600, the present invention allows the user
to "wal k" the straight edge across the nonograph 600, thereby ob¥i&ii rigin
the need to record or even renernber the results of internediary

cal cul ations. Specifically, for exanple, after the BM is calculated, the
user sinplydpmmmmsjamammgﬂmnghﬂoédg&mﬁn@umﬁmkhéep@ﬁﬂhe@&niﬁ&@rsawdéum of

the straig edge and cal e 606 until 08 i roperly
|t er seot ed UG YO RO DI HER Y BEEEOT e aE R0t Mt dBer ¢ hen
pi vots the stin@ight th@@@i% ﬁét@{dsﬂﬂ iR 8lop@ hREsureddkaltdd 18 S1OCTHeRBy oferidbendge and
the scale factor scale 610, and so forth. The user accordlngl need never

even know t KEISdUREsswE S 6 grat Gearbieoh fe dite derisradiepd; nesepidesing such

i nt er medisar %c34LRSine rsaﬁq@%mo&raﬁa\/ﬁ@te% ;S}E'Je){z fn@él’%’f?%‘[ mwfhen%&%déwaQMne
corrected bl ood pressure vaT fromthe |ast scale 614. However, a table

625 for recskaiBhigedehaciopt Bensdicaraph P80.vlPgks opwirienst e el td wLord aaraevebt ai ned
from t he sut}aﬁ&%% bR ORkd 0PR ehxecﬂ{]w aﬁgmw s}gngréam%m Ieha@%geogﬁewe gnd

record keeping respect grap
repr oduced onman@mﬂbme@ﬁﬂpamﬂypmhmdhshwomaygdmupmh1@wﬁMaﬁususﬁmomofMHe

car egi ver SI l ot edccr) %n%'tl[l]e BW%C’EY\B(%G%QIE’ITEI tﬂe Wgcalefﬁr&g 136;5%13&6‘15 nger, s%régrgilt @gﬁgum ect,

enters it inAtocthes applic €' space 1n theta %a5|ly
refer taot h@zmdtaﬂ@thwhesﬂb towduBiniilagy. ttheusaf Gee pieots nl&rmdlgBOedge aagt dRhpott

determ nations. After these dete nations are nma e. aiyer records
The’ Tesul 1 O HEHETh 5 BhrET 6o g S i ht Bl L 695 5 SR c LK Yvoa ¢ he
entire sheetacdodihdl® ne@uliveiCdves kho eheOraliRt BEBMIQE atdlORcto} Betkhiised iaskdson, the
bl ood pressure det ermi nation call be advant ageously reconstructed at a

|l ater date, WHEKEBY PEBVIaNAY %cai?ﬁt%{ﬂwwi}n%ﬁdmeﬁc@@ eI SIS Alopdn. 25

It will be appigelat edmidhalsdtshe bor egaldier, RRPRIEAND: REG1RL ifd 191en§ed%§1 al so
be rendered or reduced to a "wheel" calcul ator confi.-uration of the type

wel | knoén ivAluphendile inftisbdate Rbikyd frapicthe wides) lé@ﬁmriaﬂquyrd@déw Tapifitase
stationary %ngmm@ciw ;%b@@'k'éepuwwa' dedpect RO 6 P%JB &6 Bk e
| am nat ed mat er| whi ch

rotate around a centra spln The peri phery
or surfacesl@ﬁMhheiwheehxtaﬁsmwvd@dhsuﬁhﬁumanaWhemﬂ&@¢|6&@0@Q¥Wronmﬂwf t he

MREel S ie0 o%{ ﬁs"{’ir '\Qé?ﬁ{i‘ HelHP LG {f%ha‘?agfr%%“’tﬂ& sﬂgl %/taénl[l&?nﬂto ih?%g@ ABIE a@é' oned

par anmet ers), ing ‘val ue can anot
portion of $1Wheﬂﬂa€Suem1mewpweﬁﬁbavé1khﬁedad%mmuagﬁuamanmiﬁbﬁqmanm@ use
on a fl surface i) the user sij icant nobility, and
S or SVentPhgSeit PEERM B REF Eebrkickm Bt S8 bug i e G prgRrg bhe a1y
-30 4 AUG 21808s indihs tapprbprige bfteest &Sttt thleof25t Aed eah GiNeatthcofutirdY StecOinhaE
conflguratl al so be used gonsl tent1ﬁ%%h the invention. It wll

1

further agtaf%é.fa% 80oPHatcie. drdliipdasgien HSfBgsHh B0 BLiop&Er PF bed
above rmy b%d%d@ediﬂs@@é&in@tu@ﬁedcﬁmla&ld@b@ thRreBAtpd\edin€ @A Lshiant Mdtdirot he

desired appllcatlon
identification.
25 It will be appreciated that the foregoing nomograph 600 of Fig. 6 can also be
rendered or reduced to a “wheel” calculator configuration of the type well known in the art
(not shown). Such wheel comprises one or more stationary and moving wheels, typicafly
fabricated from a flexible laminated material, which rotate around a central spindle. The
periphery or surfaces of the wheels are coded such that when various portions of the wheel
30 are aligned (representing various values of the aforementioned parameters), the resulting
value can be directly read off of another portion of a wheel. Such devices have the

advantage of not requiring use on a flat surface, thereby aliowing (i) the user significant

mobility, and (ii) preventing the lack of a flat surface or straight edge from potentially
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5 of the scaling factors. Hence, the functionality represented in Table |
above may be readily made in nonobgraphic form or alternatively~#aAlG 2006
continuous, non-discrete representation (i.e., wth 1, and K bel ng
continuous variables) may be made with equal case. Lastly, it is noted that
t he nono. -r ai;istttirting dwhmb@meofdé@cqaimédozabo% atey @hSgurlyens appl kled befusdési r ed

to the BI\/UPPC 4 mg 11?%)}16 (1.0Us ]y descri bed, the calculations of Eqns. 1-5 10
above bei ng PERided a no graphl c representation by one of ordinary
skill in the natheiletiteal beadppaecialed t&z&ttqeﬁﬁtﬁ’[e@eﬁft&rfﬁlﬁﬁhcrl?@lﬂm()ﬂ)fastdwm’hied hod of

Fig. 5i, the relations bet ween the .scale factor and the scal e index
1. is deter@Pned"ab GIWBFQHHH‘?E?&F F?}“\?P%Psélh“aé‘ﬂfﬁ»e‘iﬁ’aﬁﬁe%"d‘@ ‘h%\ﬁjeﬁ‘iﬁ?drf‘f’? ttion

Processors Ofyf 8leQEARE fARM. ¢RneS tHeTendabQOE, RHe&Sid & TRAS UaIVERa %ep@dﬂa)t us
(e.g., 15 see d| scussion relating to Fig. 7 below). For exanp t he

rel ati onshi p&defn maKIgEaPPicdpey & AEapiBEY raematinypus, @auééa‘etedesa?ﬁeaqaﬁorb@ 4 hm or

conput er pr Q@AM GRindSo@MuARS8RI%) h@yngéjlﬁ&?e wit] @@siamconpi l ed from a
C-based source code |isfing using an assenbl er) which perfornms the

af orenent i oned dé@%lwmtn&mp@ﬁéhwla@ treoggangict Tﬁﬁ?ﬂpﬁﬂ@d@%@@?d aliove ook @lpe babl e or
simlar str @%g RS tggfewgpm@@sd R Ldty g&al@e'dgt% b#l&ﬁ%lo s gﬁédbn'; &ds This

al gorithmc has nct vantage o Vi a

af or enentdi omédzenbﬂiumrf‘dmedoﬂo &mmhbgaplnkewmqmtatmdbmalkﬂ ng otdu@I)bISbﬁdmphessur e
correction proces nsparent to the user. Once property qualified, the
use of softv%(ra"'mml I¢ alaﬁ so reduces the risk of error in the scaling

determ nation, simge an@hdr esmajommennemm afetfol @f $tig. &i gl‘net reéigeshQr bawednl e error

can occur codi nd | i on. of uch algorithmis readily
ol 1 S hedtdl PERD ot B st e D il R b S e S Bt
arts, and acaMidihe@tatedssr m@ﬁm@sﬁw@aﬂﬂﬁeLuarrdohqrresbl@é me@sme;ﬁ«aswph&mf(eghe
vari ous |nterrred|ary st eps scal e factor determ nation) nay

al so be lgpt iSBEPISIH @Bit‘&%'é‘ijr‘én7 Qﬁ?wbl E‘HI Sympleving ecldvadinatiedbli ﬁ”ﬁ’ﬁe

system and cgt g @ghiyWediRENotN @I HARAGRoFBVECS 0 @imQtRE ks Hlesidiady lAsa! éon (or
transmitted to a refnote location such as via a conput er networ k

facilitate aeran ewanicadamsCpasedgopie gide|l lsffuwwsnférantaaéserr@@@)gwhlzleaerfqma@ t he
BM /PP and BM é%ﬁﬂéﬁ&&h@@%f& BB iPe ﬁbp%‘é&s&n% %U&E%éf&; Qimilay

confirmatory fashion to co errent each o For exa he scaflng
factor (andfswyclgoraessete b¢d§ddv1§hrret$ls ahgelithgeil eilesmede”ﬂnmsli(fnxgﬂimh:eembodunent

af or ema(?b gﬁg}he%tlgasa%gantt%%Q}r}logygtm i‘{ﬂg %?Gren?gn'ugl?edel%n Otrxalpeeck%glla}'I Ievr}% t he

PP- base sur
and WC- basecdnd emhmg qlunebl Ooﬂa.y; ch@ravercag@dprosess & aﬂspﬁe@ to alieabsgZ &thce properly

R e A R R e LA
Met hodol ogy dbtefReifigron ﬁlg:enmvmtsﬂwﬁmgm of thd heighetdiedesgir efrod @hetalr. The
positioning cg mé Qned Ignrp e?nseglgﬁglg of such algorithm is readily accomplished by those of ordinary
25 skiil in the computer programming arts, and accordingly is not described further herein.
Results of the various intermediary steps (i.e., BMI, scale factor determination) may
also be optionally displayed on any display device associated with the system, and stored
within the storage device or other desired location (or transmitted to a remote location such
as via a computer network) to facilitate additional analysis.
30 ‘ It will further be recognized that the BMI/PP and BMI/WC methodologies may be
combined and/or used in a confirmatory fashion to complement each other. For example,
the scaling factor (and/or corrected blood pressure} determined using the aforementioned

WC-based technique can be validated or checked using the PP-based technique, or vice

versa.  Alternatively, the resuits of the PP and WC-based techniques may be averaged or
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assenbly of the applanator 402 is described. As previously discussed, it is
desirable to properly place the transducer 422 directly supernon %{LUﬁ

bl ood vessel of concern (e.g., radial artery) prior to performng the

opti mal appl anation, neasurenent, and scaling procedures discussed above.
Such properahawedaMﬁgka&enéhmyhamgsnem3Mnezmdhb@MHMEmehmqﬁmﬂme©om@m$mg

bet ween the bh D ta%HW' %@ e(mgmvtqggsducer face, and in sone regards
hel ps to nf¥“§éﬁ§‘i %Si P shown in Fig. 7, the exenplary nethod
700 of the illustrated enbodinent conprises first positioning t he

appl anat or Qb@nﬁnkméazkﬁaadbgﬁnce the pressure transducer 422) generally
over the bl ood ves? i nterest as previously described with
15 respect to Fiﬁeegm“fﬁﬁf@dﬁgdﬁd Fm@P%ﬁgﬁto4%tl 3] gopingeiftthe Hasdvcace or
ot her appar %Eéé&b?/'-l&ﬂlhe tabﬁhnattchei{}ﬁqg ABYcribs. n@s;ir&m&ngnm%@ﬁa al liy ekl e

i nsi de surface of the subject's wist. It is noted that the present method
anti ci pat es PSOREY dbge & iéfiﬂsqh&?%ei?a?i difesily sarrigivetie blavgpiessel pf eanegsn 104; the
llevel of ap%cﬁzﬁa{rie% gier 1Eh]§\el‘1%991 @-niﬁé &Btu%gizaﬁp?an@ Usntié%gur Qerﬁls aing ca nt ain
a substantially coristant pressure’rea fromthe transducer 42 25

adj ust ment me@mmrswe@d"abei*w@ilfrigproafrrdaiqw Phecnghes hefpatesdrepr b ure! toaS as to
cIoser i t L e re i s .selected so
s To prioyi diule HBSeEPERARy LEERFh BERPIEL A 1B G B Fhe
active face nofigtthearsiealsducer (V|a t he |nterposed tissue and Coupl i ng

coupl ing |ayer  $230R Podlt thd € arPuetd re fise p] BRLTEER BN undue

friction or cdingti@E E‘lsmlpo@ﬁ‘ionﬁifgethQQp}iIMﬁS)ue edahtCA02 Mndidncd e padsAfrel kratisdudehe

subj ect, use nalies in the asured pres waveform _The,

oot anat or 460 e e o SO R SIh T T DS PHe e B SRS TR TE o
startings p@@sipédt @ﬂn@hﬂ Clrhe|a§pl@ifaftc§%¥enfeht4®a Rs iiehwwhiuﬁ%reié@sis(&her%p&am:@zan (step
706) . For exa I'n one_ _enbodi nent, the agP anator 402 is noved toward

the | ateral tﬁéﬂ@. féﬁﬂ%fii H‘é“is(lhiﬁ‘ji generadly\visihe imsplepstiacesi oha frkicst't BTishE it adi al
bone (and spggeifdacat biksdddBiedbY hicthated Eﬁﬁ@&%)ee oHatéM inisal?ignm&ﬁ cogni zed,
however, that other starting positions (e.d., wedial or otherw se) may be
used. The appl aNation sEpF0fShplswd! of enegiatingi fngthaaipié%r@ieaﬁﬂqo@@dwstgcmm st epper
not or 845 ( i

o e, A SRR AL AR DS s A
type of 2ot |cvuaprﬁm Eervoand armayd éweinmb@ted 1:8@5!1118 Lo asAbkelosel ﬁ@ﬁmtqmetffe(rDMt .
ggplnl?! ! %/hlef tat ige%gres%ué% Sqf}lzsepr{:?gﬂ)e iPPe] {f':atsc())%s togaov ci:étagequ?%é crn%] é%lmgnbewss'atgi?‘r ting
systolic andhdnasﬁmﬂlmﬁabﬂmnneﬂmsoﬁbmammﬁda%{ﬁanwnhﬁmogﬂessﬂmﬁdmaxﬂﬁgrniof

the tr anSdu?er 4%% while also permitting movement of the transducer 422 (and the coupling layer

423) across the surface of the subject’s skin without undue friction or distortion of the
25 tissue which might be painful to the subject, or cause anomalies in the measured pressure
waveform.

The applanator 402 is then moved laterally across the subject’s wrist to a starting
position which is offset from the blood vessel of concern (step 706). For example, in one
embodiment, the applanator 402 is moved toward the lateral portion of the subject’s wrist,

30  more proximate to the radial bone (and specifically the stvioid process). It will be
recognized, however, that other starting positions (e.g., medial or otherwise) may be used.
The applanator 402 is positioned using a lateral positioning stepper motor 845 (see
discussion of Fig. § below) which is coupled to the applanator 402. However, such

positioning may be accomplished using any type of motive force, and may even be

-32-



5 Next, in step 710, a lateral position sweep is commenced usi.ng Ahe(L
| ateral positioning notor 845, the |atter drawi ng the applanator %ﬁf;g%nd
pressure transducer 422) across the surface of the subject's skin while
servoing in the sagittal direction to maintain the aforenentioned
predeternineﬂﬁpmeesumeihﬁﬁ¢ﬁh@1present enbodi nent, a linear position
sweep; i.e., congtant rate of avel..acro R t, 1S
utilized, althoug'weﬁe%ﬂrTm§b4% BQO%F%%l %H%?ﬁﬁ mmmaﬁePﬂﬁﬁﬁgﬁgﬁéfgpgtlon
sweep previ auslityredescy i7T0BMhasat trethepryabiid sl {inasiic tdnmpeasntoobigihée fans@g nmay
be enpl oyed. Pul se pressuyre is asyred during the sweep of step 710, and
t he data stéW@ﬂ“?HFvéﬂB}@%W””m$He U ep rate is selected so as to permit

sufficient colleskkonn theppnerssmeemra\be&@crnl Yweddatsacafbleread Ginat iheniaRfa t he PP
per unit tine, therefore roviding the desired |evel of 15 granularrty for

PP measur endti§onighseir f |ﬂre>)aﬁqrfﬂrat“ﬁ%= Shegprnekr 803 @nd gEsHrgRnsitEy48) f ew PP

data poi nts Wokd 1108,/ 9ROEF HeQhje@RdkihRehik ALQEAL PO b0 d%‘é&%bﬁ%&lﬁm%in‘r be
degr aded. Cbnversely if the'sweep rate is too slow, positional

| ocal i zat i ommfpwglerumw Ipredpternkipgghpressuie. Iy the prsesa | epadimsnt, priveasposifipr | be
long, ther eQ%e&?ﬂi gnc%'ng'tgl tg%ﬁ of bR e{c?(ﬂ%.”the%glf&cg 8 h%'wqg{ %I wfil EZ(Q]bEiﬂ‘iOr\ & 19\J I(POd
0 weep of step i %

pressure neasureéneh cont'nues unt
pr edet erii ned ap;msmtcd)trhatfasnwthhee armimpht'a:mavv@rp pedowsel deséribed taghet heuﬂsets@rcmr ng

pOSI tl on IS Laﬁg&q eot?ldt"WISa 91& ém % e% I%lfills S Srilleeslg neasurea lurmcr ‘[h \%ee rPg%léVEd
O her crrterra e na |n PRE i SY PP e al osrtroﬁ’smé P Pal so

be ut|I|zedJIEugdﬂﬁwamhkmatmammssan exenpl ary PP versus Iateral position

profile obtained using the th ce |.ateral sweep of step
D 1 & compi et ed T B S HELAR SRR AT RE S RteR DL e T BTV e <

conpl et ed ( sk@pPandldiculafn SN PP eFiugit tifke, thdiéfBreSHeOIAGg SWEEBsiRRaCKye] lofacks
over the first sweep and again records neasured PP as a function of tine

and/ or  iosisf ARSI fRr Bhacatn fenpeciiarby.delsAucaae s Bpaisht ey et Ph

smal l er regigaR bhin€- wilSHB! dBratch 2LAT Me WiShiaRESont H&mlawewa‘] hStacsmeep. and
at a slower rate to achieve a nore precise |ocation 30 for the artery.

Sinilar cr|ﬁemvgﬁﬂ$af¢eﬁwﬁﬁﬂﬁﬁﬁﬁﬁ@ﬁ@wtWéﬂ§e@dﬁﬁh§“§epﬁmsp?®“%h@h@hUSed in
the first EY@%E% ﬁ&:pprggé%% Wi %qupé Q%e?&ﬁ SR&8ink B FHEI0GS 89511 n?e&@fg 1712)

is conplete ata collected sweeps |s analyzed (st 4) to
det er mi ne i fobmintatecdAPesaxinraswdnamt.been observed. Specifically, each set

of data Z%r e_anal Xﬁ %WE%G%g ge m7ﬂ)e c'o Et:n&r&e Q m rgdpetr\e/ralu%le% Oc():s(i\’tll"lornsf ?‘t the
| ateral " -33 W 006 position b Thé
st epper nntmppmﬂmnvﬂmnehnwndrmgﬁnmmmrmspmndsmguﬂ@dtMﬁknﬂe}auheeqm&emesmeep,
within a pr emsa%nlfugg (?S 0 rSErC\),Ed b&[‘r el o rtena ffgr telmmath the ﬂa st FT‘ateraJ posm%% rs%rleg'pt %gy
also be utilized. Fig. 7a illustrates an exemplary PP versus lateral position profile obtained
using the method 700.
25 Once the lateral sweep of step 710 is completed, a second lateral sweep in the
| opposite direction is completed (step 712). As shown in Fig. 7b, this second sweep back-
tracks over the first sweep and again records measured PP as a function of time and/or
position. In one embodiment, the second sweep operates over a smaller region (i.e., smaller
lateral distance) than the first sweep, and at a slower rate to achieve a more precise location
30 for the artery. Similar criteria for terminating the second sweep as to those used in the first
sweep (step 710) are employed.
Once the second sweep (step 712) is completed, the data collected for both sweeps

is analyzed (step 714) to determine if a true PP maximum has been observed. Specifically,

each set of data are analyzed to determine if the maximum PP value occurs at a lateral
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there is a high confidence that one of the two maxinma (or a p05|L|on ;here
bet ween) conprises the true position where PP maxi mum pressure = &b ballh
nmeasured. Conversely, 5 if the two nmaxima are not well correl ated,
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and/ or nore meidm@séttyrmiwdiyize thia etepiges imogd phatier acoding ichirespondingy to tihve
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the method of Fig. 7 (and the ap gﬂratus of Fig. 8 below may be 25

confi gurled 605ETME a%@am cAgalIg obiqentfup pitiRstsrand B HN AR SRy VA BT SEat ed

posi tion. FajaveRKxAIRE Qell RAGH 1%@1‘6%’@1111(1%561’8?{1@?'a%&@@@@oe’d%ﬁﬁ@hé{&@d at its
conpletion, and the results of the maxinmum

ocation a Ssis used to
| ocal i ze the spafiiiaplss ejpbhatioistasisfisabgedsntol sppsaippgay be@ﬁé‘i‘iﬁfﬁl edhrgpedin one
enbodi ment, § bie BR Rl@eRhalnedol KR, 14 iSluhalerals Reshl LRy SHEFP 1S

anal yzed, and the maxi mum PP | ocation i1dentif Based
i nf or mat i on,betchdukigd efare tB@areé»elStqf olab fgp mpeﬁ@uneé Wlépesqrtasmmémg((mﬁestshé

directi oy Of a[HH‘BE] o?%o?@ﬁ%’e%gé Beil Pk E&dg{l 'll'glaﬂﬂ eﬁ‘ﬁ%ﬁ@ét il{t__)% fhs%u? egllt Rk &9 of a

posi ti on wi ndow centered around f et ect ed maxi num
second, reduged wdiwbaft prosent mong swweelp;ﬁy nos bd Presencio nidueie dndvhieleéors wez RRei s
measur ed a

t.a S nt | etion. of

rnini - svveepq?sé |e%[§%1f1$ fef %th%} Lﬁqﬁﬁ%pﬁ h?l})@%gﬁ“})lﬁmo&orfg;%tpfO&ﬁssaﬁa?‘\‘?/é)és Such
as those prewiigtital analgeis atay begerfvemed 1 thenygsultiddlath 6 d202d. or may not be
appl i ed as desi er, to determ ne t e corre %@I on _betV\%g t he maxi num PP
locations identif "B THCeREHN LK’ Fieni o SORURAYY Obd % Snbsimtetay e
desired 250 m®fifoured so as to localize in an iterative fashion around a calculated position. For

example, each lateral positioning sweep is analyzed at its completion, and the results of the

maximum location analysis used to localize the spatial region for subsequent sweep(s).

Specifically, in one embodiment, the PP data obtained from the first lateral position sweep

1s analyzed, and the maximum PP location identified. Based on this information, the lateral

30 positioning motor is repositioned (in the direction of motion opposite to the original sweep)

to the beginning of a position window centered around the detected maximum PP location.

A second, reduced duration “mini-sweep” is then conducted whiie the PP is measured, and

the PP data subsequently analyzed at completion of the mini-sweep to identify the

maximum PP location. Correlation analyses such as those previously described herein may
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accurately locate the maxi mnum PP | ocation. It may al so be perforlneﬂ
periodically during continuous blood pressure nonitoring (i.e.s “af &r Hihe
opti mal appl anation | evel has been 5 determ ned and any necessary waveform
scaling applied, per Fi 5 above) if desired, so as to account for

pati ent novemeRdy,nosbg Eﬂggé as desdred, Spéietefl‘in@alﬂte;ﬂowﬁtqeors Yetveat theynakiaken BP

| ateral po i t C
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novenent sof ctefbﬂnﬁh[@tﬁ)hrﬁiﬁ@ty@éceéﬁ%/ tvateﬁmalsba)&m@(ap]ﬂﬁas ﬁeli‘l@gbﬁ@btd/e) felssel, soand

anal ysis of the na |ized consis W t h the

t
i nvention. 'APFCCRYCH EfélFWd%/%Yteﬁ*Bﬁsl SRRt PP tcia@héhetsé“‘?lﬁlnéa r ese@@l‘%gy

are, given td@atlsmﬁglmaba” Whepdh dRdoResIRY Bausky t'h@lalﬂp aﬁ@ﬁ@ﬁﬁz@io@ﬂﬂ@fo fehege of
ordinary skill in the art. 15 System Appor at usfor am ¢ Assessnent

Referring ndif tRplaspigr 482 toshe a?t?ﬁétlﬁ"a?t‘&%d ‘foéi?‘a‘?téﬁ%sﬁtrF ﬁ@’eh@%&&?f‘ta)ﬁ:tg pl-GPérti es

within the pLopd.vessel upggteawgépgbg}gm%g@j ect is now described. In the
illustrated enbodi nent, paratus is adapted for the neasurenent of

bl ood pr¥ssure mﬁt%tﬁwvﬁ@gwa@t it ryriag dyffesgnt aerpgtaniarret threforgeindlsteholigh it
will be recogn Ipée?sq?rF 18] 4 QEOELyHELE RN t{;@frﬁt@apﬁal hé g?ht?zr Rteral lg%ntlogsot% 00,05 tes

and even types Iving organism may be utilized in conjunction wt
i nvention i rvessek atd mm@esstofsmseumﬁ)hea)eh@mmlzad yorappattattm&eam@emfmﬁngon 8

f undanent al | | Goapri ses P i.on ncl udi ng
el ement 402 %’nauct petmutatlontsraétﬁspoaatr'ca]tﬁ?f)o 1srme o oIorc,anale ,,é\éen thgédés(:io WS qur e

frorn the radm\a;ﬂedaneteer yithinposessidncdkHoys ofaordingy tidll 1rptmeetessor 808 operatively
connect ecg to the pressure transducer(s) 422 (and a uUrber of intermediary

conponenlt i t he naI s generated by the transducer(s);
(ii) gener at ffﬁf” M?"?@P%éﬁ’éﬁ?a J?“szcrj” 8¢t epper rnotor 406 (via a

m crocontroller &éﬂenangmehat:tovelemewaheﬂ)r Radul gy §etnecmp@etmlagtc@5me§@mlﬁ ol
circuits); and (iii) storing neasured and analyzed data. The i notor

control | ers e klood 3ess¢) Praplddags gibiegbis, noausaseiitgdyngha dliseaied empeflipenethe
conponent s nRy,hes RoKased ?drttﬁ'@l'neas‘ﬁ%%lehﬁ/ 01t Rood &%ssﬁﬁp@ﬁﬂﬁltt%r raft@Par té?y of a

alternatively in a separate st and- al one housing confi.-uration if" desired.
The pr es¥ur dumaanlesiige exlthgpgh etnoz}fnlt@ gsegiiedt ddt thsr dymodevvinde BBMee

optional I'y lﬂaﬁt@hﬁ@a@y ahl a&&%& t)ttﬁwapao%nat gt%%f) @@#ﬁaﬁyn@% Vit greater

detail bel ow with Tespect Fig. 8a. pressure
transducer 4@2niig) mlltnbtdﬂéesmeeyent enbodi nent, a strain beam transducer

The exemplary apparatus 800 of Fig. 8 fundamentally comprises the applanation

assembly 400 of Fig. 4 (including element 402 and pressure transducer 422) for measuring

25 blood pressure from the radial artery tonometrically; a digital processor 808 operatively
connected to the pressure transducer(s} 422 (and a number of intermediary components) for

(i) analyzing the signals generated by the transducer(s); (ii} generating contro} signals for

the stepper motor 406 (via a microcontroller 811a operatively coupled to the stepper motor
control circuits); and (iii) storing measured and analyzed data. The motor controllers 811,

30 processor 808, auxiliary board 823, and other components may be housed either [ocally to
the applanator 402, or alternatively in a separate stand-alone housing configuration if
desired. The pressure transducer 422 and its associated storage device 832 are optionally
made removable from the applanator 402 as described in greater detail below with respect

to Fig. 8a.

-35.



el ement which generates an el ectrical signal in functional relationship
(e.g., proportional) to the pressure applied to its sensing sufﬁbéédﬂﬁam
although ot her technol ogi es may be used. The anal og pressure signals
generated by the pressure transducer 422 are converted into a 5 digital

form (using, an IBEFYYC tepnpdaiceri@E g irope PiEFRat $yPadbnenp dssgainibegra iaepdgee1 3 and
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consistent with the nethodol og g. 7. As’ previ ously di scussed,
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nmeasur ement thﬁsubﬁedﬁdjet;@lbpd ahuvd evihnemedus &ige 7r é}pe&uslembﬁﬂle omeralf positioning

i ntravascul ar pr to the er/ ra nti.on "sweep
iR i L R A e e el e A S e R O iy
artery (and4@6k@ﬁﬁﬁaﬁdn%h&ﬁﬁﬁhmﬁﬁg@@ﬁp@d?ng to a predeternined profile,
such as that described with respect to Fig . Simlarly, the extension
and retraction of'St H&EVgpHY aﬂi%ﬁ‘FSB éﬂ“&’ﬁ%‘?ﬂs awzf%mpﬁawf%e |BRagpeagst &8 of

the al gorit Hambliyr@mic YheRetRge %pmicﬁiﬂaﬁrbﬁﬂremfeolﬁmlﬁpQﬁeklﬁabfeet 18Ghednk Othk he
optimal appl anati on position, subsequent servoing around this point)

are control |%errgss # it H@f“l%m(f)dﬁqnéﬁf 189 progetdeivs! pirapelaadion ogde. su@ectbw@d

appar at ug) 8QRsksafy z%@oc@e@éhf li gL ¢l E&tﬁ%sb& ‘tsg‘%o’s%ﬁlth@QOM&OQQBBWaﬁsthe
previous discussed wth respect to Figs. 5d-5i. Specifically, as discussed

with res pecthQOd Wepsel/tissBupropgygéased fre ﬂ@d:reﬁfel@@%hle G%@weéﬁ)m@E@@QQﬁQIMVéf orm
is derived QXa 'tl)e ﬁaﬂpltiﬂét?gtrh&gut%ﬁ@nt%eﬁe@% to Eg\fidg%ﬂs&CEIQ{éolrePI%EJnlta%ﬁll

measured mean pressure from eac sequent nonetric sa ue of
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25 accordmﬂ to a predetermmed proﬁle, such as that described with respect to Fig. 5.
Similarly, the extension and retraction of the applanation element 402 during the later states
of the algorithm (i.e., when the applanation motor 406 is retracted to the optimal
applanation position, and subsequent servoing around this point) are controlled using the
controller 811a and processor 808.

30 The apparatus 800 is also configured to apply the scaling methodologies previous
discussed with respect to Figs. 5d-5i. Specifically, as discussed with respect to Fig. 5d
above, the corrected (scaled) pressure waveform is derived by (i} subtracting the average

1" pulse tonometrically measured mean pressure from each subsequent tonometric sample

value of pressure (a "zero mean" sample result); (ii) multiplying each "zero mean" sample
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Pressure value; and (iii) repeating the process every "n" beats@%mmgmgﬁ
new y derived scale factor. The resultant waveformis a scal el WdVéf grnd
which is effectively corrected for transfer loss. 5 In an alternate

i npl ementation, a "stretch” calculation is performed according to Eqn. 7
after the applisadatyednn neefre dadvedpealadasiat.icon agshieeckass heas” bed Aveaapicet ed:
pf, - Pt" + {Bodre vauSBAG L)) feBine Ml prdMB&r &eryt” Blils, TsinSh hehGhRHvedQkale
corrected tononetric pressure P%‘, = uncorreécted tononetric pressure Pd, =
uncor r ect ed feeeromBier jegulpplewangfam(Rja, schlep agselpin pajcbdy effggyaly rorrectg@or
stretch factr d9.,khis function effectively generates the corrected
tononetric pressure data by adding the wuncorrected pressure data to a

hi gh- pass filt er édarcdwperenpicoéntitive, aifsoerireetceldiicat acrivhinehacchrdmg beBm. scal ed

by the BM S7trﬂ%lti%haf%%gt?%'swgeapsa?lgo Qni%artriglgrlioceasé ha%%léan’c ;["nh%te M sFretCh fact or
in the presenzf enbddi ent I'SPSEE v rangB From 0T WeER 8 proximately 0.0 to

+0. 6, althoug other values may be used. 20 Note that during an appl antion
sweep of the "stretch" calculatiogn, fhe scaling, functionality described
above is automatically turnedsct ff“t\féﬂtwﬂa’zto " oﬂaq“?ﬁatur e" as well) since
no scaling iwnhdgr@qui red during the process of identifying the artifact of
concern (e.,-., _nmaxinmum pul se pressure point). Additionally, the
User / opeiat or i sfper ni t $8¢14d b &t RRONHE PI¥E num cut of f val ue for the

hemodynam ¢ par apgt er=(fomected tNRRERRRs 0T the appl anation 25 sweep. A
default value is set at 90 , al though ot her val ues may be substi tuted.

This mini num cutfef f helcpyequddyemeticmeesgyshemprisditersdur i ously or
erroneously triggering invalid event (e.g., a "false" maxi mum whi ch
may result at | o%‘”fﬁr esgﬁ/pesgé\}% i}fiéelé/l due to the system configuration). Wen
t he apparatus 800 be.-ins data acquisition, a routine is optionally

initiat i,ch. 30 calcul ates the coefficients for the systens.4"' -order
hi gh paglg mwSe@mz%“t%*eama?ﬁ of ’aPeF'et'écﬁeu ?%Eeﬁ%%f%“c’ﬁ"{e&%z%“ﬁ&{e ‘%‘i‘fﬁ @haﬁsdé“gst@f’ect ed

to el i m nat emamgcBCpesnpodanto phgsent fillvred hemsorgnadf. the Addirtitanddid whichor
each data bl oc i.e. .. each, -, I of data. associated wt i vel

ron tori g anpn o b RE DY sk 1€los0B G Ps Bt B b Polt BBl on o
hi . - hpass fiif tRlpresti@BOBOEMEMGs SBiodandefont hr@wiestapgbgihatetad ¢ W 8.6, @MhougB7 1
AUG Cursi The present enbodi nent also includes a beat detection algorithm
Wien a new BEEF Vuesgrydeted (based on processing of the tonometric pressure

wavef ormyp, a sof Rl giaCalilind &n MBpigntlR sWBglafrent hendv - delehis ngd siikgt ch
factor. If the subject's BM information has not yet been
functionality described above is automatically turned off (with auto “on” feature” as well)

since no scaling is required during the process of identifying the artifact of concern (e.g.,
maximum pulse pressure point). Additionally, the user/operator is permitted to determine the
minimum cutoff value for the hemodynamic parameter (e.g., pressure) for the applanation
25 sweep. A default value is set at 90 mmHg, although other vajues may be substituted. This
minimum cutoff helps prevent the system from spuricusly or erroncously triggering on an
invalid event (e.g.. a “false” maximum which may result at fow pressure values due to the
system configuration).
When the apparatus 800 begins data acquisition, a routine is optionally initiated which
36 calculates the coefficients for the system’s 4" .order high pass filter (with a cutoff frequency of
0.1625 Hz, which is selected to eliminate any DC component present in the signal.
Additionally, for each data block (i.e., each group of data associated with a given monitoring
interval), the apparatus 800 performs a parallel calculation of highpass filter tonometric data

for the “stretch” calculation.
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entered, then systemsinply updates the (pul se) pressure hlstory for future
calculatlons 5 The physical apparatus 800 of Fig. 8 conprises, & AlHe 2085
illustrated enbodi nent, a substantially self-contained unit having, inter
al ga, a conbi ned pressure transducer 422 and appl anation device 400, notor
control lers 811, The Besedh giodimept dhwaadisies oS! ditecHomaiauthmt When aencierohous
DRAM ( SDRAMdeg&E@{E)Xseg 4 ﬁ@&s1h@§ﬁtﬁé{ﬁﬁdxx%&r§;ﬁéss&é wgye%yngq sc%@zlré 09 iL 0kyp

tabl es), display E front panel input device , and power supply
823. In thi sipdee triBddidetrnined sesich dartarolf herssbigl’s BN infedatian kee notrol beehe
operation of I I nati.Q vice, with the
control andfﬁ%% ﬂﬁ% %gﬁgyﬁhﬁgﬁé%gheﬁbﬁgﬁﬂgﬁﬁ%é389ﬁ9 cgﬁfgﬁﬂﬁﬁmsba5|s

based on5|n|t|alIb@ehﬁmmYMmmenmﬁmpuﬂ§riEommemamphemenmmnmedembmﬁmm&nh t he

user input |n L ur al |t sed on
the tace of T IRTRE BT R o ey St Bl o8 o aBs

di splay 879.apjlaetiph de@sS4N0, POYEanwtlag sanRIECidin MGdSes@li 80g amh Iagsuélezadt o

di spl ay |ntera tive via the display.879 to th e user upon depression
of each of tSPi‘é““’E’\%S @E?‘%@”F@? ‘“8‘988%%12 angt nsiridiop sedEtdpg e lodkHe
button is asgjigneas mm Emeir@ht panklRREE " debidt BON, anWhHSHEI fip ea%demrmsed
the LCD display 87 npt s the user to select fromone 0O plurality of

di scret el bneicgried !rn&ﬂfgée Goerqﬁel saitllys useAdo ertvel thy gperatipn of ﬂ%f‘s%@@%@d ¢8I0
"hei ght ranggysd 1%/%});51%*;10!\{"@@;1&' Qfﬂh bR égﬁﬂ?(gledﬁé 'S(%'ﬂnfp g&ﬁhﬁs E:teehnw%ﬁent\éﬂi g, t he

di splay to select one of a plurality of helght ges se two

val ues haveabeemﬁ@nﬁ@&edM%ﬂhelmp@QPGWngwsmgmautonat|caIIy det er mi nes the
PP as previouslygde e h u t

which is then au onatl % ﬁ;oﬁggwgégﬁmh gﬁ{ Ph?a:&%ﬁégb‘ﬁﬁkg% gﬁﬁﬁg Yactor.

Such di spl a)(e gndvct)dvnttcvrrsldsa‘puwdtmamfaaer el W@hwpawttsmonsimg1@otapamb bidt goupled t hose

of ordinary ectronic ar an r.di ngl e nat
describgg fu? efl: dm anggurt IME%%’WQ‘BETP%%?%Qgﬁﬁ%8Wm(%ﬁ¥mﬁ%$gﬁﬁgce
circuit 891cﬁmmmnmmmaﬁwgnmﬂmmamthedmmapmﬂxmthmmﬁfﬁ@memphen@p@aﬁatuﬁmBOO to

an external or third-part atient nonitorin st em
confi gurat i K8 PFEMSsJéh ei‘%’/\‘f‘:@? 13 SsPTEY ?Xﬁg’§%¥ RS aFF%E é‘?lahf‘"l Tyveight

co- pendi ng Warge” bitaneRhedPPkhdnadeb@BseSeiht aAlCDNGispl 08 BHRoRAE BBLid @ Gelect
" Appar atus and Method for Interfacing 30 Time-Variant Signals" filed

January 29, Bop@eqbapliraiee deerds vsel“]ﬁaﬁ!&% PG als Bher Natton ‘2%@0‘1‘1’@916 on
July 31 202Oggewlﬁr}ﬁlnoxé@ﬁ%{lgﬁml%u% @éﬁ%sh:@ﬁ‘%ﬁm% ?ﬁ‘é’gkb?twanhe 2008) to &4

assigned to th e ASS|gnee her eof are |ncorporated by reference her ei n
in their ehfpet puralintHbeight ié‘ﬂ%‘?eroaﬁﬁﬁh%aé‘ﬁeéa dad regupnteredle dearaied. The

ref erenced 'g@b%tfoﬁﬁ@caf 9'dE&Hh1Eesh@1§ pfpn@ pqim&as]@%s&%g@%a%@es%e A Lgally

interfacing wth literally any type o Von patient nonitor System
regar dl ess ohleplpis Pd‘dhfwhgﬂnrIaﬁlmrautomtmdhhysraﬁcaém gre, PR beezeapparatcelsg8d@onf t he

I S e
in sitit25norn tmrelentgomqa:tspmelmtcmdmoly are not described fm[her herein.
Furthermore, a patient monitor (PM) interface circuit 891 shown in Fig. 8 may be
used to interface the apparatus 800 to an external or third-party patient monitoring system.
Exemplary configurations for such interfaces 891 are described in detail in co-pending U.S.
Patent application Serial No. 10/060,646 entitled “Apparatus and Method for Interfacing
30 Time-Variant Signals” fited Fanuary 29, 2002 (published as U.S. Patent Publication No.
20030141916 on July 31, 2003, and WO 03/065633 A3 published on August 7, 2003), and
assigned to the Assignee hereof, which are incorporated by reference herein in their
entirety, although other approaches and circuits may be used. The referenced interface

circuit has the distinct advantage of automatically interfacing with literally any type of
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al ready on hand at their facility, thereby obviating the need (and, cﬂoist)
associated with a 5 dedicated nmonitorin.- Systemjust for bl ood pt eééijﬁ?&ij;
measurenent. Additionally, an EEPROM 852 is physically coupled to the
pressure transducer 422 as shown in Figs. 8 and 8a, so as to forma
unitary uni tpa@s0mehitaisyitem ragameabdiaisforoigurdiien. hosits fasppar bt agpa8006.30Thé
details of the co i | er-at] on. coupl e assenblies are
doser bed i tigran mrofih SR R Bla BFeC Rl R385 6E, 526
10 entitl ed ofifst health &y sioblsaigiats PaplagreiicesppSatus dntoandiMetidnidiing EdudigeknAugust
31, 2000, no U S.. Patent. No...6, 676, 600 .i ssued Janua 3, 2004, assigned
Lot he Assi GHETIRGME o Dl i paPar BeEY Forerab et R y ol
entiretys B)ﬁe&iS&tﬁ@nSMﬁ)Hngsy@@:ﬁﬂ'hﬁCﬂor&ﬂtﬂ)drp@é’m\tabﬂe&u&ﬁr{ea&ggemént, Ibot hdt he ]
transducer 422 and_ . EEPROM 852 y.be readily renpved and replaced within
the system 800 bﬁﬂélﬂgnﬂé}eseﬁr“ﬁ%@rﬁféz Fﬁé-’rhé%‘?a}l1%6"&‘1@84Iﬁéhesl?fS%S}”ﬁ_é“aﬁ%iPFf’éi&%@ ogi es
previously desgdwbadifier @hi s ods to BMh/aRRit@9dinBMs6 WRichtib eenttivaitt gbs cal | ng
ranges are advantageously correlated to the unitary assenbly 850 such that
di fferent adgEntIresisaf®. Udedddiails o ficepwnituciion MAgonealigesel ek cosrladpl e,
in the cont gxto@fied e BMib MG, TRLAIA c@%eﬁﬁ%"ﬁ.sbﬁggnd Ron’ 8B4 No. 3HRYEs6t T €€
unitary assenblies 850 are provided, one corresponding to each range of
scal e i ndex etiitled TivenapOPIEEPRAOV BEMatd Seatoh and dEtisidy. B8O Augusaddo?@ongdy coded
with the ap Jat & s f F{S)..CQr pondi ng. to that scale.index 1,,
and is al so%?’g%% ItlflgI Obdgjéégm(oei?sge(,?] @lzlc\,/gllq’b?@’ 9$ gecgts?etg? éﬁ’%?%e? g]re regglaggts t he
appropri at e iasgenrxdby8b0rchastedtinim itshetiBiM / WC (scal e i ndex) val ue obtai ned

fromthe subject ,to be nitored, and inserts the assenbly 850 into the
hppar at s 800, SEANFRE “FRck srken pnf B RS i BrucERt TR RESeRReM 852
are retrieveldPRHM gsmihe: ERRPRCMod dndipplate0yiticn the eydums 8@l Bahyvapeder m
(after pl anation |evel, etc. re. optimzed as previously described

her ei n) 8130 gﬁﬁ%’ﬂw&*emaﬁ@c%ﬂﬂlé@ BEhp ‘C.’g‘eﬁh?@‘”alb‘éf g%?&ﬁbqﬁ*a’ée‘mt’ HeehdHEFTR agd

obvi ati ng thavi/weyt 1Rr dsebecidiy edngdati alvahiBecsyISt &Mebyedt Re u@PeL@Ler; the
operator sinply determ nes the scal e index value (such as by nonograph or

cal cul at or) 255R8ly $Hewich dhas ditéereh @ssepbhespie ared £ Seffgsery sy8meyasess diwr col or

(or textual clshQk MRthO Bkt bhehe BOARS oY RMshbh:S HRAGKAIRL 1 Aoy lee De
recogni zed that the use of a limted nunber of transducer/EEPROM
assenbl i es naijarpassewhidds By0 aspravidgds enechigespvdirepo geahiaslob egplepndsxilodse y
descri beg a 2sFor £x@ hi ul .o, e P I.vi ded
into n %@0, %PP “?I\JI .8.3 gjlrfscr eE%IEI%PI%t g@v%l Asclc?l\?\ﬁgghceo(r%? ?Vrl\i{{eléﬁeya%g%pﬁﬁe %(Ic)#)anded
fashi on), wifadorg) sepapatdagads Skatbbaje 860x fllorndaaso vigallAdeded (220 bGolor).
interval. The EEPROM 852.for, each as I ' t hen c in the scaling
dat o appi i caBt 85 BT Har SR L ORpP BT ANyt bub U ST UE PPN ORI
scal i ng f unctivembseégdenin thestubjettcthbe hadtoar, a@r insdrzi thaksseABlyyED ianohker

al ternati Ve’apygartla M ng)claiis?gsfa%%% c%‘%glagg d%t%dp?gser?taig Efllge BEISP?(J)M 852 are retrieved
25 from the EEPROM, and applied to the unscaled waveform (after applanation level, etc., are
optimized as previcusly described herein) to produce a scaled output. This approach has
the benefit of obviating the input or selection of data on the system by the operator; the
operator simply determines the scale index value (such as by nomograph or calculator), and
then selects the appropriate assembly 750 based on color (or textual information on the
30 assembly or its package).
It will be recognized that the use of a limited number of transducer/EEPROM
assemblies may be readily applied to the BMI/PP methodology previously described as
well. For example, the full range of BMI/PP can be divided into n = 0, 1, 2...discrete

intervals (whether linearly or in companded fashion), with a separate assembly 850 for each
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on BM value, thereby alleviating the operator fron1deternining&@Pﬁquﬁma
calculating 5 BM/PP. Nunerous other Such variants are possible, "afT
considered to fall within the scope of the present invention. It is also
noted that the apparatus 800 described herein may be constructed in a
variety of ditefvek dive EEBROMyBYalbr e assambly wsll Aign sonvain fhetsyaling delb bpicelrie
conponent s qf heg mtté}@aﬁ suI:thﬁﬁ o RES h&gﬂ}%%; lda;ﬁﬁé% gSI e@@% ﬁi {1 ?]Qeg al-gpt Hstretchy”

construction and operation o suc par at s¢l osure
provi ded herfgltcn)oramlellerreadwbwnwhet‘mltnmah@ rbt@ssaembiletsr?aa@taltHrméecﬁjasmm:m;ary

skill in the NSt n and.electronics.field, an ,
accordingly(ﬁogﬁgé§§Fibe ﬁ gﬁ”ﬁmTﬁgncEW%WF%F’ Fdﬁ@aﬁﬁ%&“@%r
inplenenﬁingﬂﬁhEPammmeﬁmnﬁh@mem\Mﬁmhodﬁpaﬁmeh@MBﬂmmaﬁﬂaa&SSG&SHﬁHEaMSing
opti mal applgﬂgtlon and scaling is/are also included in the 15 apparatus
800. In one mETEFyERHYdi ment, the computer program conprises an obj ect

("machi ne") code if %Qﬂ@sﬁﬂ&ﬁﬂllﬁ@ﬂﬂe @bpaRathstBOSQMEAR] HRLAS Mk bl REnkIREENEAL I Ng
t he nethodoloqy of Fi gs. 5d-5i elther individually or in conbination

t hereof . Whi‘pEetER! !ﬁ%ﬁ%%ﬁ&%ﬁ%@lﬁs% PEE 3 Yeeety o Jefirens semensRia other thapi | | be

appr eci at ed ghpatpeptrary &E&%&@Hﬁhﬁgfhe'c@HﬁM@tﬂﬁ%m%MerQ%n%@ﬂ% abpediidioRgn f Or
exanpl e V'suaIBaS|crvI Fortran, and C+. The object 20 code re reSentation

of the siur dle derdesure meyisey heseu@@ﬁﬁ)re@@af it ey obisssinspiobess cdnranameshia
Storage devhﬁﬁwQﬁ&ﬂﬂ?ﬁ&Nﬁﬁé&ﬁbh Q@Hmh h@ﬁ &QWBHE&n?g£%§gF§§%H{%@%EENB

storage devices can Inc out Hinitation
magneti c fl dppy.di sks or "hard" drives, tape drlves or even nagnetic

.bUbbl € menory. Tgf cﬁmp# or éaupor%)ﬁ(rsﬁmor L{i%%)féme]ﬁ{mgom a%remeﬁ,ltlgne%plr,nteﬁmdszéﬁ whi ch

interface (GUJ) rarri

is operativehmo¢nmmkadmtmmmmema;mpmayaﬁﬂﬂmnmpmmsﬂﬂvmaemehhbumﬁKMQSime
Cowputer ar on which th In terns, of ner al
Sernot ard. eRErERn S B PR EuRER SRRt il progtivt SRR ab i

dl Orlb t rdu Rs"lﬁ@mnagplc@dteméprsgmaﬂm ?nsph aci atbgee gﬂ@de 1x@ihi nghpgaﬁmﬁmlmgl es
escri bed herei as asyred par. tric data, provided to the host
appar at us 8@@”‘%8@8Yﬁ$3%@3 h@ﬁﬁbngfwg D 10T gp GPRIREEMIIT 96 s WAHE dssenbl y

| anguage/ i i iliRiReGo0Rd fdrtsd ﬁrb&ﬁﬂ ibodRtenditSNASE dpprvidibt Mad digr SRREGGEH:
storage device, 1.e. program nenory, of the dlgltal processor, or

M cr opr oc es d@UAESS By a@ éaﬁdmnpwdmaéorrf‘éﬁ%aly nateBareas dpemennddppahaetiet 800.
Thi's | atjdper co@é@ﬂ@keﬂ%ﬂgn Qif 19?!%(51@0% bheafy e AGRQhn CAMPRCIIGRRS bl ﬁigﬁg It

obvi at es t he need a stand- alone PCor simlar hardware to inplement
t he progr amS@iﬁngrﬁiét”FQ)ﬁ%‘thttXPe VS&]CIWC’@@#D&‘@WWWF gy SuchanglipgiGagodejicesi s

highly desir ?P ln%lu'd@ \?EiB]%ulcllllhRétﬁ)ﬁl @I@%ec?ﬁggsﬁ sn%’vnéﬁa Hglgsem( %Q{%" ease

of operation) are at a prem um mvi di ng
drives, tape drives, or even magnetic bubble memory. The computer piogram further

comprises a graphical user interface (GUI) of the type well known in the programming arts,
25  which is operatively coupled to the display and input device of the host computer or
apparatus on which the program is run.

In terms of general structure, the program is comprised of a series of subroutines or
algorithms for implementing the applanation and scaling methodologies described herein
based on measured parametric data provided to the host apparatus 800. Specifically, the

30 computer program comprises an assembly language/micro-coded instruction set disposed
within the embedded storage device, i.e. program memory, of the digital processor or
microprocessor associated with the hemodynamic measurement apparatus 800. This latter
embodiment provides the advantage of compactaess in that it obviates the need for a stand-

alone PC or similar hardware to implement the program’s functionality. Such compactness
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5 Referring nowto Fig. 9, a inethod of providing treatnment to a subject
using the aforenentioned nethods is disclosed. As illustrated |fﬁﬁﬁAﬁC ST
the first step 902 of the method 900 conprises selecting the bl ood vessel
and location to be nonitored. For nost human subjects, this will conprise
the radi al ds highly desgbigdnihe oliwen! e hdwe seitings Whor shash (cofl case € oparaton) gre

al t hough otQ§%p A6aL1 ons may be used in cases where the radial artery is

10 conprom se ot herwi se not available. Next, in step 904, the

appl anati on nechanlsn1400 is placed in the proper location wth respect to
t he subj ect se uch pl acenent may be acconplished manual ly,
i.e., by thé@%B¥Pg?)‘w?%?h§ﬁ%w@€t by visually aligning the transducer and

devi ce ower the Riefeirgig rwy ﬂ)OFitcl 0Na @fethbhe}f\ﬁfdv&tlmo b&hlﬂh@lﬁ to a subject using the

pressure/ el egtroni c/acou c od OSI tionj.ng previ ous|y

r ef er enced, ‘?re‘B?"t@f’%e?‘eﬁ‘@% ‘§”‘FN23§?‘P ‘Afshl% iaiegk inglg %m‘g? iT5H Séqpe?P@n?f o2 s
oper at ed perm@ﬁcﬁl@O@Q:@m@ﬂse@%elE&mQQIRJ S8& @esfdhend 108&148 18 YE MMAGHNIFEhRedp! 0od
vessel to a desired level so as . to identify an optinmal position where the

effects of tWARSFEHeTHEYs FHUCOHME? TrAgiplsr teé”s@%é@ﬁt“éﬁd @ ths fps PPBIRBREL ri ¢
nmeasur enent @ &t hz%h@@l oth-gh%cﬁﬁélﬁrmgj %@L{%@d @m chgalididge I%tug} aéelpelge' n
illustrates one exenplary nmethod of finding this Optinum applanation | evel.
20 Once lthhe coppiomated ogglbfrwdfe nappykBada:i on for the appl anator el ement 402 is
set, the pressu vef o, nt data
pr ocessed and st @r%}ét\é\@lasgé %dgﬂ th%r ggﬁiésﬂltoggneg% S.ﬁjt %%c%%glp%og@ggé E%pérel ?a\(l% cl ude,
for exanpl e,withakspatiae th@mubafct‘ts Kv@opubsé Spwlemwnent(lse;ysuecalcccunp’nsimdsmzhmalm olic),
cal cul ati on Of bnetggc NG5 Wr Sain s 1% Suaﬁ aFfrmnG W fl ul tre nd n?el nére val's,
and optional“cal hg of 't he HRSd el SLg e WRVEFSINSTSTd e SreiF e 25
resul ti ng OumtpME;Sp((rmlgoﬁ 11syvsmsml b;ctkaqﬂesdmﬁ&teeﬂmmc/@:beﬁsUﬁﬁsodspcm [Eeitipriegsur e,
mean pressure etc nerated jn. s 912 ased n the anal yses
per f or rre i ey y9') i ncgldheor el ‘gg%{n]fwanﬁorlﬁ?x&n@’ %fmtt we ?Wc'fe@%m?‘g 4(0%

repeated ( Sto@@ra&dﬁ&r s‘tefp e s kel affladse ﬂh@tlﬁﬁ@ydrdﬁmﬁﬁ)@ihb I&Uféﬂ&essﬁﬂ@b'&i@m@@g and
eval uation ? Llhe sﬁgﬁecft S bl ood pressure. gfstl in step 916, the
"correct ed" ‘REa¥ U pLilyen ORAMH SRYHYHEPH? Bhe F‘é?r%f{té"r“fe@@ss(%‘d@“” &ydtolic

and/ or di asta@s’obﬁte@mdhﬂoﬁéﬁéifs@)neﬁs%réﬁ%ﬁﬂar@-%lﬁﬁeedb%b SribOodisRESHH qu’éﬂ&l‘l“
treatnment to  the subject. For exanp the corrected systotic and

di astol i c blfébd hﬁﬁ@éb@m*@te@av%ﬁma}aw m@h@fb?fé'tné@gém@jommym apéatainm letsher wi se
provided to the health care provider in real tinme, such as during Surgery.
Al ternat?lvel y, sQare teotimghsielofmnylapgion dpl e teplaoyer clament 497 énerbdthe - 41

x44 AUG, 20,,68)ure %@éf&% @ﬁnetaéu'i@l &Pgteﬁ@@d YEEGe rQEvaqu&ga 151‘%56@%6% ﬁ&'gt%re'd@mt he

condi tion of response of the circuiatory systemof the sub
Phar macol ogiredire @Séﬁﬂ%l%r&@bmcesﬁ@m@@s H’@ﬁld@srf@atﬁmmle caiay! a1t.i)@1 @ﬁ’@lsmﬁllsbed

based on t h%lésﬁ&é’l %&t@lgz 19111?9&213%1%? %lecﬁ‘laﬂ&la(ﬁ’%e%gﬁﬁgﬁwes%§ “negn \Yﬁates 05%%

t he medi cal "arts. ‘hat  t res i'nvent i on provi
conti nuous MimoidtcB ajsr estfumlenaiBa@mg@rﬁﬁrBtmeasmed efdact wa@ffomagh One or more
phar rm‘c%laoglresulim {113{1135 (é?Q., .‘Ey@% lic and %astollc pressures, pulse pressure, mean pressure, etc.)
are then generated in step 912 based on the analyses performed in step 910, The relevant
portions of the process is then repeated (step 914) if desired so as to provide continuous
monitoring and evaluation of the subject’s blood pressure.
Lastly, in step 916, the “corrected” measurement of the hemodynamic parameter
30 (e.g., systolic and/or diastolic blood pressure) is used as the basis for providing treatment to
the subject. For example, the corrected systolic and diastolic blood pressure values are
generated and displayed or otherwise provided to the heaith care provider in real time, such

as during surgery. Alternatively, such measurements may be collected over an extended
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physi ol ogy can be nonitored in real tine. It is noted that many vaflaqun&
of the nethods described above nmay be utilized consistent with e %%e St
invention. Specifically, certain steps are optional and may be perforned
or deleted as desired. Simlarly, other steps (such as additional data
sanpl i ng, 1eppdoédiwiengid friaheedatdronng éaini tymds iiomhe @mdﬁmnhenanbmaIMhmalysis
for exanple) e . Q[ ¢ b [.S. Addlt t he
or der Of perC#l%rﬁ%%‘)ﬁ?ﬁ& (gfeiﬁ”l aSjJ H&Zt e#ééi%%gé 9%021?@;0311 S 01‘ Q aer COU]SGS 6?6%8&8‘XI n
paral | el (ormaereipesspribet! bdeegionele. reﬁiﬁn@mlooﬁmshme mgmmgxenemmﬁwmemmnaﬁ e

ner el y |IIus rati,v r oad he invention disclose

et oi 1. 15" VA PV ETe 0 U8 Bt B FeoTa ROl BHoh 86 Ko “CUSEHT BEEY and
poi nt ed QSU'E fevet mésakrees 10f offhes iofivaol ipAmasoia@pdii @dnik OorV Alkd Qk§ect's
enbodi nents, it mnll ?F under tood that various onissions, substitutions,

and changes AMHSIPIRGY §2 ﬁﬂﬁﬁﬁma dFdimst t he device or process i |lustrated

may be made by tog&iolichdt@fanyNVatil@nall M hBAKEs ASRALL 1Sl hQMLE NEIARI it
of the invention. The foregoing description is of the best riode presently

cont enpl at edFOBTSIRNA MYl they PSS iitvCrtna. ﬁmﬁé“wﬁlwelt%usfgpwgcqpn@taﬂ ord gy ba no
way meant t %eﬁ@mlle'drﬂl td'ef@&d a8 lf.'ltesueét QRL 123N U eq stlegcgshéhkgsnldﬁﬁtohélldd&t df lnYDe of

the general 'principles of the |nvent|on e 1 nventl "shoul d
be det eri¥ neuoogksing, filifatips reekbraleont hlem@ﬂlamtts:ai aDAB/SIAu‘)U ex&mpbe) mvwm aﬁ@d(mAl VED

IS 1. Appatﬁea‘ltope%ofng m'ggc@rﬁléﬁﬂs r]%ld‘itn)?lal? HJ(%:? t"%%%ognqanl%e certam s?eéxls] g]ag

livin.g subject, oducesi b?elated
to the pressmnsnabpMI@dﬁmhedemopma&ﬂd@mcabmﬂgﬁap@meatu$km@w tse afbreggingai d

signals, or sur th | east rt on at

| east one pﬁ%@? Pgaféﬂ%gmﬂi ‘Fggﬁw‘ﬁdﬁ?bF%h%HB%ﬁ%g‘gﬁa?éammﬁatggﬂgﬁﬁd

scal ed dat a Heeiimg Substantlally representative of the pressure within said
10 bl ood vessel. 2. The a ratus of . Claim further adapted to place at

| east aqﬁortion 8@“?H£ a@&ﬁ?ﬁ ﬁ%*kégﬁ$gb mM%?H“t?%@’é & AP royisdge &P bl ood
vessel, and:feagbd GH)in @A L%5pikdkdvBbROshDEeHREk, IPVEIbeldniB i (A v8dd
sensor; determne the | evel of conpression where a desired condition of the

pul se 15 prg¥¥ire w8YisEat aid ihtngesdl deploapndedtdls abxhsdevisasedrosesst he

signals pr qugﬁge&)}fhﬁ 8k ¢hads @f‘%@e siad iR Al b AR SRMm AL sPFit BEgE said
| evel of conpression where said desired condition exiSts
invention. The foregoing description is of the best mode presently contemplated of carrying

20 out the invention. This description is in no way meant to be limiting, but rather should be
taken as illustrative of the general principles of the invention. The scope of the invention

should be determined with reference to the claims.
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3. The apparatus of Claim2, wherein said variable conpression coqggi§§§ﬁ
20 perform ng an appl anation sweep froma state of underconpres%%dhﬁbﬁﬁé%id
bl ood vessel to a state of overconpression; wherein said apparatus

determ nes the | evel of conpression by: obtaining at | east one pressure
wavef or m durWhg1dacdAdMEDdhat i on sweep; and identifying at |east one
artifact wwthin said at | east one waveform said at |east one artifact
bei ng associ at ed Iwi t hApmirausdesmeasdringothel prepsore. in 2% MoodTressehpipatatgisubift, G ai m
3, wherein §%ggﬁﬁgentification of at |east one artifact conprises:

anal yzi ng sard at ¥ east one waveforni on a per - beat basis; evaluating at

| east the pressure anpidantardéspasisopicdt@dignls Felaed hnistpregat apflic8 dieekt@t | east
one wavefonn; 30 evaluating said at | east one anplitude associated with at

| east one other B®at of said at |east one waveform and applying at |east
one criterion to sai dschigatfpireud B BEalihy s QeBX bipressulds® defNe8 IR RmM, S The
apparatus of Claim4, wherein said at |east one other, beat conprises two
-43 2 0 D-6 condeedtllGat Bt o aslspd oty ipagie pyende BEries ogupdvge alident i al
with said first beatsgids@hidd it ek QhbsGAMIN ShBgn@id JfBE fRES Witlik€aid
pressure anplitude of a predeterm ned percCentage. 6. The apparatus of any
of the fldr egoi ngbp&resssl wherein said scaling apparatus is adapted to: 5
recel ve A fiTst BN SIAhORbERLHe R © i PiBhEss puleftlle: Ruaerond.
physi ol ogi ¢ val ue of said subject; obftain sald at Péast one ysi ol ogi ¢

par anet er baswdr mtcohtedstithitivsypartrhome @iddotviesasidy bet ween the first and
second val ues; and use .said at |ea e si. 0l ogi.c paraneter to scale
said signals or pressﬁ?%ﬁﬁg?Q?%Sfﬂggbgﬁﬁg%g%ﬁéwg ugw%?% 8’'m 6, wherein
said first and seconddgsnyigiechogive ofalowpsssi@onire aeleting aedight ocfitd fagk ght  of
sai d subject, respectively. S. Th aratus of Qaims.l or 6, erein said
at | eas'?llSone phy$ e‘éﬁ”roegaisscocp%gﬁ‘gﬂé?‘gP%E{g‘f?ﬁﬁ BRY lfaﬂg %‘&E@S]%g?qdﬂi&eﬁyéﬁﬂﬂ) of
sai d Subject. 9. schba;sgdparatus of C aim8, wherein said scaling apparatus:
15 fornms a scaling paraneter, fromat |east, sai M and a pul se pressure
(PP) neasured from sAMBEEBIISERSOr Al "SU RSP CAPHCUWIRGHEPS WoFre sRidSstice dat a
based at | east i goPakhe@Rssaid scaling paraneter. 10. The apparatus of

Claim9, wherein said formation of a scaling paraneter _ )
The apparatus of Claim 2, wherein said variable compression comprises

20 performing an applanation sweep from a state of undercompression of said blood vessel to a
state of overcompression; wherein said apparatus determines the level of compression by:
obtaining at least one pressure waveform during said applanation sweep; and
identifying at least one artifact within said at least one waveform, said at least
one artifact being associated with said desired condition.
25 4, The apparatus of Claim 3, wherein said identification of at least one artifact
comprises:
analyzing said at least one waveform on a per-beat basis;
evaluating at least the pressure amplitude associated with a first beat of said at
least one waveform;
30 evaluating said at least one amplitude asscciated with at least one other beat of
said at least one waveform; and
applying at least one criterion to said beats to identify the maximum pulse
pressure.

5. The apparatus of Claim 4, wherein said at least one other beat comprises two
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conprises (i) formng a ratio of said BM to said PP; and (ii) ad@ll@!’bgﬂdﬁu
subtracting a 20 constant value to/fromthe value of said ratio: The"®
apparatus of Claim8, wherein said scaling apparatus conprises neans for
formng a scaling paraneter fromat |east said BM and a wi st

ci rcunf er encen{enjve heefasuidetivol pansscy B adbesisbjedtst seqemdalswidh istig Thedwea. atid| east

in part oil c?‘?é gn‘%&g}%ﬁ r]'%apcﬂf g@cte%g the %J?EF'SU-II- PR3 ?Eg?&da&m%e% @}cgmao erein

sai d apparatus Is ¢ ured to vary eve ression at a rate
which is at leas®.in “p’fmappaaa‘uduﬁenwcmﬁtf@ffmtg:énméa'ms Wiat@n sn‘id saligk appujuect .

13. The appar at ? gf Claim12, wherein said apparatus nmeasures said heart
rate based %ﬁi g‘% in part on said signals fromsaid sensor. 14. The
appar atus of C aireeile amp@sml@ajd@mbamglb&p@ar atus is adapted to: 30

receive said it | east one {gq EJ gvlﬁ ({;ﬁéieer of said subject; identify a
rel ationshi p bet WEENE & 558N LR F OGS Ot & and a scaling factor for

said signals or premsHde: RaddndBRsKIRE Jak:aNes 8idd Bl IeRinRR %R la reldfMse said
scaling factor to scale said signals or pressure data. 15. The apparatus of

Gl ai m 14, wispeen thedirg 2ad sceselishiénpar amet er conprises body -44 4 1iNg
fat content. 16. uy@ldaa@Q@srt%ﬁéjﬁh}@fologc%afﬁ’r%tel Eousrclél[@%id CORIN brhQ@,rPAsA LT ONi NG

apparatus Configured to vary the position of said sénsor in a
subst antifal | y | af’er al Tléd Wé@@ﬁubﬁf@'éllﬁa@ iwhsreirpsaishlitet apt ewdnd pesivbigiosslugs to

opti i ze sai fdesi edosandh hlion luediflARkeiMati on. 5 17. The apparatus

of Cl aim 16, erei n said ed condition conptises naxinmum pul se
pressure, and at 8| eastheomearets sﬁiﬂldlmﬁam atheresn janl g dsikttone phyoiid ses:

measuring at_| east o e _wavefo id act of varying;
varying the pﬁbaénle 5 Omprfsgsstﬁie §O Sengor" %87‘ @Mﬁo Saarllcgsu% e posi tions; and

i dentifying that 9posi Theppah@s ef Slainds, puHestn s[Md%Shfo&ppz&atﬁg&Xi m zed for a

gi ven | evel qf conpr.ession. The a us of Cdaim1l urther
conpri sing appar at' 0§ f IH%IB?@P?‘FFH?W@ QeaS%%% B e Rr st 5’5 | east one
pressure wavgfaor&d ﬁ)@h@a;ﬂl@td?écf ;@i sai d sensor; and wherein said scaling

apparatus applies said sca |ng factor é (gressure val ues of said waveform
above and bel ow S$§15] St 8ignals & PIgFsurg Aga Bpartdeassingprt on sidicrng RFERESn sai d

scal i ng appar at ugpapptieppse@ds b Gainf AGHRFH R f%ﬁﬁﬂm%?e%%ﬁl% Mddnwgs above
and bel ow said nmean by applying a positive (+) scaling f actor to systolic

pressures atfowgrisaiiyfomamgar éiﬁdOféafﬁ@@éIttP\?@d PP)and ¢id) 4ddige P'aﬂtbwﬁtm@ a diastolic
pressur ey becloﬁ’é‘[‘én% %Eﬁje (0B the value of said ratio.

I1.  The apparatus of Claim 8, wherein said scaling apparatus comprises means
for forming a scaling parameter from at least said BMI and a wrist circumference (WC)
measured from said subject, and scaling based at least in part on said scaling parameter.

12. The apparatus of Claim 2, wherein said apparatus is configured to vary the

25 level of compression at a rate which is at least in part a function of the heart rate of said
subject.

13. The apparatus of Claim 12, wherein said apparatus measures said heart rate
based at feast in part on said signals from said sensor.

14, The apparatus of Claim 1, wherein said scaling apparatus is adapted to:

30 receive said at least one physiologic parameter of said subject;

identify a relationship between said at least one parameter and a scaling factor for
said signals or pressure data measured from said blood vessel; and

use said scaling factor to scale said signals or pressure data.

15.  The apparatus of Claim 14, wherein said at least one parameter comprises body
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20. The apparatus of Cains | or 2, further conprising applanation
apparatus 20 coupled to said sensor and configured to control tt’féé’;pgghtaﬁﬂ

LT

of said sensor in at |east one dinension relative to said bl ood vessel .
21. The apparatus of Clains | or 2, wherein said at |east one paraneter
conpri ses BNhtco@gnt. The apparatus of Claim 1, further conprising: 25 at

| east one storage,device Cl g I S g ensor. .sald at |east one
st orage devi ce hg\él'i nghgeaalpﬁﬁitg%(%ﬁg%ﬂ%ﬂg&%lﬁ Hg?%péo(rg%;?wlf" Ard et Olﬁ%ﬁ? one
appl anat i on tasggnid yosaidapt edd tsenshri as avbpanitihohteth dircgsueeiatpe oxsaidbotio sai d

bl ood vessel. 23. The arat us. o aim22 further conprising at |east
one_conput e300t P ARRA R KSRl B 52 BB “of Tbi as appl i ed Lo
sai d portsion OF ti7ssuehesughardnsabf tchem pell s@erpih essdirdesias seabiabe domptites sai d
I T
and in data Communi cafbQiidiak Ras sihdchr&eat WAGIRPRAFAL UK acSFhvayRl: | east one
storage device having data used in said act of scal | ng storéed therein. -45

4 AUG 2006  25. The wippag e 0¥itep oG snpuovenhened o psdiansiand| east one
storage device contai St ih@ﬁpcﬁﬁ%ﬁl ﬁ%%&i@%fs@%rééﬁl?e Q%ﬂiﬁ%@ ‘@ﬁg glﬂ%}{' ng a

physical paranmeter falling wthin a predetermned range. 26. e “appar at us
of C ai m®25, whetetlefsempdesplysi cal paraneter conprises a 5 body mass index

(BM). 27. The appar ats ! ' 25, in sai hysi [ amet er
conpri ses body ? g’t c{cb)ﬂr%t aéjﬁ)%l.a%?f%% %i\;l)\%gllriegtcag}%g%nggcﬁ %\%}sre#ug?f}r : %%é‘f“ﬁ" Sai d
storage devim®narssugensar at Gaspne sessu veubstrasttdiaid| pmUaidtsarsyr; assenbl y, sai d

unitary assenbly being visibly coded to identif he . 10 ran of .sai.d
hys: cal par anet SPEPBRRRE RS aler B bt AE e PSR m 1.
wher ei n sai dvatfoligasive an€bgby sdi¢ alkarpar aneter is provided to said scaling
apparatus via a grrpu er pro rarg%havi ng a user, interface. Appar at us

30. . ]
for scaliPng an undeal ¥ BPHHS of & . Nosre Bt IgtiPyals fPRJIE SelnEvi ng

subj ect, conmd:8itHGaid kesSRBSAMucARRAE Al HeRUAREEtheh® bR DYIyHR Sheddes-ysed in
produci ng an unseal ed pressure neasurenent; processor a;()g)ar atus in signal

comuni cat i @ﬁalwgtfﬁct%raqod;y%t@llifsp}',essaﬁﬁa‘p%ﬁtd B¢, and a negative scaling factor to

diastolic pressures below said mean.
20.  The apparatus of Claims 1 or 2, further comprising applanation apparatus
20 coupled to said sensor and configured to contro] the position of said sensor in at least one
dimension relative to said blood vessel.
21, The apparatus of Claims 1 or 2, wherein said at least one parameter
comprises BMI.
22, The apparatus of Claim 1, further comprising:
25 at least one storage device associated with said sensor, said at least one
storage device having said scaling data stored therein; and
at least one applanation assembly adapted to bias a portion of tissue
proximate to said bleod vessel.
23.  The apparatus of Claim 22, further comprising at least one computer
30 program adapted to control the level of bias applied to said portion of tissue such that the
pulse pressure associated with said blood vessel is substantially maximized.
24.  The apparatus of Claim 1, further comprising at least one storage device
associated with said sensor and in data communication with said scaling apparatus, said at

least one storage device having data used in said act of scaling stored therein.
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at | east one conputer programrunning on said processor apparatus and
adapted to: receive at least a first physiologic parameter of sai,d.; sgaz
subject: 20 forma derived paraneter based at |east in part on saifd™ff rgs"’f”""
physi ol ogic parameter; and use at |east said derived paraneter to scale
sai d unseal ed préssur&he appasus ef®lnin 248 vheEhesaaipp &maitous siofagCiaiidn 3aingher ei n

id derived t i ses the . 25 hody mass ind ) of said
Subj oct. 370 REVLBAPEY U8 BF @ ACRRS0 PURE Folh - TPToS g ST o

paraneter qpaRfleis@nsd tahg:. body mass index (BM) of said subject. 33. The
apparatus of Caim 30, wherein said conputer programis adapted to receive
a second physi ol 36'} c H%%%H%‘tag%s %fd%‘g‘i &g ]'eé‘btse}igéhbs‘%P?Ff”éietr@‘é[?%l"ﬂl?ré?ﬁ%ﬁi p

bet ween 530 @i fafdindk (BRM). second paraneters in order to produce said
derived paraneter. 34. The apparatus of Cl aim 33, wherein said second

physi ol ogi ¢ par afét er ThecipRirius esClake2 3 ivheishT widangacd pargapigr eubjrisetbody wr i st
(WO), and relaljepship conprises a ratio of said BM to said WC. -46 4 4
AUG 26U6 35. A nmethod of positioning a pressure sensor with respect to a
pr essur e- bear i ng28vestld appyamp el Siimy2S, dibssisianigptaaicdiesiensulseprooximerise t o
sai d vessel s , 0 e I.es upl i.ng..between
sai d vessel aasqulggaslaLljgg)g ge%‘?lo%%%é?@t%ﬁ it valgsﬁaﬁﬂ%]i ahlg)eclin gs‘zgréé@rcg?endpgtld%ggystﬁwa
first dilectrige olsdihplyespeatanteer Saindiohéssgl be uskd.l e obtaining a first

pressure signal om.sai d sensor.;. noving said.sensor in at.|least a second
direction with r éé'pecfhet %?p%rﬁﬂl of &lalg L “a}%ieﬂ%s %tqta%?ﬁt 1g° Bﬁyslcéla%%'a”é\et?eléond
pressure si gnalidedanchidnaliyzippgasaiid afcbmpitergncerae 0ot si@naksfato 1dentify at
| east one relati gg?‘hi 10 there et ween. g% The method of C aim 35,
wherein said act BRIl Bl ancascaled Do prassRgeaseme st degv ed e

wi thin said Aflivisetsube@Ssdipeissbgnal ;  identifying a second artifact within
said second pressure signal; and conparing the |location of said first and
second artifact sS¥EOTFEPERHS FEPIEAES 1SV AILNAT Vied hPTOB 40 WetalidariesHem wit h
respect to sgi.¢iphg&ssure-bearing vessel. 3 7. The nethod of C aim 36,
wherein said first and second artifacts each conprise a pulse pressure
(PP) maxi num angdrosessel appardioginfsignglvemmanispidinseidh sew| seetor mgparagistdvdr sai d

first or second gignals cioi[np§t@} }g‘og‘%l 1'9!Inil%ec}neslémp%c@&mt ib%at%ﬁ@%]ilﬂda[at%& %t i onshi p

i ndi cates
receive at least a first physiologic parameter of said subject;

20 form a derived parameter based at least in part on said first physiologic
parameter; and
use at least said derived parameter to scale said unscaled pressure
measurement.
31.  The apparatus of Claim 30, wherein said derived parameter comprises the
25  body mass index (BMI) of said subject.
32, The apparatus of Claim 30, wherein said first physiologic parameter
comprises the body mass index (BMI) of said subject.
33.  The apparatus of Claim 30, wherein said computer program is adapted to
receive a second physiologic parameter of said subject, and form a relationship between
30 said first and second parameters in order to produce said derived parameter.
34.  The apparatus of Claim 33, wherein said second physiologic parameter
comprises the circumference of said subject’s wrist (WC), and relationship comprises a

ratio of said BMI to said WC.
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that the two maxi ma occur at |ocations separated by greater thaar),af.w,
predeterm ned distance. 20 18. D The nethod of C aim 36, wherei i %’a?dﬁjﬁ%t
of analyzing conprises rejecting at |least one of said first or second
signals if no artifact is detected. 39. The nethod of Claim"'35, further
conpri si ng novi ng3sai 4 rsehsior pbsitiating e@sdsureseaisdr Fith stpeand agesone-betiringct i ons
a plurality of T’iddi tional times to generate corresponding ones of

addi tional ~ st Sr?aIC%mPlésérbemi vely before said act of analyzing is perforned,

said 25 additional si giggdsthgheinghsanabyined (@hangesw bithgiait g Bast Sdmandsecond
signals to identif%ﬁa spatjal |ocation of said sensor where a pul se
pressure (PP) maft RiGHHEGOURILE baireer yestel @ sERar $6¥si qual i fyi ng

physi ol og ¢ pressure gatidg sGOMBILS i least hiffrfldit MBIt REpRPIALA 088
plurality of pressure data froma subSUbJect; second sensor for obtaining

a plurality of set¥pabEatng rBrarssHYe tignahironsaigeensgd one physi ol ogi ¢ event
Wi thin said subject; éedmg\@@@gaﬁmnTapreasq'a%uowhn&g@a \Ajitﬁqgstpe P id g&&;}ﬁfe

said pressure data based at least in part on sald second data. 4
appar atus of Cl aivhilgobtaiphigrelepst 8 sjcdndipessingisiggelofnda plurality of pressure

data conprises obtainj t \ vetormtononetrical.ly
using said first - 47&@%2%%8%1@3@,& a&ﬁ%e%&?%ﬁ%@?é{}“ﬁi‘eﬁ%@aﬁ E)ela%roéqleir?lﬁh%ﬁ“gecond
data conid¥i ses olteadbmiwegn.an ECG from said subject using said second

sensor. 42. The apparatus of Cai.m4l, wherein said apparatus is configured
to qualify sai d%g‘r es?ﬁernéet %C{(gcg%}i:n ¥ BRTPASTT AY Oﬁ@}ﬁwﬁ{é&?@pf%ﬁor mation from
said ECG and corr el aidemtfyak ifiest bioiftst withis adidl fipt pesuresigvayef orm t o sai d
heart rate informatign..43. The apparatus of Caim42, said qualifying
further conprising: i@@Hﬂ”ﬁ“%f‘ﬁ‘&oﬁcﬁﬁﬁgﬁt@f‘ﬂﬂh?’%ec%ﬂé‘me%‘ﬁP Pighgl g n said
pressure waveform whi @mpasing 1 B&kicsWe s4i@ fhrfiens abndGreya! & SterSRldine
subject; and elimnati ng sald at | east one variation fromuse in a

?

subsequelt bl ood SP3HRlEetionship FPUGEERIPE Y ithgaspedt 1oiichpyesse-eRAENERSsE t he
pressure in the byoodryessehd off @alnt VeNhsR 864 first CORPLLSINGirkR dl§POSI Ny
a sensor adapted for determning the pressure applied thereto proximte to
sai d bl ood eggese a aélﬁwrﬁsswm&l’gtmaxé"a@n ofesast msthod dunhel gempidden gejscing
sensor; and gjther said first or second signals if said act of determining the spatial relationship indicates
that the two maxima oceur at locations separated by greater than a predetermined distance.
20 38.  The method of Claim 36, wherein said act of analyzing comprises rejecting
at least one of said first or second signals if no artifact is detected.

39.  The method of Claim 33, further comprising moving said sensor in at least
said first and second directions a plurality of additional times to generate corresponding
ones of additional signals respectively before said act of analyzing is performed, said

25 additional signals being analyzed along with said first and second signals to identify a
spatial location of said sensor where a pulse pressure (PP} maximum exists.

40. Apparatus adapted for qualifying physiologic pressure data, comprising:

a first sensor for obtaining a plurality of pressure data from a subject;
a second sensor for obtaining a plurality of second data relating to at least
30 one physiologic event within said subject; and
apparatus for qualifying at least a portion of said pressure data based at feast
in part on said secord data,

41.  The apparatus of Claim 40, wherein said obtaining of a plurality of pressure

data comprises obtaining at least one pressure waveform tonometrically using said first
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scaling said at |east one pressure value based on at |east one ply 5| Ql eg%c
paranmeter to produce a corrected value, said corrected val ue bei ng i
substantially 20 representative of the actual pressure within said bl ood
vessel. 45. The nethod of Cl aim 44, wherein said act of disposing conprises
pl aci ng at oW ENd sHOPREBIE g [ HEY ebivseld deR cemrisss pbigining anEG frem geid

overlying S%uQ;eH'u@@ eﬁ%&@x‘]d ei@yd method further conprising: variably
conpressing sdld vessel over time usi ng said sensor; 25 determ ning

the | evel of congfessinappheiie o Cliesidl edhweingdiitizpprrgfs 'lsweni]imm'@eto gpeléssur e
associ at ed Vgadrbrés?lllrgdg!iggd vessel exists based on the pressure determ ned
by said sensor; and nmaintaining said sensor at or near said | evel of
corrpre55|50n wher e sai ektdteif‘uigrlteaktm@mﬁhirmhtm fewi sidECGMnd6. The net hod of

Cl ai m 45, wherein said a? of vagl abl. @ npr essi n %FEBI‘I ses, ﬁerform ng an
appl anati on sweep frof E P&t ¥3FONnder¢Bnpradli oft V6" aiy BilobHvé¥sel to
a state of over GapRIESS. on 47 The nmethod of C aim 46, wherein said act

of determ ning the |eyel reSS| on conpr.ises; -48 neasuring at | east
one pressure wavéfor nﬂiﬁr'ﬂ’ipﬂ@t“% f laig¢2. é?“dﬁ\éefhl%%f"h%erCﬁﬂ‘ﬁ‘ls‘i‘%ient| fying at

| east one artifact W fdBhdry ﬁalmdxea?st oﬁeeca%&ldtaﬁleatwﬁ%ﬁfs%mesﬁ@é Ha@lorh8a8tn isone
artifact being associ ated wWth said desired condition. 48. The method of

C ai m 47,0 wher ei AOSHEE BECardRC pydiRlistigisiechtant east one artifact 5
conprises: analyzing S@hflafl {8RSE eQQ ﬁé’a\\/a‘?ira%r{nﬁ%& s pﬁ'{a@%%g&%?'b od

eval uating at |east the pressure anplitude associate Irst beat of
said at |east omeswaveflafatipn.eval uating said at | east one arrpl | tude

associ ated with %E ! €35 %eﬂ?&l fogg%m@%ﬁé %1855}:11&3 119 ﬂ}eaﬂ)l? i ve eF?ts? 1V1P%8u I%:?f

and applying at least one cri 't erTon=t o Xi mum
pul se presswngrisid®d. The net hod of any of the foregoi ng clainms, wherein

sai d act 5of scallng rls%s 11% qecﬁ] nrln a. first ph | ¢ val ue of
sai d subﬁ ect; deter n&?ﬁ g =4 *Yedohd’ P {I%H]% r'ggres WﬁlpEFéSllb‘%) P}éifﬁ‘g 5% j ect ;
obt ai ni ng sai d abprdxeast tooar Hpoystblpgi ¢ parameter based at |east in part on
a relationship bet m&e@e&nﬂ&w@t {eggt oﬁenp(?esgue}g geﬂge L}/s?nlolélgcsi sen?c?rdand
scaling said at least one pressure value based on at least one physiologic
parameter to produce a corrected value, said corrected value being substantially
20 representative of the actual pressure within said blood vessel.
45.  The method of Claim 44, wherein said act of disposing comprises placing at
least a portion of the sensor in contact with the tissue overlying said blood vessel, said
method further comprising:
variably compressing said blood vessel over time using said sensor;
25 determining the level of compression where a desired condition of the pulse
pressure associated with said blood vessel exists based on the pressure determined by
said sensor; and
maintaining said sensor at or near said level of compression where said desired
condition exists.
30 46.  The method of Claim 45, wherein said act of variably compressing comprises
performing an applanation sweep from a state of undercompression of said blood vessel to a
state of overcompression.
47.  The method of Claim 46, wherein said act of determining the level of

compression comprises:
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using said at |east one physiologic paraneter to scale said at Ieast one. .
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pressure 20 value. 50. The nethod of Cains 44 or 45, wher ei n S 4&i d-4t <t
| east one physiologic paranmeter conprises the body mass index (BM) of
sai d subject. 51. Apparatus adapted for qualifying physiologic pressure
data, conprising: mFﬁfsﬁltmcs"é}?é% pnef uessigb tvayaiiTpgiuangpiaisragt oltpprioming exisur e

data froma subj ect: o fiRPRand SERAR mﬁm%a@d1@ésf'gw%%g&sg3@%égggSecond

data relating to at | east” ©one physiol ogic event I'n sal and
appar at us for quabd drijfacideiag adsecstd wittperddcord ofndgmnd pressure data based at

least in part OQSSaI fae 1%1?&9{?)/0%?151111 475%Mhe£pnes§ﬁpaoﬁr1@dm§%r}gl glgas %%ﬂjimavmer ein

sai d obtaining of a plura pressure %g at
| east oné& pressgtisee Wavef ormtonornetrically using said first sensor, and

said obtaining a pluraljty of cond dat onprises obtaining all ECG from
said subject using sﬁph’éegﬂ%ﬁ%?gﬁﬁ%P@W%”T($ﬁém%$ﬁ%?%¥us of Caimb52,

wherein said appar at UsaiustifgQn feh g teqflestie U@ ltidelassosiaied with 8 554 H&t Qﬁ;aﬂj Ry: -49
4 AUG 2006 extracting heart rate information fromsaid ECG and

correl ating vari #PHORSVE¥Ei d pressure waveformto said heart rate

information. 54. The appaf# @tsb!rﬁ aPleathid em&?ﬁde §s§b<§atmltﬂ dtYda0nt Ht%;%ﬁt of
conprising: 5 identifying at | east one of said variations in said pressure

wavef or mOwhi ch i §aid gdtasiduie weefereansar di ac cycl e of said subject; and
elimnating said at lgp?g/ﬁnﬁoeggea\éfa&{e%hé?ﬁn & QAT Waks lto 1d@nt§3'7”a§e ﬂ!&?}ggm pu?sgd

pressure cal cul ation
pressure.

49, The method of any of the foregoing claims, wherein said act of scaling
comprises:
15 determining a first physiologic value of said subject;
determining a second physiclogic value of said subject;
obtaining said at least one physiologic parameter based at least in part on a
relationship between the first and second values; and
using said at least one physiologic parameter to scale said at least one pressure
20 wvalue.
50.  The method of Claims 44 or 45, wherein said at least one physiologic
parameter comprises the body mass index (BMI) of said subject.
51.  Apparatus adapted for qualifying physiologic pressure data, comprising:
a first sensor for obtaining a plurality of pressure data from a subject;
25 a second sensor for obtaining a plurality of second data relating to at least
one physiologic event within said subject; and
apparatus for qualifying at least a portion of said pressure data based at least
in part on said second data.
52. The apparatus of Claim 51, wherein said obtaining of a plurality of pressure
30 data comprises obtaining at least one pressure waveform tonometrically using said first
sensor, and said obtaining a plurality of second data comprises obtaining an ECG from said
subject using said second sensor.
53.  The apparatus of Claim 52, wherein said apparatus is configured to qualify

said pressure data by:
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extracting heart rate information from said ECG; and

correlating variations in said pressure waveform to said heart rate

information.
54, The apparatus of Claim 53, said qualifying further comprising:

identifying at least one of said variations in said pressure waveform which is

not due to the cardiac cycle of said subject; and

eliminating said at least one variation from use in a subsequent blood

pressure calculation.
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