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26 JAN 2007 METHOD AND APPARATUS FOR CONTRCOL OF

NON- | NVASI VE PARAMETER MEASUREMENTS 5 Thi s appl |%§ am 2007
clains priority to:co-owned and co-pending U S. ent
Application Serial Nos. 10/211,115 filed August 1,

2002, and 10/393,660 filed March 20, 2003, both of

et Ao PRk TR PO BG4 E

Field of the InveﬂhﬂbﬂwEﬁERJWEMSUREEMENESates
generally to nmethods and apparatus for nonitoring
parameters associated with circulating fluid systemns,

and spegi Elb;ﬂnahtidﬁ e &r a@ﬁgeq@ dclowid BRn- dotu-a&;hweu S. Patent

moni.t ori ng ? arterial bJood pressure in g

s‘w} gipn Sy iNOSD@é%lrWtﬁ%?ﬁj OfLuRiel: df'%d %&P(ﬁ%{ 6@& byt darch 20,

206U hHathQf 1. QRthd PUOUSH 11‘[@:@F}Jolfmﬁa§leﬁﬁbﬁ%?§éﬁ:§ metmu Qirety.

bl ood pressure has | ong been sought by medi cal

sci ence. The avallablllty of such neasurenent

techni ques would alg %Q%m§oﬁ§£ﬁgéNS§ to continuously

noni tor a subject's “00d pressure pressure accurately and in
repeaﬁaﬁk@(ﬁagﬁheﬂﬁmnthout t he use of |nvaS|ve

ZL;GLE% mvg t{[on ;ee[";tt%s ﬁengzn‘lnop IX%#(OCPS an? %er'n 'uus 91 nlg_)onq{%lsinf) pa!t ernmetms

SiHOGREd |Wltb patdttingdlu @mun\aheri epecd‘ anally rmu:mu $$peaﬂ6 tireato@-invasive
i ndicat i qns of F e bl oad ress re are often

é%oéléﬂ&”? “%éf’\/B 8#%?%91”!6 'R ‘\)\H”P% fii ques have

heretofore been used to non-invasively nonitor a

subject's arterial blood pressure waveform nanely,

auscuft Bescoptiongd Hefatghbckiolomind  tononetry. Both the

aus culrt@td QAR B86kd. hOMBL LNV BERNIFHARS oS80 pressure has fong
standard inflatable arm 25 cuff that occludes f he
dany weehidygeediqphetignce (preetrehibilay el juchriaghiranguigedhaiyes would
Eh@w @M:S&l%sﬁ@t' 9:[ MGHUEQ&QH/' lgtlﬂﬁtoggts@ﬁj%i%%oédh&egﬁll@ a%&h at§ and in
systolic and diastolic pressures Y nonitoring cert V
Keedallo fashigpuidsuttthatsesd dumasias andiie] eatffcfers Gogimomyyknown as “A-
{ > : 0 9 LGt sufiL ther \
ﬁlg%tj?h dc"gl en}—%%ﬁlegfcget]!gggﬁ%{ug@§ u&gg{gng)lflcg V?éllb "daé&?%@b §ms wliere
suhﬁecmaaxmmanmbwesmuﬁ@aebwocneaﬁunnmgmm&$mamﬁpressure
changes ccu q [ as the cuff is . . o
Gor avaa Bt RSH e i Tuleh R iha e bl welzguonio
anfupjeicit elltd’ﬁat et yressbecausgorof ahelyneeduti@ion, oscillometry, and
al t er nat i nfl te an | ate the cuff, and t
nniior vy e ateEiendutpeainEhs e b brabhr el fgaste am

\A@:vefqoasmudTmS SutGERE perlpoLIS) %abzﬁalhmhl@%ybﬁéﬂl idDl P@F. The auscultatory
ssur nDn|t0r|n cannot be achi eved using these

tic—‘é lﬁﬁlllt‘q G Mminep %su MSQ@GE?)IIC ancb\cjm@g}éq g@ﬁs\y@sduf}flomtonnﬁ certain

IKRSSEHITRALS @t Jcbe & 'tlﬁd:u@{e@g bRkl efteYosapAV &b &Y fhique, on
general |y been sonewhat effective in sensing

Hsnefherelranis deeiondnes rihege guitspwes a8 Wellowdthprselises enean pressure, by
'?Q\Qﬁl\llﬁé actual pressure changes that occur in the cuff as the cuft is deflated. Both

techniques determine pressure values only intermittently, because of the need to alternately
inflate and deflate the cuff, and they cannot replicate the subject's actual blood pressure
waveform. Thus, continuous, beat-to-beat blood pressure monitoring cannot be achieved

using these techniques.
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such instruments generally have been ineffecti vg%@%%%% 2001
sensing short-term bl ood pressure variations, which -
are of critical inmportance in many nedica
applications,‘rncluding‘ 5 surgery. The technique of
art er Dad! usu'\@rr:@ffensrhymests af 8o kivgll deskhodbridfly abhee hreligensrally been
q%mew at ?1\/9 11{] gentm%ff [Q}%&h??reé{ds 1{ a“bfar{ a!t)logcpp*qblgggr?ere ﬁ OWeVer,
b@:lhymsmmpﬂntst oensmﬁh hase bbe madécdle ar tering dmay-tdym blood pressure
A3 oLl SRS SRR SOPR RO HRERON g
@ap@anation” 10 refers to the process of varying the
pressure applied to the artery, An ap nation swe
r ef er $h% &Cgl“ﬂ‘r“?‘rr@f "etP”%dtoafﬂPi"‘ith‘SmHF%Pf"eﬁ E‘%Pé‘i&’r & B‘VeP"GF‘ﬁ@ ares.
At SN 1§ (INAHBd dif QR ialONEERARPIRS Sle@lret @ a super hcral artery with
under conpressi on or vice versa. At the onset of
deidieienishany suagsph é@fgtqsdhe Sc’\ﬁltﬁéﬁl tery hiaay P¢ éc@c}yuqigy 10001ded during an
LESSEARINIR BinsdRd PRBGre SARGerSO ThEdm “applanati
ﬁ@é@ﬁ?ﬁb ﬁ% séé Jre ﬁgt reEbrdgﬁ&mAt the eﬁd 5m {ﬁpqnwmn
$rr/r7erep0 tlterreocarst eryaniing linderseenpridiss &dthe sgeyhaftn applanation sweep
nji.mim a It P su u a r acor,
1ers a rmrjre plérqu c{uﬂﬁé d\rvffiﬁp ]g§5%§16 o@el‘zaﬁ%t gﬁgocc J/tlnédn from
d)urrbmgpmtsroohtot hre:lea:pmerersad)n wal»hcet BISH- omll Qlepfarsa bela dereasing
;ﬁﬁ%ﬁaogg%egr th{i 8H?Ihés %Vlﬂcfogréalés%erqdnw d dﬂ*e‘jooﬂﬁl” 5{@??50 tF"Lt pressure
qbﬁts%&e@oibry:cdrﬂﬁ t anpaehenf Siensedp., thtartchi 8 (pd@ssuiressed, o that

ShaTamdhoL e TR num pecl L peak SRl LU

%?%]5;%‘5@@"@}@&115 QuAey QhRA the ARSTAINGI RAESSUY BaraMNat® thdddnometer
er measures anal ogous, to maxi mum pul satile

p;ézg:gu riiere, thenaraial pf@ssngris wEiRERdgudar de t!@hsalhr@%e qrqqi is the only stress
Qi'ét%ag‘élj 5? tl&:'to ﬁrmeten%isﬁu M ARl ldssian: §|a§59mQ§ that the maximum peak-
i mpl ement ed prior art evrcefor i mpl enenting the
t‘[@pmlrefunyhtp@chthe [rexinnen uasatia )r]i)lg$$dle alptpiggd @prresponds to zero
'?‘rﬁf‘ér%%ﬂr Sgs@%\@/iﬂé’ieerhﬁrr &H&%&%ﬁé&r &ﬂﬁbﬁﬁ ssrg?]Pag nhrfﬁﬁ' gﬁgﬁi 18%kessure,
tnlmeuchza;j gk inamt enty of‘r tHangy ansp@hseer i eae‘rm\uimtmealtPMT )s@ns@so be
C§;\n| cal forces in the underlying subject

and each is sized to cover only a fraction of
t he Onederibyhmnglcart écr:yrmpTdmeanamrr ay tbsonungedclagak ristludche rigid

tissu pl anat e th er | rter and Iyine
FHES iy ER0SE Rrare rarBBat bt Pt RO s mspvine o
tohapedl @fidy Lo b@e eRuphedy tTHeadgRiucdrieact dg8UE stigsedlte mechanical
| east. some’ of . t he transduceirfi An arra of different
tPraps e MaderiingSuleFidisae. aRsEIR 't NALT Bt CaVea’ty grgction of the
LhAOSHAUCEEn. ThabMAY R PMRachin Ry &8N/ to E;ﬁ%&ﬂ'tﬁ@ﬁrc@f fyimg artery
array position on t he subj ect. Thi s type of
taoh grastbe caush dRevienbeal ipsessiin yatiopsoV Sl dica tear avisgorried through
FhJ §sue [N oo o P HEALLE. I raaﬂed Rl IR IR dYs & Ssed to
not anatomically conpatible with thée continuous
mm:@tjmtsatd@sttche teuisljuentls @Wﬁwﬂscsrelet1e@e¢1b/wgfgdit‘ﬂse)f aryepapition on
QFC Fnﬁ] St e f?‘on&%ntcf: %%Hre\ etl 1 SLIE) &98 %E\%?’[l%?aw br'h:lsshﬁirst the
tr aRsducer si gnal s addi I'n
caaeeef disrhbts tr. aﬂQh@arDcrehANI Qﬁ)slrm in'm)m E:cnllmpatnng’(atrb ratwythdhm centinuous

%gg%glshlﬂs 1e 88L eJ:t 1¥ssaengver:]€/{nﬂ thgaarlrt%%ebgﬂg s S1£ rcm tlesult in

t 1lnglememe

inaccuracies in the resulting transducer signals. In addition, in some cases, this
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di stal tissue. Oher prior art techni ques have g@& X
to nore accurately place a single tononetric y”
| aterally above the artery, thereby nore conpletely
coupling the sensor to the 5 pressure variations
wicbhipaiitiiifie car tersy lstHowgversndsych eysgeas! mayrepticddoddniéow to

mﬁﬁf&uét a location where it is geonetrically

CEENtEred” but not optimally positioned for signa
coupl Dﬂ@], préci dirifiethtiaeds Haypionahtl ty nfoetatictirete Bofipa matrigkebyometric
freqng e-cal i bration_ or rep03|tion'n%{dye.to o t
v ARG T B TGP A e dR P e P o ey to the
%y@ﬁﬁ?@ﬁazﬁiﬁ@ns&k Billn QW}L Y HaWk b, §1@1m§j/s'tdn\/qem§}0pltd&ﬁ{he sensor at a
orientation of the 10 pressure transducer on the
demBfiec tVheEi hgs r&%ﬁfi%%%br "ospeiEit Prlanplyoptigiidy Rpipags for signal
%Q&%Nna ﬂggrﬁa%ﬁ ' @Blcé 14 q%&eraQ;me‘f)ﬁﬁ{nveﬁ\hen@cﬂng & calibration or
rel’at i'onshi p betweéen the transducer and t artery is
veposigdnifg érmtamovepant aethe sybrrsi @emeewawgqn@nt Th| s is an
I nportl"ﬁ\ﬂ)}ineﬁ?ns?%]tg]ﬁg qp:e' L, cmﬁﬂn&ﬁg Re M%m”@"ilﬁ% HEN 1on of the
are likely to ve the device place mal nt al ne
n)reemh{se’arysdudeh@nsimrralmgIbengz\/l11toh1t<ule$péotmlﬁcmlly thCIaISI’mlyS show a
I\{hmﬁ%hggltq ;1% éccr%nacg%ol"éeﬂ?t 69 %g%uﬁ%l 1eE1§ionshlgnSet?g%e%ﬁ @;{% ul}l"lsducel and the
met@tic onsd fﬁ)oledh Kopthealarniogteyce aregar 'ﬁﬂlle?osS”uOfmpramar @lnsideration,

posi tion, due in many ses to SItI nmechani, sms
BREG O R ftre RSB o Betioih B ot AL SnaE Bl 2 precisely
fieatautcemaRl wliheespatbke e, ar8HC h\/my 6 theaforbeBin®@fappbigches similarly
wrist_  surface. Fur t her nor e, npllance in _various

apiFar Brndok Srpetelits pangin @ il o larglatigphigew (fatlyy artery

ASARMRL ¥) 120 phhigod, aeKithasaftesRaddiing i SUhEQMNGhNEh R Gre not

sensor which mnimzes edge effects nay adversely

|aﬁapm totapeuaicien th@g}atgmlq srpiseer the sglygq{ ensh ppctgvature of the wrist

§¥@ﬂbf|cant extent. One very significant limtation

of prior art tononmetry approaches relates to the

magni fuderramd tocgtieninofaidie sapphiiedoappleanaeigonthe strap and

atr:tﬁz%%nuerls%en%q%/)l 'c'!i? tY Il’aXf\ r(])g SC%?EE?C*@%]’IIGOSG%OL(PIIC][119’2t?€ eg"lSé)l \I;\]@EL 1 m;mm:zes
ti nmean S, Ion,

etige ei&mcnnﬁy @dl\lellsﬂy even m{aancmdrw c(fptt)mminmmd e\x,smlmsotb a significant

arterial conpression at the optiml coupling Iocation

eéei“nltlally achi eved, there are comonly real -world

or cl ot caly figctions | ;bﬁymdofr pasonabinemeentp@bachbatelates to the

can jntrogice SI |f|c nt er into the neasurenent

6}8&31@% an ‘ﬁfé‘&?]b 9166‘9 I;ecléﬂgt)%ﬁca@a pseﬁéql?gagn yaryinggonditions of

Qe XAAPBN, Q)os& Bie 184dRjpRGEurO ehanGesTRBPitIOR CetdBpecifically, even when
voluntarily o |nvoluntar|Iy 30 nove, thereby altering

(tlfeopptawmp darst 05 aﬁ@fall GEMBTESH ) the H@Uﬁxﬁ&,g(p@gpg location is imitially

a@ihlé‘\IeHol‘ﬂ&J@ laR: &ﬁﬁl‘[@lﬁnl chi0@orid &Q‘Hﬂfeg]rf‘a@co@ SRRRH 1@&RGhabR&ontrol that
subject's tissue/ od vessel Simlarly, bunping or

jcapiirtpdade sigalicagy l@il @ctmcothet HeastisHOMeRTPEGs. s e rvat extended
?Eﬁ&{s%tr e CRY] eQ’?}ﬁ ﬁ%%% beﬁxhqﬂﬁhl\{) QAR ALY Binvoluntarit y
e e ons 1b h é ny

sical r et ween t nsor
&M}:aﬂmebﬂhm 1sg tn'pf & lefsf e ptricoifof gma?\)ll tLyphgyaml rel@idsl6p b&Meen the
g%‘&i”}‘*} b‘ﬁgn%f al}d éea %s@wct s?tcl:sg% bloocg eéée zﬁlzzggt Dtﬁnpriggl a't jia;‘\ll's%g of the

subject or the tonometric measurement apparatus can easily occur, thereby again altering

the physical relationship between the sensor and subject. The simple effect of gravity can,
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vessel to alter with tine as well. Furthernore,
physi ol ogi ¢ responses of the subject (including,ZfodAN 2067
exanple, relaxation of the walls of the bl ood vesse
due to anesthesia or pharnmacol ogi cal agents) can 5
phogueeaih ft&cﬂﬁﬁadwés@ kaisbangestivi pédienapphignaidedAnd eMfdet blood
Q%nd SO qes even the | at eral / proxi mal position of
G % Sl t o mai ntain optimal sensor
coupl irf@ermAddighl: anadit Yieshgst 0 tthe eoaR! (iAN6Ef for example,
surrounding tissue and p033| bly measurenent s st em
trAexgp PhaENC] ey BiPobTasih dyrde @esthesiagy Rigtmagtogical agents) can
e S r a e

e (R oror BEAREt e e M R e o B RR Gen he
tier a]/g_O\lfl‘@f @g@ﬁlcmgofl tha $ea§q1bn15 orden tconeluperén omptimel sensor coupling.

%CEI tPG%Q d{ﬁl@ tgctﬁé %% n{\gf‘?'m%gf ff SLlil P]Lmslmw tzssué) &na/ :ngﬂsbﬁl% Zl%saif;usrement
Cshfadﬂg eﬁe a@pp' cmaigm lé\let@ﬁfﬁn neaimcm adjusomith Ch'ﬁilgé‘ﬁﬁ m'cmeﬁiteﬁ ian@essure.

has el aps n the erfor

o i bearrSrpisages are kRl 3R AGTRRE Bppteaut rpdiress the

n‘@@gémcorhmt&eehw abbe: pIessup@osdl @ deSlufiod ot SRbaVe Grdide a basis

ot herw se ai labl e during these calibration periods.

S PHEH Cselph el S At WO, AqULeE ¢ AlRGIcaNS agtount or a

QﬂelellﬁﬁétBQﬁIIMYﬁr@ﬁ)‘éedehenl@@%yﬁaq &%lnﬁsj euff calibration 1o 153151 in
Bl ood- Pressure Monitor AP paratus," assigned to Coli

CHEBBE 469 8PP 1B Pstiqie Retigtih groysuresgea Af ol ‘QJS@}’GF"&I! eqﬁeenwse

GW%%%leﬁﬂnﬁnJr ﬁéw 1b1%@(y]e %Els %ze fo?g%nﬁ{g Se@tltle;tlt 5‘?2% éiH to Aung,

| ood- Pressure para us SO assi gne

@bhll lisﬁt:@blﬂwném tﬁn 19%13@ enlitlediBbodiPrsive Moohdr Alwdzu_se,d assigned

a3 éJﬂ% %;J §t1019r 81% 1aﬁf51at Jld(?p Pf %e% aB!) uﬂ%l Iftayenpf6 éﬁ%qg issued

sensors. 20 1n prior- art approach, a pressire

crfvEmber 2. Qéﬁl} baltceeleqllqd pBea@dm dshura quhtet Rysags, aphb assigned to

gfavlﬁ Céorp(ingtlons é\émteB] glF Io\c/czuséve %u&; Vsousgg 66: %%s‘é)sroto: cgglgatlon of a

ehgality bE &ght&&tc&mt 4,869. 261 to Penaz issued Septenber

26, 1989 a enti tI ed "Automati c noni nvasi ve bl ood

pr essut é" Ei‘n P, AT gePied PESUIN GEF Gty Pyloge equipped with a

Pk IMN S rNphi diaad bk RafihMancPenashdte-elefirit BhScedBMIs&E drive a

the 'sensor is connected through at |east 25 one

aPRYP PTEt logihde ghase febht eE1e10 o Py EPEteptepPesut B9 and

teﬁ@tna%ld u&ﬁf)matﬁl hodihasee %QJEEP%&@&@ m&%ﬁ | dYbRqt l!EyeUmve; sﬁty LE.

closed | oop of a servo control system'whic

dotkensy Brig)(her emﬁtfh URsued™y L Bifedvyiss thchasngor es@ulireetec ﬁnm;é at least

%Hé tlm@ﬂ%; nd £ g’%@ cbife Itd’uinaél&tzro:}?es u% H%dt tA letht% z§1¥011ent5

espon Ing to ze on acr o

apmsenut@ﬂhe wiabdd, lodphe’ es%rv\mo:octuntsmdm wiwh eem drw%ocplefwbly]‘l&mtmuously
P'mﬁe L?e IIB%S nureblg 1%5(:% f?’an? 1&‘611%11%:5 tﬁ 1%%%111 %}e OHIénegodf g}eeagﬁggegx value

faun: cmpmdmucm PO ne@kibn raémhl togtepitiesdl Mee waweconfol system loop further

orrection circuit is als rovi de

e A U T T I

QUhpdhar@bnwob Gk opb @Mdl pledut Qvave O doRettichhecusal Rl Bbvided, the

of the servo control stem The Penaz system

tHEF ST 15 rPnapgiedlde lzedo gﬁlgeﬁm%hlo SSESPLHE! SUPiY qfpybphds provided to

eaH: & A QYSii) oft Mle edvb xc%s:iué | GOkmS T80 @lend Yl %%to\f@% effect
fromthe 'sensor. Unlike the Colin systens describ

apoipatly f 108y SYitin € srHian GpUS| 1) adﬁ\@éIllabtsslwéés@lrlecmwd fipm the
@elééNU‘%ﬁk(*ythe Colin systems described above, the system continuously displays pressure

4
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to the operator. However, the operation of the

pl et hysnogr aphi ¢ sensor of Penaz |[imted the 28 JAN 2007
application of this device to a peripheral section of
alinmb (preferably a finger) where the periphera

a6 ERIpESor. emeeé;aﬂ hk Ypéradterofciandéthisengr: aﬂfrc [536]240) ro@Hélﬁ:Edm ited the

erj pheral cul atlon not accur ref
P PETR BRaEriar Bty relSue. HhiShbakEntgey wher e
Hﬁtlﬁﬁtdl BhekyireS b@BiiilyCdlbr coRdiGM4TE cOfipiBRfsed perlf@traldRLIBGS, may
prior art a proach uses a series of varying pressure
1@§,\§‘§w§telyﬁ§ FhGHEor e Rk s x,@p@;ur@oThaq plé.ﬁams atpgtentially significant
identikfy,t he actual intra-arterial blood pressure. The
appl anation pressure applied during each of these
sweepd ¢} gogeneralaitypyardhedestarsorissadl vy pofssuae tsevepef performed
=g [4 r )C Ed

bya %% 9\§ﬂg§>§ﬁémgna y@é%?%&éﬁg?fﬁ %u (}g;ﬁcgll‘é )@«%SLY € ﬁ% upramuon
emshutswerepdtdmmgiean:ﬂucffy 1ese qgee;pstmgenlearrlgefetlecpﬁessruheeel of arterial
Lrgd%%ﬂ]?rﬁsggﬁ 0 c)vuc?m? g%sic;é} d(%l gzct vi:ls§5an€g1ggsty%§18 analyzesothe data
efttditel edr mg\@blh@.deep&ndieﬂﬁp&rﬂ,ttlﬂéi]afoeit prealsreu Lva»termgq abzb;ﬂr@rdle See,
pressure of rter signed to .
(%T@Sn%aﬁﬂée%%?%ﬂhr Fab'? : Er%éssg‘if‘sf%wtoe KBt gicalep Metnod
NAt dppathihs ERNGANHAHS HIIAWRMSIe oFiaRCRtent’ NBssEMEE RS MAAGHYe, Inc.
require a finite perlod of tine to conplete and

a{hew%féﬂ Prehiprllct i 06 syfien e5AKRbaIdS Btdrubee Ry s WrvRver, since
ThO kRS g&]@Xquu@nte{iﬁfet SricARPLRR 1o cbﬁ%%%gmu{naﬁg@ In practice the
operati on of devi ce. During applanation nmechani sm
rse@ensrtil m@p@rﬂﬂl @Ub@@que rielagviee pliopaphel drigugheridhe eypetienol the
f o a e S I

B S B R e R N B bleqIR ST oBfMtons, e
p:ertcmds eifhitigelys® deadeapl13£Wdrlfsfadwarﬂnalge®u&1df digpiayts Hie da‘{a obtained
c#u g p%ev?oug P@éelp pegﬁgl ?nga%é %ﬁ §trci_1) raarfgr(t:a%emga]‘to V\}‘Iﬁm standpoint that
a;mum:hsr ﬂoﬂr(ﬁ@ obfhzitg/ alme‘.‘t‘rﬂectd/lel} lbndanclaha O}F&Eatﬁlf reteives what amounts to

@ d f % q Eressure 3 td. lay
oﬂ” p*?%? ¢ grﬁécrgrmr@ 6 S&@E% (%C)o p@é%‘ﬁ@ PRV RRIMGUEE display
fe@erynondisevasgd)ve pressure neasurenment di scl osed by the
Assi gnee of the present invention in U S Patent Nos.
6, 228 Ladly; i 113‘7]6“‘8@1 foisneypipvasvE, Pragegre eeewgﬂwodrse%ﬁ by the

efksighéed thARBRRARUS AN BT At NaE. JIOB0BNVESE! Y5 964,71 1, and
nmonitoring a subject's 25 arterial blood pressure’ and

|5n$fk§r9|86reaﬁlze entiled e Apasyus BpehraeioT Aot HERTVeBnPRigtripg a subject's
nL% ;.Hdlﬁoo rqgklu%t '"918 iq orﬁgﬁg&ir@rtel]o& '1&&%'1%3&1 th%p ﬁ{irety, include
frequenci es er than the ‘heart rate (e.qg.,
smﬁu@@pldaf arpﬂéemtlmrblatfﬁrl oh e 2% Hejuenyibs higherHeanf he bepol gy (e.g.
h | S Vv
TERDRR oPA G RLLSELL M, WIS N8 R 080 e b
QBWMnmbdbhwuawphamatdﬂma&bewehamceommnmgeimcomheMwzwpbnﬁmn

gDVéil]J ﬁrgctorcgl@ Fl Ploglplg éﬂg{ %f [ e ue{gl ouH fs %Ll%ﬁ?@{ﬁ? %nd/or wrﬂa are not

Fregdidres %fc&lﬂ&ﬁf ﬁlﬁha’mrﬁDdUzll Bédhor, sehemasd(etig schénés @y, intra-

heat &ulatlon can ace nificant demands on the

GHSEJH lg{)g 3teR) 4] wgrSéjnr plﬁtccjgnﬁg SN 156“6‘“@5?\‘6 1@flvals, since more

RESE (@ )o@ pledikd)AASaddAs ﬁpﬂylpﬁrﬂﬁtdnqafel AV&locBSAcRERMy, the more

Accordingly, the nore capable hardware required in
saeableappilvdatrpomsd un sishatdligetions bignaighe ragstthorot pé the parent

RRLEOT, wilgVik &8sdd) Which it is used. -5
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2 6 JAN 2007 Based on the foregoing, there is need dN
an i nproved net hodol ogy and apparatus for accur tQa“@iél 2007
and continuously controlling the non-invasive

measur enent of paranmeters such as pressure. Such

i npr ovewtd rtvettllrtofb@guigg/, tm@lisaxp@ml an irsproveed [nakthiodelagy gndadpbayews for

(at:cma‘mm3 f'mJ confzm{ous‘]v COl‘l?lnﬁmU Hwe n)on lI%VdS!\lf"\lirI]e‘l(:r‘EELﬁ]]tCI’nﬁnt of parameters such as
or nor

hressacky riaih cmﬁomr AanlmbEly ’ﬁlh@plﬁﬁ&ﬂﬁ\@dd\ﬁ&iaﬂﬁ& o fswchrer alia,
paraneters being reflective of true |n ra- artena‘ .
ﬁai]tg%zfse}rgﬂsuwmeﬁt (1811%16611&21 i%i (HBE M.}@ug 88 L agre remodynamic
rRpeRtabidel hisubdehluMasYyi0E pRaMEERQMN¥RRT BllectiCOBHrtd QMG-arterial
including notion artifact and ot her noi se. Such met hod
AREESFar At @ alsuBie i ingl 1eBpsisE ad JeRegtalitily) yndwavapgnpetvionmental

thAlifRed i RAIe 3o LIRS ARG nBRL rS@él{‘@lgthbJ‘gidVdngﬁ 1§Weuld also
thereby all owi ng subjects to accurately and reliab

di’@n@ﬁllbt uidleed -hyobiith dieingg nietlicglestricsne! and Sijared yndofiduake thereby
b i n 3 .

NIl AT S LUELLER ALl i

apparatus for non- |nvaS|ver and conti nuously

control ling the neasgunmctv of the IIR,Q&%Q’H ers 1na

fluidic system incl | ood pressure

Wi t hi Mhapiebont ngersivbjs@tties b alorenanfibries heals rb@(;:mpmf/ect fehods and
inventig@ an i nprove nEthod of conti uous

rﬁgg@ﬁﬁ I “O‘N*E@% %a? %GIW xéuoélahﬁplétg u a7 V@g% qmqsg of parameters

di 8 eliRsegsteh e DBhN O PENSIBIrks¥ure QIR Slivig: SL[QJ|6§1p03| ng
a pressure sensor in pr oxi mt to the vessel

i dent i'F 9|ij qépcgrlmfsil%ﬁl@\iegqlqn axbrﬂppsﬁs&]d peies 0%$ontmuously measuring
CRIRfERShH %Qorﬁqﬁxressﬁm@véé%%%ﬂlsc o8QINEWeBEd tBRally comprising; disposing
substantially optimal |evel of conpressSion;  measuri ng
m@§§u¥|€e‘36@$@t a promiphe fieyssel w@n%m&rﬁe&é@n@@w optimal level of
gl%g c)ﬁ 9 fi WGQSQF cﬁmewlve%ﬁﬁl, %ul%fangaq)lyc a?ﬁ?deprbf (,%H]%IGSSIOH
stlng app anati'on to fmi ntain or reacquire
o‘pstaﬁtmg plegsped dagef frog @lp'q)\ree@gu&yrg the spnmeldg)(éymg anoy- optlmal levels of

tcﬁ?xp:%gsn%ma dd t'@%st%%nglgﬁanat‘?’onapoo {iam a% it @ poljér?cq{u#ec %1'6' Xptmladl dlevcl of
comprem:su an one rRpISas eazbodmeesi 1hp)e¢nsmdis applicy tqnemiemt:ddlyn gnd the

?e?l}% é)g ma‘n qdm{goon;%}ngfj‘]eve of c%mgéegsg?tzcg&pgses éﬁeﬂesg%l xgﬂlciﬂﬁ et turbing
MRaRW! e c@ieasidf ef dlatvasscl&midmﬁtﬂlje l&Sttdfrhgaaithﬁﬂ keepelucefan observable
c ression based at |east in rt opn the effect
Eih AR St Fraedehe Gobeepl Bt SRRyl at least in
blaaed eessd! n ophskeiRry ARplinRA, MEREWEIRBNHMRS: 610APIdsSInd the
pseudo-random bi nary sequences which are used to
[ BEE Redrbatiges qOg\PEPES gFey Qjﬁaﬁfl@g Sg sgbtﬁzpqe@ahlpl@) aepeed to modulate
VESRE o@gﬁﬁpl&lﬁgﬁ aplﬁfea eGtie VRRet NEr SEOSERCRIAIRMcRsed, pFessure are
correlated to the nodul ati on, and necessary
corelaed iocslr@sﬂ@bbllllpledlﬁ PRSPSST D COT PRt sdiohticadpect of the
'bln‘éegtihggecoﬁkﬁ‘aég%%iat\ﬁgﬂw@x%ﬁr ﬁ‘]tlH]gloﬁ/QJ %aﬁi‘%tq{%&gd ik ”I%Ju § the blood
t[jmgtatpphn artvun.g sgan@nakﬂsyloxcqubc |a5w1rfgqs ga:ntmlﬂbontﬁmln Ismg a tonometz‘ic

sure s

F&)}Cés%me pefisal dey e e a( 91 lt%é r”f““p 16631168%111 1%3Fnsd\ugﬁlb[h% (%Fa Q’HE subject
genecalding pmsa&s bleﬁt& rlaing hek@al kiiga pheewbojdagad tarun a computer

processor a,apt ed to run ramt her eon,
tPHEEOHPGT L FP B AR Rt ﬂ?rﬁawél PE#‘?H%P‘II ‘th"‘B‘F” Hiser BE pargt cach
S #He@Beratt RS tS By Ole HA&Rs BidelhBinPPBIAYE bR RIRSIRY at least in
the apparatus in determ ning bl ood pressure being

related at least in
-6-
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-6 2 6 JAN -2111&7 part to the pressure data. In on

exenpl ary enbodi nent, the conputer pnwrmncmmH%@&Mwﬂmﬁ

three (3) distinct sub- processes relating to transient

detecti on and conpensati on, servoing (or slower-rate

qﬂange&:mam@euphing&m(ﬁﬂde@aQQMﬂﬁkﬁdamcﬁﬁmemlb@gﬁmohwnn%s

. re ect|vel The first process in

etﬁlég‘bi)gqg%/” PYESTE 1%&1%5; gytéan{slslﬁldete on d? f@lﬂﬁlsaﬂm servoing (or

r gdvatt-eak Stafdceso WhibGAY), fd Q&%@ﬁﬂl(ﬁﬂ@%ﬁ!&@gt bQRBuANRG, respectively. The

Iateral/prOX|naI p03|t|on|ng In athird aspect of the

i HHtamrsnn s Genplay Soofpgi atiays fus B mistipgt eubrgisd states which

Aganrt L![IG ﬁqna%%&ﬂa%ﬁﬁo%nhﬁ p&ht%lngsed The net hod

generally conprises: providing a transducer adapted

for dén é.ﬂmdms[pﬁgl (ﬂrlb‘% Bivgnaion, tﬁhécthqdaﬁg]@pglg@hngj@pm@e‘u ic blood pressure
Cl Qr C! Cilicl

| ec\%@ﬁgﬁ%l&p G gé&r]g%gleléﬁ ngeltp!%lgl gz Cf?flg%hlﬁg%é? V%%Jggmlfsnl?cet adapted

tﬁonﬁ¢tcm1herlg@tesaﬁe vide yiang uddd lxtmgpmps»sanigplmduleam ibhgdteesel; and

l‘?@&m 12 1?3@ ieveln@%é)lrng{eésstona @3&)8?%}%%6 %)ocg Vér{rstge ucivez llme qﬁe acl? of varying

Sc@ﬂi;iﬁfiﬁ:@moé%t&nﬁ gthﬂ ldvhlenf amdjer bﬂtoh dn als e»ctuqu:)ee MHWTelnStGSmaduhtion

PRBS as previ ous escri bed J¢ t her random o
‘éfcﬁ??hoglf[]gclo é’lé‘e{%lél (@gse%«vc% é\‘ 1ezﬁg1 tg mloﬁul%pop SEFERCS compnses a
agEErhs pkvibhe Havertl amoud Bdrhadionf oC@idi@BistifBequences may be
tononetric pressure 15 measur ements is di scl osed, the
nBthod general |y conprising providing a transducer
adapt ggd 5 f,0fih d§-8r B BleNEvARFiSS SHURRhod RE LR&MRHUGRImetric pressure
di sposed proximate to a bl ood vessel ; varylng t he
| reqpaierpgniscio o lessdi i mahpd Eedrathy canpsishie Gy e nsdyast adapted
tf'opgete;%ﬁﬁ'y llegéglepﬂS%ﬁnga%C& _ & (QJIIQQQ to gﬁ)ﬁglvesgél {}cgymc the
the transducer correcting t nmeasured pressure
bla\saédf catnpl‘eesamapplnﬁdpaﬂt bnd véseel om mmel matdsomglpetssveeion e blood
ac i n n I [ Mo .
n%s% L%H%\éﬁgé(z{n &;C%Oqgggjr %cﬁléﬁghg mea llég:gus?%? ﬂ%ﬁc@ étléle a5t in g art on the
| ®rivigdeh lﬁe@v@:& nier atsem“e\faﬁ ecd sndv\mwdaulmwt het@e:m&&ln‘h;p reeaﬁ)sdm”ent the
vef or fects are o
g P 2ah Rt e%hie Rl a FORET TR o Buts agpscd pressure
preskuh ethval dies:s generrataed tb&ﬁ@dloﬂlhﬁroﬁméqueh& andf ¢ckebiions to the
asg@&t of the |nvent|on n i nproved apparatus for

Pietry e RleHIcBTE e By @ygﬂ?%‘MAthln a bl ood vessel is
di scl gs %%ﬂ&ge@@p@{eatw@ug@marlallpbyfccp @%ﬁm@e@r m@asuring the blood
tononetric ressure sensor adapted for sensing the
pressys pahiges 'i“PRSl rchissksFipgee ! laﬁrapaalrlﬁu%/ B Y pyraritseaAdonometric
gﬁ@s@tﬁ@%&@@ Eﬁi@pt@d ﬁ)‘?tsédsgzalt"lesblgﬂail af Q{eaﬂ\inngnltl(!ée\’ffelt Riinsubject and
signal converter adaptéd to convert el ectrical
sfegeialingt 4y elprricdl gicnal reldiorpaihpretoa @ "wl@lﬁ]t a@rwmﬁ‘o ceape oj gpnvert the
de%cﬁlcglo MOC@E 'dgﬂnl'l!\’\ﬁ&}bm{ hle(i']lcl?l@ rﬂyq%ésgﬁrm cﬁtﬁcc%m%]ﬁ:[l on with the
program adapted to run on processor,
p;roogfﬂ lamab@mglu proptherdapidd pt ed mdhqrrd(guhlan@ccsshe the p; _001 am being

nsf¢ @6:% é? 8}02%% tﬂ%n%ts@m?ols ﬁ%F gc%noig%t\l/lgéentsgg(gfglat%ﬁ% [1@%51%%9 to the

e»f@mnblabyede ﬁitmﬁdlhtf‘ﬁezntsequamc appl @n att\;lempia} 3ammabditntilﬁ an appldnmon

control | ed %é hF conput er 5 ran1 ? he fevel
et g dy hegogiPiEPIPEgE s cgp e%&pﬁ“%ﬁlafw@ﬁe\ﬁatr fnéddi ¢ leve
agCRphdign triddh@cHoell @ tHeORo BRUUE B&ReckN Iﬁﬁﬁ@th@rembodlment the
enbodlnent the |ateral and/or proxi mal position of

tWerak B PR REFBI PRHS JEISAG 'S £ORBEALEBYS & CRBERIRLE MyAulation

scheme.
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schene. -7 2 8 JAN 2007 1In a sixth aspect of the
i nvention, an inproved nethod of identifying chafigési 2407
in the coupling between a tononetric sensor and the
tissue of a subject i s disclosed, the nethod
gener 13 y\tb GPSES ojt pf‘gmvedlpglp@g ﬂ]ﬁ@ ov(qqiénggiﬁis(g,{dqnﬁfyuw changes in the
QBﬂﬁfnmb@(&feEqutt BlhRSYfor '{ﬁ%aﬁk”ﬂkﬁ' oAk RyEH i€, the method
Ssug using the sensor; entlfylng at l[east one
@hmn@b’ omwawparcmremeg ti‘a§sm’ﬁ@r alt fEeikiputy o Sietthfelecm@tplmumgiah from
QIae fIssye lsing %Ssién 1n aRc? rd'él tqrhé H%fi%@%%ﬁ[k 1@ q@é aran ert]el 91& ciated with
@wmﬂmyeMmﬁWm1, neasur e p&am&a3|ncu
phiesspiirg Wekdac lehyt iapdt acmelmaaxtadalata Imore esevgnt hrmbodlment the

aspect of the ntion tran t-resistant

IS BE G YRR T He TG00 Bleseur 6 of a

I vi ngh $40¢RICAspEs oliihs Thasied. a thigerapRakat Aipargenti ad:té:’yhmmﬂ the
conprises a tononetric ressﬂre sensor agf ted
WY P Apiv B St BrdistiRed sKICAPRYH 1528 1Y a™PY 55 ﬁ@ouometf ic
$HRELE bengPddRe0RP @Jn@]%g Iﬂ& Fe@V af Ok Nkihaldd NG atiRefeliBject and
moti ve apparatus adapted to reposition the pressure
SBREBING AaveRtT ot itiEe puranotive Rpraetpidaried b Epsitinpthoessure
%El%@‘lrl at é’b%irolﬁepg)pg'a@re )C&J%EIQJ X 'ﬂ"ledl@&tﬁfe & M@'a‘ﬁé‘tq' ﬂBce‘é‘éoE B data
the sensor and oper t|ve y coupl ed w
comuoichten  witthie pm@elegmpesaad%ptc@w owuﬂu ﬁle acontomﬁuﬂbfr processor

qgap? Ig]ltmtl] 'e‘;rcgll%igt’lt r plgﬁ{g{g %’ ol%r SUbSlgéLﬂg] ]9%1519 b%?ngfcblwruﬁeq to {i)
peiabitsh an Eﬁ)lfl‘ﬂt si&bs{a':’ﬁml&onptfnmf paditidneasthe emsmeliooah eagfiong efidsh; (if)

data, f the b th
SERGE Prepi R BrLBE Johb YRt Uy PRNEATSH BT 1SR U R AEnee of
enenént l&yenam)@l MAvNge chapges thd piekarepd-es siur @ardatitagveiithidtering the
transi ent event altering.the fﬁuflln%_betmeen t he

BrBYHS PeRE] the hlpod afse ARd 63765 (Wi HHAE & SSQHESP VeviRpppntoller
Vin@ ntdi@e ARGk @Enuf?ﬁ dedamd lsdb%alﬂﬁﬂﬁbﬁtlﬁtﬁ sér@orl eIk bdbed@on the
second substanti al %% Ptlna sensor_position based on
tfered goupbinge dndoupTabig: thaprgord sbeatially GriiFat $asos aesgivg for at least
§H@§&ﬁptla||y opti mal sensor position for at |east 20
one epoch. In an eighth aspect of the invention, an
i mpr oveeh sigthaged bl ihe ewmtrpwangm@ﬁmdg@ghqdrpf M@@t}fymc changes in the
c%ylﬁmo \R:%‘i %g%n%%gcgﬂgﬁje rbbl%Btpglﬁlstﬁqurgsgg %n‘%%lb]@&%uh £ 4 blood
qﬁasmeemﬁnﬁmmﬂsedmmmnpanmuamb%ﬁmpoﬁﬁh@nQCQ¢cyﬂ@usdwdoxm The
:8 (}dﬁgeélgxﬁ}jlcglggl s gc%%pﬁ)%m }]es sgessoll 151 FPI omn% (£4) tl% %’ he measuring
tir&sie datigi@sUhe Iﬂlgsuaﬁs@g assuser; datanifingm tehe oh& psuieeter from the
using the s qrs determ ni ng at .| east .one parapeter _
P ST NG 2 SRS APt Ra CHETTE HEETBRG (AR red at leas
tiQ pat 67 e HRA of thla @ai@lat tRNd @RinbeIhRY tetepreskit agd vat measured; and
least in part by the ?ortlon of. the cardiac cycle

deFTIRG SnmiceH2E e Cwé@%u%%d ghatat B eadly g olgnararing.  In onc

(qglﬂbllrll yye'nﬂgchﬁlex‘ﬁh@@ A€ Dl COHP! ikﬁ@ Gohsedr @‘Lcldcﬂﬁﬁlﬁd dcBeleration, and
part on the act conparlng In one exe

eth@gdtprm@mompt IFfS ﬂpj aqhahle\ﬂgqes ,ﬁﬁh, @é@ﬂggt@tqﬂhcb rtl@gsggtpgc (upstroke) or
Vv Ll O :and. 30 the criterion
ﬁkﬁﬁ&(%gﬂg gﬁﬁiggat]uegl o?ceach relating to either

t he S yst minltlcas()up st thekepniom, ardingstvedl insthed @V\ngmmg) an optimal or
porti

l‘heél ng\)‘lé'i] Ci\/@or? COU]DICS%%P or EX@H]Ht{VG!&deSf’UO% ?f@ﬁ?%gﬂs%ﬁe measuring

ofpphramt i0disclosed. The method generally comprises using a correlation process to
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near-optimal | evel of conpression (or alternatlveﬁ@

position) for a blood pressure neasuring appaz Ngﬂ@?

di scl osed. The method generally conprises using a

correlation process to -8 2 6 JAN 2007  anal yze

cﬂualw::scue\s@ﬁ gLt 17 FElatien &t 4 Of2tlo tBE oW vee GREng Prasare iy d/agetion of
%'{] %981@511el§§H]r1(§61a§1 (a‘lLfCl{EJIGE H@ﬂeng;odm?cn? Ql?et }51@45{11@%{1 ﬁ){ 1&}@ pUlSG
f meter. 1n one exenpl ary enb he pressu

qmm@m¢3@@0pumgeu:pﬁesgun@dah@ﬁmﬁMUp@@nmlp@mpﬁ@sgummm% motor

g’gg}‘w%f(Q‘E}’%'%Ogg%k‘ta {'?18@1(11%[@4\/% mﬁgw he %%ﬁzo%%%i{fzes the slope
difitkecuradsdry) ime‘Fhefmgmbihmdw&nﬁtsyz@s/aﬁhe e Gﬁéu!&z Bfestih@/d(Motor

rves by, ipter .alja, deriv
CEG5 Bl petitalonf 2B &y BTt bR e Gy Bty Bore vatues
d Ricasty obd tilaessefieptiohal* hzm@r pRagint i on) ), and
correl ates these sl qpe values to |d§ %ig t he g ti mal
or neéﬁ.a 6&@ PR offlgr @V@Ptlonp@blmpf odlﬁd mptgo ”é‘ﬁ*FLHmé E@é pressure n
0@‘ ll\tuhesdbj'é\ﬁeﬁtcks@f&:sc—:daﬂm'iﬂcﬁﬁ&i\/@%xﬁlﬁt baghrRieMRBasiddNGessure from a
bl ood” pressure in living subject is di scl osed, the
bt o@ssglet e &bl L}?C“@@’m@ﬁ itlegi ﬂ&e“n@a@%ﬂ? PHYY predsdisr e bippdiesse! at a
%Qco*ab ‘?&%o\ﬁ%%%ﬁé SL@}ec@mfe'dasaf olca&ﬁﬁa e kh& s&H@k@é&E on &k blood
' east partly occluding a vessel” at a second
wm@an¢wmmmNthemsuwpémnﬂhqmgﬂa@mmﬁﬁa@d@l@dﬁmgwﬁamnh@eﬂéd In
L L e o
Iredaﬂtal tbzty) parhttlmsﬁcblhi lecaibf ea_tw ipkitateraiberax;eiren | tizer yoper arm. A cuff
T DLOOG BT SERULE. L o TRaSUr 0 L ORCIEL OBl L
|pﬁ3@§lt1¢ @H’hsd@estul’d@ dedagibkiag detadted lb}Bﬂhet;jDsIem ael contph@atdPBerby delaying
arm A cuff 15 inflated at the %ﬁd | ocati on causes

éé@ﬁWRBW”Wﬁg”bF@§§ﬁ$@‘@adﬁgﬂ“§§ B85t he tononetric
pressuy g 881840 raspe@tU&hhediﬁ(c‘eﬂMO}b%h}ﬂ@\fe@&ﬂcﬁ)@tp%@subéhnﬁtehﬁlmo apparatus,
stem and conpensated for by del aying subsequent
ﬁg M@Fllﬁggelﬁfd”ﬁr(‘@g@lj?ﬂé: dSoR- TPV PICREICCSGRTOr pdapted for sensing the
C{ﬁésk@@ Q%ﬁ lied 'ﬂlu%’fb @)l & \hR1k Qeﬁ@l%%tﬁlé}flocgahgn blel%rHo'dg f 2 subject, and
I nprove pressure nmeasuri ng appar at us
eggpeammgus 515@11 efrl,g]nlgyt @Rt iPEICRRGer eperfgrely Qiaquv@ the sensor; and a
r t
??lgi d %%ﬁétgf&mggﬁpﬁg%lm ?}2“2‘@3‘?{?’% tg% chgsgtipe{ o%glpfoept oduce a
onpl tshmtbmdqﬁ ofd doglibjesote, ﬂanm‘ogan endltcr mdarécd suog(nﬂadietcct a loss of
[;:}eﬁéesgé ey 6[ Wlﬁlél tﬁ,} 2‘101%[ RLYE Eﬁ uslt OD}eo;ce?nstsfn\éﬁ)n%c éi%&l;'lsple %mt‘msed on the
nﬁaaessﬂw@@m@madﬂmmeduhpupmagemsmﬁm&camgmﬁiqb@u@m@ﬂmaﬁ:ano

resentation of sai ssure, rogram . .
ﬁﬁ?ttpﬁ Fssa\al%qlléaqe gt (l?t?ct(a éﬂf g&ets S‘Hd IC) 105 heal Blpcesbs}sgg g%?cge% beats within
QH@QtrnaW1ﬁdliouach@&o<§elssgﬂl§1$611d@ﬂ Grotdskihg adoUskts hildletected within a given
processing of the pressure data based on the 25 event.
IiwdeéWé&enplary embodi ment, the program further
conpr ;g %St\\@lf@leé’sﬁjeéi%ie{ﬁ@ Qﬁvcﬁﬂgl An NRprdB&M PIRACES Brocessing blood
mhereln the beat detector advises sai d no-beat process

asessioe detp éctiedpshbapapiiiithiohtaingge Epignaelityohdath gosagnding to a
pffl QEQJE‘I?E?SOfSO §lgﬁ&gloggnﬁ)ﬁ@$§§&{d LliLl[ t% 3P djEE@% ?e ﬁt(n%mqqg qgéc%ﬁd state
tineTnterva aspect
uﬁ@amnwantvmnmn@ﬂwﬂhﬁmo@e@omtﬂﬁmdM®ﬁmpd@néssmmgnbﬁocdmnwew
’L(C)|+Up{lngp 1%?L§7I50qtueﬂqg%oscagln%%(lggfgﬁpcg ICSSLil C[l'i d. El"l %["}6 Eo\f%}:ﬂ%h{yl é?"l%()%ii”ﬂ@ﬂ‘[,
sibadtiren©fhe Gipe ciath canprisbbiaining gleaSLscedmmdim pﬂgulnﬁ)l milyn@fevent) state
data corresponding to a second state

9.
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of operation; evaluating the first and second

and based on this evaluation, selectively adjﬁgé ﬁ%N 2067

t he subsequent processing of bl ood pressure dat a.

one exenpl ary enbodi nent, obtaining the 'First data
crd‘mm:liaéces agb tbikiningg mﬁeessgcwkéa daterisdupbiaiging mesyraldata during an

%f?!ﬁ \\%\{c% &%ﬁ%@%ﬁwg 8&1 1%11 %eﬁl éNt]gl.Q gly theZ)L ss%)ee 5%11 |\9ch f;ﬂ@ geﬂxaded

dhataas qil.ﬂse:xmghanystaevemdns whwain stlaeé ulht:ﬁ fizn "1€atevd ma&h is conducted At
r adat i on. of ressure

e aentotea e Bt eshos FHER Y SRURRL AL EE valgrpe. and e

s adie citheh e exifsulicd e st@y at (Uatdnnuck Spetamgd uctherait Akte for a period of

| east one netric associated with each set of data is

V¥ uated during the wait state, and the 5 system

ei theny; a(chike®l hedih® MREHeRIAL Bupr@kd @k}bﬂ&l@ﬁﬁt@d@@ generate a

operating in the wait state for a perlod of ti n

deprpiertpigsmitha sload presfurg He blaed etseloel & ilmjg @WL is dlsclosed The

arQ;Q Qitll% 1@%9%%9 bg Qongﬁx@@ E{’}E %e@m p?é%&ﬁec‘%nlt [‘%1 9&1[(9%( LlSﬁl‘@edt least

blooé pressﬁre the bl ood vessel ['1ving subje

ding etrogedd PRhecing gg;ra@slehtnaﬁ fheyptoj gasgeqi)eplfa@c@db byleomdqtlon Df these

ts?g%?lrsmctl}smfyﬂw t%( %%&gh@ggg%gsﬁlé{sﬁ ebtut% a tl{e sﬁ"ﬂtnals q%@%#)nq %nsatm0 for

red atebua gr Iﬂihéﬂ’t*&tdaf,lonpmslsai m&kwmdtﬁmexfbion@pxassdegr ad ation of

t hese si s he de tion based at :

| east Il 18%{ ﬂgnasiyﬁ: tlé ?@’E‘O%nﬂ‘ ﬁgiﬁ@gdynﬁl& G %EF& processing

tdppar @tfuf, e§d11§c @bd theergdBoroathatingn Pocchhe adpRies entiad haodynamic

of bl ood pressure, In a fourteenth aspect of tgf .

| AT PEESS SHPT GV BE IRBISEER é‘?ﬁ‘%011ofﬁka%te%lﬂd8“eeé‘§i Fhgast a first portion

afTRRY At yihatnifliase! PS&dnd G8RA QM deY o SRBP HHIT Beeive at least a

processor adapted to receive henDdynan1c 15 data and
peovdseordane! e Ppprstyngatcaddtiotrge JOBRAET grostBpLetng on the

dﬁ&%g%? S%E |c§@§1‘i a éfe'd rt(?‘tse@@c%e t%‘df@; ;n‘ﬁhﬁﬁc %mqys%%ﬂd%omons for

ata: 4 sed storage | ocation ad apt ed
r€e elg\netwathlslt ea@seoand lsentioned respactivadn eufluath éleﬁemd@f prapdcportions
€ on ast o C nci Ot {s SU 1em modynamic data

O\;"%E "%1 }gfc a ﬁ@@@%ﬂf el pé ‘?9 { g&t%gﬂ"&sog”r ﬁé& pemodynanm

|qnameﬁhadﬁwr@haandwabwomdepﬁmhmons for storlng in the

; : {2: 1%% ai{g%%ﬁ dfeﬁtgl?e?fogﬂ 156:11 ais\g’i %erc]:mal%( h]fp%}/ee% P 81}]%1]6 E)%owmo

netdripdon afibe LOOHIOO] talteh én s@@megat widntheficcembsasgigaindwings.

henodynam ¢ data received by the processor based on

the eval uation. These and other features of the
i nvention wll becd%ﬁiiﬁﬁaﬁgﬂ%iﬁb%ﬁﬁﬁﬁﬁﬁfoIIomﬁng
descrizpt 1108 a0fad R@glaRY BNLEERg el QMohdNiCONY MG s@ks associated
with the acconpanying draw ngs. 25 Brief Descrlptlon
of ith hBrsprawPlagse i ogimant pishaliist ppesae il aiment rvdtivat i ng
the r %fat I msSh{BcQC"z@fﬂot\mh%lcToqu lﬁttts%tlﬁ% Q{'?E,S%ﬁéi%(ﬁd of VM’;(; I'i]:\anplaly
first exenp ry enbodi nent of first process of
pmdsémteni efvientiisignoceR ¢f Fig. 4. |s Ioglcal f1 ow di agram
L%g;fﬁn%t% ng l%hﬁaloﬁgw {nag)lam ngthw(??lgxl%npé]%T%gB ?if one i\emplaly
|c$nHodgneoad>f md @wordi 1agmsm(mvl Issusd:smgtm m@ntahmbramemat apqmmtufon level)
one enbodi nent of the second process (e.g.
§§9@§1U %?”ﬁbﬂﬁ@alnlng opti mal appl anation |evel)

Fig. 2a is a graph of pulse pressure versus diastolic pressure for an exemplary

patient.

~1(0-
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according to the invention. Fig. 2a is a graph of

pul se pressure versus diastolic pressure for afi JAH 2007

exenplary patient. -10 JAN 2007 Fig. 2b is a graph

of tononmetric pressure versus tine for the optimal

arter F'&l 2b ci@rﬂpgleslsiooSnox(oampicanlassiumnyeltafs tithe fpathi emptimef arterial

S Gty T R B AR 9L Ahonoret i pressure

appl aﬁ@t rzons h eveh cﬂp@iolned it medshe ek enie fof béth @ptidal arhl non-

Fig. 2d jis aph exe gnbodi ment of the

I?BgUF‘a“ﬁJP{%W‘QB%gﬁJé‘PBg ger}t’énn;fpiiﬁt[ée‘ bresent invention,

i |l us¥reatd RG e OPBB&erf@dw aﬁwo@maﬁabuﬁe W@ AMEn scheme accoldmg
appl anati on nptor_ step nunb |sagraph

tiy éhet %‘F?B%PWI1E01bﬁlé§§df”é 16%{"%?% ét?df' lﬁ%‘?ﬁ ‘HHU@ YSE1F epft fm@%*on motor
Rteg-nufBer, W th and wi thout PRBS nodul ation applied to

non optinmal applanation, illustrating the 10 effects

of PRES. gbdhud arpbloat thp:,t@xon@fnq geﬁuzgr@@mudfhmh@e patient of Fig. 2a

t t ANy g .
3@{ e%% g g]a%l{ (I:)gﬁ%olﬁ&g 11#9&%1% mS{ d{IlL:I}I nao?ll %ﬁﬁ#{)ﬁ)p\{\@x\{@& i f0stre rating the
rediactopf PR mapddtanat i on pr of| le. Fig. Zg [ s a graph of

an ex rgpg € od PRB on ,
i nvenf Hon]al(slgRégj fltﬂ?ﬁouec 01 l?sltod% ton?mé{z 1C ﬂahe%su:e V\ElVGI?OllTl after

cpplicatiat of mmeﬁmlmoﬂndud: acfm @mmahebmzmnuicelqﬁ@fﬁe 15 puI se
D st e o D P B L B0 FgEon ot
VRIcgid @ RBEI engirEa), Vilst@softBy ccRXRIPh BftY edtih 5@ bR S8UERrected
and diastolic pressure, and PRBS nodul ati on. Fi g. 2i

PSS PGB of pressure versus phase delay for pul se

pr essyee 2hdiks asbRlph Cof @8sPeCRSHE Sreatt e RBFuMREM atel Q(Fhe lation
according to one embodi nent of the invention. Fig.

ibstveeh abi ceieadoverdiragraralies| s teramplay e eseety aw diastolic
%ﬁ@g{% rrlﬁ@p%gF ddAGlatidet hod of determi ning the optinal

initial ation according to the present invention. _
Fi gs. F@a 2and a3bapr ef graphs virkisugtasatlilng forapilgusressure, diastolic

C L cul ations.s fys . .
TR S S F R AR RN P R g
di agr &g i3l sustagati Agwtdiesropetatrtory ofe orepbxerpbatiyent of the
g*g%‘gﬂ%g‘%r{ﬁgt%‘f@&{]% 1%i0%@%%1?1Pi@%ﬁ%ﬁ%{ti&i%&l{n’sdmap, ﬁg%hqség%lmvc tion.
i | | US‘FTU@IjaQiﬂ{ 0b agnureke k@dtyis emod i srak 001fhe thienlfioms lpporting

st egntry criteria associated with the
]Fﬁ‘i“Ef 20 ’@f the invention. Fig. 5 is a block

di agr am of 1@ﬂ@m@%¢eﬂm adiYor@bpdicment ©f dberappar @leUsxemplary
for 30 nmeasuri ng henodynami ¢ par ameters within the

shdedimpaisd die third aropssy (el rsaiBpigdpn acendias inght vention.

Fig. 4a is a graphical illustration of an exemplary embodiment of the fourth
{(“sweep”) state entry criteria associated with the third process of the invention.

Fig. 5 is a block diagram of one exemplary embodiment of the apparatus for
measuring hemodynamic parameters within the blood vessel of a fiving subject according to
the invention.

Fig. 6 is a logical flow diagram illustrating one exemplary embodiment of the

method of providing treatment to a subject using the aforementioned methods.
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the invention. Fig. 6 is a |logical flow diagram

i | lustrating one exenpl ary enbodi ment of the metHoddN 2007
of providing treatnent to a subject using the

af orenenti oned nmethods. -11 2 6 JAI 2007 Figs. 7a-7c

g'h@sp fi-Calgrap wcehll\uéitls‘uateet ¢ hmtmper at luding tiendlegddmgpriohe parameters

t var.1..0u ters _
IC%) es?g\aﬁg ar]oss r%)g fqmléai/ gﬁ Tit, il exemé) a >f }isgem Wl@‘%/{)él? (ie]?n %e?thcgﬂxtpensaﬁon

kh@wﬂew@hmnmaﬁman@akmon" capability of the present
i nven is.a logical flow diagra .
1 oe Fieaf vgodin el et SR EnOR et gte grethod
(@kgakihl BMonfRRsaeNPEBSal kibgh! B@fits Ia@b%ﬁmfgﬁo ﬂie@:fb@ént BventS.
accordln%gto t he present i nvent i on, Fig. 8ais
gr aphitgai sar pp %‘élﬁ‘t“‘a“ iTepesratan; 8F fustefismaly %ﬁﬂt%raéchlmuw
%ﬁr@}t}&x};@%@aleo nﬁﬁtapﬂwmcm@o Fmp{iwﬁmneﬁonﬁ! ‘Qbjedts.”
including a plurality of f uncti onal obj ects. g Fi
is a $teal & dit@griaspnlilusttinaticngrioweaieat orpstis awesatesf with the
, y e algorithm and

aﬁ%L?%g%pﬁgﬁﬁﬁ;hégiiés ém%%% 8b. 10 Fig. 10 is a
t|nln@kmi@gwaﬁmhgﬂ%g&mln@emMQﬂvammanmonvammwamme@mewxmmmd
ggggggstygt&% \\%%? ﬁ;g:ei aglﬁﬁg%crcp tU to %13 ’FLI(TOIYHSIH é’a %n élbcpﬁjlrzlagl n?I
is a ghapmlﬁaior@mbasmmtﬁﬁmmn1ofssﬁmDmQHQX£ﬂpbawme architecture
software architectur enmbod r|thn1adapted
AR b SRl TR S
st at e Fohi 80k @ Matel diddSint @hdtAGnd hevardld U Shadr ﬁﬁ)n @fsociated with the
operatlon associated with the 15 architecture of Fig.
fF“Wﬁ@eofﬁalé a graphical representation of wait
St ate vaoﬁ ;9 W &lahiatl YSedehddli & A sRr GRELBRIMN RePvithin the

? 14 is a logical block diagram
|quﬁmmﬁpfm@18n exenpl ary architecture for evaluating
whet h% ?@rs 'Moct &l %a@&shoq{]n gfustkﬁllﬁo %é\temﬁﬁiﬂt Sellideture t(.‘n evaluating
appropri at e. 20 De d Description of the Invention
Refeteende terginplow qfrﬁ@evdtt@tatenmpdroamtngs wherein |ike
nunerals refer to like parts throughout. It is noted
that while the invention is described herein primarily
internms of a 25Ihmﬁhddhamﬂﬂau@ﬁhahusn%mr the contro

of no nvasi ve measurepent s of

o arBE B R ag at o prRei BBt SRR B Tgr Fheto fke pans
radighuartery (i.e., wist) of a human subject, the
invention may al so be readily. odj ed or, adapted to
moni ¢ & SSER {har Rl Geanvcatiof i Ar OBk B SERIRE Daffcierms of a
| @a@dd QNS aparatiRefoh W BoReAYT nds-iatile aRad®MidiBr bNBemodynamic
t hese paraneters on ot her warm bl ooded speci es.

FriTIcry §1oh apelaod g R e8aEEd tifelhprasBite3ol-Fnve b human
c\sﬂf‘)ﬁeaeﬂ]@pﬂ’lﬂﬁt%ﬁ n‘iz@ d%ﬁ)% ezﬂ%lm% B Cid%'a%ﬁecﬁt}é%t(ﬁ%x i &thmelels

have sim | ar propertles o
at other blood vessels and locations 011 the human body, as well as monitoring these

parameters on other warm-blooded species. Similarly, the techniques of the present
invention can be applied to other simitar fluidic systems which have similar properties to
those of the circulatory system of a living being. All such adaptations and alternate
embodiments are readity implemented by those of ordinary skill in the relevant arts, and are
considered to fall within the scope of the claims appended hereto.

As used herein, the term “hemodynamic parameter” is meant (o include parameters
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those of the circulatory systemof a |iving beé%ggéﬂ

such adaptations and alternate enbodi nents are

readily inplenmented by those of ordinary skill in the

rel evant arts, and are considered to fall within the
ssﬂpe&ﬁﬁwrhbeeﬁa&ﬁsyapﬁ%mdé@EHQﬂ@Idndw@nwﬁmdvmeﬂ®bm%mw(60
L(‘Q aqtothc s fstor]c pilg%g%ﬁn%bpf e%{.lr%g oa{é:i l\é}tl\/ (]S ma?ci]nk%nﬁatlons !helcei:of arterial
did»\CLmhtaxtlzﬂ rwa Lsghsﬂnetm aihd tiheleguhjvent crossnektidiangred of the artery, and
exar ressure (e.g., diastolic, systolic, pulse,

¥t 5W“EW@§%ure) derivatives or conbinations

t her e@fiditi@ndiBy it &l notddlvwiheashericabmwal,l” “@ham@terandansometery”
its derivatives), Cross, se tlonal ar ea of the arter
Fadseddietedt ﬁugpnigﬁlﬁ% b9 By Racay teBeT AR P A E sgy face qrepgr (ﬁweﬁl% gf one or

ﬂ:ﬂ@% 1%1%@(%)%@1‘51&5 rard RAQERLEN 65 by pla@MOMBRI0: In @RHmunication with the
tononetery as used herein are Intended to broad

reeffege af shendi isRbaigh ventadinidec famserdeiment dofct.ome car be indirect
1€ e TR AN AT Co R A TRURMS, ﬁHFh &84y placing a

seﬁsgg ﬁg coﬁhﬁn?@avlon mftlo tsu?éfgace of the skin,

al t hoCF@h ot agtanet land h@p@kmmnn@edsqddtesd@erc—rﬂ‘¢s rtechs camgession

?@egatgg {0 ’?q%lte %g rzox} 0%@’??53‘8@;@}Tg%’rﬁg&%ﬁg%@' glgcgrﬁg%'gggmures such

afrsdcndalp@i 1@1[Batelo(ﬁthe salgears @tlyshesei Rinrikflerantapplbdegon “sweep” refers to

conpr essi on ative to a ress .

i P o S Ml b e e g B G

agcrt8HdBN dedredAg | er afy t:«hﬁblﬁzlﬂbh &bdr es). phiysiugd Q@)é;a fy used in the

Sinilq@j an appl an t % 'sweep” refers to e or

r{:@i.ng\tp ?(15:613 (c(gf}stiiqt [&)f i ]ﬁ)@ltl%l\%%ﬂ’tpﬁ% { Eﬂ“ﬁn ﬁPlP 65'?"1“0“ as used

1RV mb cMREINV Sy (8L bRBKY valBGT BTN @K, zﬁﬁﬁﬁlﬁ%h @l Mmitation (i)

or any conbination thereof) Al t hough gener§1ly used

| reonHeorsn@bhitceikic-toflogaiIRERY) (¢ BRYE /R lC@PIgE Feryression over time;

Fm?' al hAeUAh IRt 'opr]ﬁecem&: E(ﬁﬁlﬁi]@t@ﬁﬁieﬁnéﬁ 1919[1116‘?1? cHﬁHEstxca (iii)
herein may conceivably take on any varlety of

fadtermgting erotnuelsing and tHoation:i(nd sapicghl OF jriangy @owweﬁ lﬁwéons (v}

g%‘ﬂcro i RE&IL ﬁchgas 'a 18%%51' \Rfﬂf'ﬂ, %} ﬁEﬁ@ Eh(q@l%; ilt&iOfrofife. All such forms
ecreasi ng conpression over ting i) a

rtmmecal_sudtnemwduwngnnmssed@yvbiescemconti nuous l'i near or

ggg-lrlerég%é%l ﬁ%ﬁa&r qlsﬁ‘s te?lr]]l {)00 IBPEZ? & Emy gnm ]enpnptci%ses cngmg in

fdungioh Gios; the sm)lallzﬁ nﬁeandsﬁm I’mjtrbn) nf z(&umhl tamoa: tharandamond.

wal k . a determ rof uch forns

are co’ﬁs”is?f&ﬁé nBe Ee r?Bg[h*Ea'%‘ O%V“t rf”é“f"éahﬁfés%g {JQE fgms of a

hebidiallf brdsen rifbmﬂﬂ@t@"iystélﬁﬂ]@\l’lﬁc L laRyor MEr BRI, 19kral (X-axis)

time raqglqg duration fromthe snall est
r?é‘és(moéb’? r I“éCIPIC(]J(ﬁelOP the depbrigngigdiver @ @ljhoa‘r'i“%néilsm (Y-axis)

SC%FI\%BQG]]LSA%]‘IE{*Fﬁ%Ih@rE%I} Nypadidd Gob@EAR: 5\8RAL dludin@Ndithout limitation,
position", although described in terms of a 25

surbsdrizat salcrigal cad el afvdiose ¢ Akt @al%m@mthwiemj may clearly be
QB@%)@]%H{ 81“21431 P’Etl%tlgzr lﬁ?‘dwsﬂc, c&ﬁfoglr%ﬁh (1?( ﬂ)@aﬂwétk t 5 d eflf()]]nmfr

ximal re oser to the heart
cmnﬁhrmwhﬁmhmdﬁQﬂmﬂyméwbanwg)a.6©W¢®mdnH@ agtagius mﬁf@n.nmv

(9d|%n¥ (Pclctllnfﬂu SYS: e%@dglna {61 11a§¥§‘; ﬁ{éﬂ(é %F\%HLQ& s léé/i()tfqoé11t geometries.
vl ndr spherical, ‘and polar. ~Such

_Lrﬁe: @f:seal tnﬂe;mamess abotfdienat o syt ‘enﬁseclmaycecthiearobgdilbl& syste;m of

Iocﬂ)gg]gtgggg:?tscuoqfé]ogqnyf\ﬁglgt %\?ﬁlpqé)?% %19‘6@5 eecogzl%rz]ff:cf faf ﬁ"le Dhods and

apparatus of the present invention may be embodied using a cylindrical coordinate system

-13-
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30 sinple mat hemati cal translations between a

Cart esi an- based apparatus and the non- Cartesiant JAN 2007
coordi nate systen), or alternatively make advant ageous

use of such geonetries. The present invention is

trhelcet ar c&x ntl nheniadialbyrtdry, vutlediat © paaeitlal poire dokgica &rehe tonometric

LTI < Bebt CRRgH B0 Fhar LR AetRUBSSnan: AapRgl ey heve

QlivinheprRsent foR¥eiienatRYf B BrRadbed: Usl RGuakly comprises a
cyllndflcal coordi nate system -13 2 6 JAN 2007

ot sl fabund the radial artery, such that a

parti gyl@r Pl tdibfal SRREET & mdaheotiQNREBEY fnfeorated circuit or other

sensor (s) can be Specified by the Z, r, and 0

paachipret erviee (Thpkechppil dlawPﬁShwa%@/fevel ferdiVeninengestier qigd icast one

r

1]?5% ué[ﬂ)é]gl?tm%:%{: bﬁﬁoﬁ‘gili%@%%f%@%&@ E\glﬁ[&ug I Qozﬁg{ltgg? %H@é&ls such

%dlmoﬁahmmﬂ@megboy"ARﬁlmnahﬂ DbChmbhm¢eL&hyCﬁﬁie@ma@e@mans

mcmcon‘il ch un Cl.J l(ﬁ@&%} 1l %en% gccss 2 unft (:QIP%% al"l(Pdi”l al signal

eV|cesf capa per orn1n At ¢

| e@stson r{éSPs)nBlterlmatwq&noﬂ andl Mlcﬂ:gmay\bé hﬁngtatddl amidt atmgia substrate

r educ istruction set core (Rl SC cessors such o

483t K @%1néhdf%c#ﬁ?@ﬂﬂiﬁmﬂﬁwﬁ%fﬁiPQH?8¥“E§ﬁbJ“H%@PWSKYMKNS

GLiRGolb] GERPE Off @RS BfoSessor ThT BE anfiErdrka@lr solbhi b sdfiMkakds di firmware

Cl SC- based central processing units (CPUs), and

diyr EER W §RarocenOr ocessors (DSPs). The hardware of

such devices may be integrated onto a single substrate

(e.g., silicon "die"), or distributed anong two or

noreeriguibst rat es. Furthernore, various functional

aSpeCth?'Dl?ef fuh 1P §cctothe e&%w 'cﬂRJn %ﬁ‘lﬁh?@g TR o%g chﬁ"?ppasatus

software or firnmnar associ ated wi e processor.

;IJCEI @ﬂem]/lue@wam rpplastioy ncda@técm a¢51ta>sp1gcmecl1amem pm@é eint non-invasive

'1{‘3}{% " a%‘c at[['p gtet 1% 13{!%%1 1%9‘?’11 gt@igl ﬁp?ﬁg hlzli ma n%m optimal coupling

con 5 Shaton or ot

rmo;lmarn ta@mnmsuedsemm amhe bivas vaseel oh armed;y ﬁam11mtlpﬁfoadﬁélﬁfll1in0 the

nts i,n order to, |nfer

GBeTRprRgtRr " Postued SopTeabrtR el T B AL grgopending

bl gopkiMe 958 lica@bn Badienes 10/0 Tesi3ndnftes: ’\f/[éthocdﬁh&!f\@bzﬂhtﬁQFm Nor-~

the 20 optinmal appl anation |evel L]p03|t on,

dBYASIVE g ViR eTiae 11(’6@‘8“‘1 h raemsiers Hane P ag"““e“écé p‘éﬁ‘blrﬁ‘@ uary 3,

U092, JAatientasARRl k& at i BngRertealr Mol ma&{)&a@d BO&r@BidethkbRh in its

"Met hod And Appar at us For Non- I nvasi vel y Measuri ng

Hétséynani ¢ Par aneters Using Paranetrics” Filed

Febr uaWM 3h(; teglgpq?ues WRLSR TS haS RGNSl b I%@nd%%?‘b%?%)plzmuon

her eof I ncorporated by reference herein in it

dnté be@ydet@@mmbwef\qsmwt @Cll’@nlﬂlaldES3“G@sfé¥‘i%‘édohllﬁmf«'ﬂﬁ@“d utility in

nt,i

aJl é?cru%%e(t e %ﬂﬁgﬁfgetﬁ%qé @ﬁlg@@c{dﬁtﬂ%u@iﬁ me %ﬂh ﬁ?}é‘ Coh\g\é? more of the

t\h\emms atsqnbnﬂsbhéssalaﬁd uutfenltsom yStich admtsamzﬁ |1clallstné£ 1g hiy desirable,
nlc% ro

oShl‘é:e 6l|' ilj\g yolfemtog S m\}"lér ]38[&@&%[ bCé%ltC Ol'ngI‘ltﬂhCthgé’lélsCé’}llct‘gWCE or user

| (AVeRL@TopdBuelT) adeh hbBnaly Heabdgtangs SarhiBettik gldlyas blood pressure.

deS|ra since it effe tlvel noves . .
opperisEs LJn ¥ PR TP ORE GRS §E R o ewl@'i Yepignayderived

USEH the measurement apparatus to detect anomalies, motion artifact, , and under certain

circumstances will even identify to the operator when error conditions which cannot be

corrected have in fact occurred.

-14-
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30 (hereinafter "operator") when neasuring henodénanic
paraneters such as bl ood pressure. Specificall@ JAl 2007
operator is substantially relieved of having to
noni tor the signal derived fromthe neasurenent
appar atftastht mpfi:ma&@t angnaerall (iELlﬁSpi oﬂ'mial ofndeaired) paaions t 1a’qnd\/1de the

er certal circynst an even jdenti

BT a: GRGREN arboE Birar { con ChaieGH B g ne bIbo esel
aQld eehadehavel, ki ihaetionetts peeknt ditdosdrdis JAN taQ@ﬂtlol and adjust
After the a planatlon and |lateral (and prOX|waI
disigvelgy! B%ﬁ“la {yh&nd/Hathe HP@V”IVB‘@\’PH RopitiP a1 W Ehdth ﬁ feapptimal
CAURIN NY IR SRS LG &Y S BRSNS Obnd@REs LRE avRder by leaﬁl:%untc:l ed
bl ood vessel have been determ ned, the invention of
tih ghep presaast cligics b Fongs desoibrdaits eloRErdinicaneptiing ast all of irs
t\JaﬁalJ &V%t e%l y%ﬂp Ecﬁlﬂf’gmpﬁan@ﬁg 1 QF utfﬂgnce %tu?[tﬁjagspﬂé) lﬂﬁl}sa’[ed for,
positions to malntain the opt il coupl
pot éndcahd ytemv ewslmoe rms RO AITETer allmctwnmt:tzubdmtcsnd@hifasondétlons
Dbl%let ngnﬁfés Hiatnha}:léanb fﬂ ol Jemflq}al"f]? gl%?c Seet thlcnellcggllla{afsgf ::1!311 itity of
HﬁSmdwaﬁmmmbsﬁﬁmaatm&Mﬁ@Mu@ﬁUhmmnmentaI condltlon or
ianuEEce can alwa for and

e pIBSEAEPTHEcE O AL A AR GO ReP ORI D dsFhah The present

am&m@lwotﬁo\hdi&ﬁé hfb!;én@ﬂﬂdicﬂ oS! al\/@haélﬁlﬁeﬁmg‘a&ubﬁh lities: (i) a first
nechanlcal coupl i ng have inpacted the accuracy
rpéfl"ic%@bfi(la?tﬁ? Iy fdentily SHAGRH AR & Wéé%%%“%ﬁ%“hﬁ%”ﬂ“ﬂwaﬁs indicated for
NRANHIPG] Uhar¥BNRGke mIR1LE peeRakAl8cPMlo SRSt AN hahdwed pressure
i nteractive processes are used I n the pr esent
|qmpefﬁﬁm@ﬁelp@m@r’tba}|e@@%ﬁ EPesfesr EBRtANE rHeat TeigheiEhs)/befhdhe optimal
) QP 1 fedtEH R hdhiBRs wabde Abpidpf d
g@gﬁgﬁhﬁgki engigﬁyghﬁdegsghaﬁggs |ﬁm(k gﬁéﬁ%%§<ipume$
cduptd hg codmupyrti ckreld filor vqéf%gnplnaebmmc hamgessionncaupleng, and
t . S
’E%Qrzcgﬁrﬁl‘é ;gc@lfs?lﬂae g%alé%ﬁcgp \Be tlon %‘c%?%“% eS.sl):( g%’gg%e)%lch [% d”l third
nmm achlp‘d:d rteaqaquuter exteemtilhdy/\bldt Ithet ﬁei Ofatel amll pr ov1dc warning and
l H Lons, engl .
éP %?%BP aﬂ}llési 0(;? ? opgmg °c°8P1‘H‘°dP glé G énmg 851& A3 3% B° il as perférming a
GRMdeREUSMN(d) demznnfayp{tsﬁtrm ivat thmgzeﬁih@ng)es in
conpr couplin and ontrol | ably

R i d

appl andt foA" %‘tﬁ-‘éﬂ“? SRPlop (R gTeyent “%’8‘?%u ‘H%;;}‘ ;e usgRqvith a single
(sbihsb) (& &yl & scpEPOesSIAcARE el deRiloRsiAtfd the aforementioned and
interactively with the first state and_ provi de warnin
AfrTOALEt BY-BRMIENAPRYEATIREL O BsECNBICEpt i BipRIhGPE T other

3:@? arths TR ?eddfgnﬁélﬂ&lynﬁﬁlcvﬁll"lme@e?’ 1%5&191{15%”9101%(11119% example the
ern1nat|on (s) of ‘optimal position in an opt'm zed

fCESlh@SoqfﬁSCI'l‘iﬁé ip setraidtyiues- Samaleabﬂaﬁlaﬁtt@s Ssfiak Nes. péd @A2 entitled
SN R RRYRE KD Wehhhy il AL & BERS Al (AT AT Pfameters
sensors escri % 8 I'n de ai | here %

dﬁ@ucﬁn@ﬁtqod)N@dsehh@j:ath)mddﬁqobhame?@_ Fali)nl pgam!c[}()r‘ﬁjS 080 entitled “Method

a’l? 9 lAItpﬁaaltltlnggdl é\ﬁf)bél?lg% usmléclij éna 11108( 'uneﬁ%qs lwlit &i%rﬂaé &%Gtﬁﬁgryts)g’&gm of a

paviagrst gectimaas Utlemhnigh Im@lﬁﬂdllﬁo@ f)bwhﬁekallimhﬁlchhf to the assignee

evi ces descrlb in co- in

g BEPl éad AP gTe“NbS)y 8@7‘3@3‘59@@]2“ e“HF Ry ebm Il trasound

andsihepatabugoddqiredsing vNONbRVRSH NifetASHESS BNt lo@fy can be used as a
Henodynani ¢ Paraneters |ncluding Bl ood Vesse

ISeeiaiegny  wsmEye NBF ¢h f@ﬁmng@q% toRAHCiHY/ ]g'ig*}u@g:@sed approach. As
enbint @@l;n’fal‘@ia&@ﬂ positioning based on analysis of the acoustic signals relating to
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and Apparatus for Assessing Henodynam c Paraneters

within the Grculatory Systemof a 30 Living Sgbfedat 2007
also filed March 22, 2001, both of which are assigned

to the assignee hereof and incorporated herein by
neﬁekambemmnﬂmheh;{EnmkdénywdﬁomteXanpﬂaauubﬂrmSQMﬂduebmmd

sur enent ood vi a bl oqﬁ
%cZPlaue OreS%l oczlntt)}e C()élﬁﬂgﬁ used Qagelghn c?nit V\ffc&l v} lience the

tedhii gpets drchaplkisndamrenialabyadvanemetdly Compatible with a number of

pressur e- based .approach. anot her . ex e, later
ﬁ@fgﬁ"‘iqto " 3’%‘"&%‘%‘ SSSATL) st h‘é’“hé‘gas{’ de‘“é}lgblﬁ%fﬁ dhat the

rt@Jhﬂk[LuEhgmﬂ Qpparakes RsBibd \MNrBQik in \4@%& hintvad 1o 16@3eetd Hplications;
be used in addition to (or .in ace of) the

p?‘ Isiipws-awenmay kchicgirasd 6‘&1&‘ P%ét&weﬁt tREPGiof-basphysipms.

ci t ed g6z REALEL Q&d&aﬁn@@he%@m 1CALL QR e)HERGBre VBNt iteration and

various aspects of the present “nvention are

aguaimebgeot shbplagidiyasebhethaintethogoingintahe pesentinfénsipe it account
y _

p@g@fjsnvm?@ doqlt %ﬁ?e%?@g}?gh? é%ﬁ'ﬂl?& 9”1%? ﬁssé&at\é\él Iquthaa L’?’lgocp%ssel is time

d/esmt |Gb@dh¢1moe| mliao‘ el the cencbi“awaxcld |omxttmliot1gm tpelmmhte(hhﬂ: Gespiratory

aﬁ,gl | & [%G%d‘l%lﬁl\/ye VG] h[FB SCCil‘lzg)ln%Gé O&U# ?I’LEér)eB%(%llo Selg%dgfélanﬂo chanﬁeq

syﬁlttmgsﬁom ShilyGe csug nalcsntinidey a!fﬂEﬁSLUﬁ@mges( .cordingly, the three
ressure). are tinme v a iteration a ptim zation

g%l%ccgﬁa%é% aﬁlecieémbg%‘ff-‘ug@ bt{} ﬁ%@l]h@?ﬂl&doapagﬂpmgw FHefateral proximal

gr LEE8HEg HBMRREMOR $RHAGHOUMY and Blainkdh e \6pfimalt po@fion and tevel of
peC|f|caII , the pressure signal associated with a
bﬂ:ﬂ@ﬂé@u%sfé@fibx Fainfaeng JOSRYAPTAHY COVFIVE e SHBpE. arntys. and

QbntingsicahAhRACEYiflBure QYRS 1 NRsd 009almRAr iR AndD&vhere such
resplratory cycle, and potentially over the even

lopkgel pasttios oy teag! Ogélqut &el rgsorablyod yel ihiycona@angeé &uch as an abrupt
r L ] [ C t )

O B O B R Rpvnion

aﬁnmbemﬂmhp@emﬂheaebam@ﬁﬁmndomgmmap@h&natpmnﬂand'WOVMesmhm
H%E GrMIOl/]proxmw:\I posi ti oni ng nechanisns to

con fnually find and maintain the optinmal position and

IeveITamelbtﬂmglanammﬁms1hhehmbwnﬂmynmalﬁmn@saﬁ one exemplary

|ronneql conduci ve for .ac ﬁurate cont.i nuous, and

FOROTIRVAST VIS Prr A OF B S SRR Ao RSB sery

limted circunstances where such optinml position and

| evel cannot be reasonably or rellably mai nt ai ned

(such as an abrupt and jar 1ﬁb di sl ocation of the

apPFFAfHe 17 OM GG PRIERCT S QA PFbkess! T B Eroce
invention _identifies such condltlons accordi ng é
dpticonaling all erdtl t he oper at/di Frequepsiovi des Bt $repnds20
notification. Table | bel ow sunmari zes the
flimoeicymal i ty and features |[of one exenpl ary

ehbgds mrent _of the invention incorporating the three

afeosenentihome dpploarssesep T

Process Second Process Thir

abihendoufeat ur e
ddfisosess Det

Aiplsiation Sweep
ection Tine >

Stiae A Redbt®@quUEDON RS ords20 Se

(Largely
Uncorrelated to
Magnitude of error)

@onds g sédopgiuen
(Correlated to
Magnitude of error)

ClY-20f se€dnanges
(Largely Uncorrelated
to Magnitude of error)

Lateral/Proxima!l | Possible No No
Search
Pressure Display | No: Recovery Yes No: Recovery Sweeps
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Recovery Met hod Appl anati on Sweep Conti nuous ]
Appl anation Sweep Adjustnent Tine to Recover ﬂ%ﬁzéﬁszD?
seconds 20 - 120 seconds 10-20 seconds (Largely
(Correlated to (Largely Uncorrelated Uncorrelated to
|Nhgtiitousle of | 8regrs) to Magni tude of error) Magnitude
of error) ral/Proximal Possible No No-- Late Search
Pressure Di splay No: Recovery Yes No: Recovery Sweeps
16 2.6 JAN 2007 Cont i nuous Sweeps Descri ption of
B S tPiiph 6CE6% tF8rring now to Fig. |-la, a first
exenpkafeyirgmadisrant Qﬁati‘euﬂeé\%ﬂgla%f emBodislent bff WeNBethod of
sudden changes int mechani cal coupling and
st Binesivtldea e hafeeein th@ FEdEnie Rerling ey h%%r:qta?jfpcpraq{éﬂth@ fpoth the

1 § qpplandti el t ]J! oS PO rHing Yot the * fnvention is
' vEh ol ab &I fr’é\/ I%P’H éﬁﬂ/ Q\C!ﬁnhi '16’@1% RCLOE Ei! @gt [ Rt

vention is describ detail. A detai
dipselbgismdhtadf Atdaeiled @l@quﬁf’@w of thnelegiogivaind @lgo@emsqewgw apparatus

t
%?%@trggg@%n C}Hes g Sjelc B a%ﬁ g)'; (%cclgsgse de:g%\ﬁjalreg hat%nl ?ﬁtotvggd Wstth rgsgect to
FFilQ 5 teldvelltowill ijetap[vmttlhtedbélaawplﬂeelml @tnedf thadbdilomhing élscusmon are cast
Q.grealéé’g %aﬁmgw {dil1%lj1&%?(!g]HJgO“lléfﬁe[?pgﬁli)gl'u%&mﬂlglS {FQTI the ste )pel-type the
peshigl@ndingy praaéerisveafiof hay skapiedd tnyﬁeuuntﬁ'tﬂl with other types of
t echni ques. of the present |nvené|on be u5|llzed in
1

éﬁﬂﬂ%ﬁtﬂelﬂ %Hvﬂwt1Pﬁlnbfur~Pérdutsyiﬂé’sﬂcw ﬂ%{bﬁn%m 8¢ 8N e to the specific
Qﬁ@b&h@ﬂ@egn@a@ﬁ@aayﬁmﬁaﬁéuaccordlngly are in no way
limted to the specific enbodi nents of apparatus
descr {fosdl Her B¢ ecogrizegi hit whikothp dirplauetni Hedrseigel subsequently
W@rletnewttm?esﬁéc{ §)t a Ml@xﬁ@ﬁé ple%sudéaﬁg{s&h%ﬁ tl%%h@lﬁgdb%uyl of thelﬁventlon
herein wth respect to a tonometric pressure
crmbsduE et mote hzenﬁnétyh@ dibkoggnaofonaes. ifavenmiptnsuddenchipeges in the
%Pe%iﬂ;ﬁcdll g@l&@l}jﬁ%ﬁqgﬁgl r?Lée{]S[CI ParQl Eglr to stl Qﬂgcjrt] IS gg{@ 8%13%36: 15(91% hefti using,
amtefudtftcr aganeler %twlaq’ns@u@d rphmo agisal blpem éssndwls Sheeco anmbwn eable

gﬁS?Dl%lOl‘l n tﬂe n}easugémenl BEOCGSS §Ud§éﬂ anges E]fl ITIBC TEHHCHFCOngf(Ib% qu alter

dmahmﬁmtmammﬁmmmepmaﬂﬂuseménhypbbgm§3nnﬁﬂédemomhanges

ni cal c¢ou nmeasyur enen
of meby Thb SR foVl! b demeois LT o Bt el e P SRR of the
athenisted fppailaher(N®r @ torcinewcl predagreappioeeiaiesdsd had o plOVlde
whi | e descrlbed in the context Sf the aforenenti oned
APPHIEatE!S (PL §OMPLESTGh SrellF i E1dp %%%stéuesé%%&’rO%l"{%ﬁel(s})

%he?l%d@%tﬂ?’ of ﬂlcp]fl BOhOBventidh )(1'12@/936' @&lesd Q&ntc @;Eﬂ&fa%%slﬁﬂﬁxg%fepqmte
the underlying tissue and blood vessel (s 3

ENRYHEI dYchoT O\th*ﬁeﬁ?ﬁeeﬁ%ﬁ?mr FEREIOR- HayolE! ef %iévreé%*de sensor
g@ ng QRB% ALK ? Sn%ya&gu]ﬁ@cpﬁ&ﬁtﬂ% %giiﬁg 8 sledal=ints] %{%@%11,‘352?11 that the

e these ctilons For exa he con
tihel gﬂwsbuzﬂgnggné@vaz ied independently from the couphnﬂ of the active surface(s)

of the sensor.

The first process of the present embodiment continuously checks for (sudden)
changes in the mechanical coupling bet\:veen a tonometric pressure sensor and the
underlying vessel/tissue. Sudden changes i mechanical coupling can be identified by

corresponding sudden changes in tonometrically derived pressure Pr (first or second
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R
wn

may be partly or conpletely decoupled fromthe -
appl anation control system such that the | evgl6 O}QN 2001
appl anation can be varied i ndependently fromthe

coupling of the active surface(s) of the sensor. The
femgtivp pb ewssirofthat lrecysd exdEnielogaisodisre it vebwiy ippaowst.yVpl(k], is
%Qgﬁ%@d&nggﬁqdden) 30 changes in the nechanica

coupl T ng bet'weén a tononetric pressure sensor and the
under | yi ng vesseIPtﬂ$sBeUcﬂudden changes in nechaquaH)

I|n can be identi f|e corr ond i n
e R AP RS st Sy oS PR SAPR BB PR pbere the
@d{m]SleﬁlaQﬂds 1601z, 2l ok ANcZB0Wcastled hytdleiavien,0Ap[R]. 8S&dkifed as in
t hat exceed physiologic nornms. A velocity paraneter,

Mg, s calculated as in Eqn. 1: PT [k] - PT [ k- 3]
(Ean. 1)ypwhevgik ":@’Pl[lﬁsfeﬂtyﬁ A h@pﬂunq erpt, 1@@ k(zan 2)
represents hr ee sanp es in the pas
Sanphd paate (8 neBUEz Voot ﬁ@%lalﬂyn ﬁ%gwﬁwec wnb fixed (or
%%ﬁrlnﬁirs@c)' PRashABY. Kl cuﬁFs ofél gul @Ece%maat%cfcg eEQ0ds %hcu respective
Vp[ K] - Vp[ k-T1=PT[ k] +PT[ k- 4] - (PT[ k-1]+P1[k-3]) (E 25
[ﬂgpshg@@hlhglamppl@cqshe cmlésguhggczv |§3@lpttyataﬁ{?g| pressture, Veloc1ty, and

ti h..f e o p
3%%2&}%{(}%% : :Ll &j?craﬁ% dggntwtl#e g stoﬁceg; e Lleécg)é{c than during the
ﬁammhemamsu@mceemwkaHena:ﬂcsp@dwmueﬂ‘mapmmmmsmﬂMdmwntmesa

?cz)gdn?‘vlgrp?gvi e cf ? vcé)h% %&:%lel b%gmicn (g)H}’Sé(% glc 9%1 mé éftml 9100688 event
gf@atserrhdubmm dnhamsysjzsmdm golpressyne tupsticgkesvet@mnccurring at
éﬂ%ﬁthe dlast Lc pressure downstroke, hence the
P ¥ ?H%méﬂcﬁﬂg Present enbodi ment are set
accor Fldnﬁgihl)ﬁplcpm@\féuﬂbﬁ@f efidactahy elpicpioRuf & %ﬁt;enb@tbmﬁ Ihressure
physi ol ogi ¢ _norns and process event triggers. ThIS
lﬁ$%ﬁa%ﬁﬁﬁwcé@méy@?@hﬁﬁﬁbﬁéﬁﬁb§§“ﬂﬂwtW?tﬁWWW@@ér hanges in
%%%H‘{ﬂf?cap%&w'hﬁ& NGuat alsol Be RIYSTQl RILIGRRY (Vélo@ﬁ% oRVRE A& ion) in
For exanp e, the ranges of velocity and accel eration
dinogepigs ihe Abscavel| podupr 658 lfrf% pradeoull B0 fladuseswpn [ihase sharges in
)
n{ethJr?gcg é’ﬂ 1@% tﬁ"gou Lfo%eéb%{ Helﬁ?‘f’ag %mrg%g ghﬁ% r %agﬁ‘a Gocity or
@h&hgaewn (vaeEotiat ytemot aa@baibér g @l patent’g mtﬁmua‘eplrei;scwl dlgme. The
figre\cl)gﬂaeg gj?eségnl‘l!res‘ﬁla)du%e% co‘?ﬁ@ ?ersggﬁis lscus 110{1 q%lt{\sf’eec% %e t jange of
@ﬁﬂpﬁﬂﬂdwﬂememargﬁdamdmfamta m&h%&fpmmduglﬁgmyeMQcttymmn

rat 1 on,va are not r m
Biree R TL e M0l i Tk b ane s one: b PR et Tponerer
tihe smqelﬁml’et o BIatbin MR b ermpdst qs)aﬂytdhahted GRS hEIOMme of one or more
betmeep t he raﬁhe of asur.abl e veI00|ty and
a '

AT A CPGH U HAITYT e BEI T OB SIS St as for example a

Rad keRbr, Svhaht Rbdi@lalloR i8S SHi®) (@NRndiientiriodg8l respond to smalie
threshold for the first process 100. It wll be

e EENA S lovRoitedrercy hangeh Mt MeliHeh B ERS-or  cushi on

may bgah sL&RR tchlaﬁﬁ by n{épl\’qnﬁtllegotﬁmﬁcp Hg hde%%[%d OfonQn'ﬂ Etri@"pressure
more sensors that’ SpECI I cal y asure ch anges In

ﬁ@l@hm’noo@med(ﬁ@pjcl iy, ocewrohe hefoegnd @&gﬁlpﬂ jrogpss event. For instance, if
the puise pressure (defined for the present discussion as the difference between svstolic and
diastofic pressures) decreases from the maximum, or the mean pressure changes

significantly, then a limited scope pressure sweep is implemented to achieve the optimal
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pad sensor, which would allow the systemto |d§@F BYN 2007
and p035|bly respond to smaller changes and/or
frequency changes in nechanical coupling. Wen sudden
changes in nechani cal coupling are detected,
tappleneion I gseRipsihiseresg@e due. acempunparedss P@?SU'r@elﬁ inpdghieved,

A
I‘%ﬁéézt%{a}ﬁéc@&si%?ﬁ %E é(f?e@g bgg‘iﬁ?l eeetlstgslﬁlreglr ?3 dl%gfmﬁég%g%mex’: ge
presembwthOUstmﬂmagnmhénﬂnﬁﬂeﬁbn@embﬁnmsmmesysmohbmﬂnmns
‘q g ast ol | fro %
optierg, Hie n%%tﬁm 1|111él§1 ﬁi?gn 1H§'1 geml ﬁeaﬁ P% é";HE: r‘zl};l oy ﬁgﬁepg a;e being
| jemfbined o8 GOPEORERBE Ul Be M@ fknliSnel I’f@ic@ﬂﬁﬁ(ﬁsesiaﬁt Ol haGkdoRY Brocess
the optimal -18 2.6 JAN 2007 E% anat i.on.

by

d%é}bP ta@tx\femigwemaggesu? & g e f st o éF%F‘é Ctamxtg)és where the first
R eSsUE Berf@mNRtthathit@veepe p]@slame sRedp@A GEHoBbIY HeRriBddatt8yill also
(described in greater detail below) nust be entered.
NiSt *@“‘t%%‘f‘t fhﬁ”t"hfée PrESE nCoR BB iTeTiteeP t e cRiTRrE Ve ol eRysis not
'Cﬁs @E@Ed Vi€ Bk e @Et lécﬂ ¥ %‘Qﬂl% 'cﬁ’t%t Pm%ﬁﬁﬂ\ﬁlh‘ﬁ)]éﬁiﬁﬂﬁm clinical utility
|n|t|aI|zat|on initial [ateral search appl anati on
SV ige.a@s ey wgsly Heggapfddrermiel veh lq&h@htedb@ padriang Thys, th@resent
e i <e, ‘
oA RIERLHARECHE RAERRE Ble RO Ak e 1E s EEE MoRLOREE froces
eax/clepi‘uemlw iopndiitg thmsvevlgredomiracd andsbntinpitp ce$s tacknique over prior
1SOLHDI]ng the limted scope pressure sweep as
previ'dusTy described. It will also be noted that
dur|ngﬁéﬁ31bumtﬁedo@Cﬂmqnaﬁmsmumémﬁmeapﬁmthé4aﬁﬂj@mbmnede
val u f. PT |s d eSSIV perl .
S P cubr W eSSBSy BT SheF P Bitrion) 102 i)
Cs'ectcﬂtl GRle (tdviehi'f Y0310iahird hee devdotey’ )&@4Mﬁ\(1v®ﬂ}$ﬂth{ st'lte ( sweep”)
descri bed herein wth respect to the prlor art.

tﬁé'HFég@ﬁ¥0fPHV@%FFHWlmWﬂ%W%@§OWﬁ%Sﬁ%%%{k8¥mﬂh@cmﬂm(R“”
IjeBut RelL $&9&e P 'Tﬁr% LA 3%@%@&1@ 'IhY&JlW @:ﬁthYth@ﬂ %ﬁmﬁﬁae Each of
event, thereb g?rOV|n overall performnce and

dlsie fog prtoyeS@ﬁt“ﬂeh X HBHw m)‘édeévé}ed mqleé?rﬂ art sol utions.

The first process 100 of the present enbodi nent

consi igs 015115% (]@I{lnﬁlcir Sﬁé?allﬂﬂs S{a?el afl?edfltsgsiz}tc.s 26‘; @?fheligi%al and default
103, I0O5Sas 1Irustrated in (i) first

smartaeng( StatorFred stadp ereatemdrw ﬁ)en l@@eep(qonﬂ)p clgegonibvsinathe detection of

(a su?c?e{n ch)u}(:% i {ne§ham(4g§ Cou m,b) ?’L 1«:6"12110(61%3%%%561 Ve b))t\f\feen pre- and post-

praees siaiev éni pmnest; h:eelﬂ ecaos, cientthomosyr sd:eﬁmnéaﬂ &s Eiterbé chnometric
in gre te det ai | h respect to . Figs. and

80 el P y” SRAtHE bk SR bly” o Bor Ealffisgr (oo
thaseof DAM - PEATRSSt Bl AtEankOar ﬂe@&nd@)’ Qnd W fesed iheds ddito the
det ai | (1 Flrst ( Nor mal eratloné State - The
fSETae! Sk‘Eeaﬁeée*‘i 2if g Prprass; syrpt iardclyrer der Bl late dpamat phsgption) is

sﬁeaﬁtgmccThN&c&mtuemespl@s@ﬁteemﬁ%dmﬁn ti SWSRIPHEREPLRL €S, servoing,
ol l owi ng the detection of a sudden change in

rfbi?hs&ﬁci AW polippspery (0 Figs 1 2e2ic hapge duass s bistagmplerngeséng state
ppe- and post- pressure data. If a process event

occurs, then the nost recent nedian filtered
tononﬁﬂric;%ﬂmhﬁhﬁmmﬁﬂupuﬂﬁeq@me¢smwest@mel@%mﬂ@dﬁ$ﬁwtmmcw
]ﬁ@lﬁ&% ?&3%3.%9 r1)t5 98s - h%? %;cen ol a(':l.tl ﬁaﬁ{ ?LP? tt{ee sés?%lg d% )v’vcﬁg?ﬁg for the
tregupnidce sgatsizat du.l wesed ﬂlbtthebeﬁnc entering the next state. 1f a process

event occurs then, the temporal parameter {e.g., Time_of Last_Event) is reset. However, if
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second state (event). If no process event is deigcgg@gg@y
the first state (normal operation) is mai nt ai ned

Note that in the present enbodi nent, the second

process 200 (i.e., serv0|n , discussed below with
r“e%lﬁ'é@t“t tige ;i 1@5 2 sgcequ;) has Eggﬁspc{, ENEEURE #’g‘t gy§ihisiap detgymined by the
%Q[b% RRET A, }e ELAESen 30[ herO0%he (Jé”lt ) co%ﬁfép qgecii Eé’(ﬁznlkf)) value is
tate - The setc h& or event state 104 | ndicates t
'mem@md1hopenpmemesenevbnpgmﬁsashasuré@eﬂtMyO@vekae@m The
pl?scnbeel tS%{ S%ﬁqm Icft %éeptg%mt%dnﬁeh? &d@@{atﬁ%o{ug@t wlﬂt’?lmsgthe risk of
tclt’tﬁfulmed(pmstzatchta ﬁcﬁn b\enpg acessatc@ieht peCoLesss thanpretdae data. As

SRS o5 ORI e o

tstpei3.1.e., 2 seconds) has el apsed since the Iast
event (as deterntned by the exi sting val ue Tine

Last Edient J1icd fero t- EFOnTE hipEEt seBuHtle mﬁcates that the

vidde to%ess'cﬂfbl‘it' e!qlﬁlegcfédomn@cm@oayste%@nsscoweraﬁlngt h&w RB%?@%& beat
i's set to the third (recovery) state. The Tprescrib

trirgreurd ditayo Gfnpe Wew By weepiturbiies ditaelhronzavaivalge susl sylte 104 and

'Hemlgnea@ﬁnot BE feh Kol ;15}129)%&@%&&1 REGSSHES 1dabRel LOMs Evens
bei ng 1 ncotr porated in oSt - process event pressure

dataaneteAss retsem anpghefirpests Settatseeu!esm jeberd (alwietats HB per step 108.
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conpamgtemhbhit @lf@ebeﬂﬁ tduarebatd efcldatgpreddponineX itreshold matuh ethen a

third state 104 and before entering the next gtate
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position is set to O if the post-event mean presstrghn 2007
is greater than the pre-event nean pressure. Target — -
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extending or retracting the sensor); specifically, the median filtered mean pressure is
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begi nning of the sweep, and if the naximum pul $&- jan 7587
pressure (nedian Filtered) is a large percentége

(e.g., 80%or greater in the present enbodi nent) of
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than t h?a LoSsY§ ti‘uﬁerdl erl}zﬂea es[e)lritgtson ofeihc ff,\empli]uy first process
retrac case. e maxi num p

pmessu@eLoccurs not near t he beglnnlng, and t he
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eliminating the need for an added sensor or added compiexity of the actuating mechanisms.
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di sruptions, literally any physical configurati?% AN 20
and/ or paraneter which provides information relating
to such notion and di sruptions may be used consi stent
with the invention. As yet another alternative
ér}m\@mlrréﬁfain Qweéjﬁt fetegihg $enlyofccofplingeott hip eamstcter igigopinfrom the
t Y, It Lo I;
‘axrleh 3:0 oF s@g s'fo(ﬁt” %sa{é)'i] a% t@ btﬁ%gxg«ﬁé)ﬁ ﬁgé; 't?tgllgnﬁllt@tgx d}SIt&g%x? k§1§11a1 as
ﬁa@dbﬂi@haﬂgmsﬁmmmﬂ@mtwnmpmmweﬁbmi@Nhimmemgugﬁmﬂmwnmmtt%ﬂh
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random pseudo-random or pseudo-noise (PN) pr 0BesSSes; 71y

may be substituted with success, and hence t he

foll owi ng discussion is nerely illustrative of the

broader principles of the invention. For exanple, as

Ghistipitadesansitienteyita tgspawst Fapdom @@\Mfé/le‘atth%ﬁwwoéi)ﬂ?fflﬁ\aﬁd with
n L S -
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per steprevigustyadiscissa. pifeclabxe rhservef flelde sewnd thhesess 200 is to
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ance, t he appl anati on nmechani sm can advant ageously be
made "dumb”, thereby sinplifying the mechani sthgasiai 7007
wel | as ot her aspects of the system However, If

explicit nonitoring of the applied force or
dorrpriessizonnticsiuche i vedationsadlie tommedtiidage nbwredmrdsere. Hence, the
é)éésgstz%genltmn %Q{]Js%g%ﬁé’;'ém}"{'tt Q%:\ﬁf‘éeg\g‘)]!l}gl}() f aﬁ)bm"aﬁ%e\aﬁéhanﬂes (e.g.
tthese semcnmdg pmecl&s;muﬁrﬁ& phssidlogy, medhres dirextulele due to the introduction

B T AN S A o8, P
FUb@.—ﬁﬁédlr[ﬁ‘essmfﬁl ¢halfy Q@IKCO oA INeah el Ifsat 1@&@51&1»1@@@ of change (i.e.,
During the second process 200, both the patient's
artgEivyihe gleekiir e o4Ng' % -he nechani cal  coupling bet ween
the tQn@Rt fHafock’ ﬁnl‘%gq{;&ﬂlaiﬁ&ﬂi dbgiandertat B AhbiREYic pressure
can change. Either -24 JAN 2007 type of change
ithnpbigeces the aiami (Bt 126w quﬂ*@ﬂ % “RUtRtER ol FEdrangdugt e fpeist) can
gﬂé%&bﬁ%@ by & @ﬁ?tec nhcﬁlcs RE Sl%@lmlsl @é’s@;nlse'd%@leﬁwe@f’ﬂ?ﬂeta %ct to Figs. 1, as

fferentiate between physi ol ogi cal | y-induced ch anges”
(veslips that phigge 4staalaserihes falomSidyer paanesrio e npedaiieol agyling must
ﬁhcdlgte@t%d flndrco?x?gptg otﬁé]l%let*u?s the introduction of

Q nts), and nechani cal coupling

changéBw|mmmmmoﬁ¢m@nR¢an@a@hyuﬁg9%wewMEmmprmssumeﬂuMmomﬂmg

fwo Hagﬁ?glztﬁ tng é]?eosr}]fgtfglﬁgwh d%oduﬁ 1{1 3 1te ﬁ;fglgr 1§t<|§ﬁr1]0§1 (?T%]C Oﬂgl Sy %181;9 (.}i)serving
SH@ﬂ:&ﬂtaQMBIQ;,%S i ndheriomte haaieal pute ppdsing Thetnseen ahdaegree of
tononetri ssure transducer rter i ..e.
eauibatos el b OPLERfSH lﬂaﬁcown%%ak Bt Eorgtes.
Wi St )Ac6@BingRethdetichQdndmor %@é’@eﬁ@iop@cﬁ@x’%mpﬁlﬁr&e&m|@1$ ObjGCUVGS for
previously described herein wth respect to Fig
e Ipacgeidincg avitihg Swmpgiygrocess 480 dessiehed st elf @Wl be recognized
$|1£Wse EhangEsSark qu]:elﬂﬁﬂ Hﬁﬁh@@'ﬂﬁ@lﬂ&? QU chlal[:){ég amﬂ%'bdlf l@@ as needed to
detected and correct'ed by other neans.
detiaotal diicahenvaionnatt drmigsisd divels Oéh%lrig@gﬂqe ran%c@waw cal

cOUP! )9 DINOLERRELL UL 19 Y RF A DAL ey by

rigs induent pedhla)a@cessluon dtk@nfo mretl mr:b aidtiyeﬂltréa@upelcih up'u:ls sie the pressure
gﬁ%ﬁﬂsﬁg@ dela)pst 1{1%1%520 %Qedé%sglgag%gagfto t}eﬁa ﬁ%n mom ar (Fq based on a
ghrédeteialnedbjieddn velsas ddegooil. nglyndsbhee#isis la@nﬁﬁzcb]ﬂﬂlﬂﬂf

LA AL 5 AL S e

hﬁ-L@iﬁ: resbidre W Likhilp €0 m@ﬂ%&b@@dl adehi@dbnck ReGE HngeEibVESime (e.g.
are nerely illustrative, and may be adapted and

modi e d 88 hebdal p?la')bclb\&r F}pélmlogﬁ b@rqnﬂllggﬂy 10-15 mmHg in mean
qelvdnwumm&aﬁrecplﬁwsgsrn%d]&@M@h@u@ inRERAQNR Hﬁ?x@%u@r@uch as A-Line
accuracy.” 20 (i) D splay dlsruptlon - Firs
direwwipt ifon cyendeHePyipdt: b priesssn ri@ai [S-’,}.)| Uy arghefien clinically
pe BALEQD, SHAH! oPeaMoalm 2E¢.11NOk Pleling FDA
Jpg%%ﬁgfnu§§%%§ i gh] resghrélch%E [a ay §nd 32%§ T
tie@nsfents dgpr @ﬁbﬂmﬂE@BUWGDSWgHaUﬂ¢mfwheV@@hlﬁmﬁmﬁbﬁWM@DﬂOfg
dgnglﬂ n&cfleg'rc uespé 6'18% %neﬂglretdﬁ[ltrlrc]} ngwszlc(‘rg%rctgse E%tge?s gonom?hlually sensed
(me¢mRe&p0nsmu9ﬂea&upu%h&enﬂnanh&bMG@ﬂHmlahsamﬂedmwce1%usq
pressure fro 20 of op | mym
linecally useful Syslem should operate qum that it responds with reasenable speed and

accuracy to changes in mechanical coupling.
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25 T-Line pressure to within 10 mHg occurs |n?p JAN 2007
accordance with a given period of tine (e.qg.
mnute). Froma clinical perspective, excurS|ons
beyond roughly 10-15 nn#ﬁ i n nean _tononetrlcallX _
neadid) r@@wp@&m@f T i e RS gtst &lating tie Als/meiéqn gy the applanation
RAGS ST 1Re gy%fé%h i”ﬁ@s,e/hn{-r‘!aﬂﬁls (R &RSHF @\)amp%r]ulerl)fst tﬁqgteéjpp ied electrical
periods, €.g., longer than 1-2 mnutes, are of
aloivni oul ﬂegxsltmm&mm frapthenicadl pavenghd easute reritol @f lwgan over time
(T e ﬁ )
Cﬁ@u%ﬁ%ﬁgﬁ]ﬁg\ﬁpg "Fl'ldqglﬁlgglgg%% QIC%Y %H})Elﬂgaf é%Ql atxon V\ l’l]Cl‘l r])1 eclude
vxmtetntcaaec:atsa(ndaat«;b) deanigert mcrr;npbfmt&n ﬁwﬁﬂgf)nph rrmuae)bfameq lbenisswnec
R Y SRS R LRI ol
rsegticeittiiinghe Ghigaioc al- 1deshrabed 100y nﬁ)flcn atepe\at @eapp'ﬁ'iw@on lavel near
clinically usef ul system shoul d operate such t [

It
r%@%?ﬁdguwef‘HO‘Fe&lg%f’n%iBTSélesfﬁé' 15 5‘?10‘([3"’ SRSy % average of §
qnlﬂﬂgep%l i fooReRARIEAl raf@UPbLRG —-125nAHE 1313@\"1'0(2(091&0[ steps). One

(iii) Device Linmtations - Limtations exist rel ating
te@elppllélyrfiﬁftum@haltglfnu@tﬁlescg%m HWHEEG @hlhﬁﬁ\tsgjgne@ﬁ}eqeﬁ%ug%ﬁéits@rﬁwa\unum
E't%%? a.leum GO@tn'l(Q&S‘stépE' EtI:ILEg&nE oty éﬁ%@@?ﬂ' a@tuht‘omlés?vn't@ altlf_l;'f?ate some of
applied electrical  power and resultlng ut
(these Harifabails) arp o porarieretl orldpes: it hen b@mfweﬁd et wegmum rates of
0] { 18 o o
W El[’oorstc anfp ulgé ;%ss’u rréglglg_gl Ae[%gtg‘iﬁ\gln& \I\%} fé@@qugcle% mngﬁ /%e% Fc@]ﬁzctweiy
masbamihmecbws (he a’éalelsmpr)ed@hfamgj@ls’ apwmamol anat ion. From

benﬁg ";alttao 1Obt ﬂllsneqﬂes 1}/ A‘?F’e %hlcm“SéJu?qe Illn essme ES tl re%%urﬁi]l& As is well
pbbmﬂ@@ﬁl iaho mel"&haml h@mh{leh;l aan tphﬁiuli&itbg‘.@cﬂfc 1@41065 ihOthmegessuze

per 1 or s at an appl anation | evel

dpt: T ’lfl’g}l’ff’ﬁ’ewl%?bie 2 Sb‘ifF%‘é’“ﬁE Bedi g 1%%8&4@‘*@;\%}“ PR manner
SRR, IOW%LIVS’EGU%V&S @Bul&es a@@ ﬂlfse 8and fmﬁs@mpﬁlls&(&o&pﬂﬁie@ lfrom the
steps (ranging from4 - er 1000 notor ste

AoV Bigh ﬂ?ﬁ‘lS%Piy’lé]&‘@h%‘ﬁe BAY ﬂﬁ‘b S GBI UTFI ped %wulse )

the uASSl aneer -<he B%@;H;ﬁl{gﬂeﬁyﬁm %!ﬂ%k i m?tefrnﬁftlc%ff Qtﬁ abakt- Branch
1000 Hot or steps per second %es i n actuator

d¥siign Legzlalitevinat d-13 o J@fﬁenme(é diergriN &t-i Prrgriaeets gbinternal

%E‘cﬁé qce%n%df al r}q@qtlcé tCa?cﬁﬂa%)@[ehlgngfeﬁ‘%g dlﬂﬁ&ﬂeﬁﬁ%hg@% ina, USA,
rates o i'c’and pul se pressure change o

Twineh 1s ngS&EIE@‘QidDySBW lpeatn. lrie gpé @lprj;tw@elnye;:l thag aafichie: espnfmon can

i‘%&!{«%ge aap'ieg: m%cre? ml lpsrﬁﬁ[gg %%ggﬁurﬁ)é?{gp#ﬁ%%b@??@%ﬁ séﬁfo-con{rol

puktsie @mﬂGSMﬁéyﬁﬁ gy Wark antipledyy irsenagive to docliraeptedindom

bﬂ hhe ILte[aIEr§ arrh thn1as can produce cyclica

SHGAY S TTRER TS PESdFe  (i.e. pul sus al ternans,

wher eilfn addisue aestaé QBIL@(ﬁm@IC@h:CE‘NE@ drdWiplhtBes @xi 1ﬁbpdxtﬁas of the

such a manner. that a Eu se follomsg{ ularh¥

le@(ﬁﬂ%}Lﬁ @@SUQ%W%?%UP WStﬁ] st bg c@@blélln 1? VB REn that the
fiQdel@f o go-Pd 1B “REASHIRY iflo §E5@fchﬁrs aRadsendahadr ih@tying properties

between it and the precedi ng q pul se.) 20 See,

eaS@cmtchblﬂ"aH@mys@mg i thg‘, p@ﬁd}t =] Ps\tysihwut{@ﬁ%@n i stich white noise

lcr&hgllﬂg& tltpqu n Lrﬁxf]é'h @H:@gve% gﬁ"ﬁﬂ@lclgb 1@1&95 by lllmaﬁﬁleﬁ physiology. The

t mann, D., éb

Depafi‘ trorethe ssy@if:ml mcbtﬂm a@lpplﬂ%@ﬂcmﬁ@l awdltlparrﬂmcy Ry Setsiend, is the

S%K)mcumﬁv %@gfl1%9Lé%1§%§%tcggq @; cﬁé# &r aé)hpnmtﬁn%ep d(Ps@-’clorsrelating

vied Lhadg@umemilﬂdlilblhattmtp)atln@lntc begpiwhitt inoive géh the resultant observed
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produce si zeabl e changes in pul se pressure as g@
Hence, a perturbation and servo-control 25 sys dnJAN 2007
woul d ideally be largely if not conpletely insensitive
to cyclical and random fluctuations in arterial pulse
prubss geaseue predagkd st ielGRonsbipt lgevee s tegtiptigaton) i“é@tf“l wesgiogrigd puls
t : OPRAIES A billeronhQNPTRL  rand
e R e e T
wehbdkﬁmmwﬂbmahpuhemewngemml&ge M}@ohsaMMEdlhthm%mowe
B?I();:Ho%mgge? 96"‘3%‘3%8? gﬁl dt d)ns E\]F]t Wlhh {espccts '&OQ[TIC p1'1ctlctaL111¥plengentat10n
RIfesea hoicomb@Xdtion tohaapllcfhtnr @duabi mﬂmoﬁ 11811[16 hrewdni tneemioi: SkErst, true
generates, a attern ef.f ect )
86 8 o PR it GRS Loy el TR e Gop S gorma
S;Mﬁ;ti[ﬁ”bhsn&lln lé@ﬁﬂﬁﬁ/l@{)alﬁﬁt—: le QN dIBHs GFonPOS intch ® Blbei@ AGth il®easingly less
systent is the tononetrlcally obt ai ned pul se

rﬁe@g@@y dthgarefcaly neat j Ropndse)- a‘ﬁélﬂﬂ‘%i‘ﬁa‘? GRURSER§ motor position in the

9]19§1§1'1 QQ &ﬁufﬂtloﬂgﬂht? Bﬁes&ﬁﬁﬂgxﬁﬁ)n i ARRlganat i on position
i'nduced by t white noise with the resultant observed

-26 2 S@co\mANhQ@mlr; topAvsleltpn s postigr Bepilcegheother (if such travel is

r i t n [®Motor 1

é}%éc?etdbﬁﬁgg h[%rcggsﬁ‘@g%vﬁgﬂﬁg %ﬁ%}sgst@@m@hm%%o RERI I Mmotor rate.

admanMaqaah$kysqmwp@mﬂmbustrmmwmh@mpmesénmﬁmoﬁomamﬁdnw

Ioglr ggﬁll’ 11? O“iEIF‘IC 1#%21&%{1#[‘ gzguog tp(%e:ﬁé{lcmﬁy Frgﬁl‘?essuan mﬂng W%euod time for

Seved @nu{; oS afproatatings «e@xihdd avd didn pl‘a&ﬁc&éﬁ:ﬂ:thd @lnfldﬁEsetth ideally,
practi | ement ati o 5 of mh t e nai du at

us&b% gwaa(l EHHEEH ng P o] ﬁys CHE vg} gg E'ﬁ conver ge m a very

| SAMENSraN. ofFtifnst ,thetdbyeenhamilot eheN QIR RITASHUIRE StoBoREariBBressure

or Gaussi an distribution of notor posi tion. Such

BT st ri buti ons can contain very |arge

excur $isq0gndwPm &b ﬁnafﬁ‘%ﬂlﬁu@l Q% tPsé’MdB Raht6f @aRLNHYed LS PRBS)

frequency (theoretically not bounded), whereas, in

ol feféted sererpstod ANy It ¥|lbﬁ1a} POSEYsR cmpqﬁ{ygfp @epperties similar to white
{5&1@6@? b ?}ﬁel B Qxfn: ﬁm@cm BRRMer bV §MddRRn! fe %mct%g be Yfkcified
econ travel fromone p03|t|on

t(hlgi threlhéy ogtmﬁlzgi]ch ptqdawﬁelmoueseffegte@@@my -fognosse gmlof ﬁS&}%t\Y]thm the
co ik 81“ e s &én% CYZS 9 m%& E/pc[i %?%%ts ste e aﬂ%mtsgsr an n-bit

ate. ™ s aneous anges’‘rn app Ian tion”nechani sm

pxhsﬁ teioemn a\nte et feedlmﬁlostalcnmet canbaa&n@lz@duﬁim acdprswhe t2§0R gates) and

Inc??:m? 2 I d[ggé)lplfobg%% :tzﬁ)g ctfnh he s %:Lh&gisg% El%qyeg{glg§01' a}rr%ne;'ates a maximal

a@ﬂigrtio%hﬂ'@tsdec@@ﬁce@ff lepdadh Q‘W -aneTlohaphadédgtaor 1‘1ﬂ-s<§c|’h€nce "} has nearly

clinical setting. |deall %UFeéi a_useful clinical

daYdoBEPiRBRITEF %ﬁﬁvwl iy it TSI S gnd is classed as a
CRBMRLZR e [ PN Brel@hYe. PRQELicPOMh-Qehuehcet tdBnolNBLRAY:
enhan0|23ﬂthe continuity of the tononetric pressur -
mea§ur eneitancsAd GRSk n6WFAFhPE IRE OFHIE KENRRGEC AR NER PSS, of I's and '
Pseudo Bﬁ@g%m aBln%@tr(%ea%qg@plﬁﬁ@m(’P GRESY seqfidie, Qhquefu‘eQle sand 31
sequence of |nputs (+ - hat possess correlative
propertl@s simlar to mhlte 20 noi se, but converge in
Ly n kNPt

E?)em fR.glh §on nﬁlg IEOSJC”%)t | ﬂ]dlgée (RLQI’ICEE Ia?dlu ngﬂ C?‘fr &M each
ef fecti verisd, @nahalt ihe nois s€cachkind a(éShﬂIR)ﬂﬁW Ctth guetghater are of length
constraints of type of PRBS

t M
sequenc g% 8@}% £ &jﬁlﬁf&l% gf:lgne gré?hthhe_egﬁu}%%mﬂm
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shift register with a feedback structure containing
nodul 0-2 adders (i.e. XOR gates) and connected? o JiM 7047
appropriate taps on the shift register. The generator
generates a maxi mal 25 | ength binary sequence of
I eng@gt h (“Bhift-andadd’ mepmﬁf)ei"m‘ﬁlmddemgl fung off an” 1mssqilqnt®nmé aly cyclic
has near r.andom erti ar e rt ul ar |
voet ur A AT R a i PR et ratapence.
psegglo- rfo:bsaaﬁﬁhl)plsmyenwﬂ E?HQ}D@EM(ESF Qxfe de&[lreﬁ@lbiedb@@)‘éted in
comonly incl ude: é ?alance géf ea
peri od 6?“%%’6%5%&1} T~ émht HY FehbhEr 1tpelf3 tl%z&mﬂ:@i glffelences is
differ Ryuato mﬁﬂ;m&n%rsﬁﬂam%@n@b@e iip a 63 bit
sequence, there are 32 'l's and 0 0's. (b) "Run
Pr o@br t | §p@p1plt )P‘OEPft@EerHW} nl—sqqheqcp]és %eé'aiﬂéﬂ'@ééh%‘f’ fore| the spectrum
and of Qs Br £3GHhendReI! flalyoREeh A afimd M fopRaR0
ki nd arg % Sg]eng ﬁﬂg%e, aﬁeaaqgrberqé?éh% ®Vﬁ§“% spaciic!is the
t wo, onemmmghﬁhf@ﬁ@deiN@ﬁgﬁheprealmah@d@mnmmnmhﬁen@EmHMe
rzrogui]ﬁNf%sg?n h(z)tgn%n:csﬁ}hng;gqﬁgiﬂg&eqﬁgﬁgm r@]@ ;Pte%/ttaz: [lsl’lﬁs t{m ffequency
t he sanmep&equeneenax esh tescrth Recaetdaiis Edmdg/l ab ihat efhirhiidoof sequence.
f ul {\cctgygliiggaq%fec}u%aéd %i)tzg%g{;ﬁ (lgxgi% Ié%‘g gl,glrégﬁp ﬁrlg'lgch_anigg]ecgupa}ing as
teevid Y- teskcmbddashi o \wedompased Cyel dpglyaii PRBSF nidis@lidn of the
the nunber differences is 5 equal to.the nunber of
SPREron tpp%goxb Fllu%()[ﬁﬁlélﬂ(rj ye 16?%5&11{ (@6%{,@ Ima‘O“OIP’?tB% yopgsgved pulse
Theshh- IRAMRNCRerhSaReh@diimcnand fhheheiaf eintfiRion, the physical
spectrum consists of a sequence of equally- spaced
Hewlvorshigdonwietieh ¢ petegpersianty thige fifsactive cIpeBrs of) ¢ medulator;
s Wk BiDE RXSERLI Oy &f cremcqf; PRNEPQInGol LRBy. 1t will b
ﬁa%h% n& ¢ %q ﬁc grnnnﬁgg a}e equa1 gh r&%ﬁ £, will be
gpestivel by thees 01 timafyr dgudncipc 1gmsiratt? @mumd lwemaqumﬁmo any
I h _sequenc e
St}glg'%)élngiel \H‘Z{@ var %t? c?f' [Ekd %ﬁeinﬁa%tohég%%ﬁgv 2‘8{% Qdc%morea entity (c.g
gllanmmiemmﬂessmhlamg eﬁcguﬂechteahasﬁ K@aboxmﬂcﬁpﬂb |vngnb(s mt’mtﬂble one (e.g.,
o eV{}OuJ(S tym 1%6 {IE}m oq aﬁ:vont s, Toutin SO twabey obag(gs I r(]:gm nonents
ﬁﬁ@é ot At i"6n 0t ¥ ﬁ anaildn p05|t|onJ 5
obﬁ@emvaldﬁcg;sthexan@&mhtdame dﬁh]@ﬂﬂ@ﬁ:&itsldﬂ atja;mmet ri cal | y

gfbs;e[]\é/r bfcﬁlglg?ﬂeb qxgl\%glﬁrgfl ﬁcnp{ ?fél lgﬁy’gqéggqjopfs%on gpt%e almaemeﬂtloned
| Pt 2OBPE R GRe@lac&iGRs & @Y Shesiean LRI SkR®e
i nteractive "conmponents”: ?I) a nodul ator; (ii) _a

Si gnaIRefeéﬁcoP%t’( ﬁ(brlfl%n@qi—gg, ]%ﬁhﬂl{tqlﬁ:ll )msa?qnd response of an exemplary

| et kfel ok 'bQJ‘/Aé%EM% i‘ﬁqm; QQltllceﬁ‘lttlle;tiﬂéxlubﬁs Mildn ﬁ;@se pressure versus
reco nized by those of di nary skil hat t term

c@zmq it pressige 1@@@@:15}1@rQQKJnTI}eema@r@Lgn p@lsqimyssum}n%@- .of2 mmHg in the
%%a%@%h%ﬁ%)%hh@ﬂ' SRR @Flegsnz% offafdlf '75‘ nﬁﬁ@ﬁz@

cor por eal ectroni cs and associ at ed

i nt eg attledmoeier rtuq tsst)mﬁtddoapttrmrpst @‘iléhsyl atrpir tharethe gplanation motor is

6{ Haﬂgl cr(%ns“?an?IpOSEISOH @i the 30 npofe?ptlmall COfit me%s*ontcgﬁesponc{nw to maximal
rsoftware o or

q:QzITE’Q(})rE@ﬂﬁcS anklelsit derpmuam hﬁ&ﬁmﬁd’quvm &int ﬂ%lalhmfs@lmmet 1 a heart rate of

Laglrn?n\t 2 thu s‘qpﬁéﬁﬁﬁ(@gn l”hé; ggrlgttla%ﬁat 17 ieﬁgg‘rg) is ngt sufficiently
aﬂ‘oﬁﬁ&ﬁﬁﬂt hohed diastolic pressure 237 (e.g., diastolic pressure = 67 mmHg in this
example) will result, as indicated by the “sub-optimal” waveform 238 of Fig. 2Z¢. Note that

the pulse pressure (systolic minus diastolic) at 2 tonometrically measured diastolic pressure
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mul ti - conponent system according to one enbodi nent of
the invention. Referring now to Figs. 2a-2c, th&§ JAN 2007
characteristics and response of an exenplary 25
patient are described. As shown in FI? 2a, the
EAT enmHaxRiBt PgnYel Fumedlep tadeuies ey the system must
i RFEO, Cﬁ&r@i SH']E € {eﬁl at jnrs EHH:Pp gs%&i 'uTJ‘ %d]ﬂﬁ’%@‘éﬁb]@ikﬂt@@ level
pressure [ 1 ustrated
exanpwe¥yowmaﬁ@ at a dlastollc pressure of about 75

Furt hernore f
il us%\efc‘?{lm 1o Vﬂgtﬁghed ,’Jaép}i)l ealﬁ(}ac?l%‘gﬁlvﬁigll thup%rg@?g&sg 200 of the
donrstiants @ﬂsuﬁdomtﬁabmﬁh@cﬁdhmﬁnq@n@pvmmmh GbnmeGQMwmﬁt
fﬁ?ﬁrég,l%%&%%(ﬂ%]glﬁdgﬂ (}é Ll(t)(.‘iS ﬁ‘gﬂaﬁﬂﬁillgf'l lgl){ COETI ie%Srl{)ﬂa ‘lppg%l'lélg%n ‘pOS UOI'I} over a
WintiRd dafairbutdathe ‘obtibll” mpaﬂamg bo;hh er lﬁtbaﬂ&mg’ﬁ(ialshmm present

in Fig. 2b. If tH13 @ E nt's rtenﬁ
§aﬁgp<ﬂleﬁe%p§}umw ¥ § =N wnévc: Itléesetlm F]dwfjslmégé&f&?/cgmm this
%I%Xm(v‘%dg eLep@' &St‘i@us&)cﬁ&eﬁs&uﬂqe dras@hic n'ﬁ:ﬁiﬁdﬂld’ﬂl tdfi §he heart. Other
exanpl e) result, as indicated by

*sgmhmwnw(m D sy IariZamy *“"Zcbe %{ g depized: hpyer. The
Qw%dﬁﬁuﬁ’ﬁseﬁéfw& bg%ﬁ[esﬁzghﬂll&idn é"'Mﬁy AhRshOhpFanadén ﬁlechanlsm position
tononetri cal y heasured diastolic pressure - 6

JAN 200FrewE 167N gaddd aid opnebije aysmexXs-aatel §iore sWﬁq_@ the present
cn%odlﬂgzllrlltlt) Sa{(ﬁxgg]met& %F}l’tlilg B&ngée/\f&tr glggﬁ%llf' ésllc,oéia(ggﬁg 5f C&th?) although
tdie:r appil eﬂr(a)tﬂmeﬂl it ev edm S},apmmpranatdgtayoweny bé s@stltuted if desired.
5}%&6‘%‘[@"?15 KbP]&: @gm 2)86 ebtfen%ehté) angtﬂelnl\s} &t l’ho?lecli cljnnthgfnetmboﬁb@e d\l by a

|!Ts§ettcﬂae REQINEXR IO Sdy@ercor @RBISH gofeﬂanp,lpe plTEheusfhgodifblscaibeat This
of the present enbodlnent i ntroduces changes in. related
dpedufajion &%ﬁp@g@ﬁw CappTdn AT Bt %ﬁgﬁ fghgY Godiee fiehty correlate

hhﬁ]%@%Fﬁg@gﬁﬂﬁﬁ@und the "optimal " operatlng poi nt .
hese ch angés are in the present enbodine

Synchﬁlbﬂﬂi@z e g ﬁm{)q«g@n@wm%s%]p@ﬁg oB%engtHe a}stllé\pﬁcgzpnted (i.e.,
PrEssSUng WANGHQMke ﬂ]@'p&SSLQ@VWngl &l @pen REFB®RA. Note that for the
associated with diastolic relaxation of the heart.

Qlihse! 4 1gy1|qn,htﬂ1gn¢sz}a@tp¢dn}gen@érof eélkepaticais lRnGfits corresponding cyclical
5 I y M@)RBSTJTQ ath 7.
g Ly P
dmlca rtamcairr:nrt@d ivenissyhtiposipticasion ifooomrasne PRRE rod mepropyis l"eim length

al and o S|te exgre ( , 40 or, st

eilaix e RN Rl ke 8¢ ) L bind b g ARl s ehdth 31 e,
oNveE,12-10cl, ef.-per il od -(.elgl, -OISISEchndsﬁ —aItHoughL-hl,-xly

et e et UL MGt ea T ot Fotie1hofpdoes not allow o

deekisb©BediD) aNP ekt rQmOng @xd IIEYEE 6104’aﬂétttshﬁﬁpeicﬁvely allowing for
controlled in this enbodi nent Sgﬁtj Pseudo
e

Bi’)ﬂéli;l?ﬂ Q%%eﬁa/em(lw)ce paty ([RReaf hf)rsgvn? &55¢€ 1se ?smusmdal noise
deSGElchedil l"-lrll?\l: 8 graiRd Hllllﬁt:t' d?zrk}@@lh%@ﬁmﬂﬁﬁ%@ﬁncﬁi&%@@@@s with other
pressuire offset, and may produce hly correl ated
clieiterss cpHeryf espirgioa 8! CoYtp it @1411;;{: agcaps; hence, during this
fragess CPRCTSUR SBiTIB STIIEScoN It He i gt 7 atcaeis: hence, during th
e];(g? ?&“ mﬁ%cac%ﬁfﬁﬁ 4S§&H§@1%ec(ggd g@rea)g%eh\fee“!p? elgsz Jr FéRB‘S sequence of
v\lfarw@m orhas cﬁh@wn lgngthg gwhc@dmnm@]ebqaﬁgme fghudgchialls directly within
% r}eé‘sﬁf?mtxo%p elliot%gt“f'(l;o Plplé%ep (egjreéf%ﬁg 2@02 lggty hﬁ%rfh(ﬁ pl%fblc'ﬁh SConversely,
howwel the noise rejection properties require a complete cycle of data for proper function.
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fluctuations in pulse pressure, approxinmates the
repetition period of the PRBS of |ength 7. HehBeJAN 2007
clinical enbodinments of the application incorporate a
PRBS of appropriate Iengt such as length = 15 (i.e
]_Heng_c cm]_tlol|usmgtseqqpnce§ ’1161_6\C€¥1V6i}1101]0 fie grong o s Lig_”)ls qon’nol
tﬁéqtgatvl'l egfgcu( b ﬁ@m sygén %@:1 for Hﬂanc% -1, -1, 1. -1, -1, -1,
. ~Specifically, the PRBS sequence repeats

ever sz‘g ’)q@ep@%ﬂ b ekickcal fmperecngibies ohBRBAIChanges igrapplanation level.
t L& o
f_}cﬂggéalﬁ SegPdé]Eng(E:??]\c}%Q[%nls ﬁlc {}A\F 1(?%?%) léﬂ{a%l%ﬁlggtt%i ér% bgezs’teéa Vhan ges
/m;lpmma&m salptaffiiiat nmepedt & 1v1nstche b%&l’fﬁalﬂ Ichmlgb(iise 6 mmHg)
s NUSOi se freq A

BT Ry BP R e p SR 2ot i PG & BuRpERL Yy petanation
Qfoﬁ]ﬁbn 302 f pRIGHENC Yer@aRE EME (c. BﬁSBISEC@hcﬂsQI’hs FQEBcNfrDﬂi tRELRIBS portion
in the range of 5-7 seconds; ﬂyrl

per Pobig- #n mﬁe%g%ﬂr@ifﬁcmta“we@ﬁ%ea%’ e 1@’ gihe end of the bea,
obseEMEdetay BUSe PREERBSCIS BAURRGRN OfF hedrER@tMd AuMbEdbf@aibtor steps
effective | ength 11 when transition beats are incl uded
ftaw &d. @ pRdadywilliin pAch rapsgieonrsEpd WERUb P spel the e retpie properties.
QENy SRAEDGES hde AL HBY Rk Rakt REQRI R &RANY BISBldYpossibly
wever, the noise rejection gro perties require a
om‘rpbett% gy udtes bt (bRbRBS oertip Skt HisiAe 1 Gmensiongigs. Jn gifect. two
cﬁ'\geg q7b qe-le#}g ec’xeq?e(anﬁlr ﬁ)lL- Jlllés'egtg i )?&lr{i%pwh Be- I’IQ@‘& n@x‘h@nt beats and
excessi ver are proH uggi sh contro
t'fremsétioy” dettsr a\&’bmﬂge mm@msswpe mapehtﬁmlreﬂamcﬁeiddﬁl (g 8. 2¢r a length =
tatlon of PRBS changes

qﬁsgbﬁﬁ ha?lgﬁman“%ﬁus‘raégg mechani ca

consi tefeatrigonsy teefiad.i2ngint aftthe s1gmplla§mhﬁlcmremqfc off the invention is

ecJu ep changes 5 in appl anation
FOET Enietiin i 1005 0 pDAURLRoer A Ao S ghses n he
(Jﬁec%guled BrebagY avefbr@ADSIRSY e6hnb QNG NRY ftGuRNESSAE . nmphjésdlsmptlve
for the present enbodi nent, the agplanatlon positi

ite theaﬁb@am@\}@ﬁm ac%@m EJleLIB]fS{df*?eﬁeNf) ﬁmt thg gRl%%BB)HHgBed plessute
asyvefaan4h Br he)eF\)/Fﬁgé sl@iﬁmch@cﬂf arég 19 tofd GhtridfessheA€ tROwould
guar ant ee exi sts at the ranp will conplete by the
e?l’qitﬁl‘@ﬁe bhebisevgd if “%l P‘&EISI%@F]@I H@Fi%i?/ilqlh“’%sﬁ@t PRBS, Holtsecthe signal
st&qtgdﬁn% J?nmggt_ !ﬂ@?{ gterﬁ%eclﬂﬂd&sn%m%r OQJ@I\JEQt 8(101%51@95[)1essure
travel e IS I NnC l}lj withi R each transition perlo
vwetvhi@utl ihtoslgcadfbyt the nodindratnitive apt opahdniagisally oryglhicpalstyrestore
J'e 11@21&1%}{ \(\j ftn,lgou \?tgrfg 8 %@gdsl%t yt 1% %'I& g&tgﬂg&gtto Irt?é i%g-modulated
nqka&umhaﬁmkmm PRBS portlon 239 of Fig. 2e |s
glr I’erztn éb&{ﬂ[{%@lﬁﬁ ebyﬁPl@@SﬁFt” o “gﬁ]e[ ﬁ‘?‘ga“”d'ﬁe tm R%[ é lierl}gﬁci wmodulation
b@a&l'&/eaﬂhd originklamsnbdned b/&ﬁif@m &Nheﬂ: 1t—:heleﬂm'flﬁ)sr pioBess assumes the
ved, transition beats are a r a_ | en

-"““01‘5‘ ol haties K e DSVt bygihg P‘éﬂg f‘tfci“dﬁ “%é%% e é‘ﬂ‘d@éf) mmHg

Refugr ifti: @ e QWbbAmEhigend RGd@tideRiidentiingl @b gmalcross- couelation of the

restoration entity of the invention is described

detia Imodpstighsutiebtsode! diepeliqmpmirat ifom el }hbwﬂ\rbra% diastolic

ﬁqéggmg YEELENFNGER ity HDGsedB %?Wcﬁedmpésﬁl%% § umw%@mhwe in
ese changes in the pressure waveform may be

dvgﬁuppﬂveaKMUlmhethﬂmnblan under certain

circu 1 e 1 I <P €. rractio

) SUTBA NS ) O D ETEER A RS,

tdf@ett tonlenetasived preessaVéheR42 thatatiwowhdils extension of the sensor from
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ot herwi se be observed if the PRBS or other nodul ation

was not active. Hence, the signal restorationi &ntihbtly2007

must antici pate the changes in the observed tononetric

pressure waveformintroduced by the nodul ation

bt espanigi din HaeamkEy eapINmEw: ﬁxe PEssH e effset pytestien is ppyracted

myh]@tn%&\ﬁ\@:lvﬁ%%[ AN Lo Qﬂcﬁ\h@tp%l dhaﬁe {/fﬁuﬁcdu'nf% ﬁ:lq{illl‘ly {g) of the offset

equi valent to the un- modul at ed tononetric

wavredtion nganSpeic bff idbagtlyy defbynlnwbltlémsmcﬁnnga@ Withe ar souggqpol true
t ]

AP BRE 050, P08, O RGE dlpdsE oFik Mg BPsenson,

ﬂmo&egslasaﬂmmsdﬂmew1HMBunme@hnghamgmwmhat$$$JQbsﬂmyedﬁ:01

by the nodu

e Tt e BB St et e o Bl iy e, v
lcd@@hblflélﬁdm(ljeh&em tiehiER 8% asb the Qiaseliatpleadur @f(xﬂeh\ﬁpﬁ@suERBﬁoved)

Iatlon squgyce and dIaSthIC ressurf %

tcﬁ% %lv%‘flé@ss%m 1o Pt CRFE ey eNhES A" PEHY w \&l&h@ach e
hRays&dictn® aRbAViudes @nmestdr iRt BrefcolBRio8XRAE HRH d&hanglanation
in pressure produced by the nodul ation). Note t hat

tAREOF BREYSI Hig Precessction wdierrapkadempidingbaisgapgpaiom one
Q:Rﬁ@n%éj 'ic?lh%q{tlﬁc‘? CAH(QﬂonaQ{f iP %J]ll e EJB@mH&iat%Htr &8 RIESSH Godulation

the nodul ation entails exten3|on of the sensor
f(p gmnum@@ af n@tr ANp2 @0fe i hlﬁi@l@fbf@ﬂ@djnwﬁ)(cmm b¢ pdusted to produce the

ec?é? [E%l "ﬁ%c}{m 81 sﬁ%”él{xﬁ% Iﬁe iy ]ﬁgf%hltr Snggd m&h dlﬁ? rnlfo%ﬁhggpleve is

IS 'SUbL I AC neasur ed pressure
vmcmumeﬂﬁaQUﬁhbkwahmaaQwmnﬁgpwminnkﬁgemﬁmwheumﬁﬂgem imit; i.e.,

G ? PGPSR bR el B BURER FLA 2o wpog seps.
(@hg- mociﬂ{-ﬂhbzﬂﬁ;helhé‘slj&d ttefite airi iftglséd"k&mpstéln@ﬁﬂx thd invdrgion, however.

t ono 5 bu it ca tlnated b

eval u Baﬁ?ﬁgﬁ gﬂﬂ&& Ont | ?%%%?“641?1?91 0@9%%’@ é“o‘”ﬁ%%fﬁ (as opposed
Ry hi&@wtuﬁr starBbiMhb@epf) 05 WheSinad d@SclEOgd: &h te%‘ihet @art B&1 to smal
change in notor position. Thus, for exanp

t he
GYOS9S st 7RIET O et WEBHCt NEVERES dspliot Ay as tlss e often

AGeeitiieR I(JWR@B]JQE)E&&S%M §d\f'1§tqpébgg no %n'ltsbgf &&%Qtlﬁ@ty e‘ﬂst in the
estimte the offset correction. This estimte can
upaéyeen! Ik pHosgdctisitiew  beat produci ng a contlnuous

esti f t [ o t

appl g%g%isg%mlgﬁ (R afctﬁgl anﬁ%f erdﬁz?ctd pﬁfﬁsm %\?]is&gf’ Q%r rgg{{ IQéﬂcte? by the
tSI@aleveelnmluam yﬂtemoldﬂn@‘r@t thalftspileléamzibllfﬁlpm)rnu@meubéﬁd asefma jitter

:ancthponMed Wl th%% mttpe dlaélti;hc plessule drPBFLP goﬁ'&gp]?@ }e testmed’
I\mvt:fa)eﬂ iI24pusdt riat &dvﬁ“ﬂhqm)l dfehip )%Ceér&l beradpust dd 1te$101at10n entity.

S? CI? th‘tépfg% d}l(ﬁ@fﬁrd% [ﬁcgp 1$ngﬁﬁufgtagéﬁgiﬁ1g{}§q %gglgﬁgém]!)a?edt tg %0{‘1 It (1)

mpmme@w ad] U}Slﬁxﬁa rt@lEehbewhe nﬁnmﬁ'@htﬁ?ﬂlkﬂtﬁeﬁ%kestmmg a

excur si on subtect to.alimt; i provi ded t hat

tHEICHEAELepleR e BXB i €O aF@eY‘ﬁdﬁ‘FW%Hwtﬁ&hl}‘@ti%é%ﬁ“ iBgf herein.

and SQQFM{DOM\»@R@P%S 28%ihefe ﬂ@lqmcéﬂdn%@lv%cd%ﬁlnﬁs(iﬁfbdcnuly of the

linmts can be used consistent with the invention,

hb%évéﬁmOdmﬁf@Sﬂ%@@ﬁﬂead/Iag relating to the assuned

St art AQf lléxn?mrﬁ?& 9* tl'@ééﬁ%ﬁ[‘d { e@ﬁ)léapp]gﬁ’%%: 3sQirl Uﬁur%clgééélldied with
of  movenen , the i ntroduce anges in

pqoegssqyr die resgmed e/a‘d:imol Eirellyctuaggrar (ptﬁlg@pgesmpnd'umjm 'vf the nominal,

]}0{] -Gl b \é/at\llxﬁeft %EJ{)@&QM!%P v efolP V5 eﬁui‘thérhﬁ%ﬁll Ak ?ecognized that



15

20

20 inperceptible to the operator, and advant ageously

no points of discontinuity exist in the displdy, JaN 2007

unlike prior art systens. Errors between the actual

and predicted pressure change (i.e., those predicted

[3ese Wectuafioghal ittty O sBAl it yageifide. srgerlly epreclate with the

RPN, 66 FOguh Ak Whe 2AC 16X iDL, e & smal T jitter

syncL:l qr o}n ng %&E ﬁ ﬁe SPRBS1 %en %Ee diastolic pressure

di spl a¥e SSﬁIgantlgff ofjelm pesnt hembtdimettotkg" adBntegy ef drentorrelative
42 , e vef rrection _

E%%teﬁfee:‘s rOefs %E&a 1¥\¥an efg Q(OS()H ?{\k;t% thz‘?"l %Hé %necfa lon of l[he PRBS

pr@ld aced ishyertbime:dl i Thteano b@rmrlt@pm O frrez d mgneul hlS&"@duh equal to the

IRB R b o o et ReR B CARE I Mo bltlotgge delns

ruaﬁtm& PRBS @epefh.i Thi CRIBISYn @G Lk iva [Tt sy iav@hiRt BrometrRA] hyasured
i eved us%@ t he tég.hnl cl,ﬁes des ri bed herein.

R Se PIPHE AW er s diagy! 1eSSLleﬁa o teRiserd et Rl ge Geplayed

GeNLER! 2. (NoRCHhae Mel bIYBOhallibel1abdfY Weﬁﬁlmatcem@ﬁbﬁr%@hs lwhere the

descri bed. As shown in Fig. 2f, the corrected

@rplagtion eWtors PalsElé inpthe Edgese o sy 548 ord sBignvp the next. These

@Jgjltgnﬁl% %ng%}?ﬁ&]‘%%@r@ﬂe%@%ﬁe&-&%m@ﬁé%l&i H/ﬁﬂé’h@t 5 Fgﬁjé’]gorrelative

correspondi ng ones of the nom na non- nodul at e

WOM phtae PRBP! anati on waveform 238. Further, it will

be recogni zed that 31 2 6 13@%22007 t hese

fluctuations, albeit _conpar I y sm_al | in magnitude,

ener al | correlate th rodul A ]
gppl anatiyon fave Pﬁggﬂ i | Hjé‘ysreat ed 3% reested tha | sc
entity of the pr enbSHEHENt | t dRAYOL fRigEste |of
the correlativ erties®of wh!te noi.se...As..shown
in Fig. ZQ;FLén_.N_aU o-carrel afion._of the PBBS 5
modul ation is perfdrned. THE auto-correl®ion of |the
PRBS signal_HMas la dain _equaP to the PRBM ength (e.qg.,
7) for zero phase delay, arsd negative unmt4y gain|for
ot her phase del ays-luntil t3He PRBS repeafs. The FRBS
nodul ati on, t7i me syihchroni zéd tononetriced | y neasured
pul se pressure, [and un-corngcted di astolfrc pressures
for the precedi ng exanpl e arge di splayed gg n Table 2.
Not e t hat THg PRBS_ValTues Tsgbeled T i ngicate
transiti ombgats wiere the 40 apptanatiogg otorsar e
still in tﬁE%@Tﬂt\gﬁtﬁ f ldli[gl ng~—from UII&% osition to
t he next. Fhese uclcu s—areenoved—ft UIII—? re-stubsequent
cr oss- cor r-ef a-%l on-w-t-hout-+o6ss uf t-he COrre! tiv

.O%g {ZI es of the PRBS. Table eat , PRBS Pul se
Ujhe- @8 l@EﬁtEchep}eé‘é% rzglangfgk\@l Llea Jéléglm.cgsmq a1§‘8dlwhcznessme

Yai@8 rdifovidy the3Badiond (T) B&tHGor the first 7 beats, and synchronized to the

PRBS moduniation. It will be noted that the pulse pressure values 230 and diastelic pressure

N

—+

D O

values 252 are well correlated with the PRBS medulation of applanation level 254.
Performing the cross-correlation between the PRBS modulation of applanation and
the pulse and diastolic pressures produces a large signal at phase delay = 0, as shown in
Fig. 2i. For diastolic pressure, the change induced by the modulation equals 21 mmlig
divided by the PRBS length = 21/7 = 3 mmHg. This means that the modulation process

-

(extending the sensor out from operating peint “0” during the modulation) caused a 3
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5-13464 6 -13464 7T 3768 81 38 70
66 10 -1 34 64 11 T 37 68 12 1 38 70 %Z% gg%@wgy
15 Fig. 2h illustrates the wei ghted zero- nean val ues

for pul se pressure and diastolic pressure (after

mendy insgpatchia digstodin prasiion T he Tytalbeatrsipn {em thd S + ¢’ t7 PRBS =
hea L0 J L L lar
? fm% cquagst 0 Cprht %?’Ut ‘éﬁﬁl]ﬁul S6%h]$lrrﬂé§§ R%?lejn@g;ﬂ%bzgs lgoga éalhn arly, the
@hoasiatndm odpree shange in Ma:teqﬂsssz%as alresvivie Hig. @OBC{L@ISE]}M@GOI‘ 2mmHo
ththe RBS nodul tlon of. appl anati o Iev é |

P% SPIPRE™ FEOLT6R ‘aéé‘}cr‘eéll‘“gf i IHP‘B%%%QHP tH IO]IBR)% inffRase the

reguleatpuee paksiad BuaRalidnan wadontbhespy @ dntedhasiealting point

g@%@%msmggmo %ggtelc? %olu%{,wﬁ@f d%t]% @ dwﬁt&é?eﬁegxet{l:i? %gli‘ogﬁateiy to
&Range obmg%@@m Ucheg, m%ﬁbt@hdlﬁ&c%maﬂ Syseehn Editclirately track on
di vided by the PRBS length = 21/7 = nmrHg. Thi s neans
Bhat-byHsarhgaa e lﬁﬁla@lé%leswiwlémmgp RUHtiQpiged thap pipduces
nanh%ggﬁghhgngO|nt "0" during the nodul ation) caused
a3 - 6 JAN 2007 mmHg increase in diastolic

pr esstregreulTHe feparesn genxant isssehin (ifercs pmPRBSmbodingnt qf ghe apparatus
111'1PBI§menlh1"0 "u, <Ptl31§011 g{ég I]Sl’Cgl mH:lﬂ g?\ﬂll?iqce{%g[lg 9 '1T]0\§ tlwrciéigtlllation o be
mpdtmécaince per |bmiukt edl! changmizen, tqowle\sze, thrtedwureangsnstonay be used
in Fig. 2j 14/ 7.or 2mrHg.. Thus, the system
F%H@ﬁ%??é@mgﬁﬁfdﬁﬂé?%ég3hg conpressi on (appl anat i on)

W | [gngitiegseset ﬂa@:}oﬁzecbﬁﬁt’ wededdtlqse dsedsdinBeve with respect to the

Subsequently, the c ntr system can change the = .
SHFOPAPTINES peivnite eq@%égva ﬁ ﬁf%b?@%@% ?f'g S@ﬁtlﬂg MBURign: e the
WE S PardRBSramak  sedri pﬂﬁ&ﬂﬁlflatf\/ﬂﬁ JorRPERR b AL Rla¥ddn®pseudo-random
mai ntai n opti mal cou Usi ng this approach, the

SHHERS] (egy SRS énalﬁuﬂﬁ@bsu tlispedy providipk coinuepsHEgking 1 Heatelected

bag t%né?% \UQF Rhin Qﬁ%hﬁlﬁc%‘onc(w a6 PORA L AMickiRunt ah@ selection are readily
app anation |l'evel that produces maximim pul se

prplswarted byldosk adiordananaski lbgif ¢rethe prepeahdietenite. eyl ags@dinihy are not

t h nbodi nent of the apparatus
da%lgé?ﬂﬁhgd%mﬁe foregoi ng technique; this

advanBa@éouwlymakhmmszmhew@ahcmh&mm@m MOtbefmﬂgdaiédmof the
é)FlI%%] rm%g?e (gﬁ ?TE?%K nwentlo nmmg)ggl.%}m enqi’l*mﬁe&) unLYEn C% I;]am glcumstances
desheriecud 1d}m@ftdn® ﬂﬂ]hbﬁ@)bptldntd[ wanlibl emldscgnhiq;%cemwﬁeatﬂids,tubabf these
tet:]a%u{t:se%ztglp Ielgllll)‘les thdeec;Sy%tre!nbteod leasggr}éf m\(/)\l{ et HUIEFSSDEC{H E:\(/)en% %?, inter alia,
mitigating control oversheot and/or eliminating unwanted noise and other artifacts from the
processed signals(s). These features include: (i) Hampel filtering of pulse and diastolic
pressures; (ii) the addition of a proportional component to the control (servo) loop; (iii) the
adjustment of integral control of the servo loop through estimation of the SNR; (v)
increasing the precision of the diastolic cross-correlation; {vi) control of the initial settings
for the diastolic pressure cross-correlation arrays; (vii) adjusting the integral gain based on
the average pulse pressure; and (viii) correcting for body mass index (BMI) or cther scaling

artifact. Each of the foregoing features are now described in detail.
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15 second process may be equally applied to the other
domai ns of spatial variation; i.e., the | at e?dl JAN 2007
and/ or proximal search algorithns with proper

sel ection of random pseudo-random sequence (e.qg.

PRBS) (ipHemnelt Bittey, for Rebetsyd Blisiiligi epswent ilmopagly detected beats,
Hlé%gkil'ng@tl(p Ct Jﬂﬁ”lyg}% lgscEﬁgldll‘ltigLchgqtﬂ 09% Tézlmést "M@JCL ll@ LIESQC])JI ESSUre
t he "appl i omal n appfi cati on and’se ‘
arcesur@adlid that aiempl exeritved! By apiosgonftato otiiha artjent i thie context of
%Iﬁv%g%%trt?%ceas ?@n éei%g%b%ct eagcz\i%:]ﬁae absegtg%%(f %r %!}tge?\l};g xseiltr & tﬂ]eot‘eadbaci\
teestd Ngnepeefonnedehyd bhemAsiag gra)eteofheer:,ed)éqts tchaauses mdependently
per f or th resent .invent o

G S Rinar < 8 YRR ST IR A eSe MY fisE by Giegho! the

?BSIthers ABEE pRRYuIONA nee@ike rmthptdseSp@aale anes &Sﬂsb n@pecme
eatures; use of these features can enabl e the sy 2g1
eaysesPendamrs &1ttt KOy FEeU Ve FBRIPY B 25 ioRpSFd &¢ et glering
%dﬁluﬂ%s sptgucﬁf?(moR\obasQYﬁ&% heat.q Qtﬂq{l@fs wliEmMRRkdeNge time lag in the
unwant ed noli se and other artifacts fromthe processed
smgaaﬁ@@%&mpThese features include: (i) Hanpe
filt e @ﬁonp& ﬁgptﬁ‘p&hag b@s% HehCro %@(?‘ﬁé’(gpeﬁﬂe(v(dl'@ontxae The
addlt roportional conponent the control
(E%?@Svln}l)sed oop; thl(udesc)tbtd]@bovadajp@ugtengmehﬁlﬁf gsrit wghialicated block filter
%ﬁﬁtﬂrlg;squfﬂ thc/re %I’Ztgcl: % eé;ptgtrlgghousxq,pon%i#oc{e‘%té’log,rtgtggltléghﬁeats (PRBS
QERE82 08 ztdébc&ttoltlﬁ)sﬂ:on(p\tta)lom; (Diﬂatﬂ‘b@lcteaﬁng dleg (and.t 11a15 beats in the above
settings 30 for the last
Rt eree i Spegiae T o PRESRUES ey Temioni ey cross
g8iblafiadseid: @R PRBBen@uetagent Reths eodbE T8 14M€;5 cadMebd(we dni gvershoot
orrectlng for body mass index (BM) .or other Bzalldg,d
8 {59 R EBOR BRI GO e W@O‘Fe%st ffoBs? grgugntroduced step

Qﬁﬁ“&)‘é' IP%QEKB r&ol"?llﬁlte@shén (snc?rsaszlm% HANp2OG Led vheHROPERP measurement
ter Pul se and Di astolic Pressures - Inproperly

dxepe@tvee m@sﬁ gnd thy ditegal Gaids 6% laige st 4 hiFPRestienghcomponent

| OLEOdYGe cl)ﬂ[ cge\ QNG 178 CDARYeR: | ﬂte@fHJll %%mPJI R h&antageously

nmeasur enent s dt are not reffective of

appicaniat magmstdapéﬂw ovteﬁéoapa%m@rﬂw seryp e Obsfﬁtteex:tpe@fes based on

t he seco roge r i

chan gss ?ﬂ P ? Ptlme %3% ﬂr%%tgotndltgﬁe? df g%g@l%y g(bnét (())2 @oﬁﬁl oqgt%qﬁay take the

GXEmptEﬁy4hﬂbhod of renoving nost of these beats

conpr i . 1_ndependent |y lying a Hanmpel filt of,
the ty é&Me%W ﬁb%ﬁﬁ “Tﬂggﬁlgnal processi ng ar %th)
edrkhe ofMLNe is pRSichi MQePRBEpidnseotpr ﬁ&ﬁl@ﬁ,e‘{gnd; the gAtlbie of the

PRBS pul se press lues in the respect.i arr

T PR oY P AR BUae Py Sarrpl Gy e et P and k s
QRP GG 100 bt Blst. fih bh@Bidipblart e6Baigi@SvAInGoidt PB) @WK, = 1 x
pass filters or nedian filters which increase the tine

| (el epinbare 189li%sdr vo control loop. (ii) Addition of
Propor; E’Qtn o] COARANERLe JeR 0TI U By lEQ@lHathﬂtSﬁxgi alrp Gt e terms of
- The RBS- based al gorithm descri bed above o erates
gemefcat:m@ntlasedacmﬁpml@taﬁeatm@t’l@ﬂ guke fiidiqagen ofyithe naise apgtentially

l e /SICm
a0t P Py P O b P 3o e "adaby hr v

twhigclc Cmpmgeaidl qon atthieme loyie or eatei mgde@ulnaxgd (céteg‘l,, ¢.4.1whkE the non-
E%?PL\SEP%(JEQ% a%s%’ﬁ 105; l]ﬁi)é\é%lﬂm d}JSO L{lﬁg alﬁ?d%r]])ElLF]%'WL or}tie 0" ter 1, can

tdheeughhd Re:siCikPS SF the system (o such noise. For example, a manually introduced



10

correlation with the PRBS and subsequent serv

control. This lag can produce an overshoot LﬁntﬁéN 2007
integral servo control system when recovering froma
manual |y i ntroduced step change in artery conpression
@3u@hma5imayﬂbemempgkmencéwowhem lrulye cNINBP imba ousralrgndate (sce
adpsggsré%l}é ] ahe fifs g Bl%?&%pé? algovejr whlcl ngrecﬁ lve %% 15?‘[{21? heéc%seé);r g‘gm the
@Ot r;@ltlual“gmg tihmnamdmnEtlmnaémgmhimnemt:&gn ¢at§omnﬁg msl overcome.

nt ageous ces the n Ltu

%"‘P%’ﬁgﬁ‘m% ¢ ngliete { 1?“%?@?518 Cboéﬁ?ci‘%‘} yglf% C8‘68 %e ‘5“‘ he lag is
bas edc@bme.CTangesrid niddRanidhangetibed dRRiAMAIJaRD theedRkis o these
proportional control conponent may take the form of
Bghrzea elsgleBinAunpgte peeengd- « (Xcorr[t] - Xcorr [t-k])
(Ean. ¢) Zmpaiel @ MIR4E bn ifladdie QeW-¢ @liflon aPR! 8BRLEQNbove
not or posi tion, Xcorr is the 0"' delay of the
oritisesreer tel “apnan! ofmhdEnPRBS hgngiesEet Bveriin. pabse@elations are
ﬁ;uﬁ%’?llrérd%?megn bR o a@%hg H{eﬁs%ﬂat anﬂﬁﬂ)x(iﬁii?@@&i]%ﬁ%@ di ‘ichﬁcm racy of these
\ﬂaisaresuedxfho@ kca:lm@ytloamdnflryr be 1|ncnadsezq i it e:gungl thgaiing y:ﬂr}encr signed
E%(%Ju}_?é ] @161 ﬁéﬂh he bntlse gfntgnnggs;]%oz 1?‘3“811 IclPCI t§281 tr??PkggRs B%wously
aifeﬂ:r 166‘(9Wihdﬂn&ﬂqlgltedSﬁeﬂmmmmeb;@,t\‘ll Omlnpj‘l@m;}cte gion®ss-correlation value

ion of the 0|se o Lesent the .. .

e aRed e e fat B h g =a yEhE o g’ fgieraion:
SRAeV©isE A L 0b a8MSHRM to WillseduehtSm ddul-gge t @A s Bperating applanation
attalnlng one or nore predetermned criteria; e. .
WREHO! HaY PoHlversdy 8R%8ISHs (aver age absol ute or maxi rmum
absol uhe) @sRioRoPRiGEREAEE Bf DIdSiOPresdh®! MosE@Rrelation Arrays -
decrease the sensitivity of the systemto such noi se.
Horpresdmgs ieitialy ieamiyarysiEn #dre shsed itiaggomyegenpaNhoppyinal system
Sﬁ ﬁﬁla(ﬁg%ﬂ% é)\nd@&&rgﬁ%tlggmﬁ %%b&ﬂmﬁﬂ@ (blpgd'nqdl%@m? however, the

arge c in perating state (see di scussi on
oﬂoctutaeorﬁ (m@smpd ociks slew@caamv @) ter lmf Chotairle iy i whacht lelefined as
a{]reesg Iatg% wlgsgjl{ le't{é:qlrln’tt nzg1ﬁ%c§1 I%gttr(]}[e ity gﬁ? SIED Cg?uued tq change end
IdSasaVie peaee by Mpanwhedignedtdentnpruchersd. aelnm?er)nsmafally h:@cesswe
Geagh BrEah e The yS0ur Tar retRaRT i dLRVTRdb el IR s s
mhd | gakesththenhel higgdiscof ﬁqhtes ewilnankizy omelenmaadhs farther than

during the | peri.9 mpr oV d Precision

esstor 19T OeROBRRSI at] g eotReSdtusenea 4Bovdl clanen much

rLSReChad BRiciARAT RakefofRedhiratior0lyill Ret Prasenty compensate for

inmvention, cross-correlations are Perforned bet ween

tohenadh 45 toasiolic greswer uamiiieny PRESTEBMIoRkaTelc Trasure will be

AL H BN Ye ﬁtps%nc’t% cleQla? IR 8t EQ{N &lrahd. apeakicy! @b 1LASmotor deita
may be increased by using the time varying S|gnedJ

rodulidin bn rgiigpalvegsnaele Hipagripangfont peeition corresponding to maximum

dt)uPs% ?}1 e%&zrlg %Ré Q&H atryaﬂ hl%rm&gl litl Eesleto [E§§|n§1§ tl&%eﬁlgblchlr'ﬁmx will not

mnﬁh&mﬂﬁumdn,MhegskosghmDMDehgtmmwmgamﬂan fhs apiplangled position

e absol e
péépe%)amﬁ%é? g[}%\ﬁgg uaeptétse gsessu:e eeerumshsx’lg %%ehles[oiauon process will
adpshpERite e B bisag endianuiyirasice witoRIBS maddation, and produce

oper at| ng._appl anati
n%tlccable sh 11"11&91 in the dlsp&yecl pressure.
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15 position may be adversely inpacted. (v) Cbn%rol %{
Initial Settings for Diastolic Pressure JAN 2007
Cross-Correlation Arrays - To provide an initially
reactive systemand to speed initial convergence, the

noni nab "@ylgsselﬂﬁs issgie] wptinigailz@@ qtion geveV batebe controlled, such that a

HJ%IE%LQ 1&1’ % aXm Lﬁ“ 9131 dBll1 ?t oS M, gh) c\f%?ﬁxtaﬂ%dl &Pt ?ﬁ&matwely by

Gpply@xta mor etse}nlnfmcﬁtbd '{mfbsthxre (d?ecletea’l'zmw\i(gl tod Dplsnzd eﬁutzmleld()fhﬁatlon as
sal.ut e chan n | anati on noto

Bt R S R B B TR LB BR T TRREE et rovides

ROARRHI BaildYo astifife Ut RIctisNe dngbamndiiat o (Sllelﬁ‘rh casstcamspnessme by a

is initially excessiv to 8 or
m& pife] UL o2 BEb sﬁ@p%vea% it i oPEHGH .@é@ S0pgor Fig.
MOLAN idedel % bSe@Blthe hOL ér&mﬁ}m?ﬁ@ﬁué hga @ﬂ@éqaﬁz@tf&s%lj[] and
motor will initially nove nuch fart her

AecEsyaf ypdestiprepsdior #grPRBS,: Tarmd lh%bm&aﬂ |tb§rﬁfv\'e§13 (step 304). At
qh@@t‘fcpl)l} &e pﬂ' ﬁ%ﬂ%ﬁ sWEéH pl%élf%@ Ofc DL€ rw\h?é:h @5@@&1‘9{ e LR uum puls
anti ci pate Wavef orm reconstruction wl
SU@$m@meﬁmhy&t@nﬁeﬁ@ave@ﬁmmﬁ6bhanges in dlastollc

pr ess‘flnr gne et\ ;%%l léhenf;bto%m?em gﬁﬁé lnleﬁitt)g@@@ ouﬂg glslébcl)lojrl f,;m values are
pressurée wi

Vmﬁtohmb\‘aedwmgiffpﬁﬁbﬁ | Ndnebhebkss ] vﬁdﬁmﬁampgleh mntoéilthc typc well

elta the r pld con
A7pr Srarbiripbers T e8P Pobpontr g PG s o (pue et o
RELS SIS me@ﬁlantishe(s@@n}asartyﬂqeu filtdr hgpesRb® Blsd ek tsabdtitut&eths will be
t oo snalk theq‘ pl ana Slon will not 30 sufficiently
exbietiated puthesest efManefdlls| owi ng conver gence to the
appl angkd, eNst@PSIiot 1Bk beaRIWIRSP BRHHNTprtQuiFBxi U MHRUh S &ssociated
pressure. Meanwhile, the restoration proceSS\MII
OVidy dsnperisem ebfebrMiHe A RENGETIRCAIVASE olcite prids slide) to that
W B BB 1%9& A IHeRp AR RERMMER e DAL @f@%ﬁ@m bitdMned.
in the displayed pressure. 35 2 6 JAN 200-7 10 _
addr edbe slhpesofjtigsdiestol ic hpeesiund/ aripdanatiavdhgbiien onvd @W ehitsedmmHg per
91‘?%%05‘55 ?1' th€ gres&?%anmﬁ%gg 09({?1l ?gﬁh%ﬂﬁ H#Qtnﬂ%ﬁs%@ determined in
ateperl hathiv Blloyldbym cHpplayemsgivity nﬁdlest@@pjnq:ssrum mnedl position.
}-ngzlm qlls“ltg %g%d OJ%tv?élg(e):jde%em d d Jn gpp%h are used to calculate the
Sm&&eﬁmc@bbymnmhﬁﬁbmﬁﬂmahnap@MaﬂﬂmgmmmpWe&SU@QSQMEqudeﬁmd
provi des 5 sufficient tlnate th gsary.
rf'\‘B}GHPl &+t 3°Fh di‘:‘ﬁbn 5/ Pléesfn fhe 1 bﬁiléﬂgg ﬁlgaogviegg n the’ilfustrated
RiedetRA T &eﬁRBST@LUaESS(@ sighply & n@tlﬂ’iﬂ"@ )detelfiRingWBeBlofatidund the
is first obtained (step 302 of Fig. 3), and is used
ﬂ@”@%ﬁerate the array of diastolic pressure data
val uesggRi A ‘?e%t“QB &Rt ot JahR idbdiade O itaR RiRRatiE ARits which
p03|t|on al AppPos[], for all the beats in the sweep
(veit] pdug@zp)ml A@velsfqﬁgzngng ¢ MoHdaEHEls arryiquely detweiegl. For example,
Rk %ﬁ@@tﬁiﬁodﬁ19&11,39@&10%’(1éllﬁtlﬂrn%ébld&Qa tvlﬂﬁe W&lﬁﬂ'ég]oggllesl%w h by 40
pressure is i'dentified as ysPol nt er 3
omﬂmemﬁnpmdpyﬂeﬁh@dhd@mﬂmbmothQWEthod 300, outlylng
g;dagrﬂ%{ 1r§[§ﬂtrl]stg| b\é/,g[,n]%a}uea %%tl_%smﬁfu E]SSU??\e/redOFCH ﬁ}ep s% Rm%ejl %e when
Kniowhg an i]h&lnﬁtl‘cm svxutsp ngasécpmmemalmﬁm aloﬁessdﬂo ﬂesztlae‘tda:rode with
deviatiogs | ou% bl.e gechanlsm
(t g%p&} w0 bg aﬁhcépl f'] ape t@(ﬂé@e%lgﬁe IQ? 106% of mitigating excessive
SthBldibed @ be aspMWidd in lﬂﬁq context as well.
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15 appreciated by those of ordinary skill. Next, in

step 310, those beats whose diastolic pressureZ@hmﬁ@%ZMﬁ

fromthat aSSOC|ated MAth the optimum beat mnus a

predet ermi ned val ue : 10 nn1lﬁ) to that ,

cor reé‘b‘éno@ﬁ@ Atdbls‘éﬁﬂ"l | Rised BeAYepIeUle Reespreaatior s g integral
hxu{?e d"[ltc;légl1Hm)calns\wg]efeﬁf]SHaEEechayjrﬁ% ik %%feQ{fescIrJB&j embodiment
diastolic pressure/app anation position curve

unﬂep@dgm Py peEerlyip® avorgs pylse prespireg.has mf@gt@ﬁtm t1e following

Lent) over that region of interest is next
Zggggﬂﬂﬁéd.in step 312. This provides in effect a
sensitiWhHw Bf(@Ja§$Q{WcK¢WesKMfé)ﬁdwﬂﬁmbr(E@Bﬁlion

Aﬂwéﬁc’t © élf)o éllu, n w ee{, \I,/%@pll‘{g(tr%g}o?%fpoggchfeangﬁ it espth izewous
S&gﬂ&meWUMh&ﬂnhOWQh&ﬁge}hhasdmandéMﬁOﬁﬂ&SﬁNﬁ&abyhﬁmqofﬂw

TG TN I O R A A T
Q@q@‘}jlsﬁ'ﬁ‘tﬂﬁneoﬁh 8aiPRBII R QGEIS SmkeBiel§ irdlRkY tcalnﬂ@tﬂﬁﬁﬂu@fand Kn[ﬂ is
dei erm ning t he sl ope around the nomnal. Lastly, in
dheiptegrpbeain medingt il iveltcd 9 dhBe RO - wi t hi n
acceptfﬁ@ &s dnl m‘h?lemﬁgﬁ pléM;Lls b clogdieRlatifh b Bonitude 2 has the same
oversteppln he nmodul ati on as DTEVIOU§
desicyli beict" Forn axesp belse presiuismé 6@ mygdl sehtocs ph@ mmHg. Making
Fhd AR do#ﬂ% bRl IERL AP bLE Blgahggo 1§ RO nqﬁ d flfe prossure
4ﬁ)a(kemht: oontls)t gpsm Lhi}ze\nmbd)nsade@gt hher 1r1@1mdg:|ti|s wish qmlaﬂseanessule and
f]ﬁli i | té%h\fﬁlé%awhébtgf g% etm 15 notz%}\%:gt@h a%%e)()é:g?}\{imtaﬁt Wit b e%laomzed that
1;:t]_1er Siegbfn@@:ﬁ&ﬁm@@;@t\\des dreiibeg qb;bmvald\mltsisnuem&@pﬁi&tont @her forms as
€l gt PG e aB AR SE POV R B Gyt ppionl. bt
trBins BONEettedam aWﬁh ted nafber & cdMNuZQAF nof-YérithudsRidfkcrete pressure
Adjustnent Based on Avera e Pulse Pressure -

Aapass tinesnts! ©s-ithtlerale g n <61 mentle-dift-bObr1?et AfiFaHistic upon
AR Ml 2T Bs RRRAS cgl?elte%’ FubtBerinBrel e ARAMRSERECHEPBHcoupled
enbodi ment |nde§§ndent of the underlying average
rjg|ug@t? bFl"@S‘Sllﬁlél otgy tha¥ st EPsIS: ¢-Be IR ﬁ,@tohc pressure, mean
gﬁé@xfr% Q%I'éota' W vréchlEP QF 121116€1c(eKe1gy, v@é’s&hﬁimet& l':ﬂd]y mass index, etc.
cor[t]) +Mrr(t he new
targe(ﬁéppCawamDmn&mn&mhmpomlKﬁ@mVﬁmH¥@$m61¥@W@bWM% Clinical
ch gel 6&1 HoRs mrqw I%e¢1e %%go%r@%tgllgggig??é? a?gr:[‘]dog M c%u%&géde‘? limited
aihdngze inot 1ﬂBlaEBle.ﬂlSﬁayp¢§ asihelpsgtot mayshet ihéucequ rm@ﬂtbyphﬂ sledulation
K, 1st ixed inte in, . t
A G HhorBET BPoehatt (e UbReary CPE A EaT s behavior
Rdlage (PrRs sirtioand e pebdurd Savel@nt hetoilanbegmalsc@mgr(e g, BMI)
nmodifier that is related to tp q noi se rati o.
-mg,e%lt s WER LEE%}&H]'&' TBEANPIERIPIES L5y fg@léeg? is ehavior, an alternate’ scaling
Clﬁ@ﬁ%eﬁ@ﬂ&?h@§'b@nus&f gﬁegmcﬁl%dﬁhozhlh%ﬁshﬂteggm ) &)Qf[bbﬁ@ﬂt of the
nmpact" at an gver ﬁulse ressure of It
d@g%u:atwqgg"o . Olwk(?ﬁg z epelf\iSERICHfis phleg. @gll qq;mblmlw the HPF
@bnéé]?\éﬁﬁ@%lza/ bPHRRQLtonal: LQ. tHgr Wadenlylh RGhaNErAISressure
wwefm m to preduce the scaled pressure waveform. Body mass index (BMI) is well known

in the medical arts, and comprises:
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makes the control system nore responsive both f.or N 2007
i ndividuals with | ow pul se pressure, and 15 fort %I"téﬂ‘

i ndi vi dual s when the systemis not situated close
optimum It wll be recogni ze;;l that the foregoing

coupl i ng between the iftfegMdH gai n and pressulEenriay

take on other forns as well. For exanple, the gain
ad]‘etps:t ment need not be proportional or

quasi %gj ngga)p]g ,WQQI{KO/;“ ther may be based on a

[imt par. 0 w Q S or non-continuous

di screte pressure wht m? s if desired (e.g., 0-10 mmHg,

>10 - <25m‘r&d et'e. or nmade determ nistic upon 20
dMa&nl eih sulnedioo ththEBIat’l \sa@txqs aa@ﬁﬁtcear shouFuF Kiygn nor @, roughly 30

é{' ) erﬂlltémm ngfue% Hlé%ldgﬂ lé'm lélg}é a%a:éu gpegyﬂg%rogéidg?ﬁt éweé)gr'ht {W)
slyistl@ighc {HY 85 Wh@ily nidaned pis@ss tieenthbhgogcds@werelQriityes not
n energy, vessel djapet er, body nmass i nde>i)
g:ub%CSf lif?l hesiT- ﬁlcwtv s gy 1flln(§ 165 L0 rloggrs may be used for
PEeﬂﬁS W %eIMM(ﬂ]fE@rﬁﬁrﬁa\am@s wRksCaleum@Regs. vat i ons made by
the As gnee hereof indicate that under sone _ .
cir cu#s‘t’l eeiscoanizad thetithe Jaregtinn drasirgsr Utheviirase suiely optional in
al§1pd angmEDbJ QQ(_(Q(R?[)?tﬂ% Y Q@slc'fn@fjlzlp@ﬁel &F ﬁ%[ilt‘LtUdeeSE n and
t he frodul ati on occurring during the second process é
desio i beadbaatove the @nacipaes @ pbations. s\ tsetativdlp mrodueticant dyices may
uqcoi g})‘?ﬂt% H}gﬁfﬁ%ﬁ l}:ﬁﬁ'y ([PJI eagh( elﬁlal?(}%ﬁlglk}le(‘iy\@\éﬁ fag romeﬁ?mwnh Ehﬁ end-user
chlaang ithrege bk a o pﬁimmroés&:ﬂti ©s ddd mﬁstetdmnmcybmh:amtmm apications
gpuecgla% \git'le cmtﬁh?gue}g'lmnﬁwn%s@lfclgl lscl)xpi ar %ﬁﬁm@znponent of
t he 3@s 5fﬁsantbe;\/\/aM@ﬁzorvm (ti2d p@dﬁcdxetr:mﬂ ®@SictHzmewt of feonfigured to

fre uen gd)‘@; j(“l‘{% ng: aﬂg g@‘{?l \Tglu?g;}‘I@nﬁmlg‘;ﬁ]i@ec&%gg%{]ou ld be

fuammr )Eoyvemnﬂldw eluFiaw sRHaBSHT Boniwaviel OF et e REQALIC Codfdgred to
scal ed pressure vvaveform Body nmass i ndex

VBTHFUS oW O na ENEN MU "l%fwt%f [CaHer- EORM t%ﬁ’e%f?@%ivmé'@ output
Aa20@dht B 101—daWJﬂ@le&§ﬂ@hl]L5tﬁé ez%ﬁée%enﬁ%ture(s@%ye ﬂaﬁ%nve and
index (K, -/m W= Subject wei ght (kgf) H = Subj ect
ﬁléqng}s;@;dg myLiciryiging agatmn shodl bestifzed aztch@dﬁuﬁlyﬁ cedpinagts a simple
0)
LD 8 BOURE 18 L0 VR0 S0 v o
\Hﬁﬁﬁ@g]l@fpl@&b? etcttmmw!ghst sugligh chamrs 1hea’1 gstard ¢Ppected(ie., start or re-
teg@ %"ICE }{ﬁggﬁcﬁ%c?\g enzﬁg[]%bgegqf upei Iﬂ/e mq‘?%§ l'f)l(iegtrréﬁlll 1?c| 1o chsable the
rkﬁmq;@h[f‘ redddrhat thedchgrriono nf Bivo fcamtcchrcs cmmyib bee pedd flmﬁcdlatel
0.scaling.as well., such & or exanple wi st
B e B R e R B Y et ¢ he
f or egoieng, freajrele@Sin(dntion cMbrhpilteatR (REILEEhaRplidt@nadnct Nwithin
nature, and may be sel ected by the system desi gner at
e i 1Rt o SaIegHIRAAI FIERGILLTeNEl Da98H tarion Heone or
amlik ChIRAL&SEnARRLIEAY I-RD Stevidd LEERAI ¥EEY innkE QARG @R be readily

devi ces may
implemented by thaose of ordinary skill given the present disclosure, and accordingly are not

described in greater detail herein.

Interaction of Iirst and Second Processes
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i ncorporate the functionality for each enhanc n
well as others), with the end-user 15 having ?%g Sk R07
ability to select which features they wish to enploy

in particular applications (such as V|a g aJ . ’

conf i i BT IRCSHe d‘%ﬁ‘f*‘¢°“§5?‘°§‘?bﬁr9(biﬂesﬁ’é§? ARTEriye InAke grsmplary
%H]@Bﬁ%%nt%dﬁﬁ&d"@tdp\é;%te ih REnRFOAUCE L P BtHEE Ws s ARYd, BIR: first process
configured to autonatlcally or adaptively det er m ne

i100 rapanide 9l saddepshingphigriess havtahpruavinles vesh deiogepis sensor and the

: OUEERG | SHATdned Ry, Ofie PRI L Qb RBct 1

lﬂ‘h&“& d‘é@@r&ﬁ%%@%ﬁ?m b o O ey Tt ot Sipiihet Tover
dnqmacngEmgﬁ@é@un@noh%@p@ubn@ﬂﬁﬁeaﬂMﬁE@kmﬁﬁhﬁmmmeﬂmeJythM

3661 ﬁecont%l éa do \A%hﬁ)() cLlllli Pelégéo%qggl%nl? 11‘1 P%G anpml u\)f?l(o g%t & restrictive
KMﬂQﬂﬁﬁ&hwehmanﬂpemhbnndbﬁpdénmhwmhm1meany meaﬁmﬂée With the

shoul d bhe utilize er. what c itions. As a

31 o SeairE Eeer Mo e GRS REASEL T 1o By o smal

(MdcBMidal todnRY ehanlss; APk QM%SS tZD(iJTEalt 0c kel toRBRSde recovery
pul se Bressure at tines where s n changg i.n val ue

Y OB prBrad (isaide UBhPESHE digh et ES o A & R Tom
qﬁm%gpggp&gggceysten) The systen1nay be progranmed to
di sab Hanpel filter during these periods of

ser voAeendingy. the fqﬂhqwmgwtnﬁesepeéﬁma'éw YisEl fotvarigus parameters used

{HgltABOMSPEnG‘%} se&j%'d p%c%{s@i ofORE 'njnjeﬁ)tm?\t Whﬁncﬁ‘g ftuﬁje%f’ s@tal Q:npxowde
resent” i nvention contenplates the use of

inmeaten bitn:ueebjf e ptfieicywiftthe fvo preessdesviviess they aiweogh aigepnt in a

350 25 S S0 P R LSt Mg gppsr o

(iUlﬁsltlﬂgiddE}Id:l‘ﬂﬂlQ@pelﬁea}i'ﬂ t@nlar amélhatlonhhme,vlcdrﬂw)oax ¢ gigniethe

o L e GTER Sl VISR Bl AR Ll e VAo
desesdiped in greater detail herein. Interact|on of
First and Second Processes -3 g 2 6 JAN 2007 The
first process 100 and second process 200 descri bed

ey erar erithe 4expmpl.ary embodi ment adapted to
operate in concert with each other. As dlscussed t he

first (bt OeEs sappisyed poRusr/d Ssirmder 24 myRE s
hani;cakgaupl Lo, Ratween tononetric sensor and the

nderlyirng artery whi 1’8 t he second{ﬁrocess i s designed
to i ﬁ@@mnﬂﬂgf’aqalmﬂ@hf erdcampisiieyecond redlensybiyset t i ng

UQ)%QECﬂeﬁ@@Rdh ﬂe §ng General |l y speaking, the

nor e qui ckl econd process 200 can respond
to chahge&chﬁ samoha)m @& Sgoplli Segondf fre8(0grm He/sec”

cons nts that are placed on the

d8§?5<§§ﬁézR%%5§% Tpgﬁhprocess 100. Wth the

pr esenge ndilH/hearsgeond QOroacess| B&det) ka4l Finri$d/sepT ocess
100 need ot be mechani cal coupling
c"H%&ePSRETt HEL s%{,féﬁ%% %%és@ 33“8% be used to provide
recovery 10 wi t hout the nee? to disable curyent
pressiitle dP&ptBRSFGPVANYOPET PBYNGHC ’t“eﬁ’e"“f'é’“[i%P‘f“’BWﬁsPﬁg‘Sl
Ih&kge@opressure search. Accordingly, the follow ng

COITprI se exerrp ar]}/ val ues for various par anet ers used
by t hé®LSESRAZERELIGIR(IEdond pr H¥e d86eispin daeapnipapftomtsiic pulse

V\@ég@h & g%elstd'lﬂﬁgd [3?69&@@5\%%13 %QIYH A8 103).
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maxi mum ef ficiency and efficacy of the two processes

when they are both present in a 15 given systeh8 IAN-2007
will be readily apparent that other values (and in

fact paraneters) nmay be substituted depending on the
parti e4HAaf RepplFl EarBR( S)IO'L A Ak dlangchieytormmetrapptdanetessure and
(L) TR S PR G Vo0 by PTG ABE LB e 1)
POS_ VElote kit eReond proxadsigno (S415thm&”k@ﬁ dar$ @aRPbdEHEnt'mddd 6&ive when

Sanpl e/ | Second = 2400 /| se NEG VEL

199 ARy 1 0p el /%ﬂéhﬁ%ﬁ%@w 102 ¥60EHHR Hii ]%@86%104 of
The ]FQ§7]JIH€9’Q/ 196C T hE OB hdRhGHRRaFo %tdﬁﬂh@a B (ARr certain
nrHg/ 3 sanpl es (160 Sanple/ | Second) = 800

RGN EEEes: SNE imulmf@emf—ihc Tpatimipyedptely sypugige a fust
SARLES nt ﬂo(n]-@g 115@6940%% %mcﬁ%@fﬂﬂgﬂy i [@gﬁulmk%ﬁmsmemem of
VEAN PRESSUR) Event

tngag g»mssxmfomamlss owwfe fﬁbbﬂﬂﬁéﬂm @Lmdwﬁaiw mmﬂ:swle@@te corrupted.

pr essﬂfg@om‘l f {Easeéui?iﬁagcc%ﬁa%dﬂﬁ%gt 1cﬁyé‘r§ﬁ‘lc%% %gsgg%lb—mactwe

crease I n tonometric
pvi&:s Slur &rst progge t &) ia abtivaiit ed fcplrlé sSlLﬁf E)Ssjv'\hfeq:p J(Tﬁltuiﬂntthoim position

vaiag/e gh%%@ h?g O%H8ﬁ@?n uponrﬁggh mt? é}g%u TN 1a§n§ccgl\€!TmQ|%EhC second

GRGIREE2(0Ns FeRaial REESSUTTe i fggeriSt [aoctelssm (0eftopite $@uthatate 105 to
sweep (fourth state 105). Note that the second
prdtdss286 is in the exenplary enbodiment made active

when Thi 6&baPpREQS SO EN di RCdaliMBFrbi vatHNEE frASrdckdsST00 using
state 102, second state 103, or third state 104 of 5

o ong pE R NpPbRed $velldpoThelis icgh ewtinRsria sFsPAS (P new heart

qa%ttter E}l rlﬁdcoihg@lt \‘}'Hﬂdﬁlé ]9 Wl&ﬂ!}n dedehibQURRL HELSy states 102-105 and
scrubbing or elimnation of the beats i mediately

Suitinlandisng a flrst process event fromuse in the

Secong\dgﬂlggﬁgf tgé)QDl{r@%uQegﬁgéupJ ‘4/'- l’ociﬁl nNG& ’Ic@eqelatlon rigeers (i.e.,

measur res pressure for
breal $ 78 UFRIOGGHE ng V¥R ﬁmcw§%nt aﬁ@s* 616|Cu1u é?(ﬂ}ER and

Agel'dib ! E"XIGéﬁglg gs)g%l w1 0t %wmgceers]t qu%r %noleased 1o glovide

prOCGSS |naC Ive I rs roces
100rdes baftd bewedn hdrsaf phyrstaogit alliaﬁivdso& pl?&h;eleazmdl @igadri Brels, as

TBhG DEB A AL o5 oS S04SR P oS, Sl

r QT eISi@LZ@J@IGICSEH Lp Mk, hzedEeparCERTRIGG PR —t-he nfmgt
process 100 fromits fourth state 105 to its first

st at e BT THe We ERSES (5F GEULR-boB0CAAHS alls BoHe PESTFRdreviously

fdeQmn L, rﬂesbaﬁ td {hﬁgﬂi stﬂ)r&%%sﬁ)()]}% 8BS | A BnatdOwRIMEO O Bifocesses
a nunber of known software call routines in

rlé8phivgee wsed é@u@huﬁ@w Hesae mean pressure checks are designed primarily for use

as protection against slow changes in mechanical coupling (via periodic sweep-calibration)
when the first process 100 is used in a stand-alone configuration (i.e., without the presence
of the second process 200). The presence of the second process 200 obviates the need for
this component, and thereby also possible false first process events caused by arrhythmias
(i.e. pulsus alternans) and other physiologic events.

Concurrent use of the first and second processes 100, 200 also advantageousty allows
more frequent use of “tuning” comparisons between pre- and post-event values of

tonometrically measured mean and pulse pressures associated with the first process 100.

A{)-
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beat, and in concert with the previously descrphked

flrst process states 102-105 and |n|t|aI|zat|o§§JANQMﬁ?

Additionally, the tononetric pressure velocity and

accel eration triggers (i.e., P OS VEL TRI GGER, MEG

\ZE*;Iis fERlu@@&R,ceﬁ@Sﬂé@@hcﬂcﬁl &R, wignddisd@OndN&Greezing of the display of
TRl GGER Ci ed with the flrst roc

CéiHe' &'y 8d %“dl‘ ?g %"H U & TSGR £3 ?EP%et}Y\ﬁE*é%y aliowing

nes BRbnd PysEse20gite lemaﬂgfe@n ities k@ siSl ro@argiad it meg@@rcal coupling.

BET I e 9 A PO AL DR GO0 LR~ 20t and

@HE'AJNE@MEERI@\@QEE =-15 mmHg. Furthernore, the

checks of beat-to-beat chan es in mean pressure

pr evi dusiihalsps: geagizen &t wilt'n lice9raene eaeppery fanthggliment of the

QE%@%%C&SQ Qomni@ﬁcﬁxle WHHNAL F?QL M‘B@e@s M@Jethte\é&o% gﬁ»@é@ ?nsty operate

100, 200 are used concurrently. These nean pressure

dh@@kisie@thfeofdé@ figgh e Borprxiumalei thy smﬁd pEeess agy pe oseltiol agivst and/or
gai.n C ~coupling (via .
amtaxﬁtt e clegl\(\éd B@lg?a%%n éeﬁslgﬁ [Do%v\}ggﬁll tthg gysg io} El%tag\rﬂéc?%; SO%llTlﬂl cases)

m@&mmswaseﬂ'|meazsﬁanbkayoneatom¢iQMﬁdhiodm@mﬂma the optimal

ﬁquﬂxéﬂzlgg}])gsflemg%eﬁ Zwlhg}% 6?%089 é)Tc’oecg%g%g %VI 5 18§ent% ] L%eél V\dlﬁ'loul the
ﬂ0m13&x£@ﬂﬁ)amnbmnenﬂevﬁﬂﬂa@hﬁhﬁhg:atﬁ@ @oissl bbetidnalted. This
first ocess .events ca arrh

SPGB A A G S AEHgET PGt Bvtgorally efiien

GRRCHUE hERtbaddSRedbusiyn@:Eitk8 (i AndktS RGN AIRC aSHL H:e 1Bl sweep
200 al so advantageously allows nore frequent use of

Ft“EFﬁFSﬁrg b“&oﬁ‘ﬁér ineymid e 1St V\g%ndfiﬁnéble amy fﬁé‘é‘t“ gispnstances  where
VA d4eR/ Sfwal-QRRNRIY bé:naﬂe tbﬁdgﬂaﬁﬁ !-ngeg a@@ﬁ@ﬁumd @él{lﬁ'z@ times. Hence,
pressures assocl ated wt fifst process 100. -40

2he6 ANt 20@FtionTHiogldf | '@alIOLIWéY rb@(m@%@l qdhee o @qh@ﬁéyto @fbodiments
RO e%sigotwfﬂ%'[ SRR R0 1 A Rl dihe display of
curren essure 1sre to performthe limted
dﬁﬁwdhamﬁnn sweeps, by S|nply allowing the second
ﬁ;gﬁgiﬁs@ﬁggc%}o [ %Cﬁ%\lg 'E;eﬁp eatpugBloFeSs% O{Falﬁia e\emdjrfgrel elnbodlment of
aheprasnf @ldnovs is dE’idLl%i RANGE PERCENT = 20; and 5 MEAN
RANGE _PERCENT = 20. |t mn{ al so he recqgﬁlzed p &

whil e Dt“HBv P%‘F‘%}b BRI ER NP aly BB et Vo sty described s
SRFONdoPEALRERZ 208 ab}ﬁaxhﬂblebﬁ(ﬁltel &éﬂdeptadﬂ abdgst Fehd Silbject artery and
process 100, the second. process

0 é)gtr ate : .
ey B et G COHBSTPITFGLoT By CTERIHIE™ (e BexBhigel coupling
RIeRERS heMBYcPF1dUS 8 thel Qd@diiliSTss RN BL@KermBRI ME 8dcBnd Rcess 200 can
desired appl anation | evel (or p05|t|on in the case of

|batreasht Coa e PreoxtPiraptivagesy Vigeilrpegrsieissirongidigher signal-
W@ﬁlpgm 993(\/11%%‘115{ Qeal {Hetobﬁx# %yﬂg?ﬁﬁ%fompgﬁtl&h R1oQREdr R laree shifts

appl anat i'on/ posi tion. he "second process
Zmﬁﬁeoﬁtctihec'ul awehitd brivasedna/patou! thehigssudf ip sﬂe\pr’cﬁcf dlpwrist), the

secon pxocequqb(l)f ha HeqLuct lf!cavlc!aY n%ﬁﬂ\ésreﬁcgelbgl?natt & ggt Ugﬁél level to

posIt i IBATY
flﬂamdubytohmms siugheg: eh;elree oletuG), be dp@smsmt@ nmsnal tbyimprove the

gel flgi 111a%g}eti>féﬁc?ﬁayn el::)f as 86&? 0 C{% llilgvsglﬁié: o3 1—3(91%3?:&@&58510 that would
incur an extended recovery period, and implement a more direct recovery process. The

exemplary embodiment of the third process 400 shown in Iig. 4 therefore takes a recovery

41
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15 process), but may none-the-less be desirabl g4 nanN 2607
certain circunstances where hardware/software
sinmplicity can be traded for |onger acquisition and
settling tinmes, .. .the present invention ?hould

ﬁhqﬁtéutv\éi,ﬁ b@leclaﬁgqsa ill,ﬂétad tiEF g istapees t\;\&i@&ig@v?}é via the second process
%U@Qghﬁﬁ&mﬁedmm%kﬁem bekdtihérst and second processes

0, 200 are enpl oyed Third Process 20 Ref erri ng now

t 0 Fi @Bus, th ﬁ\ﬂ;‘%lt‘hﬁ’goil@et{ehhlfcﬁplﬁée@§mt@ﬁe drbieniax@IDEREK Yo detect
enbodi ment of thé present invention is described.

Durid g fipan ineribanashiceuting ghardeice sieabie i dlnmlﬂfée@%SSQ‘@(ﬁ“d”O‘
Ql‘éa%?ﬁ'lig gz%ngwedgx?cFiﬁt G & op flﬁ\@@@&ﬁ/el ) ?{%Qcthr. ol ling the

pa arns

appl anation o e sensor t he subj ect
arter Y ‘fi‘q}gsl eQé({ gmu GS%O(HI!EE%{%U%’B tﬁlh:?h%péés qmed&éﬁtédqg c&ﬂ[mct.ion
sl ow ¢h anges he nechani cal coupling
kget 1}/1&;@ first [hECS$MI¢DM1)’&f¢$I thhe SpedidicdiDi Hg thifdsoeess 400 operates
r.t he ga Y
é]l'ijl*ué%ﬁ éstgvaéer ﬂgv osiﬁgnglts} 1n96%§?]§0e§9% 2) ?ﬁJetn %E the fourth state
QI0e SSdf en h]ﬁjsﬁl’lﬂb&l’t{l}tl{ hl@chmcmnsgaﬁabap!ing-m«lme;e:dr Atlv'm)aﬂeous y, the
AT T T R
bsﬁﬁ]Wﬁé@ﬂ SIS Ak Parde| ottt at |@B&1n§3b§ﬁtuﬁle(3ysiem mle)(alpﬁ@aﬂlf 1st h8ed on
Mﬁlst the second process 200 may QU|re sever

AN fh g pY AHAVETE FORES BrEFeTPERRIelY ghosgpero of time tha
B2 & HRNANRL fidCdeBME 8- RNRSIS WEQN phititSogi@My. Such changes also
op ortunlty exists to inprove the performance of the
sydeasmihaisth@sappits] ROwyS HUBIER HgISH filcantiinfele paregy recover. For
egxltllmj Enghénhc’?tpatmy b QIhdsloﬂ@ Wes@fte ExtaRdest iGN Yypically remains
peri od i npl enment nore direct recover process
waestax@y«enmcafrayesb nblodi ﬁémﬂnefcwws tihi ressprotless dpplic pressure
?Rﬁ%\é\%%‘g{d If),lug)% 8;%P5télﬂct (,{C%I g!e? fltfﬁilﬁg‘ﬁ"lt ? ol & %Qs\{lglrt Yime péx]r%rgcall %e used to
clerecunapitiahidie $n m}h@ﬂelcmle:@@lvmgyﬁvthal nuchle egegcﬁ:ﬁ dvhplredbaegzgjse pressure

g R T
| ket 1 Psirs. Sidcedidt @alse pftﬁﬂilﬂlﬁﬁlmll‘fst\fély Et;d’lT@Cfmarp;@t&fD]hty that the
coupling th i nduce sjzeabl e er ul se pressure

Rt s P Y T e G anet g i R NGB gponabie
QQg@y@wmn@@Q@mgﬁhh In a first exenplary enbodi nent ,

the third process 400 is operated in conjunction Wi t h

the fipf ste RERGRES erhBRQUIRER\F FUS |4y tites6EdsDed. detecting rapid shifts in
SpeC|f|cah;¥, the third ﬁrocess 400 oper ates durin
traechpnipad couting O Progess Y IMAQE OpF BBes “1‘5@‘35(@%“ g Jjoint
LhifisaR ﬁmtu Flétgtg el'fﬁhet mﬁsﬂ 1%H retnlﬁoﬁtn@ﬁtedn&(g{'-_b M\@k@ﬁ}e @ﬁH pu se pressure are
apprec e shift i1n the nechanical coup g

detéet &d. refienagit @@W@Fay“l“ hpigh w%@srwa@hﬂlﬁ tlepe rollet ipgmeters
r@%&%l&ﬂé & o?hel\glsﬁqwl He%%sﬂﬁr?%r oPﬁQT;ﬁ @thﬁ'tlﬂ lq%ﬁoﬁmt

cant rmechanical or electri cal
Chang%ﬁ é\gm hﬁ S%Mé:%c?mt Ll&gﬁm‘agw &’glﬁﬁs \nsmpﬁ%%gﬂ quplmo is depicted
i dent ges I n tonofte pressure ove
cmrF@rAIat W&ebmcc—shé@& invedtizads cifautzqsne ttdwaulenq pakt EIWI aaﬁdapuise and

of. e nature and., ee t,0.not o
t{{yéc? 5| %&ﬁsgléf |1gpm mg{' (ﬁ'alhlacelxsd\glla ¢ puVs aggt{f’éd%ohlctpl%s%mcs from
&Q@ﬂﬂ@\ﬂh@ﬁﬁﬁ&q?O%OﬂﬂghtMﬁBQMKwe4SM@ﬁlﬁl clentpadt i iretlk oillustrated

roperly recqver. For
pem%)%dln16¥u) lic the pulse pressure decreases and diastolic pressure deviates from the
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15 exanple, when a patient's diastolic pressurg., ;ﬁLgmﬁ
i ncreases, pul se pressure typically remamins const’a ‘ﬁt
(or increases). Thus, detecting changes in pressure
where diastolic pressure increases and pul se pressure
PeviwadEsiols BisFstce ARk Py 4diratE Pasts HSR to ‘n%atf‘pé(ﬁ O Hst process
beo ushebet detect rapid shifts in mechanica
coupl 1 Aig. Furthernore, episodes where the pul se
PressyuLe G %nemar&gmsna? RREAANEhAQke nﬂ%[z@@%?ém@é qu hBQklected
problenatlc régardl ess of the thangeé in di astolic
pregsisre CaBukbenst ey plabéaé sriessagr @Sr%ﬁmmswm yn absolute blood

1%%8@9(&151?1@ Q\yhgpcafw L\a lbatnmtkn 1S &ﬁ@%ﬁq iPIREE IR g‘lggd irigger
@ he appl ana |on Tevel f necessary) wthin
amf&mﬁbmahidb @eﬁhﬂdhmﬁthMEhmgwaln@thgﬁwngmunwmwame%umin
FonaEy Phg Bt chogr pelhiel Hredheet Cotpring PeeHoi v
Pe0eesHiz4Q0)ovenpl oys oﬂﬁ:e ti0gcefDY erimah rand Sclicates dﬁztyemt urifzed if
joint 25 shifts in $neters I n th%§I|| strat.ed

I

SREGd S 3 PEFTE 2 austiFe I BUIPE RS [ itividual

ysechras: Lheps f griens aﬂsd@lafbamﬁ@nes@n gkibheU SN aded il datadog other

app reciated that other paraneters (physiologic or

otHerwi se) may be substituted consistent with the

i nvention. On exenplary schene for detecting raf )

Shl ft $h¢ AravEER 4R ﬁ]@@p\ﬁ@@@& ¢1ﬁl@)dps§en&| @brh@tl@ad sy de e@tmn@égonthm

@ﬁ@?@%ﬁe ﬁ@gén w&ﬁ#oaqg%@% &@@mg@% laBkall N&s glwnent Fig. 4. the

aver aged pul se and diastolic pressures from

f@ggpalt inf |0édhls @]T@@ﬁxm@ﬁet‘sa@@@ ppﬂnséle aryelragesdirpe but unscaled beat
r

PRI GBI AL PR PP e pREE BBt B et

Ima$m6dmnm§anpmesmbmédeQM@ESE$ﬂam¢1dua@mé%ﬁ®0bw59§wbemalﬂ

devi ates fr ous, .di g

&1% IR ‘[(3151 cupﬂ?ezim ‘et fmcpbqswﬂa essu%eE de%\” %futrlstehmsﬁé Q}oxeilggt;oned

Ghretio@d ddtdrsinapsocgsis: thilaﬂ)@} obsss HAb. ggam:ﬁdy dNGtrence hettvedr @ese two

4a depi cts, a, perc e chan ul se pressur e
Soiratpene papdmec By CuPBTE: il Piad TupUES B fnd tor mos
RBREHT, ”ﬁﬂm@ﬁsﬁldtltd:p@cﬂ:o%%[i@-@ldcﬂssa#ls’ohhttn@estOQﬁbstoﬁc pressure are
pressure (nmmtHg where for exa

é@m%q:cb@eemlammodv@%lmn@ Ro e nB.ng@é%Sﬁ% W e H°‘§f‘§°t°éb‘3d in
105 d it BRKOUENG RBY 6EBEpIENARD O bt 1§1b§’91uﬂ&@sqgan%@51dld§ puls
pul se pressure in conjunction with the ch anq

diresstrolan¢ dpppleks iesue duEds wekifheseds Bednihries Hléqefa@ﬂ and/or
I(HheWs]Mcch&aﬁf% aﬂ%ﬂé &Ghkse Q%V\ﬁggegses hRabe ijgﬁ[llegl riggering

terra an enes may be utilized if desired. Such

al termp Lt e ; YosEYANURGIIRAS are described |

S TR SPLE A AMETSR RSB BRN e i
ptammemft Eust valsetebut a&FIFé)i dmﬁbe oticihbgffaong cﬁallanwﬁeaﬁefwobaluu ized
cﬁ )enéh;w an lﬂ ]glesuﬁcq] ng11¢ IOH&II[VqSlf {i) QS ?té] (?t 19%1% af gar,\'lc%fnﬁl%ptlm%glycertain
a:m@@msimngs tiomtyhie ﬂcrsﬁfslﬁmto remnempmomm  da@vin ddﬁs(EDi (bedinifist-out)
det ai | . algorithm of this -
augt TS BB Epan e B VLT o aT L s Rare de-ueting
urseal ady beatcodrfdessuneh dilasheldpsroands pil ;ﬁﬁil@ﬁﬁf})&iﬁlﬂeﬁted by

al gorithnms. The pul se pressure and |asth|c %
thdse of ordinary skilt in the data processing arts, and accordingly nofl described further

herein.
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pressure data are in this enbodi nent processedsthngug
simlar (yet not identical) parallel sub-proc%? Q%N‘QM?
cal cul ate current and past pressure data for use in
the aforenenti oned threshold determ nations of the _
i #er preswesSuhygocesn i iiarie id 4w e -gae dRldny ipphasgeiltering
ta}‘l\@ ave?%ﬂwﬁ@ﬁfﬁ%§ §1%%mp§)yEJ‘ﬁ‘1tthé Beeldpeur )f élﬁ@&duﬁ%@ PO 88 Sub-process
0, drops in pulse pressure are of most 20 concern,
ﬂﬁ%ﬂ@é@lmﬁbvmépsé%mﬁ@ﬁgub process 442 changes in
di astolic pressure are considered. Exenplary
entodHampe!d'ilist /A Heepd diiepregdsHed tpgppe ma\zmﬁhedqsn@wed is used
g(g%?l{eoglpggmdl@mf% S%gj fﬁgmgggr@éasnéong%%@&]ﬂgn CLlE,bvl\(.ll(Jna Q%hown m Eqn.
pﬁr wcs\urléolanuatm aspoldig qdrtésgwmlatyr&yanbe lisged 1saﬁwetdme:ulanon of
ij‘éf&}ic? 38108 P(ie é)ﬁ?sgtﬁl%ﬁuglgstoggc%lkfé easgﬂ bﬁ"rn%cghl%énfm m'moB is used
SLﬂtb;Sd]LIehllll)t ad. de2bmbdr tthiée norent whikd erdshee eskeutipl teer yhcluclcd in the
orithps and functlg'gllt are described in terns

oPC PR PSS PTSEre Ol YIS buffers, other buffering

arr ts . end] on the desiyed
urEbrenabty e e «W Z’pél’)?}%zt POl PEGr exanti8; O
der certain_  circunstanc able t o
Wﬁieaﬂté?pkfé?‘ﬁ @ﬁé:u St &ga(témiﬂ el Pkl(tﬁos {[}eal%m[? fﬁtplregpulé%tal)essme
fiﬁéﬂlﬂ@(!k) isAbd @FBAtn¥eLYd puliethekilbgent” (e.g.,
algorithmcally drlvens queui ng and de- queui ng 30 of
data pRYheRRorbNERr QKA eflicr Al the YeRed! drffoR@Bt also calculates the
approaches are readily inplenmented by _those of
dﬁ@qlﬁgﬂf/ thgcdatp. Thy vaRiganggale me%ésgf W@iliglrlttcgl argpiyl the mean. It is
%81%9111_@'% 'ﬂgﬂhy 1\@‘66@8&%& Redibvbt HEK nule %Oﬂ'r itd ﬁ]ig’m a@zllﬂﬁ“‘ted in
2007 1) Pulse Pressure Sub process Pre-filtering and
AMefbglng) - The following pre-filtering and
averaging features are enployed in the exenplary
embloidi e mt (Rt kit hie PP &t 1) -sibs procdy¥k-6440 ised i h%qn 7
anal yzi ng pul se pressure: a. | filter (length 7) of
thheret Iy prereperd/ihp gurspt Hess apinbesd FPs(kisie ghe Bripgrerad ifsvimilse pressure
%Q QE{ ﬁg{t—/ tf%ytls S‘a%d RGERS Wefao¥ %‘1Hﬁe§ec{6ﬁtq’§pp§éég§§g)lﬂ %ﬂtl%st 7 beqts

ations, as shown i el'ow. No
by (P Lth r Flalt & D&bod
cal Lgu glgé:tBuﬂ{n %grﬁl?gg%g@laﬁoﬁ%meé i1 1 e elrl)lagms)éuﬁbo iment) is a
cirerlart hafel agttaiFing ¢zt §amﬂ'el’q»if$1e1ierhﬂjgismtqsmne vgugss @dth each beat, the

owjeqt%%q ;s 1eH¥10<fdow 1%11 tu? lrﬂ@th sgpe at H%nl?[;{%h ?Hglg:c? Elfm P ul se

table pul se

Elr FSS%(MY %f fixeetrgﬁ,l(%u@)lmni’ng c)lllgligﬂlgs g&% me(aé for thg Hampel-

whieree pkise ﬁ@ﬁsﬁﬁﬁhﬁaﬁst{mh@m&m fferincb@ai:d puﬂndalarf fer, I%E’ITI](Lki)l atedsby Eqn.
t[]J[c anpel Filtered pul se pressure, and PP(k) is the
SRRt unfiltered pul se pressure. Furthernore, the

car Bl ik i Uhce of PPRE Bata. The it dhce i s

a neasure o tributjon ar nd t he nean is 15
o) &é 't ﬂ%aav&@”if{ﬁ%lﬁé e%@@%emsaw ffteach
nunber fromits nean, as illustrated in Eqn. 7:

44
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-
Lh

PPti,,,.(k) = ((PP(k)-u)r + (PP(k-1)-u)- + ... %2 JAN 2007
((PP(k-6)-u)2)/7 , (Eqn. 7) where k represents th
current beat nunber, PP'fl,(k) is the variance of the

pul se pressure over the Iast 7 beats, and it is the

44 B s0fe Ui St -erosers pon g &< Tel s e el b Qllowire featues

91%@&1 7ed4R (R-prd Hlt%ﬁb&ﬂlﬁlgﬁ fof ’Ehe%uﬁé‘lm%%uﬁ%tsﬁ ?Focésg 0ot dsterdhining

e exenplary enbodinent) is a circu buf f er

d@@ﬂa@ﬁPWgﬂﬁﬁﬁﬂﬁbnpel flltered pul se pressure val ues.

Wth each beat, the oldest beat is replaced with the

most Mesiemn i—laﬂpslfmﬂiul: vérledaldaithm dcterBinge kheaperigyey difference
L9k 2Y ¥ 4l ALES ¢ .

'ﬁ‘etk{ 68 hle%uﬁnflﬂ%hgg 1 L? sgtée gxr% etgé;lhl?e 4 gt gei plglljnggqlﬂtﬁfetgﬁoélﬁsg%ressmc

amﬂ;&nﬁmhmdnﬁﬂVquSE bufiemaxigeni [sl ussd rmtddedyniEemlysis as the

PP1(Ic) + PPL(lc-1) + .....
éﬁf”‘?’(?@e‘/'?%?”%"(édﬁ‘* P el) P( k) Lo blosk

aver aged Hanpel flltered pul se pressure data. -44 r N
Zf@UQUJ > PP)kPulrse,, Ptjes $Lr&) Sub- process (Det erm ni ng

;nppﬁik prgssure) - The following fe are
utr¢? 9lﬁ£ ehgfesent enbodi ment of the g% sgﬁ
pressure sub process 440 for determning the current

Pr f : 7 a,

\i‘l‘ els’eeP[ fnﬁ\ﬁnﬁ Zé’l 1s§§l r[fl}?%lé%@?h?&%gal IEBIIISStg d??;%t%@ﬁtggﬁ nfogt‘l%nm coup ing
ﬁhﬁ:@mwmemg%puﬁseMpKBSSGh@‘@ndﬁﬂhehmtmwmﬂavé@a@eﬁMelhmude

Fﬁ%wentgdep?ﬁc[ {j %@(f %ﬁ&n?ﬁ’eczcas in r;i)u Q ngsubeeﬁ?us ul cfe gondlt:ons

a\SmIehﬁle q@ehﬁgfe ptlsPyleserPriessall, ehy ayslteablsleauld fot( PRjzex( l«f)t 1@ pulse
PPi , é 1k7 =PI, (k) Else PP,,, U'[k] = PP, (k)
Eﬁﬁ“e ?”f%ﬁa%H%Fg B [k] is used in subsequent

Nt B oo e Bevaar {OPevRNT dart ) GUGCer 08 ot OkY - T

febISin PFeRGRS SreliRBd irSthe bResdnhembddiMsdt fat ®@ebrmeogkient, 12 & 24
dependént on a significant decrease in pul se pressure.

PRULVaHefERul CHEF T YHYCS- wher e the average pul se
pressure is small, the system should not tri

t het pipgEce Bafig o s e xFP Ry (RO ipspt Baatialcs %Ffef?‘ length

'ibb))c 3 1§& £ &?&&P 5@%f§%%111@ﬁ}9@q§§ var Q‘%E@ﬁirﬂi@ 'p!"lge B@%ﬁue for the last
Qual i fi'ed Pul'se Pressures | owi ng f eat ures

are(aus @i biars, henlqulasslarithie l@awrféhﬁt Olfcéﬂ{loﬂleWéF il Def. the data of
?EISJ de(sfbegt 15\%}%}0@8 @4’[1 1@??{@16%@«&1 {&h(%d pul se pressure

ues. ance In the exenplary

e”‘%dsm%rztm?ag%ﬁ I@%Q%ﬁ d? W Helads 9- Thel;ee@&ltuncs caldfaid 20 mean
conprises a circu

&r cont ai ni ng the variance I n
tphes el If(s'ehep\r"leism@netfedﬂam]h:éﬁhqsci pulsexpr es(selegl'ttcm)(j)lq;j@atﬂge, huffer, as

Zi%sﬁ%% ap aéc{nﬁe df’:lq{l]]ano £ nl?ﬁ 1esptam§/$y.bg§ﬁ r Iﬁlts ?&gf I ‘1'ieggh set at a
wbinhartihe ot velee énd., \2&),itane ealculations provide a smtlsilml benchmark for
typical average and range of variance observed for the blocks of pulse pressure data.
Output of these algorithms is both block average and standard deviation (or alternatively an
equivalent measure that will enable detection of pulse pressures that are not within normal
limits of the average mean pressure for the last number of beats n, where 1 = 120 in the

present embodiment).

PPyull) = [PPray (]) -+ PPrgy (ked) + oo ¥ PPy (k-119) ]/ 120 (Bgn. 10)
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b. Block Averager and Standard Deviation - Thes
features calculate the nean pressure for the vi}@fﬁ%§MT
in the 1-lanpel 'filtered pul se pressure data stored
in the buffer, as 25 illustrated in Eqns. 10 and |
bdicowlPrds preibt Pioed greragied Hanprd fiered pylsd mergtrth dslet at a
conparatively large value (e.g., 120), these

cal cukalj ORs- W(Pﬂm,g@ s sthealg benehmark, f ot (PP (k119
typi cal avera of varl ance observed for the

bl ocks- Bﬂmphjéé7@ressure data. CQutput of thesel)
algorithns is both block average and standard

dﬁ}(élé‘gbrpn,(ﬁ)qg it s%agﬁfpéﬂﬁé%ﬁio}{ ke P g(ypl\é%kl%n\!}alﬂﬁ&

enab etection o pul se pressures t at ar e
not W'ct ‘ﬂhtrbngl‘:?try r@#ﬂltSOTH '*ﬂt&)ﬁal thn{lﬂ%qtﬂ;\é%%g \A}]cgelﬁ u pet fim 1t of the
pressure tor the ["ast nmber” of beats n, R 120
mlst: hpeeSSLpfr Bgnte {erﬁﬁmdmdrglml)lt_lonppm pem(iks) thf PRrent blokl (etg., 7 beats)

Tt sty e i e

Hampetonfiatitcars.e rpulxseppregsumneh dat@iseSDpppaning ke variance of the

gp{l%%@vﬁg Ee i)i((ezis_u](glgiog\g \%@%ﬁﬁgﬁaﬁl% &%?%%rgj %@%ﬁag%{t&]ﬁ( /Eaﬁﬂdai(ijleviation
wiiene vopees abtdeyed et iR iaitalmdafcﬁts)dex\hi;:&t doDRititBs tHAupper limit of
Pul se Pressure Vari ance dat 5. tionari Limt -
TREFPED StOU R AFEYSUFSS iUEarF & &t gwéme%\ﬁ&*m l208%8%an upper 1imit

of the pul se pressure, val 3P @r standard_deviation

t hat é@’l‘fﬂ’i"t’ I repmf Pigr , 7 bedfdy 12

aver age pul se pressure to be |ncluded in . the hlstory

dyote. d‘ﬂ‘é’FYeF i theyr OUBUP@@O%’ %t§gtﬁz'émw§|aaé1§ pgr éltml'[ op g clserved variance

GRINALiIS BB SybsENRd %Xﬁs@ﬁhrﬁ&%u@@iﬁ?ﬁﬂﬁgﬂh@w&ﬁ €¥or example, analysis
conparing the variance of the current pulse pressure

i Gk SO VRRECY & Bie CrERRE MaEFECH G KB IBressisur @f 412 beats) may be
St{tfﬂ arlfjwﬁlle%' t@&dogﬁecﬂ-@mﬂﬂe Efe%m\éﬂl dn@@ frledial bﬁigf c\éﬁ@e OMAL moditied
the Tast 120 bedts), which constitutes the upper Timt

of recasveptdipieing (s salpy. é8kay cefigpmtioanoey alas bashoMyqdrponmstent

g’[q th%ﬁ‘lggﬁ DRVg'uch CO!‘lflUlkljltICi__l;lﬁ),bl;?l,l"lif 17&‘1251 \J chelmmeii FE of OiCESHI y skill.

Dgtpgr Ih|0\rl\ne gl uﬂcu? oP‘i)UFs‘E I ELnQdJSl ugftodlﬁet ‘ﬁ&ﬂ‘d@d 19 lle pressure
stibstyi Ruiteed Tar cxmgdary nmb«thljnuln@f ihennwsitidm frtiger ﬁ:@ﬂteigmﬁmqionality

I(i\(é}}rl(éhe ?églgpr}lpéesn %Vﬂ({ja/tlé%‘/ll ai‘q ungmo 6¥Q'laqeaPH r EPJSSL¥§ rv]aﬁl]i 26 most recent
keadpsplenmyse Peestiiré Vilzeschouldtbewdidd tb eher @eognbziéd ctnlﬁazhmg hehistory
aforenentloned medi an flIteE cag i ea |I¥ nodi f i

hi-g™v 5 B S

to(g avEraLfy glf %FeiP';?SSH@f ec”\snsil1H\ét1 ! OW. ’1ccompllsFed using the

GaibhGuy BhiteasulaBy palisesipe enpl oyed consistent with
the i nvention, such configurations being readily

det er mﬂ(ﬂzﬁg Ry >tm(§&) ofsppr.dimarynskilk) .= Behisioryi-1)
Identification of Pul se Pressure value to be included

in Put&@p@m@@%ume:pzp@Hlstory Buffer - The exenpiary
enbodi ment of the invention further includes

fianed mrb@dl; Y is WhhEhrdet-etipaes” mhatmesukhe current
average pul se pressure val ue or nost recent

acceptabl eypulSeulRy PesduFe Mabyepsinoul B e caddagd yte%bbﬂﬁﬁzent a
circular buffer containing a hlStOé&) of avera

p}tl@gghqfsélgc hisgorg Hon L]”H"E&ﬁ’b eneth et v ISTHEoYed. %16 Plstmy buffer
Q%%%HEES'@B@QNHSMWQ[ tBRaini ing the history of past “acceptable™ average pulse

-d6-
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20

stationarity limt calculated previously. 25 Ig?(%PP (m
> PP,,,,,. (k) + SDpp,.,,(k)) PPhistory(k) AN20
PPhi sl ory(k-1) Else PPhiszory k) = PP/,(k) (Eqn. 13)
where PPhistory(k) is the history of "acceptabl e"
PuKseLse F&lé@sertéWéﬂ bempﬁilatdéta PisbealePivEl sldee bpiit st rgplpced with that of
n t ‘.
?rrlefe]tslg% r:eecmktl \S/rtl]G(% »@lﬁﬁg%t: er ?q qut? of b@at% ﬁ%es;%j (e .12 and 24
éaph )ayed thisT: ehmyfmesmwd yn mbﬁa‘qecrm csallm:amptu @aeasmaleoher cmahgerm pulse
buffer co i ng the history of past "acceptable”
éj\‘/%f'%ﬁgvebﬂis ¥1°026 2 6 AN? 2007 pressure values. Wth
each beat,. th associ at ed, W ol dest. [ o
e e e g S W T e R
alRride id els@adnb@ﬂaamm‘a&r eo@fioye at the bxentphey paisddif@ of the Bidt sub-
and 24 be ts) fromt is array are used in subsequent
SHIET AP e F5 RSN AES TS change in pul se
ELS{C’ZW T over L hILhFI %éll}lixolgén ﬂ%l\{}ﬂ'\;&fi ﬂ@o 1025@31%%3?442 uses a
Q:ln{p@wzma (UK elemfuh i1 @hé Mg e ABEbrAY Al A R GrdQas WIRS ¢ @Enesubsequem
ng éed in the exe | ary enbodi ment of the first sub
FRiselads AR gfs WdtbE P ﬁaﬂl%i%@%@l@%ﬁ‘és Aredggrign. 44 below). A by-
g%mgtl of Fl'let lt[ﬁﬁpci EilBeis eeARL ALY &qpé)geh RO or (t’lfasltoh@ plcssure over the
iastolic sub-process 442 uses a Llanpel fil
(recvépus nhigbrythe.7Y) of begte b\ énfaiskegpn @n{sectﬁué@gmml@ to determine if the
%Elﬁé;ff%ﬁa@to}{@lm%%ue ﬁle{“d%H BRAAUEH 1&0%@1@%"" ﬁz{ B)q)l? lessme circular
simlar to the pul se pressure Sub cess 44 ee
Eagfer. 14 bel ow). A by product of the Hanpel Filter is
the cal cul ation of the variance of diastolic pressure
oveb;kheHapraFileuLmubier), 0e-4. .. I)¥-of beat(Bqn. Thi s
information is used subsequently to determne if the
ovrereentepatbast tod cworept emsumebes M) ds the Hamptluded:didmstohe pressure,

ﬂng ?ZE;’) 1sk%4_€acuzle|n§ ﬂteie%{c&%(@%uqrb%ﬁt%é; £ ul%(:]kn(%&? f{{lef ?lrampéllsﬂlter also

caLcmE)(ekhe)/}u;e(lﬁquthdda)tn,\ahﬁfoamkn Eepnésents the current

beat nunber, D, (k) is the Hanpel filtered diastolic
prepsuties ((pame) D K)kiisut e curien)-unfi7l tered  (Eqn. 15)

di astolic pressure. Furthernore, the Hanpel filter

atl&ee Eb@fe@dﬂks&h&&ntelﬂebaaaﬁlhﬁlm eD.qfk) idve dataace dshshioumsiid gressure

(o&ﬁj(tke S?tstﬁe?lls 7ﬂnd u(té D\Sei%g;c to%éllgésuw \fg] 41%15‘%% %e.aF:]-e
S:J;frgf E.}Jﬁ%ﬁ_@fﬂ‘én g‘{TP gIO %@éﬁ) Lgfﬁ o ﬁZcE:%eﬂ%m‘é%&%@t ]C(gﬁ,g lcu h = §) 1s used

d’ﬂ EhcaMeagen b asdalthie bRFFESSHHEs@\WeIirct REbhfas orfta mgtﬂs@ Hampel
. Pulse Buffer - A FI FO pul se buffer of a determnate

|f“é§q§:ld|§11€(s@h@ Presyush it qus_Wgtj1 e’ugl HEEEFVS bpat e cEtFﬂe@éme olda,st beat is

eahadi MBRkLe Lo ?ecQHflfﬂﬁﬁJelqul'd%ﬁS a circular buffer

containing the Hanpel filtered diastolic pressure

val uego WA R each aspegessivecbeate il heddatacfiQr ttehBean for the

ol dest beat is 25 replaced With the nost recent

Hiss| Tilfrgct disedic dhestsaire data BPpigd K thy by ifges Shonroin Gak. 16 below:

averaging routine is used to calculate the nean for

t heluk) = [Duk) + Dyll-1) + ...+ Dy(k=7)] 7§ (Eqn. 16)

where Dy(k) is the block averaged Hampel filtered Diastolic pressure data..
v) Diastolic Pressure Sub-process (Current Value Determination) - The diastolic sub-process

442 determines the cuwrrent value of the diastolic pressure using a straightforward

47-
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Hanpel filtered diastolic pressure data stored h

buffer, as shown in Egn. 16 below. Dnh(lr) %@( %NQHM7

Dh( k- 1) + o T Dh(k-7)] / 8 (Eqn. 16) where D, (k)

is the block averaged Hanmpel Filtered a

GRECERIPY- PREd!Ic %o“wwﬁ%taatp %Plﬁﬁ%?sﬁr%@w Besigeent block

(aQ:%ﬁcreg Hamyal He rddedi it pRbdeN)alue. Qe tHadst @lide6r for the fourth state

sub-process 442 determ nes the current value of the

dﬁ&gﬁbfr fist phpcssssIqp & cta&qnﬁ@ﬁ an s HigHfigRt HeriRal gasialis prepsug:.

JAN 2007 net hodol ogy. ecifically, the current

di/ deirvviiccl iepregsuber s sz’lg“fﬂ ryingige’ CﬁthfC“' tfied dtigsiicBegsures) - The
r r

%\C{}t?&%tgﬁgt M?Hgg&t; rclfo'g geﬁens ?’g‘thiiﬁﬁg ofjgt ftlteﬁ:r xgﬁagﬂreﬁas\’ atgf‘e{ﬁhcd diastolic

frrasstresgr.ac dwse A00 ang 2¢eqpisndsthtas hoas:si gni fi cant change

in diastolic pressure. vi) D astolic Pressure Sub

pr memgﬂm njﬁ\rF@F(Pa@ian@laiﬂfef plattterminate length {(e.g., length = 120)
CSIHPI éSiiﬁ%E(l: ?nrg:‘cu i) %uém colmfunnag Pe vg'lﬁ'!mceo mo{ﬁ §$ist§hc | Ig%slﬁlg c‘for the last 7

deas (6ldculaed edthiur Bsmje fofe; oliehﬂ)lse) BfLESéUZmanp@ébnbetab(ﬁlimem’ of

past), as follows: _a,.Varianc uffer - A Fl .

i kB PP o ST RTE et Rey B U ol fgps aeplaced
120 the GOARIcSivAgareCi rcul ar buffer containing the
variance in the diastolic pressure for the last 7

beag s B((ﬁﬁ fﬁ/@h@@ﬂ aldedanahidnbdviddarpethetd funetiond REIE@E T ARY) mean for

is used in the present enbodj ment of 10 th dlastollc

étﬁovaﬂaazﬂe@simrwmpvwll;?l@a@ﬁﬁ%@dt*esswﬁé‘ﬂ{;hwla e s vapiprge buffer.

aydeste baat s eplaeedmpMatifbl )t MBcdORLe, tRGE Rhlculations provide a

vari ance. b. Bl ock Aver ager and St andar d Devi ation -

Thdsieal bmekmohsoclk dutiend @verhe sddhe faee of heriapag phisegd for the

'bnocmﬁ &f 6@@9’35551’6' b f?tdtrcgﬁ @T%tscpb] ogesE’GrSQ§ Bdth %10@@';1%1§4602[119@1anda1d

ariance bu the buffer

aiem@lm(paﬁoaum v@hyiletnarrg:@suvfaltlm wglﬂ hesbée deadcton gf ]p wgpiesqmes 1hai are

no? \Vltpll‘l norm § tlﬁ f %l{e angl g%@?iﬁg ehlg];[gie{rh\%gg f% ﬁie&?j as shown in

EM@QMgamml$m1®m(mrmssm®e Qut put fromthese processes

is both bl ock average and standard deviation (or an

equi val.ght=bastr €)D.t.het) w.l.| +éhabt-&/ detigéti on GEqn. 17)

pul se pressures that are not mﬁthin normal limts of

the avera pr.es he S beat.s)

Shown‘éﬁ w%gq 0D, D2 gyig«»b Bl 2 bm, (H) Loty Sy H-119-
(BeEA )7 (k) D ar ( k- 1) + o + DvarEqn. 18)

((k 119) ]/ 120 (Egn. 17) SDD...(k) _ (((D'al (k) -

DVle(dki) ). 20) +s thPblark blerabyd HDvpal (e dhstolic press(igDetar - 119

L), ar(k))2)/119)1/z (Egn. 18) where Dyar(k) is the

bIonksamemmmedmﬂanﬁﬁhsﬁnmmﬂyadlﬁ%a@kmkfcmpmeﬁﬁwmebJume$1M7

fcﬂt%]la cghqn gﬁjg%zhlémaloé %( o;ﬂ aaloé% Bzefﬁue 2@2&19162%%%@%1H"c}ewatmn) that

GRh®iH 18d £8raab dIPPESE pikistictof afe chent Gicak bD&ldtzC(e@f,G’Slﬁ:hﬁB@voa th) to be

variance (or stanqard deV|at|onﬁ%}hat_ ermts the

dwvd‘f@iéﬂ H’Féé‘*f%} PE B RIIRIF UG VAR FBIOE HierlB AU CBRRAPNS: as shown

qatan ®: 9., 7 beats-worth) to be included in the

hi story of diastolic pressure values for use in future

COMPALibisPRNS.imBsShownk) 4+ /MsEdNd 19: (Eqn. 19)

d. Identify Diastolic Pressure value to be included in Diastolic Pressure History

Buffer - Using the stationarity limit previously calculated, this feature of the diastolic sub-
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15

]
(]

StationarityL naitD(k) = (k) +/- DD,,,(c) (Egn. 19) 30

d. Identify Diastolic Pressure value to be ind gdéaNimg?
Diastolic Pressure History Buffer - Using the
stationarity limt previ ously calculated, this feature
afrodebret4didastrobecwlsliss the48rrent @vIagy ROOTic ppﬂsmfe‘eﬁéut‘émmlosl recent
d‘%ceeegm? ge\glg,VWIec bt%gsmteh\{em usrl"loﬁ?tbeaa\ég&ﬁgethfgf:l?athq btl?ff:l <I:011tammcr a
fiess Lufavmagel,lﬁll&hlﬁedsdlebelfaldidadwt[mastdde loessomdl ianvithinf freits of the

cont ai ni er.a e sures
CRBoRsl Drdesrie ks dbyeY FORardh T TRRar e hior. ise
atuaﬁ]bam@emtcqu{oumiessdleﬁqmﬂgedluabsamgl,icatdaen it is

included in the diastolic pressure history, else 5 the

nos¢. pagppDighast BkdsGrzpriassyr Bulirst Of Yhevaktplahs embodiment, the
duplicated. e. Update Dastollcm re Hi story

B0 b wceﬁ%ﬁé%éw&sf APyt ol ! ifermighta st (- lnath

SUBPr QpEFEn Ahe hl@t%}yu(qe]%sla bl dr ;.llfF Qi &Jies@fres. With each
determ nate length'(e.qg., length = 2%4) contalnlngthe

Hicets the yllofsspeiaied "t dispstdeh et i plegvel BatLeanost rece. Values

pc[g:?%&fgglﬁ on %voﬁ hncz?éaﬁggl bfelte, ﬁ t h’e gia;éfab@@ssﬂcth@bgsq f]\MTlt e current
I's replac hat of the

repcgndre uvall io esbst@tledemm@cﬂzomr *@metmeme rthm@nebepfasmle@aﬁtssﬂe over

tf el od ogm%leqt g slq%gv%tlsil 1, Zb%%loQaSt fromthe current
are used i n subSeqguent cal culations to

det h | th
pgrie(r) of”’ Hg%e@e’ )%Sbﬂeﬁ@ 5&@”%25% 58 {a)w IGf(D

K) > (K % S k)) Dhi st k t k-1
[(EI )se l’.’ilzf’esqh Jf ’(ﬁf ﬁDB;lﬁg) I(kg)(qunS 88/( )gj'q\}l ] |)S %le(ysi )s

Fﬁ) esh % fémd%){ g)[ecnon ojt?frh?s Hu\gcéc%amcalgatl qourpla:mng ghl fts
i n meahani Elahqlmau@tacngn - [rt dvéerttbn detee: papddt 8885 mGﬁ)echz.ﬁlmaﬂleouphn

:ctFe ér}ntdl 'I%B Bé) gggqet ﬁ&% Bgf}gggle{s tﬁieﬁh({kh(é%gtg(%%)h&evgf )}16 p1 ior first
afiodi @eNt 7&&‘}:1‘6&1& lrons exehp ldRubsiedRr@s sulodd: f f erence -
The third process 400 cal cul ates the difference 20

bet wegn t hpulepie@nte PilleEQcdr TBS HIE m@assrmmtmlaulaee the difference
Pressure variable referenced w I'Ih respect to Ite
i feycen ghe (CHECHUNSS PEEESUI @ Eb Y 4*663@%1%4@* ﬁ‘Blﬁv‘éfe‘%ﬁﬁd with

tRGefid b SbmAUTRee ﬁa@l-segplessmje%hb-?focéﬁd al fibRd) RUlusSrirst number (e.g.
pressure beats in the past ored in the circul ar

hi%toﬁﬂ‘ﬂﬂ“ﬁ@ﬁ P %9ssv1ﬁé>eatb iy f&epfﬁit eiyel @ iygeplapeiess BT by the

a]ﬁllsgdj‘?ééhgy§th¥p19§3§§540b%qnévrbusl' 'degmb@tpﬁ’;vlﬁ)d ab-B%)S This calculation is
calculation i's shown in .

PUibsePriegs2nedb¥f erencel2 = PP, . [k] - PPhl story(12)
(Eqn. 21) 2) Diastolic Difference --- The third

pr oced%is4D@swallyitrances? the’ Midfer Efteoniétween tlhen. 21)
current diastolic pressure (output fromthe diastolic

s ub pr2ocesPibidek Deleenager ThaghigesmeetsetPOapdwddiesaig difference
?w%y ?lllel cful 't 1? cﬁqsfﬁ% SJeSSQU ep(;:l ﬁ‘f%ﬁtuf'[ oefn F %rd’['aﬁ;{%'ll? 5ab- &%ce??ﬁgabavel ager

tzhe{emhu asd z(b:low@) asdl U}emnlaie“eaesilfa‘s)hd es:ssmlebfed eign [ltbeem; it udpast {stored
a‘;g?l\‘;/eegif‘cula?’ Qist%tsy I;?t!}&:my Ithre]: d%%%!ic %u%j-process as described in ltem vi.d. above),

as shown in Eqn. 22:

DiastolicPressureDifferencel2 = Dyik) - Dhistory(12) {Eqn. 22)
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Di astolicPressureDifferencel2 = D, k) - DhIStO %(ﬁﬁﬁ -

(Eqn. 22) -49 2 A JAN 2007 3) Detector - 200

accordance with the tenporal threshold shomn in Fig.

4a, if the pulse pressure difference Slten1V||.a.1

abovey) i s @ﬁﬁﬁ@cﬂéﬁ@qoyhﬁ@g‘aﬂ%fenﬁ?ﬁ@l Rehalf syl ip Elg. 4a, i the
g?ﬁjgglsguﬁ 'dg/tfegf{n?{gl?eelé] :VB?mo'\fllnbézvee)?oszgufﬁ(?&%lg)ne'(m?twe and thf, diastolic

vadssiee 44Breassdcmatied2 vibove) fshm ooty Hiftsteat éomcsloofhcn héTrigger

fur§®ﬁg %giﬁv Q91+%6ﬁmhh%%mqﬁﬁgﬁh?ﬁﬂtp Q% hkﬂ Al yTRUE.

thr eshol d Adiﬂtite'ﬂat Iy, othe alried pt‘(heSSp‘fGOO'Df ﬂecmm@txnmnﬁaﬁm ms threshold

fd8 ?lé%avel)lrj]e I}gui?lesggc%rdléglglﬁiF e(e B ?%H) ?fgjﬁ%[é 111”11)1(1-ﬁ>é q‘(ﬁﬂ%! ¥ gmbodlment as
poiosess 400 cal cul ates the difference between the

current pul se pressure (Current Pul se Pressure

vari abj e rlaf@rreresﬁ&@ [&ih@l\é&)e -amek thik@ ptda,-essqmalchlﬁizlads the difference
second nunber (e 24) pul se pressure beats in
thskvesm e cpEEyPale Piﬁsselwéceifﬁfadi%ﬁe TRpssyT8 M 40U e e“BVj fhpee) and
Rh’é %&lsﬁE@%&HF@ n§ﬁHl§’€t REQC e$ﬁ0f4|4195c-:a cs@[u%VHthlslSh Yhe past (stored in the
descri bed), shown i n el ow

mtsl@ﬂm@@émt@iy Py é}een&mmesrnpe SU'i@lpkf‘]SS s4(pphpratigpsfy gyribed), as

" Bheldastolic Difference: Calculates the
55&?6?&%@e betmeen the current diastolic 15 pressure

(as_PraKl Qus Y ARsslLbed) P‘%,,,“[AI] hepptabhlied gnda@;qql

pressure eat’s in the pas as |

24 belZ W. bhﬁe e %é%ﬁc%glefs ! c%ﬁgz%ﬁt% bet\\%h)ne current diastolic
Dhi st o y(ZQ;E%E%ﬁ——EQ§— tector - I n accordance
wirgshurt ks rrenpolyalesiged.and 2% @ebionid)iastdic @stiolre 24 bérgwn the past,

t ul se pressure difference (Item
&B”Fbg%yﬁﬁb }%Trﬁ% suff|C|entIy 20 negative, and the

di ast pressure differe (I .b.2) a

is su?Jflm%] en’t‘l“”"é5e Py it { frd@z?r%b O”t(b’é)n the %?‘l“ %‘4

2" val,ye 430 for t he he

or ocesg i s etect% TR['JEacco: eug@: aptt Evael @P%n (etﬁ/e?(?% ?19) threshold
Racentin Pér. i 4ad i -theAgdls¢ |pmaai:é yliffardvee t(hém dviigr Dcasse) A0DfTiciently

of the i.nvention onf
ot 0 B BTG WBY BTGk BRI G50 FP- iR Lr gl R aieren
(feyn@ zero Qhdothe FTN@eSBCONMES)S50 fastht Gbdrdvwhite 105 dNahd@adnd process is
detected during interval - If a beat of acceptable
dﬁ%?@@% has not been detected over the interval and

'‘noi sg” onptReRLARRUNE Moﬁn@dcelha?%uﬂ@t ARusRAL Be hagkrocess
of a good beat, then the "Trigger 3" val ue 452 for
t498 of Glier piksest B eNtpOSS Pelicsaly TRUEIER0 cRbiAtt heatt ditested within a
ﬁ En?eﬁm (gl;%iﬁ” W@qc%]{drs}jdﬁo%\%s 400 perforns a |ogic

on the presence of a Trigger 1,

Tri ggq? 8 %e"I Lbgass %Fu?’myﬁ (4621446, beéhscg acc%%%b@%halﬁt? has not been

TRUE. € af orenentioned Triggers are se
TRWEd and thxh eltefl val std praosé s tho@eisgre) signaljias not caused the lack of a

good beat, then the “Trigger 3" value 452 for the fourth state 103 is set TRUE.

d. Fourth State Request Check - The third process 400 performs a logic check
based on the presence of a Trigger 1, Trigger 2, or Trigger 3 value 448, 450, 452 set to

TRUE. If any of the aforementioned Triggers are set TRUL, and the first process 100 is in
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2 6 JAN 2007 the first state 102, then the filst
process 100 should enter the fourth state 105‘%%_%9N;@9?
accel erated recovery). Al fourth state Triggers 448,
450, 452 are then reset to FALSE. hbte that if the

fclaer §est piatsc bk thaothesiimhPerished0t ey éeﬁ‘@t—fhdhf‘stf%v'é Jos @ (e

Bl s lfa&fve&%x foﬁll'ﬂ?stE&E @R@&n new sipke zQ@Heﬁ)Tbsétsto FALSE.
su sequent det er m ned ?ernatlvely, i f first

pr ocesgte tRat 1I5th& HEst S1%Eés¥ ld)(f'xs 11h@|tTePH1re tsheohli @tt@ 1199%1 il &hte 104,
the arorenentioned request to enter the fourth state
1Sromr g @w@d)ptmt iswiiltskqusetly dagiicd etltartrive Wi fhe firfegrocess is
;g leenglof nqg]e Lll jstlﬁgr“b 0[ (]znt tlﬂ(g é‘aﬁ i e&tlﬁlgc(aﬁng%gt IB[?I?@IQ!Y(%LQM] state
nEEnagumai coupllng based on a substantially
probabilistic approach (which is tailored using an

under gt ailidbangcafniZE0 thonmok trhhémggs'ng ﬂmhocbmmte]ftths third process
g{@e%gﬁ)% aeggségs;ﬁ)tcdng ?ﬁl 0113?)8%% I],}’lpd%é%lﬁs i mcchasmml coupling
G fe@ Gl laYsulfs@int @Mﬂf}eibﬂibdlsf esipkaakh ohidtigie sailoredtubi@g an understanding of
mechani cal coupling between the tononetric pressure

SEHEBP CHRYCT 1 BUBBEA F1561 BERHEABRA SHEe Dhaaous physiologic
updesn! Hindpirb&hUdbes Ao il bingldvrectiyn@r exefmhdreytly) changes m the
|nplenenta*|on of the third process 400 is not i mun
tiepebiniaat couPhes BsvemdhplebregEc PEBUEFseiRE Bl Bsissiciated Contact pad
10y ﬁﬂtdnggi fu W@LYee 'hcccc;lr":{’m@l V@QE%W? ki lenﬂ&wnﬁﬁﬁﬁ tﬂchﬁnd process
system ag l'ure of the third process 4
d@ﬁacmﬁnamumet@hﬁﬂgé@ﬁﬁﬁmC@@ﬁNP%QWOsﬁﬁ@%Pﬁﬁﬁt§@é@ﬁﬁ however,
Ei\(f)% Ys LW 1l1su?'1?&: %te% 10t1¥{§t fgﬁﬂé he ﬁ[dﬁl}@&gs 00 to detect rapid
ﬁ ration |rres e t ive cess (al beit
Co:‘im’roea ipepipdidg ,oﬁmcsvekhe rsad:onrh mgcta@s)yw&s:onmgvmoml@l yptlmal level of
Sﬂﬁ%@g@g@g isdﬁp%ctw% eF q% tﬁhd aolo%sz)sg, tlﬁ)ﬁlggveé '1?(%61 g oté cs);cavelna mlgutes) as
C}:hﬁﬂ@l@ yhiasriber I’Fuﬁb(e@ﬁbﬂeefa&ed iashiery bhynthé &ﬂ‘;td pIt(IiLeifBafS)O ot )mdlcatzon
I nduce an Ianatlon swe e
ﬁlgﬁtér;g;p]yl ﬁPlﬁ&lnﬁﬁ fm g I?esxﬁ B%['\)%lgiif 12: i gﬁtp f@anl%é?] induce an
SYphEIMoh Gwe8S Q%ﬁ@rpcﬁ§b\j\/eel laterkiBNGEmalapysitRin I G¥eSp, which enables the
associated with the praobabilistic |nplenenta ﬁ
tShiger® hior deipr B ds V4o H@‘Cﬁotméd‘i}kﬂ‘%é‘lsiPC‘élfeF‘ec‘:"ﬂl1t & Probabilisic
qgl?léfn%ﬁ%u&f ofttheth Y SR80k 40PHE ndtatNedeyTETR te hhQrSPBLMe system,
which it converges on the proper applanation
| by eatheg mdredy the spgee madh “dFChplF BXIVAEFS POSE PIOBR, apTlygation level and/or
%@ﬂp ALYox SR adL FBAT Ty e\eﬂl%lfp)r %ﬁl@@&lm'eﬁ'tv@[nﬁale qpes\%ll inve?n'i_’lon will
herefore not enerate ! rat her si
rttuetleligmdame ocmtﬂa: Ghad”| déﬁ@t bm#aheappmdhatqt oo sdatd cblnuh gptimal
0 be noted that exam nation of a
E?Pam“Pn@O%a?qqu“$%§y as described above with
r es peo‘,ﬁwiﬂlai ldolte rpukisent prasisatioa oanqbamhnasﬂmh hGtory as ciescubec above
rocesses 440 442 enc % 49
oMo Rt BonRaS TE T ha AN SRORy-Fo hat oAty Shems
aSamBhiiodSolt Hec20 exami:Nar ilgn damdumgmar &Orba@efm as well as the
segments of data . for that Eatlent agai nst conpar ab

ATy Tt SRR oAt K RO Pl PTG AT ygarbl dat

des el esticaRoVERnBE @PRhIeds tfchRRIdNabohE SAQT hCAplied in both
and/or predictive fashion; for instance, one or nore

Hiigertnal aafor cﬂ?&’td@“g‘éf}‘ﬁ@ﬁ’ﬂ Sibir‘r‘ﬁ?d”cﬁéj“ﬁI%tI'W’ZGGIHS{Q‘Ilcé‘ gia segments may
g%gﬁ% l)f:gnlgty}eémén? gi%& liﬁﬁll' &hih 1%&&@ Al @R GG P or “al e gof Qe or more
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Z 6 JAN 2007 paraneters. If the subsequent .
nmeasurenent of the paraneter(s) is not within thE JAN 2007
predi ction, instigation of the applanation/position
sweep(s) can then conducted and the optimal position
meangiss dbithe Pdscairampagiretie peiba PEAMENEAD ysia Wfhingtheprediction,
r?lhs?&%{olncg# il aa%Iafnc on 091@51'1 %Wée )(%ell:'ﬁt tag ctonLmeﬂsrlﬁil tre optimal
pressure in ¢ fure measurement within a
mmmuWMW@Mﬁmwmmem@ﬁ@@ﬁW@%ﬂ@@bﬁ@%8@m@@pmwt
\Qﬂgtli%i té@{ ﬁor(p plﬁf,s ha) Slbc? ceatersgggylsfutme 1‘{16‘1& {j gnq% 19\! ih) rn 2 ‘?’1¥en tEl’he epoch
aGetsidel thgrankd ki 30-80 @millzdvdutd ggekpont eas lﬂmlﬁzyigdﬂb rsll.tuahbn or event,
will further be recognize g pat NUMer ous co lnatlon L
1Y dHai e e pafcaiBf BEsOUIES ghal et GFTRIngM4TolT gowtd trigger
Q&k§@$ug{ mean pressure, and conblnatlons or
derivations thereof), 10 tinme periods §h|stor|ca
hi st ofti ¥l /urweé&edpqugélzefbﬂ]abwl@q:9uspcro§a)in@ lplqﬁegf 'méhaed parameters
A Bts%nlg ec‘las?dl@Cﬁdl&nopﬁlé{n‘%ﬁé@m(‘, erng comPRAUMTE L HerVANAR thereof),
at di screte epoch, continui variation over
ttinme pstiedsi sthigtaricabt ¢ histoniag/p qnwl i 2ed Birtlher pEfighee), and
t ).: Si h e Ty o
QICCG ﬁﬁ‘d‘eglg‘fg%igﬁe% ?[g;ézf ggf’ e%bﬁgl%tm ‘%Jo‘% I rrg dﬁsrtcg%‘e @&och, continuity or
Ofpt:qttrmlovgxﬁmnd bleimstiod, etchenay e mlsb:red @rtbten oat br ig pelmaim'ﬂth:gl consistent
en!gl %gg:lqc—gsgmlgvcgr Céncr ggfl tC#LIdpS the lami oslum‘(lllntam%;‘:ﬁ (H)%FHP position of the

fsélamém%ka lbbpetiag pm\eﬁ)embnts BMbcrtmtimnnsbyAli haes enedfods and approaches

aﬂfetzga gﬁ@;}gelglélF%‘{wﬁBlFlE? {p aé11eg%¥akmetgng?1%%gbﬂ?%$gﬁg§ Ith%éael of ordinary
heflieh the SYShRMIAPDANBE:bSdiedl aHenRdynardifs Asea®s BBBtibedCurther
Referring nowto Fig. 5, an apparatus for measuri ng
Heifidynami ¢ properties within the bl ood vessel of a
living subject is now described. In the illustrated

enbodi nent, the apparatus is adapted for the

S0 HepBTts BF Hgmoadapicedseseerii thin the radial artery

of a I e ,

ot her 'Qfeém nﬁg&fl rhggg gr{gngngtﬂtu% F01 YMeLéuuP "lﬁ!‘ll% Q{Hézg %F&g&l@@g within
eky@hlob@/ pese m‘f al hlwlng]glbmc‘g amcs\mlqmybekjelnutﬂw |11ilug;§@teq'i pmbodiment, the

%gﬁ 15%95? %sl d%lv%l ‘1"01 He %e’tsmememi &‘nlg (%Bpl@%mﬁ \%:tg %dn%ﬁla | artery of a

ﬂmnﬂamﬁﬂtgl slltyiom:gmrmxr Mslesbeal’racap’p)iean&m @nher d&sﬁaﬂblhajmlc parameters,

ncludln nore_pr.essure transdu

%Pétﬂlf 10 |a8<gaveﬁrtg§:§ BF V1§‘1$ Pl‘ff]ﬁli PléndP%E gf"zegruq (é(f,l mctlon with the
n@n@n@{mu@akhwﬁtamﬁagltal processor 508 operatively
connected to the press % ansdu er(s) 522 (and a ,
number B FTHRIEY MBBTAFY SEORDSffertt 470 W.ﬂt‘%ly)coaﬁa%eﬁzwr@lﬁmlon
tq@@m%@ ﬁlhcgmﬁ;losmﬁaﬂeﬁ(ﬁf@ eekshive t;ﬁ%ditlde%nﬁﬂyﬁﬁﬁﬁeﬁ;mu&lHlaod pressure
eneratln% control signals for the ste not or 6
(anat rigeynerengtigrlisa figity gepcgesoy & *{;Oiabwwlwowcwd to the
Jh(.%SLﬁE gﬁ?lpsﬂﬂcer@)t .‘QQ (%Qinat l{u‘ﬂ{bepbfr lﬁt@h]‘iéﬂdt ccﬁﬂ%néﬂ{é)'f)n (i) analyzing the
dt toring neasured and anal yzed %
canmtls ghheate! B1the tl]@hf@@@g(@bm*meﬂmmnhplaﬁ!gmbdalr Ye 5i2gper motor
?Sﬁg (%E qlehgﬁlgl)? [%ﬂgnwﬁq @Mdts%l rc%g 391 efhg |§1%Ep gogaglrcé{n{e‘oq circuits};
&mamﬁﬁa aioung nireusddngnd conf ksglutaat | B mbtodetsmroéd's STheproee5®2r 508,

auxiliary board 323, and other components may be housed either locally to the applanator

302, or alternatively in a separate stand-alone housing configuration if desired. The
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2 6 JAN 2007 pressure transducer 522 and its
associ at ed storage device 552 are optionally ngd% JAN 2001
renmovabl e fromthe appl anator 502. The pressure
transducer 522 is, in the present enbodi nent, a straln
DEAMHTE rEElGTer2? arsntssoiich syeserdvics 2 alcepitionglly made
S&g@ébmhﬁnﬁﬂgﬁkbﬁaﬁl3@ﬁ|atlonShlp (e.g., proportional)
the pressure applied to its senS|ng surface 521,
aI t ho@@%lﬂléﬁsh@rﬂ’lﬂ%ﬂ@hﬁ oLde Bsthgrprgschecydinentietrain Aeay tr ansducer
L dp ps

%E %gﬁgﬁglgﬁeglglﬁte‘é alg ?Et&é@‘g 15 n?éf Fugft ogglﬁi?n‘?{l?&ghlh é@ [qHﬁcﬁ{lonal) to
alre ;AEISUEO@))IEEalftDeW Sbfﬁuimgsuofpctq Prablthpug ovﬂxpas@nblogm ma@l be used.
gﬂlﬁg lanaﬂogg pl%%gle g nﬂm Qf %uﬁattg(ﬂ%y R J(Pesg?g' gﬁﬂaS?Ll%al é%me conve Oled into a
tclh,&tal ﬁn ;g Mk ngpE. @cassmc BHOBafietr |bh1hg eﬁtldntﬂ%/ lprvqgssamfmct iheremd sent

or stor n e evi ce to
iy e RS Be Raie R PR G B Pt A apIn . he
Rl pro@tRPPEY ulRES (s POSiak Ofeddnbededesmdiediny ddienal storage
p03|t|on encoder 577, scallng data contained in the
e wps GUieszeshe pEPROVIZES a4 athgrglted dafa 452 Ferog pgier position as

CI@@Q&H&@”}S’I @e Hfs‘ﬁloﬁ' &co&z ﬁ?cséq{mﬁsdﬂﬁah@élﬁﬁmhéa i Ghe @zxmducet 5
the apparatus 5 is al so optlondf y equipped with

$eEBAY 551 Wppér] &tﬁwbﬁe@z@ girdvisisisoeirdied. ¢ontrol | er

511 b, @d ‘ :

o S IR REPRSS LA B4 R EOLFARLEN L0l RS
\Se:sgelmc(t@ >, ang agﬁpahte@p@zemj/lyn oflbt the sg:ubql gotor a4 being adapted to

qneove the f%ep% &%thv%serfb bf gttﬁlllgp{%g{%s H%tqqgod(@? el (Sahgf Aiaia c{}%ry) of

dl%sulbﬁdt dsalegointd diove.ha 1p1rcbs¢emjan‘ mpios (ltol simmmg amff askdvdated controls

31 !'ﬁo Ll Ilﬁ*lgle%{ﬂsam fg&%neélzta CPRLE @};ﬁ?\d%lﬁ 1fm|n% F gle applanation

suhstiantd. aUpylaﬁ(ﬂﬁbio@@U&eﬂaD )didit&imr@fmbthleJ&I)thcahﬁt;d)l@lfd) ler 511b is
consi stent with t 20 net hodgl ogi e

6,

6}”&\/3“8%11.8)1 ﬁ“%]%@é‘?ltﬂeﬂwhé’f e‘ihﬁ aPRE‘“ﬁP@vWEPéI 3/06d|@8%}§t§@d“’“h the
GRALIIDIEMS pRGB A& MR LERMAST ve nmeasurenents of
henndynan1c paraneters (e.g., blood pressure) are
hi ghl Ysdesyipaty eliscTaee. hpntishels fdsarateg ppaaptye soasyrgnents of
q’m@ﬁb@ﬁﬁﬁ d ﬁqlgﬂa%letsd@m 'B‘éfodt BI%SSBFE?Q@J blcﬁ}ﬁ/ehcsg];ble To this end, the
appl anatio he Subj ect vessél
aspodiai@ds tisswaéto (()lld()ﬂtléom Plr@atldsﬂej/of @elﬂv@lbn@)ﬁﬂﬁm@w blood
%Qﬂgl' 1d0£5 (EC@'HJEH Eeal(PLE(H in (?ls | %qur V%ﬁ'%ﬁ“l CBIII ﬁﬁéﬁeto maintain the

oper Bi ased be 0SSi bl € t Onone
msuwmmsue ppbergnaidssd (foi ithe dedl posshle tanoaeicr ingasurement;

FERTRUEITd: 1 ak D PR P SO T QRS o e an accuree

uslﬁfslemﬁﬁédﬁﬁdilblﬁma‘a@dl[(l I]Néssmleiecmthef yse€aehidr ﬁ)jﬂS(W)\MﬂEﬂ’tEy conditions
t ransi ent or qgﬁ¥s jcal” events h ave occurred, and dinl
QYRS NPT S YRR EHEE c E BT IRYF §CuEed: r"é@éiPlhe“é HE SR pgpordingly
aPRl@RAMI PRmaPyBlan@nd 1431 @fiahitRr ¥kl pdgshd.i ons. 30
During an appl antion "swee the controller 511 a
cont r OMENE AE RHHIIARATTSA - it enirobpe 1t b capisisaiiaeeplurgon motor
3k ek X)[(lﬁﬁ% ﬂh@'ﬁﬁ&?q%‘fﬁguﬁé S&@H@);sgﬂ&ﬁ&%&lﬁﬂ% hQ Sedetermined profile.
predetern1ned prof i ly, the extenS|on and
réniabt flenxetsiamadagpcarmatlitonpeliasiontiesoat Yirdurigs thedater states
t 1 f i <ohen; at t -
ggp@% nqz:tq?lglﬁﬁ v\ 1%5 tﬂé %gquégi‘glé et 12{ JtO GSOCB%IJI%?TGH(H at the optimal
apﬂmamahmonm@osnds@muu@mdw&umgequmdnms@DmdhmgcaﬁmUﬂﬁuﬁngﬂw
this point) are controlled using the
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-53 2 A JAN 2007 controller 51 la and processs R ggg ﬁm?
Such "serve" control schenes may al so be enpl

with respect to the lateral and prOX|naI not or drlve
assenblles i f desired r alterpativ a nore s atic
g%lﬁ}ﬂélg]cf)] l@lang PrOCRyE; %q g“‘{ho stooﬁ?l}“ﬁgﬁéﬁeﬁﬁ jngy 2 alsao be empioyed
RS Edp0A 1o BB Ghd RN HERAS it Bt YssePIRB iftdRGired, or alternatively a
occurrence of an event causing significant

rlﬁ%%lﬁtﬁ‘@cn%rﬂa‘ﬁ (ilen Pefifian Poe‘”@aﬂpéfmai BT ppsitig. S“dr@‘é‘bbfﬁp%‘éﬂl only
E ht 'a&uﬁe)x oPhy areh@amﬁncf QbR lﬁeatcﬂn@h? Ofh (7R% Qb @it be

a eral /proxi mal positioning notor(s) may

c@oghle&ﬁ thet taycodey rsekenthe sfor dd @@hsait@neﬁ@mwmhhteH@iela/piowﬂal
i nventi on { JLs al i t ;
gomﬁomn thmot mg%; aaaq%(%glﬁpeef(écH% éf%@lm?:idr@%t&? cglgcﬁgéﬁg\tﬂfﬁgﬁg IIQVBMIOH.

th|rdbemmassﬁsﬂm@@bozﬁﬁguﬁﬂ@)mmewmousfvdﬁbgcﬂﬁéedhﬂ,%cmﬂ

é}ﬂég nrcleei)i %i@%&; {50?;2?(}1]6188 L(l)sgy %1scuéseeg évr11|1 tes&cctﬁo h*féal -4, as well as
@iﬁeomﬁmﬁﬁl\%e@nﬁhd sezﬂmleﬁtdlhd’cﬂgiom'.b@ dpatibat inapplfocatdndmned co-pending
Serial No. 10/072, 508 prevjousl |ncorpor ‘f% by .
PaFRr BHEREr ¥ NDet 4i07S> 6t P Ut d vy tence herein
these of aktieplABLRRAQIrARs € fitt@l 1BetRiddWe e drel Mokl in the co-pending
co- pendi ng appllcatlon and accordi'ngly are not
dé@éﬁﬂ%@@“ﬁﬁﬁ@ﬁ@gYﬁ@?%ﬁﬁﬁcﬁﬁ@fﬁﬂ?éh%@ﬁ appar at us 500
of Fi Fhe ?l %ﬁgpc(ﬂ 88 sof o rll'@v is| JoHﬁJfﬂEe%t %dt @nghtg@@&bocﬁment a
substanti & y del f-contai ned uni t havi n inter cilia,
amwcmbnheﬁ”ﬁp@e@ai@ﬂtMﬁh@dM@éﬁh®220@hwetmﬁﬁwﬁﬁﬂaﬁhﬁﬁdﬂ2ﬂﬂd
( 0
PBSSR Pus R BOTLAR e e AR Ol e
n;psmhrqnoﬁs]DRAN’U(SiDMM)Jmtmon B&tand imschaiehn meg (smazldingg;calino lookup

LGl AR oudR ElsphiRiate ol o £BOEopshPrn, o o

teh®ogianRhd tlelcefitoldls 1l Ss Used tant:oDME pratidieofapetaitiiogd pressure
of the Fonblned ressu& transdycer/appl anati on
& |the é] & tp

d@DUEe R P HTPHES GO BT S CAF PGP GO T PR A igplgmented on
IaRh@RR s ®Ased 20 18tiA QREhBHIRYInBAS] S, based on
initial operator/user inputs. For exanp in one
enbodi FeRtmPishdl ga FMPRBNEnt AEerFatec 5%@?%@“&15% a plurality
Ré Wral d)thttmn(serleoscdto\ﬁQﬂe Bt £ons afliaSRAIRIsIAN (J'Ioh §1of»\@§3 @ncp&)up
t hé" appar at us housi ng (not shown) and coupl e
LLeDrediSPldéeplas 757 Tihe pmce%s“@s@@@awﬂb@@ AR da!ﬁ@ ’L@Donfww ed to
r [ W c
(%L §§Y'1? lind® &al\%%él{lgggﬁqhé S5 g%i?r @ utE)% E@cgggﬁesﬁﬁaﬁ&ggﬁ%ﬁh of the
eaohummmthe 25 tmo buttons Furthernore, a patient
nDn|t ho o
Sl LG RL (B b i SUBH Bl By e
Cmeci hiind-fpantiyappative ISDO m dxaariah gr Eklyétpelmy patExtempxha)nyg system.
onfl urations,for su qterf escri
e;alg Iy gon{ g‘ut@&mbé%dp 19111161 &es 3. ;Eﬂ?sclélb%l i g%‘t T gyeo- pcndmU LS.
E‘F%[eln ahpNeatioh WePBION 646/ ®@It6E |eﬁt<iilecil’-\mﬁlaﬁslsl snd@ngk:Matthothterfacing

for Interfacing 30 Tine-Variant Signals" Filed Janua ry
Jome 20027t Sidlsaddidgaayt o PR AsS Pfgk%é%d KerespsienghingRol which

153 sdcﬂl%glra@@r@t e rdiYe E&gfﬂ%rlﬁn@ eufenel hrho'unh bisr ﬂﬂ)ﬁdaﬁﬁés%nd circuits
al t hough ot her approaches and circuit may be used.

Tiee' treefsed e mbetkidreced friwrfice pirufi has Hﬁsdlitl*ﬂét vaitiggca! automatically
ﬁit\é;q{ktu%g\@lﬂ?ﬂteﬁ% QE)BBLDQ %"Mlcntl IH{SI'I%.E)I @gﬂp}gl %}1 H}Qﬁldl?t@&%dﬂ ratior.

or system regar ess O
dmﬁrﬁls @fwhlatlllbiﬂ apparatus 500 of the present invention coupled to the aforementioned

-54.-
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In this fashion, the apparatus 500 of the prese
i nvention coupled to the aforenentioned 54 2 GQﬁkﬁAN ﬂMY
2007 interface circuit allows clinicians and ot her
health care professionals to plug the apparatus into
iipfedice g htloosichgiceaui e hafﬂﬁl]éat?wl%ﬁ%ssl%‘ﬂ]é i plug s goparatus
figGi ;| ek m 3¥3h{§flzertk¥plfp91\éhta{hle % &hﬁandna@%g:n(ﬁaq{yc 91%1:(‘))}/ obyiating the
associ ate dedi cated nonitoring systemjust for
bieeb chngdrees's wpseciaigd agitr & reditated madidirtne civstbinyiustainr ERPRANgssute
g%%mhanppy3|cally coupled to the pressure transducer

shown in Fig. 5 so as to forma unitary unit
whi ch Adﬂltxpm;/ablfilePR@MmStZ hﬁephlysxsztl ya:pplaecatouhe p5G0re tihglucer 522
BTt SoF EOER ™ doUp A ACSBRS! b a e e SR REpaars
1300 de€h@idétailsnoChe Q@ﬂsdﬂuﬂ@onlhlﬂ oApPloh Ctﬁtal:\aﬁplﬁgfrmﬁiodhi@ams of such
09/ 652,626, entit rt Physiolo Par
§€Hl§‘6ff “agﬁ‘&?blﬂ?ét%d!es“ ‘lbf"is ey d%‘ﬂéd tOOPENC “1%) ngognqaé}%?‘bﬁ%&‘] No.

toe/dsh@rdssiigresnheretiolcan et Penal el Myibef enensesust 31,
herein in its entirefy, _although other conflguratlons

A0BGryenedye We AssiBate fetrobnd pyoifeiaivg by uglRreacediStRy dyils entirety,
alntﬂc}uﬂlhetﬂpe\{%%IW@W@’&[O@QQ%%[]HP&?/ batdndifiged rB%n§§iMC§fch 51280upled and
be readi renmoved and repl aced
viEmpiablet reanggmenendSoohpyi? 'ltlﬁ@cqapé’ﬁamﬂ EEPROMs 53F guay be readily
herein may be
IShERARR ke BRRFLALS b RRERPE,
conflq0mauMomsalamdmugpn@masﬁ@}d@¢w&ﬂﬂmdmfﬁ3f®nnmnﬂnmmdina

véflngip r?$q|é%}e“§9x%}% 1 él? 105, andollls ngK JJ var; xgé ocfa! flfé/ %lg chPmMg other than

Ry spdcifich e ddsotiigd diefegh. @Oﬂmnﬁ)l‘& # \:SlLICbh lﬁf‘mgﬁlb@i that while many of
ggocessor 508, ADC 509, controller

n nenp
© qBatts BUBPRFRECHT &P headrogisdr e b e%?af@ﬁm & 511, and

Ghdigat t aléoﬂ@@ﬂ%ﬂt S echhﬁﬂﬁ €as ERERRN@MSatandikiel domponents, these
functlonallty be conbined into one or nore devices
d:pnﬁp@qqgranég Ellln{llé@til-%fllll% ﬁm‘yel%peqom(béwa nto gge euMPEEgdevices of higher
"R SLEM R0 C(@ l,P sokeﬁ%@) ‘s 688D ip” I@@)Qﬁﬁ%&sﬁ ughk @Pnsa&tion and
operatlon of such f er ent apparatus configurations
(CgrsnEpn Pﬁ“ﬁéd@lﬁg@lE@Em@élapﬁévﬂfd?é@mﬁ%? @iy theghglospgdirpyded herein)
é halaﬁll(f Qﬁ 1R QRS §és§?5‘n 81‘E tqggéocﬁ%l(‘%al slqllrh"ﬁl}é nﬁ&l éa Ldspumen‘zat;on
I nstrunent ati on el ectroni cs
amdeagm@mﬁﬂhgﬂyuh@mmdmsbmppéﬂMdeﬁh@m lreegimi n. The
conpu s, r J .
af or etr@% tc?no gd‘ éTE 1)41%1 59 S}CO]C{O ’ {Egﬁlg: ﬂg 51‘&“«?%111611 1onerdoféz étg gcécond and
(taisd wetdsscaasassedl dsngplingy e alscsmc]ludﬂzil o dedlppsrrathOO In one exemplary
appar,at us ,500. I n one
BRI pPSgrair B R PSS EPR. by BET CRERh fiHenggggiaton of
ffﬁ@‘r%S@OtI &dde giBtiefim J&nﬁnfﬁt&@&m@ﬁomﬂ@b@ I“IFSgsl ng, either individually or
i_mpl enent | ng t he et hodol ogy

iR GPTP AN Werel: WihHe gonblpﬁgﬁ tm'S?fL%’f gﬁfplewl qng)o%,ment i will be

|ﬂ$ﬁ19:b""3@@ h§ bed Jfo‘affuﬂsﬁlﬁﬂ ﬂﬁlﬁﬁlﬁt@s @rbodi aRAL incluldind fdr example
appr eci at ed %hat ot her ggrann1ng | anguages na
e

b\é'SILfé ic".forteh w1y ¢ of hexbivsh Felcaaneaeaat B hespioe code listing is
Fc%ﬁﬁaﬁ;anamﬂqg fe dilPGe@Bh el%cc@rpgaan@@mwmﬁé AP Wl ktnﬁ@n in the
source code |st|ng 1S COﬁpI I Spose
GWWWUWEdMa @ﬁpnaghlm@vgméﬂpESﬁhemﬁwpp\méwhlanmwﬂquwddm%
h " r devi ces o i
i nCIRué(j\q 111aapﬂ1cafﬁ0plp d%k’lg o gﬁgd A ?Esg ézﬁ)ggllx }g%’g ,opgx en%%ngnetlc bubbie
memory. These programs may also be embedded within the program memory of an
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CD ROV, magnetic floppy disks or "hard" drive tap

drives, or even nagnetic bubble nenory. These#£ 3 Jﬁ Agmﬁ

prograns nay al so be enbedded within the program

menory of an -55 2 8 JAN 2007 enbedded device if

dabedded devitrel derirpitithe cpmpgeragrogray mfayrftutlan ccmmiﬂei'@amiml user

?1{&%?%8%%#6};?2{%@“1' get \gf%iﬁ z\%g\i\;\%ll% k)e pto%%mmu{glygll)}gs wum lS qpelatwe

tcoudlifietcdhs plsplyy and inpopddvidexfiteehoat c(mhlaltd”r(xstapp@ﬁpybae which the

or @ﬁapatus on which the programis run. 5 1In terns
Gfoseherdl structure, the programis conprised of a

seri eg ©fmsSHREQUIsNRSIOI the plog@m it BEBpdsed of MpkienBMNubRgtines or
t he applanatlon and scal j n nethodologles descri bed

RlEOETIS (B SFeToHt AR S BN Eion Ane raliee watodpipavs dearipe herein
LRe hpsheRRRALALMSHP Wta 1§9\ﬁ@édf ﬂoctﬁé hst 2 "1;)1ﬁf?atuscmlg¥)&rzhcally the
program conpri ses an assenb { anguage m cr o- coded
CAFDHBCRTPGAM SIS PR PO SR DR anL @/hw@%@dd@iﬂu@wlrfe%géfsposed
Q\g%ﬁi ﬁu, émb%tide@lrggflmm&or¥ e aFn & 1q bi I Bﬁ thePd; chﬁ?ﬁ?‘&essm or
or m Ccrop rocess%r aSSOCIa? a ﬁ

mm’aswmewmtassa)ppa:ﬂ a‘tltinst16@@11odb7ha1810Inaﬁmecmelémbmtmerﬁo This [atter
861%0%{1101& PR éd(,rsigl‘ée Oargi]tz/gi? age U Fomp@?%‘é‘%snu? ﬁ%&bob\%!ﬂ% the fleed for a stand-
hanedware sindlar hptemend inHengk dgroasdan 't tinetideial Stlgh compactness

Such c ctne i.s highly desirable in the cl
SHASHE AT EE £ Rioel G e ek b D LR  BaLEe b sperRriatym
af £predliund prem um 15 Method of Providing Treat nent
Referring nowto Fig. 6, a nethod of providing
@ﬁéﬁ?ﬁ%ﬁﬂ“ﬁ@w’ﬁﬁﬁﬁT@ct usi ng the aforementioned

met hoﬁ%fehﬁﬁq{oﬁqooﬁied6 Dhelhbll WS torAtRe irfhufibd 1o @u subf® using the
first step “60 the nethod 600 coi )ri ses sel ectln%

taﬁeelmlmeﬁpdv@s@@qls antsclosechtAsomustitadeinnipgi ¢.ohedirst sp 602 of the

rﬁ?e%l{od d@?@r@: %91589&130 tlﬁehtlalﬁ CW/els el QﬁlmEétﬁ}ﬁ i B? n{oﬂ%r@é. For most
ter n|to on e I nner portion of 20 the

\immstt )submltSt Hmsughl omniyeise Lheo adlﬁiamfslyn{ay npgitysédn ithe ioEg @srtion of

\r/‘%\fg wg\;t h%i olum ohe locg{ié(ns 1 'éy %gg[ggcansgs%s {heﬁetapil%gz\#d%? artery is

membamn&ﬂmsaﬂam&mmbanedﬂjm the proper Iocation with

respect to the S ect. s bl oo

my b Bt onCh ERTLAT g 2 R BaPE gy ocaion

arithsipkacs theYudésyaldoy vadstlgsuaigpitdeachiranssiiearm@nikd manually,

devi ce over the 25 |nter|orU£€’t|on of the wi st

by
e Dribs SUFEY I Bt Pigii B/ HEBlUS é et idergspeer and deviet over the

R@siidd QMG BEAVEQUS Yhel §ELTCREBHoNIQEcoliticOhRREIsNEaRSitioning
Next , the first applanation elenent 502 is operated

PEP i preBoBicsh %sbit Bthap Plcakat Xt HBe (118 e 8uR otlHBs T 02 is

tOE@l afel 9&@16‘(}%@ &b o @ 2Bpidesd t‘h@%su!e ?M Rlundife B2 bﬁ&d'\fggg{ttb £ Vesired
Optlna pOS|t|On Mhere fects O? transfer |oss

dnd! ot dvdp idspttigreg Opiasgslox@wamewhw tlﬁ offaets pomawst fosgand other errors
g{gs%?q{eﬁn&ﬂﬁ @L So ntl%\log(?tni 16%6@ Oﬂgl [ggll‘fHL§ Q%tp%ncqmo?’% S patent

I cati1on erla previ ously
impimp@r atratdNher0di73. 508 Ipustously as:omqateelﬂ"@rmlh ahiyu atevetmhegemplary

(l)lgbfi %rgl of lzgdmw h’llS op%mum qppﬁeﬁzonqeve‘ on level.

Once the optimal level of applanation for the applanator element 502 is set, the

pressure waveform is measured per step 608, and the relevant data processed and stored as
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Once the optimal |evel of applanation for the

appl anator elenent 502 is set, the pressure ma@é%oyw¥2@@7
is nmeasured per step 608, and the rel evant data

processed and stored as -56 2 6 JAN 2007 required

(:&tm’apd G1dp) 61 0$u$1hh mrce:eeéa&i Ingy melndé.rfor udepld onledxtampdlete pulse

éilaeégtiil %f P/stéﬁlc mtg ili] sg?lcb) l%rlroéhon lf%r%lé él Seusiﬁeemob 1rnerrtn gﬁuses over finite
vialelig@rnasetind dplibha scdt ingﬁ)f izt ieeasmbd preasuct @@idﬂﬁﬁ]@d) One or more
scat of the nea ureg essure mavefor ?

e %’H B frgSste Bﬁ'i‘ dl?%@ (5. Presgyey Bl P eell“ﬁ@“t HP?SE‘G etc.)
RfESsUESS atclUh S@p BIEBAYL G tIIFRANY 2K EFihRd z1€§t§p bil(ﬁ BleBelevant
t hen generated in step 612 based on the ana
periosT rege fit-seepd-ene hivtrorcaice dhe o0 F8P ©of 8\%3‘ Gt gntion are
il ﬁh})lfﬁ]@ﬁ’t@@ 0 RN kD TGt OF 8S5&S bibOP vesdQAnd HROVRE tissue in a
th esent invention are then inplenented as
rce@fmurledmtt@OFremtnmélon ntth@pglubij @otpriskion dsved sed mainining optimal

cl)%grﬂ!/]ybqglaF C?SﬁH)ﬁ 1'! Hesﬁed C& tsEeB %'1!1‘90 StE af 109 de legt‘nq&lls 195111tonng
} 3 ni ng
@pﬂcwﬁhuomaﬁw¢aRWprEMMmhbegos;fhemtﬂbedesmmedyi@@nﬂmrnmzmt
Z%/Cglﬁi&g%sﬁél(g a%[%alatt 5 WP&E 1n Ollf)’ p%loigtlw [ uloel'éﬁrsinet’ggolljl? %llcrﬂf.ﬁ Lne}nen Oq intra-
Q&m&ﬂ@kﬁn@umshﬁdemon1the prior art techniques and

appar at us, . wher ei n _on] erjodi c representati

D P O g e R B E BR8P0, Ebtpoynamic

Lastieler (4.8, SteRc Bkbor dild@lic GO @edads) i€ Qi BWQUSsis for providing
measur ement of the henmodynam ¢ garaneter

dipalsns © thaarcl dicastarale thi erseee fiéé%felfce«)ﬂdudéasg%*é@% pressure
tvhﬁsep%*%'c%ntfl@lﬁuaw OMe ki d Hsplah @REMBRAL W i VeicdUBIIRCealth care
For exanpl e, the corrected systolic and diastolic

roodT pr ek lime. wish e sErSSEEHY | Aoy Yg@}ﬁér*’faﬁt’lélﬂef‘awﬁb may be
%ﬁ&:!tegy% o ea{\a&w S0P LOVRESH! Mrahby fﬂ@aiow {GRY Fends in the
provider 1n such as during surgery

Abudtiorati egloyse o dsheirelsur envent sf thvayu!:h@t Bloirbeetadtal agents or
to‘gﬁn Ctaopl es%s)étslg I?lgf?[?qﬁ magqjg élic%ch 1H§dr %?sgcsl qgla %Z%glh{i] Orebloga]gpressure
Ghdasttatnd, ys Sy’&ﬂlé{lﬁbﬁﬁ lrt the n@diﬂpl@ﬂ:ﬂs Suﬁhaﬁmcﬂ)hﬂgé p@kent invention

S .0r

F??%Vé 6 If%[ ec(ﬂ)ng%g)g% E%ﬂg Pﬁésu%e l§l62r5tl EHla%bﬂ% ogte%tﬁ é]; %tlj, & harmacological
neasuseeAlgsct aphyisbloaelchn knawitotdd it kel meeli cal arts.
Simlarly, in that the present invention provides for
CHREFRUGUEBT00d pressure nmeasurenent, the effects of
such phariReclodl ¢al. 7208 d@fRr aE\%c@Lﬂﬂ @€ tim@ntion are described.
phyS|oIogy can be nnnltored inreal time. QOcclusion
MPesigetiy-offe 2Besrat @i’fl"”l"“ﬁ@ e GPRrYYs arkp fephniqype o pfeqting and
Qﬁ@@ﬁﬂh § i ot [AVEN QR AL CusH&ICH BeMisive %Qﬁcélf Lgal! Yovice in
t he pr%sent I nvention provides apparatus and
tcenhmitiquesh fhohemdetvertic rignsasdippamites igamivmnly detveibetifeest s
‘rjeSl'” 'ﬁ \ﬂg bg [ c%nn )@83 %]Hrc'\?ln%f 16‘;?8 ﬁ’%ﬁlr &%lﬂ)ég ))péﬁﬁlfod?l{cnt%'qm c’e@ilbed in
apqaaanm\mf qotcmmmeius Ipyesﬂmssrms@edpdm&msecpfnhe Lype \midvioue dn,scnbcd and
réfe:'t%%g(fuﬁé}ﬂeén Lfce fi eéx énn chanho:ﬁ 131@/\6\436{ % hp&egn{c)ne )%xtsey 8\{;1‘(11 other types of
ta@ PR dnd GriRe8SS iitdeacs@tis gy siqnpbinab way 0f chilkBledey pebe limited to the

reV|oust descri bed and referenced herein, the
f%¢?%ﬂwﬂﬁxehwg 1Y BHOREYS BPRESpt ed for use with ot her
types of
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o]
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apparatus and processes, and accordingly should in no
way be considered to be linited to the aforenehtg gadld2007
exenpl ary tononetric apparatus. -57 2 6 JAN 2007
Several types of "events" can cause the cessation of a
det Bvtrablyeespull ‘seenty’ a9 yruse Wiversssatisi efgp ddﬁ@t“tb@rmﬁ@t réseure when
%gﬂgﬁh%tl&%n%ﬁ% agLQ‘%%/QQ&YI%d 2SS Bk NGl Hg
r-conpressi on can be caused by
eit I’DeOvﬂIBttohmrcsslf)n tther-subpreston clrebngusadiytethe dyotion 0619'16 subject

Tenecuigy Roge® relabitBRecbiat BoR < rucPTehigonoring

GRRET {de@ind preRamBoy. ilaakl t)?nsl’ﬁba@lumﬁdozﬁjhﬁﬁS:ldl])em\édiduled pressure will
i.ncrease, %rally bove systolic, pressure, and
FEREEH Uml'%ﬁtq PV fﬁféto BASEG §ncl?’§tn|‘“éfcli1%1jmft6 lheaSﬁnsm is retracted to
%ﬁpaﬁaﬁﬁbheﬂé Qevle L \MBlnce, HRNGRent BIQ kY BLEMY SR 1£l$1§g091@ hppropriate
qui ckly, taking the appropriate corrective act
fepueiy e agipn tiheughticigers g obferidapifigleisior ot *éé@"@r)’
not i)%v&@%%’e‘? Mrnp:%gswﬁe‘{tqrﬁam§ﬂ01iclgg£ﬁl%si§anLBmelflt Ela? less than
app anation pressure is Insufficient (e.g. an
20 oHemHge ierert ey exdapivany). tarbidets memrtryled b)htl,ﬂe pulmscé§ heart may
bi act, Ll £t

91%{15{1” ﬁ%&}q}ﬁQXwﬂ tthﬁgéw]lﬁ)ﬁ%éﬁ \c}gggsg{ W ﬂ%ltlwyg\te] lﬁlf‘l 611%&11%9 C r‘PY essure
tSﬂIFEOI’T’ét‘VE]]@Lll]{ﬂCES(B?tllmeSSiOﬁ@Eﬂleﬂf ccu@&ivlefr endarridiar pext;emtpnc&&m Imms highly
ﬁﬁghﬁkf%le h%g/ﬁ}f ktéiltyse; R chgﬁ{/oé? Jetf'lfﬂ%{f C?L Ling \%tiegg H}OPI&?I zno mocﬁ—z can cause
apier@bilan. duriingiatlieinite ket gedsng FEENC N EARSRsure sensor,
thg{alg 12{‘? F;,]JS baltcgsr{l]f%é%gy%gﬁawuiﬁflé:lﬂé{gﬁllg%gw atgae'lgﬁl&s?éﬁﬁf rllgsr{‘)lselélgLﬁe and will
RIS Satufe MHSbpRee shightild eanhldrobel oW tibe:riRatdr @id Shift detector
di astolic pressure, and w || of t en require
APPIOBSrcOktre sz Bicy ertlY descaadiisiPit ATCGUGAL Pederal prflgeperagjession of

of LRR %séauml @%ﬁ&tlﬁ{e t1£“%hs%} JrEERY ks @S (PEEBIRLS Fessure
descrlbed her ei n. hat noder ate under-conpression
ofnsot-he bl ood vessel mnll not elimnate the transfer

f t
°) %g SfenPeRI E,,%hﬁ?ﬂ%ﬂtlgtﬁagg{ fﬁgﬂ%ﬁentge{ﬁeﬁlﬁr pfSsure will

mamﬁemkﬂsdarwe®WaHcpﬂe@snmesmmmme(empmnmﬁmwﬁﬂ®y9demaygtnt

éﬁ)l(‘,d{ N ;111&11|)]t'1:ci,1]1011131f 1c59Hf m arsﬁg’ n;gnreeqm(eopou 1d ?C{ll%w sln 11?&1 pr 09'116

onone
nmeagjuiedr aDReSCS:UToﬁmShOIﬂ the f;@xhsldmm & sionad ar&.uffﬁbﬁﬁtl liigandd) faterally

atera osi,tionin he t. ansducer i S, mov
I0T e Pl et GBS mespR B TEiRuPDEe e oush the
tsh|. mlhles&l@ﬁwesﬁ)%lﬁetﬁt gpradsuced by Neiiale dhr@Rsfer e fikely in an
properLé throu h the 25 skin. The eX|st|n® tononetric
BRRESTHEY §agY i”ﬁl“ﬂ“&?‘l §FCBIP¢éh§éCh BRI Uik Bfe hepegginpanied by
%XtHQQ:@BI h@lf' X pAREAN DN IURBRNREE condRBRNAh¥ral Sp6Ei RMEMBIY sensor
woul'd Ee acconpani ed by a trigger of the Tirst
mf@cté%@tqmoulwﬁ%r ag INPYOwhHErdribehherain| at er al
r epﬂs tqum"l HQmOf %tﬂ?e %%B%Qllscusgyc?ﬁhet hﬁuﬁ% B?[h% u (Lfll QHb increases
occur ~as previ ous éescflbed f
khﬂh@muﬁnmcmﬁsnp&emkmuébWOdM§wu3@edﬂwthngOWMhEV@®UTh@mn is
PR eq! K clulr[mr%atﬁgsmcw e H 3 I'(]%d tycf:lf:bvoctcl eu%llegsﬂre }Rases and the
é@alm od "FT'ons & PG gR AT TP VENEUS

ragtit] hldod 11 iﬁﬂ‘lﬁhllbmtiﬁdfu teASl {mﬂfl(ﬁ themem;ﬁls Wy s@eni nﬁhe&aésﬂ]e resultant

f|OM/£and t EP ulse pressure% gages and. t he
pressure curve 10u '1p| roximate an exponentially decaying functlon wherein the

resultant pressure is below diastolic pressure but significantly above central venous
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arterial blood transfers fromthe arterial tree_,to the
venous systemin the linb. The resultant presstfeJAl 2007
curve shoul d approxi mate an exponentially decaylng
functio vvherelnthe resul t ant ressure i S. bel.ow . .
A& ?E[Elﬁ?lé lgut & PBY hflmélpté:nq:ffir%ﬁﬁl{f 26 ¢ Tgﬁtllﬂ%tmn/deﬂmlon
%eRAHS (as- W8Il 2s Qhel /ﬁﬁil@%@@%nat@ﬁl?ﬁ S ﬂ}ﬂuMﬂfcl @lsi @RSy, 1 Thet BRometric
performance of the cuff and its associ ated
IVEEEETOT AGET AN g iccusyiady sihiscitlis cyonentigky decayipapiceHte signal
anat ony) &A% RHLEERCHR: tdmlc%letgl%g@é’d peT'a§ 0? Qﬂ@r('?g rg Geconds) under
measur enent systen1shou|d accurately reflect tThis
ghporent puakesy 2declasdrihg! pravsdalse ksivgnat patioht amobigering mode), the
t. d fon R [ add )
%%u;nq g\ i lgggtgtd’t I a@d Sﬁ]ga c{e%gt%n%@%ﬂn gqgcrogeg g v%qgg%‘ugseﬂ%né gl lgom mini
a%polumu@alswe)cpk Mowre tas lopat ilﬂ!lhtis tppmmﬂ}omchglealm@é@ sechhds during cuff
Sé@%\()grg}ﬂc SWW&HOL&W% Cé}%és lagﬁieshbf n Slgt(lf%%\rf]t?mn "ldqlllon the mini-
appt@natih® MosWeepsSwenStanGecdrng ]éz@l\l\@ftril iymhilestht v pit eaddliyinflated,

occl uded 10- 20 secoq%i durin% |nflat|on t he

J5ASHgir BRTEIP I P SRS CYeRpi BClaN P&t < EotdPA FREEYRpy crrors in

| Rieafd@hddnQMopiiRA appiBiatiosWeEPs during notion recovery

can occur, at Ieast partially, while the cuff is stil

i nf | ateres 10-Tedmmigo seweitiiy tmprat ctfabré elamns on the

J&gn%qlicqg nfeaGrad L @:;e@le%lwn%ﬁq{@ Q@éﬂ}ﬁ-ﬂﬂj cﬁfﬂr(gf Sed Ba-7c is extracted
term nation of optlna apg anation’| evel ?lgures

Aoy ghighi Galyl yasderronsnadabe Axigneapiet Toofdepighf the lateral and

t gpo y P

d'BE m?’]tl 09%&5‘1 &&%lolnaig)g a%;Mx&?LJE {ﬂea’éuc{cggisl §g§#£028 ag% puise

forewores ©F malemalle csmﬂ;g &agblsmsf(@rmumy oAssingnige. ol Ripgition of

éges ?({%Igllaz%tgg Ori‘]eslglh] acféqﬁ inr Femcads iastu%o% %%}E‘t%sgnmg%l)o flelan’mon motor

q:ioazﬂt)zﬁ)h&i ¢ fandopul Siee dp)lﬁzfgsﬁbl h&ﬁenﬁmnomelde] aar&tcbnﬁq)et}a‘.ae{{efenmo to

7¢c illustr tes ) an r
Jdg tr’llcolrll Cyk be L el ltDHnEuegy‘, @1§ gﬁpiéong ‘,ﬂl’gl\ % él[f “‘9%11“ flated on
ltAas bindpshiatete ao nﬁies Ion@ﬁh@n el dehso@ PP lafgataeolﬁb\w@»o lbeats. the diastolic
position as a function of time during the

aF e EmiitTseaend 1o dedditd peEriaey chapgfte AYiChgPoub7 spgogds the artery
Ty bl &1@@ P& &%ﬁl@loh hcéhntagey@ﬁ’cpf 1@"1' @@éo‘%h Ynaih @ ATREROALs period
i a cuff was inflated on he arn1|pS|Iatera
t7(37t?h‘é t@i@m@m@t PrBUsetpsayed @B@m@ﬁgﬂbh@ hestue fshghthehglay diastolic
Vé;gSSiq aa‘?ﬁ[i Q\, Clbm@ %ﬁﬂf‘l‘ r\f@noug' l@%ﬁ?egln@é’]ﬂilegpﬁ clgﬂe&%t iqu' n%t identified
ves lape C ange& After about seconds the arter
faflgbyd"deet lude:dale\smh sewoH ugéon, haspihyibeyondn plh)eess triggered a
élig%tg)ﬁel?covm Y mml s“%% cglilé{ ]ael% dl%pcl g'eo&fﬁlgﬁ aq tl 712?t2506E£}al% mark.. k. 726. Note
SthatgxlppllamubeInmnmddlms]t m0ac73q5r®8z$slrde; 111@11116 Mﬂlfﬁve%mnds Wthou[ a

tral venous beat detecto h
rﬂ?ﬁ‘ I:ieate}ﬁe q 2 8‘:0§ Fa.! 66&81(11 ?E@Je gie CF tﬁmt L‘H%cefﬁ, BITHHL eg /Qgtjer the 12-
SREAGh N TR malmlmtsh@e;s azﬂipdlffSﬂ”{lfehpﬁ aﬁrﬁe@h lmfm me«a@sess
triggered a nDtlon recovery mnj -

perf o YRS B 65 it npe dtisgerias f§ f@éb%wa dﬁ*ﬁfflR* lflf?%d Rt recovery

thaé vefl QLpf}c@rE@@an@ Wk q{'lvéjbﬂah 81d t308urse/0Re Q6 §iuﬁ§ceqkll'§f| Nek extra
the first five seconds. thout a new beat after fhe

seeondordid hemeedebt wadd Bavet teblgil thivelictyy? o€ &y tpghe fHimb (with its
sl%ﬁ)%ﬂ[&%gbsctﬁckﬁﬁefkhtel?l%%h sﬁ@&%ﬂ%s%ﬁ)&v@g@he %)nggm from lmtmtmﬂ the

m ni - sweep Ing O e ap anation noto egl ns.
I\bmeagtplﬁalnt;cdlesl\@yp Aghus.Hee erarggernt ty spfiem apild bs pfreciably lm_pmved
detector-initiated notion recovery

-59.
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for even a few seconds woul d have changed the course
of events significantly. The extra tine afforidgdlby 2007
t he del ay woul d have enabled the return of flowto the
[inmb (mnth its associated subsequent neasurable _
presiaiwhparianine ths prepenm' tﬂlﬁeﬂ%&?%"tt MISSED AT i FTPERN Fgovery
tRGessMB cTeﬁEJHL@H@Bh&f‘OISM\@@@1110TJN§@ rdpfte's Qﬁ%’ét:ﬂopﬁmggn  [ecovery
the system coul d be appr€ci ably |nproved -59
20075, e @l @l r8vfellsgec@sdt errdPih grotch e induraers onn gie @lhiéted aﬂd the
i th r
e(%éqg?ﬁ}g of i hlélla%%glétteplo F\L&:ﬁl g&é enr : lﬁa o%%’ g ev}/trug%{ Ql%ﬁﬁ%%ect .Efleence_., n
dat egtear thagtdsen mwomersyl}eaptrtocmsﬁ; thetienganeddldy peiod to obviate
ﬁ gl%51%%%?$§¥3§1§1%t%rlﬁm{pfi.\ ePs Mﬁﬁg l%lr 031ilgnewse\f\ée%1 E]tc g(rj and
not i oMwoeGeN@feyitaV hpartehtsymet bd?ﬂuﬁﬁeed)j tHe Re@sm i d&el mgewm the
as ect, the esent |nvent10n [ to utilize th
fBIFé“QPn ﬁ’@esﬁé%iﬂt 815 6o TdBYi %{f éﬁt fEengy 8?‘br’|’€n??“6fiﬁ‘ea‘m iarly
RREROA QM) ivwigWeBRE ABShl batGFRh BGPhicl QRCHWERPSystem may
wo fundanent al approaches may be utilized by the
s”l%'tﬂétiﬂ@l Fiscaiannat §etniceT ot Rissity e gBi hge ﬁh%@%ﬁﬂ%»@%&ﬁcvents the
9%15115@\{@ L8 d11Fc'1 L8 type F Eveﬁ%@hml@‘ﬂ@@ﬁﬁy 93 b‘ﬁestert@étwﬁgoacheq form
simlarly |rrespect|ve of origi a nore 8
ohe biiif of ther lespowselansenbpdmerthef é ﬁitéfm“m!iydeﬁ@ ihg tS@h@;@ﬂuemly
CP% e ‘! S v\! b@%@ooﬁﬁw‘@%ﬂke% G 1@%@}'11[ ydegc%ecp effPREly as discrete or
FEerent es “of éven response to eac ch
deparee emloﬂcyep;etlmffoé@/\eng tammlqdrf:s aialgimsm}atqdaerpparamh)e&@y bevosed in
2(:'%@5,)11 %W":l’{h on? az%chles 11’n c@e%un qd; gﬁ): e\am b d‘l%xlg 1 gney‘ze% 1n;que may be
hEGScE\i:vﬁlh rdspectnol d pdogo T €fciogniaZ pehul alflomei/ézwsantt ha’ﬁ"u zwtheloé"ler approach

eff ctjvel | screte or. se te
SRR ST tRE Aol DnRe BeH dlee R Hos 6 pigehes may
%Q%lﬂ&éﬁ)l [)H&Melbﬁltluﬁﬁﬂplbﬂdﬂqé ti‘eQﬁkj)SUﬂl@tdl D0/oWwhdchr afms@stem response

another if desired. For exanple, in qn ect,

188 HRFRYEE REYS bEI=cgded NMFIUY edjsedtost! Blﬁaes Uiipigne the owo
”JBﬁl05%9'@\1&0QL‘IHha&lhé?rboﬁfb111&@6/1%”56%13 reddlly! ﬁeﬂiihﬁd‘hﬁlﬁ‘@ﬁlplemented by
approach used t he remni nder. As yet anot her
é‘%éﬁﬁ@ﬁ“ﬁ@Skﬂh@oﬁﬁﬁhbh@§%6Phﬁ%§UWmo appr oaches may

be ev?llx yaged eké?n}ﬁf&g at!nlﬁﬁ)ldrme‘m b ddatveRt (ﬁv"lq' R B8 {and
rapi d and/ or accurate system response recovery
b@pengu@el"cech“ezdhng\ldcmsfoéu@ssoltm@welp?ow@lblas |tt1@°ésd¢sglribed above. As
é)le\flOUSfa’tigdlCrﬁ %Hl%ﬁ?spggféjl {‘R‘lalﬁ entcﬁ%ﬂn%%m g‘ﬁ‘%ﬁgﬁgﬁé&leﬂt types or
hy@nthﬁ&eeoﬁnordlnary Skl|| prOV|ded the present

nventr B ol TSR B e AP AU from ot
haad} isn@ed. BaSehis @foev&SM FE. evieénlss sUdimad dehose for any reasor, the

descri bed above. eVIOU | y. i ndi cat this first
et meeas g el S FREEVOAT B leRC e B FHBrasers o motion

t YRRy Qktep &P).Ofvhigh A nRlint dTenRvVents Suﬁﬂﬁ&lﬂg @b than @ufE inflation
attenpt at discrimnating ipsilateral cuff Inflations

foeln (pehetorst gpentgen 804sed. OnRaPHrDOSEsIS HEWRL 1935 B gignal™ alert
qncsk*f%@o [0S 3e; Otf101§1'1cglﬂﬁ'1| to 'tl§n g%?&@]ﬁ%é) OA+ 1@9}5;1&[ @ﬂﬁ@ﬂmt EJQ!‘?OC{ the

syst t em suspends the notion detection of
prdeessecko® feeafnigral @gseneiung:dalwnﬁtqvwrﬁicc@réd@memﬁ)(l@tl eping that a

lc&nﬁf)dieag ]J':()?]Siabzy a"ﬁrha%%%] Gf‘cf)f[f i H{EE heh%‘e ’lf‘gl Gﬁlldlﬁ‘ifOﬂg(.ji ek &uy detectors are

re-enabled (step 810) and the “abrupt loss of signal™ alert message is removed from the

-6{}-
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30 cycle (e.g., worst case) (step 804), and opti@nali vil?

posts an "abrupt |oss of signal" alert nessage to the

user alerting himto the sane (step 806). At the end

of the wait per| od, the systemchecks to see if

hisghalil wad (leabus nEdizsi et BOTGHMMELRbI P sce dgbe) the system goes

url‘{ .Cabd e gs&%t&@ "[%'éfhfa t@l%g: 19Q§e$lll%tyated embodiment comprises safely
| ated/ defl ated. |If hen t he af orenenti oned

rmtmnm Herstanpiosa kpavn lrnékﬂéﬁatbl(@@lﬂ @%ﬁt)»eap @l0gs dgiting He user as to

;SEIEE U‘P?télB la%ﬁﬁl}f%aggh%[f@l:ﬁ;q Stfgr% fg{?hqlapﬁg}g@gzﬁ (ij0§ ggl%gﬁ]%fg sa}icp%maudible

silagmadtc. Iﬁa@ fhl(Sl) retur ned on its own accord, then the

:%’Z: S[ﬂ1n e%ehn} ali/ laPUoPtlm &te%tgh]gécfs b)gré :ﬁeecl"%ll%%c 131&;2@% g?l ﬁe Assignee

retedf fi mguihlive of ysieemmiodfoandovak leﬁlltE)ahatSE af es Qc&td—)ﬂ:; imination
as alerti t he yser to Samre

I b e Poelet IR Bl S B S ey San g elaed

QB ehn FBANSIaSUC MoasvaUdielde@y, Hhahak Rt @1 the dradre BLRY. in the

The exenpl ary al gorithmrepresented by Fig. 7 has been

tidesragd bi}“lﬂ%ﬂ‘ﬂés isgrEeimah A ofOTBHETE! efccaitiafiatangntigrically
ﬁﬁgngwd to work well. By nature of its
on-discrimnation of different types of events, a

del ay It sthi npersedatgn epbedimeipesvispl delhtase)( jobiscls epfaporate in

mﬁﬁp%h}%?%nggﬁe{g a%ﬂ lﬁlg%g? elrrﬂ)to]%déé)c ?gjg@fgea ned t@égl ci(%ﬂbﬁ'){mons of this
idxbruglturyateddierwbodt semt, in iFg:. f.isradén iadde. ertérdercetk (6) “objects”

P GRE D AT oENE el Blsb B CRERIT Brpfect 2 (18 o beas

Glateb@b Objafhe%’?ﬁ NGv)i gl e@ndetcngr bb\]ét:tﬂggp(\d) tﬁlr'HMpB‘Q@ssQﬁajeEl 832, and;

8...The objects and their. ora |ons
SRAPT A GOt AEARER S A1 Fi 5 0 e Sisa by fhose of
Rir@naralkilt heme Réarbing(Hks, ek &ﬁj&cﬁs ;11115 Heh@tdered in any form or

ﬁglgugg?ggglg%}?%fp(pg%\ﬂ%c%g g%ﬁ&&%ﬁ I:yItdljsggéedﬁgéetl% mcﬁéi[ub;c\{/lg?ﬁm limitation
QEJne%Bn\%g@Gna( b :aﬁﬁﬁz‘lcd]aﬁﬂﬂdffés sdet 8at ar—obyaet, B30, etd VWhich are
first process object 832, and: (V|) user interface
(Unyelenagend wispaieaps desadbag futhep Bere @altihg mpseisp-stllsg dobiect
b%leﬁ‘@@s pgﬂchegrstq, nfé‘rfé{ &5{11!)]% tlierlahlﬂ%n%‘[)&gtr %ﬁﬂ&tﬂgol@qédsaﬂ chitecture
these objects may be rendered in an ormor | anguage
S(@KIRM)é\/IEt}dJEprSGdMTdG grimeref thngbicoln éFSCtlviddiESQtlil ogrebe purely “virtuat”
gg mﬁue{ i 8 231}”% CPQechfﬁém Qng& iglrxllmu%@éggg d‘;g{ﬁfld'é§ tl%gde&ued functionality
H@e{yt e 1zBas<hnquteet with thmﬂmuaﬂ el he aleter m_ed)d olkiheywresamdnvention in
BB NI oL SEREL DR LIS SIBRC L FUHLISH TRl B an
emﬁcm@hﬁnjz hahe mmfmi@n Qiim esahueemeab why Olkedred
architecture used. gurt her m{é’d‘ the
obj ect!§® d@é‘kﬁ?‘b‘ésd“%‘ef?"@?ﬁ CB‘E”“&S?}P i yeawey g digitiqer) pressure
NAdvRfoBn ahd BakesdYaidibebl BE bUESsoftlyaLody gy Elﬂh& oRtewhi ch
provides the desired functional I*Fh% 25 may be utilized
consi dheReatWeeror Agedt f9eaentiarous t%sl@w pit Hherosimeffepressure
RX%%%% &R u@snuﬂe@yst&]f&edﬁ%ﬂc,e% sQf‘1n§9{e§uV\’?1re§su%bd){e&lt:l$ beat, as
is merely used to clarify t prlnC|PIeso ration
a»m:ll asfigrpetipd nadlic getafineh ée’ilhl\?@rﬂmﬂ ontitiegrther §redeearaingflesoftware
TIOE LL(PBSWH ll')l/JQLBHMEn J(Q?‘h(g]at a vaUI sition ObJ ect 822

uously “acqui res e digitized pressure
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wavef orm and makes it avail able for the other software
nodul es in the system 30 The beat detector objkdtJ8HALLT!
conti nuously detects beats in the tononetric pressure
waveform |t determ nes the systolic, diastolic, puI se.
and n@]afmlcpb@gscmt@m@fobj@gtcﬁ%@@@pts thpsabsgysk ol adeitt(ge. loss of signal)
“t {11111 q (:etltanag%@o?lmgfﬁttle g§ m"db?mj €c§1r aetgcggl? ggq &gﬁ}fgﬁlﬁis it suspends
hiaisctheei thd étre ptaedkses BA), ﬂ)t@ieshANUZ@{aﬁaﬂeThlaem(8”$Jesat3$he signal loss,
ect or, obj ect det ect s (e ahsence.of..a
R G5 g bR B Bl o BPRER R T80 S ot
(CT&M E_ﬁttl)c oddpodhce et Batch®mn oherdod cﬁ§lSL,,QfsecS)lngsna1f W drtnore beats are

dete ors of the first
e oe e RGP Feiager o6 ate 53R 6T TD ThE gl bieet 28
298 signa2 RelicBARE ah@liGuthsWRatsiad Gt RickOfig & &Sf le:Cbe@i]c in a period of
T,,,:, seconds. After Twait seconds, The ob

dhecReorgr Phe" BRE bR AEQObPPSRIVER At gt %%wﬁ fﬁaa sysfer into the
Tt sthioe jﬁg@o@qgj%es{:[lge(g\l or nore beats are observed, the
obj ect 826 réesunmes the first process 100, notifies the
U nafbgeridobjfedte@zabicass o d¢sgmad tcr dedgch plaw ivorinaRgchanges in
N S 0% HRL EFLENY @hsch 8She YRBRER redth. An o
pl)lgerc |H{)nd§ﬁofc;gmﬁ"'(ail@tégctﬁl esgéggﬁdg 53115] or more qga%ls are not -
ab@elv!mgwll1bb¢hme®lb}E@JBSQBO@QT{GSB terh@wslyﬁcemh'tnm i pigse pressure as
d}&ag &Sc%?utt ee Blexrggs}/als gls%c%/e%%a‘;lga]so e?[ [TPQSQ8EF§1 1i3 ﬁg c%h’?’ \hresf ‘ﬁmt occur at
@by nbg Iﬁ]!ﬁalfligleS1ollﬂ'll phpcdiagic claincemu pld memf Iftaruegmsij@tuea‘rmcre is
pr Essure sensor t he patients forearm
ﬁ.mteas'sve éﬁﬁlgﬁf}tﬁ% 1en tahléaolé%*j HEPVess 1ed eatpg g{x%t;on swee) optionatly
rgil Bbekd oo 13t sl @Wcﬁh@@@ﬁﬁ med AN B€mPT @ ISIINE (ARSmedP@@Ment of mean
pr essure I ncreases or decreases. It also attenpts to
di'8é4l iPFEsHE e changes that occur at rates nore rapid
than pacmgk Rhvs ghiegie Ghapgesdih doher RPld 8lhges! h Bechanical
significant change’is 15 pulse pressure is det ect ed,
tcheiing afohe evesyuet srpaqryto(the @atlegbéq;eawamu@ﬁn\‘s%éﬁ Typical transient
%Etlt?ﬂ@fllhé’ ill&lgﬂjg Q)Wagu:@'y u?%]ueﬁl@lact?fﬁ@lr tﬁg‘t)mAyShaBS‘fn Qru‘f@c%mse of a
to reco e neasur enent
amt:e:rllcahfapt@@sunc eliniTheorfties enproooests Tob Pb}@@t @22313?@165 upon the
onon%tl?cgl ly ?en? %t\f@égef or l%elg qeﬁ h@ﬂg ?aﬁcslt Beﬁgﬁﬁ“&@rﬂ{ 81@%10V1ded by the beat
ressure sensor du
tdegn®i ehsject évferif ssiaﬂ’ yl'pein(ta angg aln?pm@hnﬂ le26 led@mgi flypcth @demSant

ers{cli%ggelbbuptéon I 8{;@\/&1 y n(br ﬁqu and%gn %\{vé'leato?)ﬂonah atfo P;%)éd G)aFLPG?ﬂ search
at pefor@ayinlaganEnlt.to theveobic a&hs@@ﬂenﬁ pl“eﬁame]stelum @resduhe

t ononeg; al I sense form | at est o
beat 51? g? FaP§es antﬁ?C(t)g %@aﬁ ]fehtgn%l\é\gltlballa8{7%1&19%}9}”8%38]6 x&ztvefcum
834vell ag p@sllﬁdr ﬂnélfuhﬁ@fﬂt siﬁ»‘thﬁi]ﬁledd{lﬂn@;&%’éﬂoltﬁkgushleve| | S
detected, due to a transjent even a noti

t,
r ecovéryExEmplary sippliagar f%}ln[h%%%éiﬂtso‘%ﬁt‘?c@h QPW széldFWBﬁj above is

qﬁ(csleﬂtzc?ﬁﬂilo LR G R)Miaglmh, 'tl%lepﬁé tarnmdy llf‘eeasfht@it LR 6, (i1) wait
recover hé neasur errent of nmean arteri al pressure. F]

@04Mﬁatg@rfeldbj9%mo‘8%0 hdlespibay & arerécrdemibmet rical |y
Obt ai ??@)e&%{eﬁﬁi Hfﬁmvmvegf s tﬁ'z’;s‘né’\ﬁllg) a&rmw&gm&ds state, the no

ert nessages the use
dxemdbtaa:iyn dfat 82disdgpkam thothe phesenge Obadt’st @!@t‘@@tt\@uthm a peuod of

lb uf{CsEccggs. lﬂg Egdrt Id?tgcqora ot?J?c\i/:?Siéis notifies the no-beats detector 826 when a new

beat js detected. This event causes the retriggering of the “one-shot” timer of the detect
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presented in Fig. 9. In this diagram there are

essential |y three states: (i) detect 902, (ii)2Gailf 20

30 904, (iii) and verify 906, now each described in

greater detail. (i) Detect State -The detect state is

stats HBr Ak IDyeVepEIzat TiMGT SKEREON PYPNEhhs 108g g ewt heatspyge detected

REALSTACLEEhY (RPhEELERRclcP shORKING if B SNE HARPENER0 beats
one bea wthin a perio et ect

saeccdmmtsed Wiken Beat: sdendscthon tl@bmcebdatSMLMtSEﬁ itegsitidre to the wait

£ b&(gf/g;{?lﬁ“ : Eﬁ [ dnm%ﬂn th walt sta? Wne:bl%al litl t%d dt% ?’ﬁathﬁ 9%1{?{ detector

tobi&’&rSSOfanti Hest qlﬁtcesstob]ecﬁgglm@ suspmideA an?ll th@U’Y maSa@t abject 828 is
902, thus preventin i mer expiration event. As |ong
égt‘fh@\ﬁsﬁé%i?%b‘é\’?t oyt &8 ‘i“tifd within Ta,t,,, seconds, the

no- beat)sydesieet oni828 henBit Aste 904 lihd So-5dadl @tectIPWBIVAIS26 waits
if no beats are detected within Tdei eot seconds t hen

hrdhneneral iR RETETo g8 Mansi P 8ifs)- No oheaditt is in progress.

%}%E SxAon Qutrhle nggﬁtsa?e lﬁlﬁ@?‘nt%l: tnb %@'us hhenalahsiglate tl{ehfé'ﬁfy state
is itnitiated, the rapid shift detector 5 object 83

andltrickers e @Wcﬁ@@ts gm@bflSé@q{atggVZIt]aﬂ"lé veyify rg@wcp@é and t h e Ul
g?ngggﬁ)avgjif Csttst@\%é? th?sssitﬁgt)bé ﬁéjmf%%sodekla%l %9 ef:{p§76| S’(ﬁ% for the

ein the wait state
I4cnct beatnesbe dtgs debiedt.of sobjdct! =82 6eanairt detedtgl upohexpiration
one-shot. wait state tiner t Xpir in Ty .
Shasnusyy R ttiorndi v vyt GBI BrbaPeds paccpape deteet sate
EXPInG alel tARsi B, HRelwad darsd@tBot dn@ks tripfiecd) ﬂrebﬁﬂ&ﬂ shift process 830
det ect or tranS|t|ons§tothe verify stat dI
8P¢ Jgelis PaooeTe 2 gHotnaled i t e dlomtiseed A ﬁottfﬁg VRFEY N
$tat 8:eI08ectdd itk METshdidvm Sstaﬁg)etxansltﬁns Bd sheStialie sBQ0,ank AR user
no- beats det ector obj ect | ooks for the presence
optianally elaged aytpdgssteghengen Tverify seconds. [f?2 N

e 2 aurd &Mdr% fo lttlﬂﬁ]

D1 PP SRR, SHOLI A O Lo MK Bl vcrin
basi"k)\mdn e 1detlae Pigsteatiest: afeDa il e infleapisiaiodem oyclreand the
et ect ate, o [ hear api der oo
dﬁtei;tfon C} Sag Sb}, éeoﬁhlg%eﬁlj dﬁﬂg% ?1 an g‘gr%%%gis]sﬂ%gg @E ecgﬁ inflation
emablze(ajz, read it beeluson raiﬁtiagtem y8\28!c|1 Basmtstm fi eldpptHosaeV egnal in the

Ittgylgﬁgmc?@ztgl%iugéf ]Hgsesat,u%g} qtvm’oy(} Zﬁ&l Bee%( ﬁ 19&(‘)1 O%_]BC ¥24 detects this
0Pk icPRAMIY TR BE ebas boa bhﬁ)dsd[}’:ttnea ghaﬂgtﬁan 7{\1.,13& kg in the no-
L3018 S AP Y Snbod Tl o, e, SLgt LI

Fh @W &?ollé lh%%%p’éhﬁ&n & thy Pafi@khif %fectbﬂﬁi@&;idoﬂ/sﬂ@f)&s@i bBiBcts 832.
20 detection of sane by

af%/ ér?éh@q @)Wé@lu BPYIRithhiA-DAE el B+ *ﬁ.%@\wwleltnﬁéwctﬁﬂ ify state
'9@%'\\%!6‘3@\%{9){ &Rkn 11919301%@&‘6' LeSerl (V)P&fclgéd%' £8 d&@ct&h@ns tesulls ina

artery, chi results in an abrupt |oss of signal
tthesititobrsiree ticalebystabPed el cprsessal tiNayBnd P am@@hf“ detector
The t er 9 5
bbeop Eie% Llu%i{s[ ?&etssogbégpgas fsﬁlﬁgﬁg&ﬁ%}so%wt? 8. lh%ﬁ,)stécr e%{‘tmé Fendmb
ttharicT detest oijes 3 s raubhenmsge, b@nﬂ@llmbb@ldml’%%iod Of Theas
tss.{z%{A | g%%% k Sl8r§{§n%;t t?]@ig\ef"t{hﬁ!c%a st %&Splgs%l%ft tﬁceiogengeﬁae nlgal tioor111 of the

Qf gobibien, aapdugh Sthicf dcheledseot e@bonﬁqﬁ& riapchif icpgt mprieorss
objects 832, _ o
Cufl mflation/deflation cycle times can vary considerably. The variability is

associated, in part, with the instrument having a “memory” as to what the previous cycles’
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After a period of T",,;, seconds, the no-beats
detector 826 is shown entering the verify stat% 9%%éﬂmy
wher eupon a gi ven nunber (here, seven (7)) of beats

are detected. This results in a transition back to
terial @rsptre sluiseveon2ndlanke gorsegianto ot infslciatlplongs shuired to
rapi i f.t..d t Flds

8@9?18{6&%% e{t(rﬁlé %f @%ﬁ%&’b ce}S:IPJ gtfttef% BRQe! é bieS; ’Fssﬁ(@%ﬁsﬂﬁlt QY Eﬁttmetels
sendiateg \ﬂ@l trigeyEl r:rdsat vafhpi doess n@sbjcgqjt 158{9216@111:5@3111@ 1d due to, fmter

gf}z%g%g ides é“ %agieins eld]yt“ foc glh(?% Wdcis &% ?U(Tif OIbmon%l %asflent As a result
pIfesie ntar d&ﬁlft@ne cf€le aidtck VlatWaQrfOLOfd tivhehe /sdsgm&d behcmf that the no-beat

ot her. schenes fqr acco shin
o6 Stsda G R LR HE 6 GEFFGH TR 9ErY SIagH gaedrion
VLY 1RQNGT Fedeaday 1o iRt Y@EdcaRIs! IthWilllbe re®SHOG), Ab®eher,ithat if the
part, with the instrunment having a "nmenory" as . to

what

tiﬁ@nb?lévluét‘&lswlgy@ﬂ leapparatug having smallanpragayr vabshilgy Wh?yclc fime, then
HH@SV@W §'11¥ &l e S5 RS vﬂ@ldthla ezﬂﬁl?eaﬁ@et@@t@)l‘ DBLE @8 hey MeWdjusted

[lation I's required occlude the artery on
bheﬂn@gb?bveﬂé Unfortunately, the assunption that the
par a . e e val, loorithm ar
t he ﬁ?lcc %qlgg]%?és% 2%1 n@g Y@\r}e}ﬁpl% en%yoﬁll %n@ gtl%/eo{):e?eﬂg gl::onttm are
ambamwcﬁahges in patients' phyS|oIogy and/ or pl acing
the cuff on anot her patient $s aresult 5 of this
variability in cycle tines, ]t was found by the

As gdigneec)her gokait hat) t heT n@ﬁb eat) detieats@recdbj eNtbests (counts)

Li-state-ti-pe—was—bes pereased-f-rom-a—tvpi-cal—cuff

UUUUUUUUUU yr.l AV I B |

i%flation/de?patlon cycTe time of f% seconds {© about

30 Seconds. Tt Wil be recogni zed, however, that If
the invention is used wth cuff apparatus having
slirdd heted Gt patgarasvie calbinfiatign ifigaespey & fepspaably lﬁ’efn the peiod of
ti ater Ml ag,lg ¢habedionid Rat heak gl GRlRknl w o
Wﬁ?%gﬁ gé%r&l ) dstedio 10 gc opﬂﬁng ly |f dg[glreln1 o e
Typincalic paaﬂsametsemssl ftcbﬁn tthre cpscaliml af yhee pigodihmedescobedt heein is
(]Déjt%gcl:?tw( @gg;%{fllﬁet r?a%ﬂ t,?prl? Cu ngmelesroc;%pug \&3 1111|_ﬂb1t g?l%d l-gss han the
Nvdie aérsod(@ouptaice 5nde€h<25 8s12ts, Akl tet]ulns aal‘uptaedn toﬁalte a]gouthm to
AR SR R A s e e e R
adcosrgBdd Bnedsanai drdipay iskid)gian thé erekdnbrbistipsid, ah@b@ordiggly not
t he tononetrlc pressure sensor, then the operation of
t%%mgFﬁBV‘?Hﬁﬁﬁ%scrlbed herein is optinized.

QG her wh aguthdnéhibb®hRnCtfthe indElRh] QB SIORGHT 1sia0ghtdM tomhec< for the
in a period |ess than the wait erlod nmay produce

uﬁwespfrl@awr‘é@tﬁ inghe G wleqmmr eatad\é(bti‘a% PEFHCiBF npipger of beats have
u ?te'd&@m £ Q I]the%ﬁlc‘rgg 19511151%%) It %QW atsrﬁ&%p Eéltlf%fs the Ul

cfing. Such a lons are read
acaegpl §3hidad bymﬂmwsemunm@rﬁﬁnawyﬂekﬂwlUgnmenwtﬁéB:aﬂm@sﬂw

]Ptﬁﬂsf‘ﬁgtr aﬁgsglo%sslél %’gnacﬁgtn egsr%gcg:%%gqg%e di p?%ff {i ﬁsc'lrs [*% as the user is
| ddviedthddothe st-hem akgotiict Hron g addapted altcbplﬁhﬁﬁkg fiorretubed back to
normal. This provides added assurance to the operator that the system is operating properly,
since it detected the return of beats. However, as mentioned previously, the algorithm waits

a fixed amount of time until the wait timer expires (e.g., 30 sec). Hence, during this

remaining time, the system will not react to motion events.
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return of beats, while in the fixed time T,,, Jostateqsy
When a suff|C|ent nunber of beats have 25 reflfned
(e.g., > 3 in the current inplenmentation), then the

no- beats det.ect or notlflezathe III na er 828 t hat

beat s Hayé"FEtiihee a8 SyersHta Sbof enta ﬁﬁ%@ﬁ% gvide for

reeRyes dthe (ef b a%m_lj"gtofe?fmﬁéjpﬁs besseho se@@l’ [MBEBSaG8d, the

fromthe display as far_ as the user is

c“@ﬂ'@éfrlhlééﬁlgf‘tlh BASEYS oM HAS NS KRR 1O GPAIGHEOVRFYhag gl cannections
}\}\Pﬂlﬂﬂ: el B LRRS (L8l T{QQQ Backnin®da RO R rect b t§e occlusion by

provi des added assurance to the operator that the

sydt émceshopar aevengnpropeleleyion30fesis ne éhe accuwaty e radstnére of the

t? o%eﬂ 1c;n] 16'&?]?!9%?%1’1‘{ ”HQ%NE (48 dmo@ﬁzoﬂ?ﬂc}g&ﬂﬁgi&r L}S\{] }91%§1Hyduoﬁ h(tqectlon

tdlnmrabampidsfsf @gz"@; whel%OSLlsleebluptl-!enC(H" sighal daegrst thie silgorithm of the
B By RS SRAER ! b aht RS v
t:ahallyh@tchor e@oeda;genemqugt ks imdvandsageeiistiyt pr opsilgeral cuft
for . occlusive device (e.g., cuff) "tolerance" as
opirbead gy 1HEEETEn. In this regard, the approach is

| ar gel i enpssl &/ GurliflcalBd b Qagcdildhd QOhT €S-0 @L, 864 EGAY that the
or mechani cal connections of any kind to t he

ceerass g devilbe, caraeHsmodite elditBt aielar psatsefifhegt any prior
QfrobRBP6E 'a&{ﬁleo&latekayoé o lt'lﬁ:hoéiﬁ‘éloﬁeanci Q@gﬁ&ﬁydcw%é?[\éﬁ%h@& on the
any defeterious effects on the accuracy or robustness
olcurirey of thenows g b ofdpesurermusteenThic g bade ovfirodat i on i s

acco ; o i 1AY X ild "
| OSSm]) k\%!?g ﬁf ‘ !\5% &ncj él&%{:{hgﬂr ug?%‘ﬁg@génglpn é}]ﬁg Hg[leaa)iw thol{)ted for
actur (BatectidnEO{aiogmmtetlmmﬁwt Hevicel ust a&‘w lhtfeldsierdbida siepte example
?fﬁratﬁclz 1‘%%1031 crendgr#tg{?eaﬁgeg%t?(g%t g 8(:(‘?%% erov?cteﬁ 1tt 8 1{1ﬁeﬁi011faieﬂation
&w@m@Mmmﬁmsuhﬁmaa&uﬁném@nlg@&&mﬁnnnpscmabﬁmaﬁteuﬁ&uﬂmﬂmvme
i.nflation, g) have o curred (gb ﬁ lie fﬁg'l ¢ the o
ST Cat e AR Y G e LRt SRRt of the presen
speetifl arldby ihiadngt Me sugppadablushoanaralgeribddndBota@n Such active
acconnndate occlusive or simlar events without any

pPPBRch: RRbwcadgas & Figal OF GenIEbECPRBRFedE eRR NS CRp é%\“% has the
%QetWothQ\HﬁluQeslx S RE QS Rk Be% aQBrilt 1hedesa%a ra%:% QfpediR&ily, at
resulting bl 6od pressure val ue jener at ed t he
Jyast emtiots ! Howrsvieonls detecil Pble%?? @@@@hmﬂ@@d ﬁln@th@ prementioned
?oﬁéar%<rszwp¥§1@1t 19 %Caﬁs\{vebgevfc%qgﬁﬁ]}fwﬁ%@fgft 1%?01 1f119rthe @15:]&1 \@96 that an
etection of concurrent occlusiVvé device use as wel
cﬁcmss¢medumAs&alghMpﬂe exanple of the foregoing, a
IS:'nglng:ZTII coﬁggél?? gfith%ﬁm G%)il‘g_‘,l QlLlH?é E{e\t’hcgeb%lﬂ%fq)gghf%ﬁﬂ H’% ‘[\}VO dEVlCGS may
tHﬁtechlthgimil u@&gn at’)am&ﬁbeby)f twetl looRtirialelfece ma‘:hnﬁchES inc udmc, without
cc. ing an inflation e
8@11 W‘Bﬁs‘rﬁd °tt %*é“zt? d' aPﬂlé‘SSé‘Eib ar a%“ug?%‘i ‘é‘h? i¥ rﬂ%‘“ B ?‘P)é(“nw’e conduit
F{t 2s6nte, Zﬁbntﬂ Vet @n) thel @ibg th Mnt/ i @t dhegwdlh ﬁn@us ra@cﬁ Sin@fthange
"hol d-of f' _descri bed above. Such active  ap ach,
thp@* VU Vg - %-?-g B b’r94é&ﬁ"6a?‘atii B Pﬁ'ﬂsé‘ﬁ%sé“éémh as'via IEEE
b&%QVl@e@luElB&h bwogde vk 6es.maReiddhew BeRetdet 1:@f i@RVd@hicRke, ctc.
significant portions of the algorlthn1descr|bed above.
@@J@ plﬂ@lé@p |ny:chea]ﬂsms| Bd gy ot@"@,lst jrg el ghoypeang geeradingly not described
el8shoL;0bj ect 826 are not utilized since the
aforenentioned control signal fromthe occlusive
devi ce unanbi guously infornms the object 826 that an
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25 occlusive event has been initiated. Transm gsion of

t he foregoi ng occl usive device signal between Urie AW 2007

devices may be conducted using any nunber of wel I

known i nterface techniques including, wthout

i mi t & Rof, Prdyide sy wivghal compaii iy s Serh \ipdvearonometric apparatus
¥ Q| %Hé‘«ﬁi‘é'é{ GAPGHGLS Y&y SONAULLyiabEwlh the abilit

%n%cl% é)%ﬁ'lté ?Iug e, e glcordﬁlllngy g anij/l olfl tF}Ve he ability

\Aeldleteklnthmmdamw omtilemn‘laamg@efiaﬂtomrlm peoihsutsdicht ager@gBvith the

é)gc %ﬁ?f\fzd ileEEEEFég%% 1%[6 eEi\“gt {cﬁg%ﬂ é(ﬁ Eetg_%qﬁmnﬁ’ﬁ B olfl(f‘m physicai

telveres nRRcdtat edh IMBInflnf@rdcdoen dyedAniynba aeédsucinthen fsaser; (lead)

ch interface ani s, rotocols .are well ,
G SR HOSBEETH, RGE AL HoQur Ba® F URRE Rl © deeo
-1 1Oz A AN M Mpnet@@atﬁ&hﬁl%epﬁﬂk{é e icf @rubeDicv@es@lly, consistent with
conpatibility of such "active" tongnetric pgara us
Wi tth teffdiop. psMV‘éﬂderCBffe‘b‘EcISE@P\% Rvi eE ISTER Vel padtise cult

RY:t3h/A0NREn Peﬁlpyé Qﬁ;q%\@dt ety @chi’ikﬁ bditdymee® @186 Ee dtBe broader

initiation of an inf on/de | ation cycle w thout
dirineigke. Tl peepdcpasyive ﬁmtvﬁ@a @]@f@q:t@,sgl@n@éu},lpwét_ e pespent apparatus to
%ﬁﬁﬂ? gcmg‘égg 0@9‘13 ﬁgm&g}ggg%C?LgSEVggM&E%’Hn(gﬂh%tih QMhoWital operating
irpdeh atmeemb’fd\@f bfathlemﬁ)nﬁgmdlt@nn(ﬁylhbemumtt dedish Maushaas an inductive
Shég)liw ﬁ%n( s, cﬁe}%%etd 06110 {11808@!1][ l\b gﬁlee%ggoefdm Or[!)tBlQltilg:%\glL:ltglgg‘[%iioe engine, the
getigicipasseleatztacioc af Ahindugbdty 601ﬁ'mtp1|tlelu rat be atdvhey esaiynocclusive
t r tu res consistent with cuff
RS Pl it A S B eSS T or

" pseudae Hﬁ&&iio\/[ﬁlssWe detaiohi djfgc@ﬂﬂflﬁﬁﬁlioﬁf lsatd o8/ @dafrhsadd ofth the
can be enp the foregain

S RIS 5Pt Biegiier 18 1135 88 B cHipitg. the lattr being
RREYIRURASRIVEa HRbARESR! et WEld ARcSRRRER b altiRere and
present apparatus to sinply be connect ed ont o any
icRel gl eeiycoeic PERIFYeaRg i AeToagire as have dlifgs gt grample, as a
%ﬁﬁl%&'&?ﬂ 1Jc§‘%ﬁ‘khé ﬁﬁ@%%ﬁte'a\fyﬁt ogéh tdhl@noc%@{e'n'gﬁ{rlﬁge'nﬁﬁe@{lhblallon
he occl usi ve devi ce: as an inductive timng gun

i(se.c Itcarsp@dlownml tthe fslﬁarlkﬂéﬁi oy dlgesithen off @p foPerrasdivig approach
%Eo%m%)(t 5 qnlgwﬁl’e’ Elngon %@9{1[{9%5 Pg ﬁf{'\ég %ett%cii)%ldg assive/active
th Fnate confi guration can e attdched to a
crtet:ab‘iws}t vein d;ﬁecdefhtmcéozv\hmther rgatorhdis fall ﬂe@blswataeldomhgamtdola
Iyﬁ% ? al{:?st A Oéj*alfllél Bagul o(r% nrsglg go e%%?lhl\éfiﬁg %’tisg]g&fg}:z S hrﬁ;h Fgcglancy of

fawkhty apésigibleac datsemﬂq@msz occlubifve devideahtlaion taye dich&n ing (i.e., items

algorith e latt bei n rmed enti

sohyed frouaec G re euuBChot i Rgnaiiert wag bfent. since

hes vaiR @anddingdstof thd@lcagthiv u@bsc@sab@oma@&@we to differentiate
roaches may have uti i ty

TSP g ¥reg" e op P @CC&}&%@. ?Aéte%em'r 'wadwcluswe related),

qlrJ\R,er]g u?é/f%?{%zm?é Mh%@}f'&@ﬁ‘LQﬁ‘llchth{a@é bé%ﬂ a il ff lzﬂh{lm‘i thﬁ&ﬁf invoking
how wel he cuff mtlgatlonagorlt m of the

gacséqnm@pcpﬁbammma@mmm o S Shotengs ohihe lgorithm i
n%&e\ oc@?y {oﬁjcﬁﬂtn' In lﬁﬁalp% v gﬁ i ?&HQQGQ@S@ LN&/ A6l & %Sﬁsdo—pasqive

wher e or V\ﬁa t ever reason
fmld:dny) passu Meo\\apprl@lafchhlalmé:@&@t pllcksyre %1@[ d\ganlseegs cofifaniuced and
Hf bﬁ:e nlg) at!éx%i\no“qo cﬂ'e call {m uscq as ?haabrqpmefbl entex nwaclsf?exent \m?wnts or

subtoui ines in the algorithm. For example, where a known occlusive event has ocourred,
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25 events attributable to causes other than occlusive
device inflation are occurring (i.e., itenms 1y JON 2007
descri bed above), such as very frequent jostling or
novenent of the patlent Since the present enbodi nent

dhe tohegoggggéﬂ pltl%l@lmﬁ 5@§b1plynadfd@§15%tw d; ‘@ﬁ-ﬁyenlt gannot be correlated
dl fakecrcayg b@%@em bELMERN, fon q%ﬁgm{ h#$ HehQed WP dli¥RBRe Bl proper
events (occlusi've-rel ated and non-occlusive rel ated),

i stystovo u¢sdonsn teefhf @v,ftnt @ rrestech atay sieHy enasaie onbighthelvall enitigation
a‘? 01 1t 1m Cslﬁlg qsf? tf ﬁttL oﬁl‘st éx%&%ﬁﬁ%(% Ikglﬁlgtﬁf %113{ tft%rp ?ge%nbed above. [t
aerIbt: lecbkm/\maﬂethat m}ﬁ 1aﬂ bfhelailoglofr[lcbiitml sdiemanegic\eopalykbd based on the
JO t an |nflaylon event is occurring (via either

etp W@vB OBl 5 5issi ve  means), then it knows at

| east MMIQ@ h@ﬁ&a (Ifiﬁ pne&&uthex Skfgrﬂ:ﬁdsy eventishcar ef ihe mven{lon is
cuf f-i nduced are not._ This know ed

et T b ol < pTBE s PGP PP TP Bt NGk Period i
S%r&Wldléa%hé@a& Beo Bliga% bk MTBs off7@a@X AN ion MBIy At period: 1)
known occl usive event has occurred, -66 2 6 JAN 2007
tendresedy i iice G POFF fadget i Tllager e By seanised decreased
Waehe V\Ilﬁgmq}{@ %tl&l@@&&ﬁmp@te(%%( Eﬂbﬁ%"{leﬁ he éa@lngl n@lﬁ:ﬁbﬁj%hi}éﬁa of the
vent, a cat egorlzatlon algorlt m may be used
deesentninredinpa prvolyer obsgy BiEenuliédpongeberelt Hélabtverbﬁﬁs gya time
;ﬂt%; Vstgtﬁ %ﬁ‘ 15@?{11&11 Wﬂ%ﬁh%goﬁf%ﬁhewﬂ%é (E{e dwE elssfq H{pgton supporting this
pztppﬁ)e@sm 100t 1¢$etshun‘];b:damdl it beps Jre dbgmed t}e@hbab@pfeiod lof reffaxation of

\gh‘lﬁ lgﬁfglggwrggcﬁeo %g I (égg |OE @ %‘éﬂggégie 31%8 C[Ufhlte]lr of ?lgerseg %gﬂg 81% cqe?elrmined by

'ﬁmghﬂaidﬂﬂm@@NMEWhhkﬁ@ﬁﬁgﬁﬁﬂ@meMGBgtEMgma&&wv@ﬂﬂﬁﬁemd1nd
ment of the scrib

exenp i.nve on LS e
LA e A eMB6dP HEnt1HO e Pl eﬁrﬁﬁs sl bl are

t @hiphABkii®Quaty fohtﬁe W@]Hs ﬂh@lﬁ ltﬁd.velltspel all seh B @vh@dedd car ly. That is,
There are two pri &y benef an early termnatio
i

dRore HEn Wkl tbfe?w Tk g ﬂﬁ%‘f? S 1B oDl to the
RG Bty TS @I in Mok ok"nlfelcﬁitﬂ on/defl ation events; and 2)

a decreased period wherein the nption detectors are .
not erabdxerplaTheariaeial (hit weerdrattiogdiment pftthe plgorghmtipeow described
R %%t%ﬂ.tﬂ%r@%’ f@lnt{'us VAN t%%?bcoll%%@l lﬁéttnlg:d% %&folga'l ﬁbl@ﬁtlhe aloomhm
number beats In a I nt erval
ghahﬂedpmh@nsyheemvemhht%mmWﬂmﬁ@ﬁl6d0 ‘One. %ssUmﬁpW@ﬁﬁwdﬁed
o CT%P {:(gll Ega ol g 1?%5822’"@6} \/:h)&&@ tohf?%f %ﬂtﬂl%%ﬂtée? 1%81? {p?l‘?e beat detector
rcﬂJl_]f&X al(]éoiﬁpeoﬁ icdlly. thibe pesdnusdr met thew:toel b(eef igfol,mall@ﬁ f(pu se plessme

gﬁcfaalng%%ﬁg@%,i @Jgﬁosﬂ%g%ﬁeg t he eﬁec% \{f‘ﬁcia{@g % éfe in %he above-

(lléféaﬁl);cdmﬂmmmfpleem muswe Setaﬁ;r ed in a system
(history) buf er prior to th nflat%ﬁn of. the cuff

[f ¢ he BBUGFY el GF d RpReabYe P | diTpy e 12 Here

tﬂeeMIm&lE‘@d\ bde inaidicaRar mad adn thridsab MRt edrn tht, no-beats
early.” That is, nore than likely, the cuff has ful

cketdcler eblieetn'd 06 ﬁ@cweahlq fojech ptate e beidt 3 CP*@S%@ﬁbea%lmgeofﬂbu rapid
A ge 10% Blebdbo Qsaa Bfst %ecetsba; lagiation of the cuff. An
exenpl a ari ant i's setond enbodi ment of the _
aI gor |Ftlgwma|[seaautwﬂwe@tﬁrnabédai 5 o eewnplarThveaitf eeg. uhek isofhe wait

snate lv(ﬁ i3 %E%vnccaog éaochb?sl el F1)%5 eo\lﬁﬁ]ﬁf?ﬁt %vdLht spdtcc%qnﬁﬁa hﬁmy teQeh being
ref le erzﬂeeOftzcb:oﬁl 9®.(5)7setéhds Thiusigh FE']egumﬁzﬂJ Eslki@hnﬁltlan of each state may
nodi fi ed
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obj ect collaboration diagram The primary point_of
difference relates to the beat detector 25 objé%@ JAN 2007
1104. Specifically, in the present variant, the actual

beat information (pul se pressure, mnean pressure,
etom%aiétsmbwedSbystﬁé brot héamatiet scbdrctedbjnéstoretll g sufficient
numlbett é;fdboe?tg g0 S&Q(?dv\%lt Aq&zfl?g ?&]gpggabf ot{ggﬁ%e;ezagsr b@él ]yéchﬁ H’lt eto cuff
emmmdn neat arofar IEItgmxﬂailon staghowsitiom | Hilgs all@vedl\/@ltle;wsareach state

TR e BRI S Ebe e ST et o e
ohbiieetal 1134@6 back to the detect state 902, with a
consequent enabling of the rap shift dete ﬁ

obj oot 5530 ARATTY 90 PREEEES a%jl@é%lﬂéglzh% gualipg determination

FH@@C%@&@ efeR8cddNTRE PaL e hatibeeh thdBead@sml-&b)ecM@lAt s stored in
state. "That is, the wait state 1304 is shown conposed

ofvo gif&eent dafa @flﬁ@ ﬁé}{lq_e i 4Qddepensiingt wswhetms thetlsemeétaqqtcytm 826 is in
qﬁ‘ec Eet&‘? A% 9@%%?6&[% 103‘ he prﬂustmé bY.£ (Ifegtl) %ﬁchﬂ@ﬁows that the
a ough 't n er a duration of each state may
-s&?u@be@t mmnza@mc shepulsamiaselie piry @aghpragile) Stiatdol@oBmine and
%%]E)tulél X gPtt o?lj;te bg"lt?éptbmg%e p(tie\%]tq chés?\[}sggd \V!lt ﬂ?te tlatlxsltlo;/ls [T the
Q{Dlﬁlﬁl@bﬁﬂkh eciital eh@&nbeafttse tdIthSBrtlvﬁEtmhomtlﬂenS 1832, d:tm‘-lfls comparable, then

Ilagfflil?; I@gtgl Tltg{}:ggw%ginﬁeérékﬁglews }gﬁ;ag:"{i)tgqnstg %Eﬁ%tr\%rﬂtsstate wﬁl occur.
t r ansigsivainSetrenditn@pnesd, 5 akeicasr t1Lt'1$atyt den@iirani f@&ﬁcnced above
and the process rep eated for each addi t j onal hﬁ

R have4 T 4! getret ESman Nakiarpnery af BRI F 5 gied beat
" @bak it Yred Aot @81, BRbQNof thE eMh @USdydkRiRs @Nebve thBeifluence of
beat information fromthe beat detector object 824 is
stosilied” ion othaporrdiaet eitahtiatlate thurrérigllafipysetlaigggnoise, or other
ngegglng on whet her the no-beat detector 826 is in

the detect state 902 (good beats) or in the wait state

904 (Béatsy.ofFiulityl 3 shronranieationch edcl@myrbereds blugtrated by the
| DHQLIRLLAM Splinc Y] 38R gﬂ_p%{ﬂgm?ﬂgm”?@?tdgrtﬁg‘?}%eﬁ) operating
bie alicsPadiant WMignitohieg M(EMI(BMM)yFOdmefﬁQJ@H @ldrapua ucsttlat ghe “good beats”

t %ﬁc‘[‘t 'g} blgtngé h tz%gﬁ?c(/\gﬂﬁll}fﬂéée/rb%at Qll‘léﬁmﬁ%ﬁ%r ﬁlsxststt}? 0 qusX pressure,
clﬁémapxeﬁh&, clh(ﬂl amesampeddth Yot efidi bat.i Bihen Ssz\@Eut'ﬁmil lecuiff inflates
Qh rmnse the transition to th Xt [t state wi/ll
GUBHEMIRG SR ESTRPT e AFpRIPBAL Do Trebt Eifigdt 624, he no-
%@ts'cfe%ctdﬁhé’f Minglb@mieh erereatinabpserd @3, Gagchaye When this
several djfferent forms, That is, a measure of cen

theRERCcyn GROTYR @0y 1o fs&néid sBegpce %fné wherglpdhe perbeats detecltm 826

HQWRV &] i1 Elﬂgiltit)ltt @MLBQ it9fvak Qﬁtegﬁst lﬁc:\tt&tsﬁj &% riesi Al 8k Qstimates of
remove the influénce of ‘outliers”™ or other artlfacts

atCtﬁrlaltbfmdezt@b/eﬂ post he re@h PrasHTS dtthorgrabeaat ibghcr inaicamplished by:
; 1%315?1{10 HROHE C}g g\s‘hen -Itpr,e 11&'%91[&9(‘619&%!1]1141 %lllwfé-: thQ% p'cuis'i%% thréjggh the

nmentione termnation is illustrated
fe tgbbcbtmaltﬁg belﬁfalmmdenasSmg@iliflqec;tmﬁ[oyt thptivgrolttog Qny‘[‘ thafrfo-beats detect

L}S{{J?lq}’t%t\ thrl_}n% g(}} Itpe pl%egt%ms% %%&&!@%ﬁéﬂ%ﬂ%h@lé |€t.110d ie., an
Sadtiatk hatio tHee log@@tdtobbalhtsduff feintlatel @ypicaiyfdnethe Zb4@:2 aif QO to 15
fllled with valid beat. for %lon can nsi sting of 12

PYEEYY El)r ]em all remaining beats m e good beats” bulter, an average pulse ptessme and

average mean pressure are estimated. The “beats buffer” 1404 is then flushed, and beats are
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mean pressure, and tinmestanp data for each beat, Wen

an ipsilateral cuff inflates sufficiently to é%ﬁs%ﬁNEMU?

the cessation of the detection of beats by the beat

detector 824, the no 25 beats detect timer wll

toi igepse stafeddp the ‘ﬁgog@j@@@f’nlqnﬁ%:d ]f},@’&r B theencgbeats5detect01 826 returns

%%919 d]?hla d\égguetn s{aﬁil %(atllgtapl IR w, l?&ﬂis (ﬂ)@é%% ﬁl)lgstﬁc %Eat detector §24
sequence occurs erein the no-beats detector

8126:10 ﬁheg:ensd mo smredmshtl oaatst’ hnfﬁ@dh% ts wait states as

gre(;;/r g}u a{ey \gn al 9/ %nnt Oﬁthe mven lOl‘! trl'lrg mlﬁlzysoﬂpc 3 sthed in the beats

“Hgered] memc&mph)mﬁ ﬁ\elh tlnesma\cmarymemahméd batiod begts’ rce@tnarl tHndehey (i.e.

tge tine mheﬂ eats detect tiner tré gﬁ{ed' %%. "

P&F SYHEESE h! maﬁ F‘F dé MYl CHAEE ¢ KRfPRE?) AEFRIPHg this

%hp!ﬂ%@ﬁ Shé h@mgke hﬁah lan@ p@fe breisg@edic eficllhel l@@tlj@e;ﬂ&asstorcd in the

tect  timer back in tlne for the predetermn

Fpéfnis g@ﬂ'ec 54%5\){1 eﬁﬁlaghxéfﬁneéam @f %ﬁgq} Lﬁ@pzll%:a the;fol g)wm%hr the average

%ﬂsb ORd @ve%e tn%cnh QIWSSILU‘%QQ Met beﬁt@ %Kﬂ&hlef(}@ udih Istvﬁt ik lgﬁE@ pel Lenhge

(typi cal y he order of seconds).

r(@gaﬁ%hg tb@ategloriﬁy titer ml@%@de%éﬁatﬂé% P fopeap Pleéﬁ“%\ﬁb‘?tbé}é: 1 and
n e

HH\ )S%sc% gcsdsv#‘ﬂle{he dood ??@repgﬁfg dHI{qS&?lﬁ{ehE ) t?u it éfa begtscliul"fel

bletac@ 8r eacroemdal&BtozbeSoww]am@lk qtmblyltorﬁlgaebmgﬁt m:edj ln frct yecd beats”

é%gor eéltkagfl%(,nce glgaé(i(ls 5161:}’4 C,Vl el%Ce { L EI.H 6'18% !%I 11'12%%(1}1 %‘IE’ Ei‘i)UOI ithm.

new be&tasiy ebséraviee 1sfwnnmtcbet1bsea¢w tet dett dronB4 bezﬁtﬂmentgl object
re store

Oa TeRFBIEDY GHFBR: D6 BHD BV SN TEHa U ey 1ped ol

tdﬂ@u&@@tﬂa ﬂS)hpﬂh@dﬁdoﬂ behe herhs It GribureriddB4of Sarranted, then the
npared with the previously determ ned

ood bea
cé?‘r’ﬁtfr byrfter i@ frctinshgd, i prepRRiEOA0 G gad MR-+ g&"%ﬁ‘i@é‘“é’ﬁ&“d test.
nMean pf eSS aREBatt QPG of e iR RRMIHe SMyotithinSis configured so
conparison, the average nean and pul se pressure are
caal*a@ uligingiesif b?tWFWeafd]a@Sé typ dried ol FVeiRg i epeelsipeferers and non-
Pﬁsw@@ve@ﬁ‘se Qfﬂy AR ﬁb@&lmgx%a&f' tth¥ a%'mﬁﬁ eRible above, the
'ow n he average pul se and average nean
pm ﬁsmlﬂnéwcbrﬁmnhl@ nb#eiatesd@Ltf) fuperring@ dei@eftaand idsemuininhierpcglusive events
lven.p t e nY LY e £ her
%rc%m iR Cf%gsvz{r%gze\éeg gt d‘ogs att %n@te% ﬁfsh{l%xisgu(gcgfs{l's ?g%%/%tshﬁaﬁ other
amgeks of e)w)nsam‘saogh msmb WatyhlStOﬁ ehe hgmochymmax &ita tbult feest sQ4ORvel of
dat a qen th % n.the "
Caaﬁtgfwae ?bﬁbﬁ/ Shyi u&# %ﬂ% ST é[mheu%\ﬁsale/y Ej81 11t1ﬁxem %ce? sWeeps and
St6de@hd, thd hakingaodebeatask betlaufahe moldlidicalientest). t her e
is sufficient evide Pce for an earlX term nation of
al gor i'PRRYETPIarL AP e E PSP ST RER T RATEE 5 RHEH thairbeats
heakicddtRedsr @M frhigo RBalesdeleclior t@@]iﬁ?}ntxe}lﬁw&%ﬂwb @r alerts may
subsequently stored in the "good beats" buffer 1402
(‘aFeerihavpiged| edhendal® NprevidEs iatis fPoraophet the present
"Q0ed: t}gﬁﬁﬁssio @H#}f eurﬂ}lcn eﬁtaﬁa&ldlmrsﬁﬁé& nﬁE"chDe'x 1%0 r&;@the rapid shift
war r ant ed beats buffer™ 1404 is ffushed in
pleEplar atdtion 1¢L@wewhzeoqqasxtF onFxAmpde ateh Baat megi lcewpiisnls seconds
\(‘lqcht ?\%Eﬂ acld %YGe[E\T: ?n&to{ﬂﬁrchs% §S§J %(fcewﬁ %Eécﬂ%ﬂ% gs; fh %‘ %1 oduces a
mis confi ure

dmstmn@umshkhgtﬁﬂeniabuméashutmmwuwﬁaSLdﬁteménmétdmcdﬂxOMCa
&S’SV\X { ﬁll”gﬁl 1%:@?1 <§1slteegoe\p L3 I?Orlreqtlf:%gf uH i gl(t:ewc%nt\iﬁ cFec?n n%ewalq (e.g.
desesidoesk] *a,bt@d@neutmechsﬁl%@mita@i‘ﬁhﬁ‘xddomeﬂmdIiSt@lNG)iS) is compared with
intended to unerringly detect and discrimnate
occl usi ve events
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fromother events. However, it does attenpt to

di sti ngui sh occlusive events fromother types bf JAN 2007
events through passive anal ysis of the henodynam c

data to at |east some |level of accuracy, thereb

ol iliattolivg maen herbsstodo s e delgsng i the system should enter motion
e T AR FYRERE 200, SRR ARaP R M e the rrid
rsbifiutstertor Mogoreseermsharyceal gondht HitheoT-scedrel dhovkrietutvals is set forth in

Sl?{glgglls gl‘aﬂg)% %!9 B ?xé@?)(g %@?% ic 2‘;%?%%@% I(? i tﬂg‘f -éf\%t%ﬁ‘éazf ai(%%:(}r ¢ Eo%% ination
path ek oWaiNE NaSayaie vdlliaktvathngyal sfiekdsow an or t hogonal

path and are not described herein. The goal of the

present enbodinent is to delay, under certain

ci rcunstances, the triggering©ef the rapid shift 30
detect.or notion recovery process. For exanple, _such

del ay might conprise 15 seconds which| ¥psehliraipes Last
the 5 seconds di scussed above with respect tlgbaﬁsgémds)
7a-7c, produces a 20-second total delay. After 20

seconds of no pufsiéerpmessure, the rapid shif%t det edtor 20

object 830 will trigger notion recove Y Enter motion recovery?
automatically. During intervening "check"™ intervals ¥

of two-second-i-nt |- s) 2
Joe7rroters HuaeEsl PeP et and syst ol i c| pFessuf 8% 16 | VA

(Rut@natic hinsaeepdstieach), tonometric presisure laverkge | Yes
i-nterval-s) s conpared-w-th 9 JA]

> TU v T J7 N

dﬁ§e@.rmcﬁl%vir.7présﬂﬁ¢ SYSE B3Rt ugtder NDYEON | YeCOVeEY | N/A
prior to the expiration of 20 seconds.|Exenp| ary
corsdintfilsred) f or entering the rapid shift detector

+.

Nt . y “atT ] : =SEC T i

b e Pe e Ty SR e e P RESgh TE w11 | A
b@teappr eci ated that other criteria, whether alonejor
in conbination 5 with those of Table 4, may| be

utilized with equal success. Table 4 El apsed; Ti ne
Si-n¢ vldcksilvg. fogalre foeconig) avOpickeaird on 5 10 15 20 Enter
notion recovery? Automatic mni-sweep|initiated No No
NBO”“{ééeC'E‘i‘SFst process ( thunp and bunp!) event Yes Yes

YRS Vifk a9z SRGsuPEOCKiAVE diaRPRSHEN:@e SYSHOl | CNPr eSSH € N/A
(current Yes Yes Yes VA nedian filtefed) 2;sec.
Hreekt aggan pieeture > nean pressure (clirrent | medi an Nc
Ygs Yes NA filtered); -or- 2-sec. block avg.
pressure > 2-sec. block avg. pressure |[fromb sec
Pagr. dedkas. ditsoak >avige- e gsgmeessirgraxi hum di a

PrEFSUEpNp No Yes NA

2-sec. block avg. pressure < diastolic pressure (current Yes Yes | Yes | N/A

median filtered) minus 25 mmHg

2 sec block avg. pressuwre < 30 mmHg Yes Yes | Yes | N/A

Note that the direction of the recovery mini-sweeps are mapped to the triggering criteria
described in the table above. For the trigger conditions within the table, those at the 3-

second and 13-second points should be mapped to an initial mini-sweep wherein
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(current nedian filtered); -or- 2-sec. block avg.

pressure > 2-sec. block avg. pressure fromb5 2@:.&?\?‘3 2007
Past 2-sec. block avg. Pressure < diastolic pressure
(current Yes Yes Yes NA nedian filtered) mnus 25

rapblaag o@ (cg)etpldgisig@ldmavges ) hfeg@@grleotéone.ﬁcqmb{gli ¥ess Yesayss to an
l}%l@ql I}g\llglt sewetehw‘ile:em%he ser seoC'iS 1onwc9ed ﬁtomethe 31%8 SdoYel

m ni - SWeeps sP 8010 Ftll} I ng crleterla 10

descr Fhedr mmel thz@c %Eabiné vabovel mEﬁ)-lSwt:d‘be that exgger swmhcan‘[ly beyond

condj ti ons thin the table, those at the 5 %ﬁﬁ ﬂ
ﬁeeéggl%%/stﬁ@% Pf?%“”seﬁﬂfdla’dls E)cbt 1ﬁﬁl§5&‘é &ﬂt\gugghlull lh’lf qu ng mmHg in the
r@xé\hp &%@?ﬁih‘ﬂﬁlﬁﬂi&i) Nshoald Obe2aidbANDR2ARY hl@ﬂ@k\r@ﬂagdaﬂiﬂ a condition
(conpreSS|on) i ncreases. The ot her notjon recovery

tRIGHEr & KFRHAPPetDE AIPCPiiFTIoA] snititrekvide ﬁOUmEF% p¥pmplary
thge §%‘1§1ch sl Bis TRLAARHEINGL A (e Pm Qe MESBRLN, this code is cailed
Furt hernore, needl ess and unwanted m ni - sweeps t hat
émhewwﬂgﬁghﬂﬁmcaﬁﬁﬁvﬂbeyond preexi sting systolic

pressure upwards to the preset nmaxi mum turnaround (280
mHg in the 5 exenplary configuration) should be

ati @i dedotdlindhigetPhiasiciggivaldN se@r 5, FROEoRNDt DBNTRAVEL <-

e P ey i o e P A

t mcﬁefmmﬁmmaémb}y essNat)e t1hat PRASS HIRE s €MRN ARObND))

TR IR Pl s PO ot Rt R

WWW ENDypnaidA L JﬁndBump—>fGetGoal\/Iean())&&
I'Get MaxTr avel Al | owed( APPLANATI ON_CONTRQL) )

(A ERipiappPaiat i onSer voPressure() >
%%%E%_TWNQAR%@ k& dlikdpulsePressure - dAvgPulse > 3.)

( xPul sePressure

din% giPUFE er B&&d M libisePr ésBlir e - dAvgPul se > 5. ) &&

(dAvgMean >

pAppl anat i onThunpAndBunp- >f Get Goal Mean() ) & 15

(i ArrayPoi nt ersCayrightRo0p Tenes (eiieek Pal SleRPessure * . 80>

AAMBER: @%%&&@Mﬂé@@ﬁ&%@uarnea con@YEHPUh 8 Rem ﬁ)o)cal ‘@R may

%@Flrstpass && (i ArrayPoi nter>8) )))) Cbpyr|ght 2003
898, kel , Inc. Al rights reserved. 20 To the

for eg(p[f Qigmpﬁﬂ% E)d]%rheéB@e‘h%‘g?en@ed(fﬁlotq@)vst }@@ec%n&ng' t"s%ﬂl 1), OR

st at enent ogl c dded, such t
dhimepuwdWEﬁweé@Hb@@hasmb@éws@@S@&Mb@i?mﬂﬁtme Iast x
secon e.g., 3 seconds), OR (ii) the pulse pressure

for the observed pul ses was |l ess than 5 nmHg; AND 25
the tve tsvecaamildawexmg@ﬁrem:&swmﬂis elkc bedgovdiesys@asit pressure by 40
..n%ﬂ(gj;" systolic pressure by 40'

THEN

the current upward (i..e., increasing compression) mini-sweep should {i) terminate,
OR (i1) change direction.
In addition, the “IF” statement in the example above is preceded by a condition statement
that permits mini-sweep termination or direction change only when a new beat is detected
{condition precedent). To this condition precedent, a second condition precedent may be
added checking whether no beat has been detected for the last Y (e.g.. three) seconds, as

exemplified in the following code:

71-



10

15

235

30

mrHg; THEN the current upward (i..e., increasing 2607
conpression) mni-sweep should (i) term nate, @%%u"w
change direction. 30 In addition, the "IF" statenent

in the exanple above is preceded by a condition

statenent that panﬂs m ni - sweep term nation or

directi chan when a new beat is detected
(coﬁ@fg%gz” %‘9§ﬁgﬁp%@ To this condition precedent, a
secong condition precedent may be added checking

Z“‘;e;heﬁzf ﬂo{g&ﬂ gg@%ﬁa@efﬁﬁ? e@%@%& F&oé%et“r’ ’T‘\’Féﬁ”" |

following code: -71 2 3 JAN 2003 else if

(bTLuneBeat Hapj d ; (A1A2;

DD BN, - SREReh 2l e@%ggi 8‘%;%5” g ﬂATgh 2003 .

T ﬁgt}agoimdfg@@]l ama}g@nthm Is iy @;ﬁf:lgec S@Szé {3y Qﬁssmeg yléqect cuff inflation
a r

%H%g 2%[ gx‘é Lo ggvee@[‘m{i‘étg?. | ?%‘5‘?'65,}@%%%?%%%5% s@éc;&l%utmes

weithén plar amapléws codphins! L@lpwfgr dech aytvel hizieg @lg@ehme@moﬁnoclels the

h d
1?()1emgmo:mQIUIE}{%??nUaW aa/o OF tlﬁm%? ﬁg )té T ax%gsmeet IWEW(ileJI m (gmno the

abaimene b il gmdok oe,X(n)@ e nt goallthnd o aajetﬁnflolt hé titeofienetdidselic pressure

press v | t he nt| cuf f . .

AP ade GHIT s e BRIt G alaryolr orelvas aicgaee i
I\Afhvdsll]a]&i @k the m B&S urier toulst REsAtRe Wiikh tcblﬂbax&t agesvidls beats (the
cuff inflation, and (iii) an algorithmfor evaluating

éOENEHgngﬁ-Q%QVEShape for the last beat prior to
pul ses@&%aﬁ HHORs WBSBuCORRAL CHihE: REBYIDUSI REAL Fafd Dlysis) are
so-called "top hat" effect 15 Such al'gorithms (i.e.
st leoping 1f1|th@ siggel }plp(éﬁ‘éﬁim%él{t%@@lﬂ ARy laqueaa@(,@nglﬁxaﬁged within the
%Y@Ll}{sﬁﬁéntl@ﬁ %y weld o}( %%l @kltlihﬁr 0§i'd9cp e fe@&l@stﬁécrbgmc These
arts, and may be readily np emented Wt
@fg@géms howeaat oy inwosea reftreidingal ye §ksatern|1 cgmedv iptherdiie more
ent%nsl?\fﬁqfeqp:gndqif Fﬁg‘ l19§é"ﬁ1?01 mlpc%st% SLiﬂZlOg(O[ é I Hm:'ed \b%\ﬁ% ar a ysis, and
ener a nvo restructuri e system co
lt]@lqszl@\ﬁh@éd horgimiext ens itvaitheat oam‘d)id/\awe(ﬁfaqje)us eﬁec’{s on device
tln?lrmatlon to support the required waveform anal ysis,
ANd"20 therefore shoul d be optim zed so as to mnimze
or avaiid nary teeheignadubnebl eetactaisdviribed abivahiynes utilized
.S not?d that many varjati ﬁfof t he net hods
8%%%1‘?”6&& éB%G‘éS%W Bt PRI R SBIVER SERNECWIPE ‘Ff”i At may be

PeEsSaRt or AVIeRE i20 desirSPESik (kieloter s@fY sadiNasSid@pBrarld@ta sampling,
opti onal _.and may_ be perforned or del eted as desir

ed.
SraFFIHe §lrateh éf‘“‘%ft@ﬁsm( SHEHT S AP EF G daEhmay be added o
smalaoalgg e%éocnﬁmgs&idngmaﬁy Hero%ell BNperfihiRE @r !:é?ﬂm s@erps may be

mat hefmat i cal anal ysis for ‘exanpl e) may be adde
permuted, or performed "in parallel (or series) if desired. Ilcnce the foregoing
embodiments are merely illustrative of the broader methods of the invention disclosed
herein.

While the above detailed description has shown, described, and pointed out novel
features of the invention as applied to varicus embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details of the device or process

illustrated may be made by those skilled in the art without departing from the spirit of the

invention. The foregoing description is of the best mode presently contemplated of carrying



the foregoing enbodi nents. Additionally, the order of
performance of certain steps may be pernuted, . N 2007
performed in parallel (or series) if desired. Fgéﬁe?QAZQ
the foregoing enbodinents are nerely illustrative of
tdnethbripadéen. Miihddsipdbn tshe nb e mbtdasino e dolibgedut rather should be

herein.. 30 Wile the above detailed descrjption has . .
It TR0 solhe At oo neEa bl THeUar.  PEapired it invention
tsheuld hV@RihRed @Bh RRRICEE tleld@E.i ous enbodi nents, it
wi || be understood that various om ssions,
substitutions, and changes in the formand details of
the device or process illustrated my be made by
those skilled in the art wthout departing fromthe
spirit of the invention. The foregoing descriptionis
of the best node presently contenplated of carrying
-72 2 e JAN 2007 out the invention. This description
IS in no way neant to be limting, 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 clains. -73 2 6 JAN
2007 WHAT IS CLAIMED I'S: 1. A nethod of determ ning
bl ood pressure, conprising: 5 providing a sensor
adapted for determ ning pressure, said sensor being

di sposed proximte a bl ood vessel; varying the |evel
of conpression applied to said bl ood vessel over tineg,
said act of wvarying conprising nodulating said |evel
of conpression according to a binary sequence; and
determ ning said bl ood pressure based on neasuremnent
of pressure obtained with said 10 sensor during at

| east part of said act of varying. 2. The nethod of
Caiml1, wherein said blood vessel conprises a hunman
radial artery. 3. The nethod of Claim1, wherein said
act of nodul ating according to a binary nodul ation
sequence conprises nodul ating according to a
pseudo-random bi nary sequence 15 having a plurality
of nodul ation states, at |east some of said nodul ation
states having a duration different fromthat of others
of said plurality of states. 4. The nethod of Caiml1,
wherein said act of nodul ating according to a binary
nodul ati on sequence conprises nodul ati ng according to
a substantially random bi nary sequence. 20 5. The

nmet hod of any of the preceding Cains, wherein said
act of determning conprises:
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measuring the pressure during said act of nDduIating,

and correlating variations in said |evel of (ﬁ JAN 2007

conpression with variations within said neasuré
pressure. 25 6. The nethod of Claiml. wherein said
act of nodul ating according to a binary nodul ation
sequence conprises nodul ati ng according to a
deterministic binary sequence. 7. The nethod of any of
the preceding Claims, wherein said act of nodulating
gEﬂoﬁgLatlng according to a pseudo-white noise
source. 8. e method of Caimb5, wherein said act of
varyi ng conprises varying the 30 | evel of conpr essi on
using at | east one surface of said sensor. 9. The
met hod of any of the precedlng C ainms, further
conpri si nfmedod oEHstsE D 9d PLFE HER EENBFENE t r ansi ent

-—s

eventsp &ydlﬁﬁgls&ébﬁgdagﬁa@rfae@?ué]ﬁuﬁﬁg pre&'zn%g% §ensms§eu¢o disposed

transient ‘event altering the coup etween sai d
bomdenedodivesntld sensor; -74 2 6 JAN 2007 initiating

a Ser\]f%of{no %Vgel%%é Sh ?C)H%présgio @:}heg l ?arq ﬁ; n?slte;iréYeer éigﬁ:s%a}d act of
@Qéﬂgdoﬁmp: ibasieodubating a’llcﬂle‘ﬁ:ll b‘éﬂbﬁwrasﬂmpdcbmgmg ruchinary sequence and
establishi.ng t bstantially optinml sensor

For - SPeRNEr T BoSHEERTE 260 RUpEPUPTE™ PEreGUE PRI NP s

defedr DIrDQ et 1pLsLSSIUT €ai®fct 8f Yaiyrigng subj ect, conprising: 5

a pressure sensor adap for sensing the pressure at

the $kin SHPee¥ diaééﬂllt\‘ﬁl%‘@“ §"’Lfb‘j’l%‘@t"essﬁm*“@@~°ﬁé?§

appueformrelating thereto; and a processor adapted to
run a conguter program t hereon, said conputer program
bei ng- ad

nmodul ati on bei ng used to correct at | east p
tewingl 2 wavedifyorf modalgtionistateTiee leap paneatfissid ofod Ghriginisiak®  having a

dngagilggifi@fe ?‘Jfgon’ﬂﬁl pof%ﬂl 1%%?%(2;?{%3&??%&& l'y overlies the

e apparatus of

Claimll, TWmﬂb@dmfﬁuud laeherof sailbmtmbihnd)dugti@g:mmrdmgg) 4 lonary

I dul at i
Sl B T B PG T Ry - RgURRCE RV o

Pphuthad ity of nndulatlon states, at Ieast sone of said

nDduIat|o st at es avi n ration differe from
t hat “of o FFéP%th%’fOfé’é’i m?cg"lhﬁ ?ﬂms &t %{?%éalg i%PP‘SPFFé“““‘“g

Rppatat us of Caim 11, mhereln said act of nodul ating
according to a binary npdul ati on sequence conpri ses
nodulM$EUHEE %@@@ﬁ%lrerfbmt%saai hefdendlsinamye sequence. 14,
The apRARLYSiBbnBRYaiPkyvd BERIRESH BEh (rididre mt]ﬁ‘lﬂ%&@' n
said correcting at |east portions of said waveform
p@aped westre20 neasuring the pressure during said act

of ”%d ul aﬁ"]'lqueth@drbq (%a%] h e\Lvﬁetrélﬁ] Ghidf 4 b J)cf?lﬂ%n%zﬂscgﬁin do a binary

sensor position wt variations wthin sal sensg
modulation sequence comprises modulating according to a deterministic binary sequence.

7. The method of any of the preceding Claims, wherein said act of modulating

comprises modulating according to a pseudo-white noise source.

8. The method of Claim 5, wherein said act of varying comprises varying the
level of compression using at least one surface of said sensor.

9. The method of any of the preceding Claims, further comprising:

detecting the occurrence of a transient event by analyzing changes in said pressure

said transient event altering the coupling between said blood vessel and sensor;

“Th-

]tﬂpﬁbra(ga}

s eehade! fadin |l avkereim & PR IARg asapring Erskipary
19&@1(&‘[151'1 uAEE HnthRE n]iogiul@tnpl' a@@fréﬁz@@)%‘b@aﬁ@i anﬁ%??inglhy secbuence
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pressure. 15. The apparatus of Cainll, wherein said
act of nodul ating according to a binary nodulaﬁg%ndgﬂ 2007
sequence conprises nodul ating according to a
deterministic binary 25 sequence. 16. The apparatus
of Claim 10, wherein said act of nodul ating the
position conprises nodul ati ng according to a
pseudo-white noi se source. 17. The apparatus of C aim
14, wherein said act of nodul ating the position

CONPEiSRS: ¥ Y RPedoNE sgﬁ\e@hm% H90R laca;pb%gh@% 6@5@ 3

skin surface using at |east one sur¥
sybstemeinlly @8111amh@oam@p@baﬁsd of sagdniierod cauhngprrecedi ng

C ai ng,.wher.ei s adapted to:
02 By RS R S LU B o
eventllby anataymi fmgietelmngg gheibivod mesisumrcﬁ & Suing subgai, tbmprising:

transi ent event COU od
veaoar aarryl et e G e i SERG LaRubpsubica
e bRfah@a FEREDN rSWBRMhdidn;lafent i fy a substantially

opti mal sensar position based on 5 said altered

coupRPIR§EsSy ﬁé%@ttg BN SHMPHE REPEBYY HISECORISHY cOpRytergrogram being

a%!%ﬂ&ﬂﬁ A8k 'tl&?:'}ao&%n &Flsail 6288 cOBERRCG ingkd 2 bm@ Sequence, said
p aratus of Claim 10, wherein said apparatus

tefierr bedigayseceidl cereect at dslgstapions of sEd RV, of pul se and
d' aStl ¥ OF ?ﬁa?fé‘f[zseoffd aqlimI%a&bl%re\ﬁ@s\éﬁlfs;ﬁ&@lrf&@gﬁibasltsa{ltéalll?/ 8verlies the

sald at [east one pulse or
mméssmvefammw®®mn§he apparatus of Caim 10, further

conp 2,60 oop, havi n .

pr opd t | 0 ap}%%#p (ﬁjcﬁ%lm%i’a\%] eérbsr?{)dragfa #I%Dgﬁla%@ 3gprding toa
Hoper 1at>dumb1y sdqowad: ﬁﬁn;in@es?naidd aﬁ);’(ooﬂﬁﬁr&ﬁg to a@j@&d@&ﬂ)ﬂblﬁ @u‘la@
contr sal a ty

Si‘ﬁ‘emregl?‘flﬂe? p E%ﬁ%rof apef “aa%?n cise FblleaS goé“‘?e\ﬁgfal‘? 6‘8%“%‘&0 |S‘iar‘§5
havigoY Britdh dWhO&E feR eifafbf dAtikrd 3 sdeb @famyrb@@kata; | east in
part through estimation of an SNR 15 val ue. 22. The

appatat us! GrPerErAt HdRmherhsrein i 43t ormduiedne %F%@P&Fﬁa

virtrnAdaRi8oh {QuerdPRInypr 1‘§é%r1ﬁc%§1taﬂu%hc£d?ﬁ1n§to§tcﬁ doPRGifaRCd@ence.
rel"ated at |east in pa . 23. A nmethod of -
i dent#f yi HY aeppattefed apyolithreorecsdips Flignheheueia paig correcting at least

p%%ﬁm%alwa%&%@ém gﬂﬂa‘? the tissue of a subject,

conpri si ng: osing said sensor in prOX|n1ty to
sa|dnkwmsmﬁhemnsa&uhwmgm@amaﬁﬁmdwwm&sdﬁt|ssue usi ng

sai d ng‘?eﬂl%g%}fal ﬁﬁ%s.ng%rgseg%l [E(%iu%}] \wtfsaac' 1onse 1 151116}3[&11 eser{sgd at

Ieas% one pressure ve ure
pressure.

15.  The apparatus of Claim11, wherein said act of modulating according to a
binary modulation sequence comprises modulating according to a deterministic binary
sequence.

16.  The apparatus of Claim 10, wherein said act of modulating the position
comprises modulating according to a pseudo-white noise source.

[7. The apparatus of Claim 14, wherein said act of modulating the position
comprises varying the level of compression of said skin surface using at least one surface of
said sensor.

18.  'The apparatus of any of the preceding Claims, wherein said apparatus is further

adapted to:
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accel eration, based at least in part on said neasured
data. 24. The nethod of Caim 23, wherein saidatjsn 2157
| east one of pressure velocity or 25 pressure” -

accel eration are derivedfom pressure signals neasured
by said sensor froma blood vessel. 25. The nethod of
Claim 24, wherein said blood vessel conprises the

radial artery of a human being. 26. The nethod of

Cl aim 25, wherein said act of identifying at |east one

changleteétithe 3urthcd Easinsie et RS PAHRhMBEOR LiY pREsure, said
ressure alc_:c.el ratign conprises conparing the
S8 Y FLaliepRY G PR 1By befwisT apiopdres urderesg saRizskinfugace and
ARtBad: of C aim 24, wherein said act of identifying at
| east one change conprises identifying at |east one
chand& iR aseesesirreep odestiBrastbemtioh optimalZ6nsht padifibh BG8Fon

SB-aldbecBhhod,of Caim 27, wherein said act of

identifying at |east one change in pressure
accelcgrtdish bn seobmpiiils egtima] knsirgesitianf iy ggadtnd asE. one
pressyre yelocity from pressure data obtained during
at ﬁg'ast ¥}fe\/\%p%%t¥5i %igge;”m@ ORI eI sdtpaging father adagied Bine
chang®ainnt lpaseasurf pulacoealdakalid gshaged @0 walli@oshange in

said pre e velocity over said at |east two periods;
and (@W??%ﬁ?h&f@gﬁs‘s‘éﬁﬁu%ﬁ on s ic RsESIEange i n

pressur e Beepbes@t Hfalaiol @turheaShpAige 2 8466 &%)i 188b having
criterion. 29. A nethod of operating a pressure

SPEEROFI i SR PaEaraf G tiehiger beirewsaely capled emsiid proessor

360 Bbies k@nirdbRAdiNg, @ first substantially optimal
initial |evel of c%&gr ession of a conpressible vessel

fronthi chiegapaiatpr edsiimel (i Brireasupatng opetral (sergo)saipthaving
a%@p@ﬁcﬁ‘t\%_%seaép lsaﬁbrgjisfdkt{eﬁqtlinédiﬁ L8N IgairLt'hYoilg}P%sfg{r]rla g?r% ﬁ%a%ltstl}@{

¥
conpression for at east one ep
valdeurrence of a transient event; determning a second

substant i-gll i .l evel , of. canpressi on of said

ves sﬁe%a'; a?ﬁl d a}g%agééésa%?ﬂrlladnﬁéi YrappaF g??ﬁé&p”é?" PECSIEN S&Ea¥Rg to
agplb stremtiorafol y sapitg faetor lekvedlat REst GomRressiion for at

| east, one, epoch,..sai.d.epochs occurring at different

t] neis’: 30" ‘“%8‘5]%?%8%%‘%@%5% i SOURIHE PEVRSEPRPTSLicsEnSOr
aadtle §80007d sshibstanmbiiahd:y optimal 20 levels of
conpression.are different fromeach other, said

di ff ?’pgﬂg%safcg%‘mof PRgesARty e ade tifsHepart  from said

tr angéLiting@MAMHom 53l tisdResinBlhed, Qf; ofd al m 29, wherein
sai d _act of determ ning a second opti mal
identitying at least one change In at least one of pressure velocity or pressure

acceleration, based at least in part on said measured data.

24. The method of Claim 23, wherein said at least one of pressure velocity or
pressure acceleration are derived from pressure signals measured by said sensor from a blood
vessel.

25, The method of Claim 24, wherein said biood vessel comprises the radial artery
of a human being.

26.  The method of Claim 25, wherein said act of identifying at least one change in
at least one of pressure velocity or pressure acceleration comprises comparing the pressures
measured at two different times.

27. The method of Claim 24, wherein said act of identifying at least ane change

comprises identifying at least one change in pressure acceleration only.
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| evel conprises performng a pressure sweep, said

sweep exposi ng said vessel to a range of conpres%égﬁ

|l evel s. 25 32. The method of O aim 31, furtherf J& i
conprising waiting for said transient event to

subsi de before perform ng said sweep. 33. The nethod

of Claim3l, wherein said act of perform ng a pressure
sweep conprises: analyzing pressure data relating to

at least two tinme periods occurring before and after

30 sag d tTiRRRHRALF EUBNE7 WiBRR&EH 'aM%If)(ienthﬁﬂpér éa@tg)ne change in
changes in said pressure data fromsaid at” | east two
mﬁ%w¢%%¢ﬁa@gﬂﬁmpﬁmscrlterlon and perforn1ng sai d

rpr;teﬁg re ﬁy}ﬁ?‘?} L%AA% Eegst%ﬁgoo dsg{uje *v&&én? @roin r‘Prg‘S%'fTé éaté gbqallle%%u11ng at
subject bﬁh@@Wsmm@ -77 2 6 JAN 2007 tononetrlcally

neas r ssur rom.an arter t|on

on- s SR BER G RSN bt BB St P anee i
vessel atsail p3RAANCidcQE atdr elid @Measiaie p&idaj; @6t , sai d act

of occluding having at | east sone effect on said act

of meHsl r‘?oﬁ’@am@r’fa‘d&glﬁ%?ﬂe@a‘%f“d”‘%i?&lt?e eAce FBELP igpst one
based at J.gashicnRriRakt. on said effect; 5 wherein said
second | ocation is ipsilateral to sald first location.
35. The nbtibad efopglebingn Bassupheeeiimnswpeatas ywleytransient

g&ﬂﬁ;g%g - radial artery of a hunman being. 36. The
“met hod o?m & m 35, wherein said act of at |east

partﬂ#mnmEMudﬁﬁgumﬁmhﬁbM$e$aamhﬁéashfpanmtykmoéﬁuﬂhmgﬁMe
' vessel uUsin inflatable cuff. 10 37. The
V?rse%‘%lﬁlgg‘I ‘g%glﬁa%isp?nesé%, B esrué%ah said act of adjusting

conpopeseing cahgipaglus arsgidifing sdbdhtsiiyenimadfeva pptanadskion or at
Qessurehto said first location for at |least a first
f%%O ot°“"38. The method of O aim 37, wherein said act

of adytetsihi MgoappPéRbatd @MsPRRSSUr € conpri ses varying
t he to the surface of the skin

ssure applied t
over &W mtgr?ege&%é Stpsiriadlyprtypal leygliof cqmpression gewtd veielpgnd
a pr Mlﬁesaﬁﬁe{bﬁﬁﬁtus zlt@eu@ Qecoﬂ_@ﬁibﬂﬁ{tiﬁl%doﬂﬁfnaﬁe@él BY 3 fpression for

wherein said act of justin nprises: identifying
aglegshene e@@(‘»huf@éifqppchﬁrv@éigwe@t@ %antélmeau ned from said act

of NMRASUrtRG1RRd: CQ%IA &y W%&&%Fﬁ g&'ﬂ%tse&ga Eﬁ%&hﬁ{aﬂy optlmal

measur es for reacqui ri ng usefu for at 1eas
levpls f commssiiouare differenifpar erch stherdsapt &fertise gvemlgnmtéeaa in part

ﬁoﬁ%ﬁ%%ﬁﬁ%é&&%ﬁ;Of the bl ood pressure the blood 20
I'Ving subject, said generating

conp3h3|ﬁ@mxm@MﬁnﬁﬂhmmdeyhseM$mdgwmth&unﬁu@haﬁuﬁdk@ﬁmd
evgl comp;onsr,]es lf)%rlf(p m%ta Ilu Ee:S%I?I% S\%Q@%, Ak ssw%rep exposmo said vessel to a range of
compression levels.

32. The method of Claim 31, further comprising waiting for said transient event to
subside before performing said sweep.

33. The method of Claim 31, wherein said act of performing a pressure sweep
COMprises:

analyzing pressure data relating to at least two time periods occurring before and after
said transient event, respectively, ‘

comparing changes in said pressure data from said at least two time periods to a
criterion; and

performing said pressure sweep when said criterion is satisfied.

34, Amethod of measuring blood pressure in a living subject, comprising:
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generating signals relating thereto; passively
detecting a degradation of said signals; classifying
sai d degradation based at least in part on s '%f* :
signals; and 25 conpensating for the effectg2 jéﬁi%m?
degradation on said representation. 41. The apparatus
of Claim40, wherein said classifying conprises at

| east determ ning whet her said degradation is the
result of an occlusive event occurring ipsilateral to

sai dihih&tica 19 GRhdAR prddure TBR ARRSY UG st%ca%rﬁ:ln%g éubj ect;

wherein said co ensatlng conprlses entering a
wai t aideasitrarthytoieudug ablpatvest! & aseonelptation ait @idsebjag, said act of

ogég{?ngﬁoq{%h b 1¥asf s%ln%t:ﬁgct ﬁxg saﬁc!?aﬁct gﬁ%éﬂ"ﬁ‘ n§ ngur ation of

occ S|ve araFUs of C ai m 40,
furt hbmsnegmipf dcgofimgpamming pqn;b(mitaetamom pareghaidiesfiat; coupl ed

d d
i A St co et T S AL el

bl 008, vesEemetist bnQlababd 4 waeikinGhid 886 tdtgprisesife RdialturdANfa
2007 44. The apparatus of C aim 43, wherein said

E%ﬁb@ﬁ§%tlng conprises del ayi ng processing of said

si gnad s umtinletiwabiclhiese Wﬁa{amrs? 8 H&tto? ﬂgealstrbaﬁt@' iode) udmﬂ
degradation has term nat ed. 5 par at us of

conpishs & drastpary er udirsrpidibiion gesaelé&mgmtl atgbeorEiam
havi 8g: @ bealqdet8G whé@ﬂ said Gt %Paaﬁ’%ﬂn%_ rg)ggse%%easing

wherein said beat detector advises sa

opgedEedBisiasntd apdtrettradesheatosaiifrtiasalgaifa at Eia?.}] nétst psaild

no beal RieRERRd SHERENY 19.Rh e 8981 Ry Ofin S ol MRS e
cmmmrezemall'ym “be prEfere Appiad a:tthsgwfface(af Aiertkid Jyverivheried Hlo®iacdet at

urther conprises a 10 conputer program
S%%ﬁﬁ{ﬁ ¥?%Eh%8ﬁ$5?éenﬁe | evel of conpression applied
to s@l.d biheagtheessEhim W, ¥h&aihdailes RogiSie @RpricRr r ect

based at |least in part on signals
LES a?dreffg%%%g gﬁq%ﬁa r gﬁu}j}g%egbrﬁ %gfi plﬁt@l_zsmd fl17cgn Eaxd act of measu% ing; and

delaying subsequent corrective measures for reacquiring useful data for at least a first
period.

40.  Apparatus adapted to generate a representation of the blood pressure the blood
vessel of a living subject, said generating comprising:

tonometrically sensing pressure at a first location using at least one sensor and
generating signals relating thereto;

passively detecting a degradation of said signals;

classifying said degradation based at least in part on said signals; and

compensating for the effects of said degradation on said representation.

41.  'The apparatus of Claim 40, wherein said classifying comprises at least
determining whether said degradation is the result of an occlusive event occurring ipsilateral to
said first location.

42. The apparatus of Claim 41, wherein said compensating comprises entering a
wait state, the duration of said wait state being substantiafly related to the estimated duration
of said occlusive event.

43, The apparatus of Claim 40, further compriging an applanation mechanism
coupled to said at east one sensor, wherein said sensor and mechanism cooperate to

selectively compress said blood vessel during said act of sensing.
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44.  The apparatus of Claim 43, wherein said compensating comprises delaying
processing of said signals until said the event resuliing in said degradation has ferminated.

45.  The apparatus of Claim 44, further comprising a computer program having:

a beat detector; and

a no-beat process;

wherein said beat detector advises said no-beat process as to detected beats within said
signal, said no beat process suspending processing of said signals if no beats are detected
within a first time interval.

46,  The Apparatus of Claim 43, wherein said apparatus further comprises a
computer program adapted to modulate the level of compression applied to said blood vessel
via said mech-anism, and correct the sensed pressure based at least in part on signals obtained

during said modulating.
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