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Priori 5 This application clainms priority to U S. Patent Application i
Serial No. 10/060,646 filed January 30, 2002 of the same title, &rd{BdT2006
Application No. PCT/US03/03020. Background of the Invention 1. Field of
the Invention 10 This invention relates generally to apparatus and net hods
for interfacing tinme- variant signals, and specifically to the

condi tioning/simulation of waveforns (such as, for exanple, blood pressure
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nmeasure the bl ood 20 pressure of the subject via an invasive arterial |ine
that infuses normal saline at a "KVO' rate into an appropriate bl ood
vessel . KVO (or "keep vein opdiekerpedafshalgvanign nj nji num fl ow rate required
to keep an IV l.e fr cl ing off in the vein. The di sposabl e pressure
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Critikon, %%Hm%%Pﬁﬁg%%%%Fggkﬁgg§£%épFﬁgghgﬁﬁé?n. The patient nonitor
supplies the excitation. signal to energize the bridge circuit of the DPT,

and al so provides the signal conditioqing of the output derived fromthe
DPT in order tc-dPesriniior peRdakfderiolodood pressure waveformon 30 the
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monitoring, a disposable pressure transducer is commonly utilized to measure the blood

20  pressure of the subject via an invasive arterial line that infuses normal saline at a “KVO” rate
into an appropriate blood vessel. KVO (or “keep vein open”) refers to the minimum flow rate
required to keep an IV needle from clotting off in the vein. The disposable pressure
transducer (DPT) is a passive resistive bridge implemented typically from silicon strain beam
technology. The DPT electrically interfaces to a patient monitor available from any number of

25  different vendors such as Hewlett Packard/Agilent/Philips, General Electric’/Marquette,

| Datex—Ohmeda, Datascope/Fakuda-Denshi, Welch Allyn/Protocol, Space Labs, Criticare,
Critikon, and Valley Medical, as well as others. The patient monitor supplies the excitation
signal to energize the bridge circuit of the DPT, and also provides the signal conditioning of
the output derived from the DPT in order to display the subject’s blood pressure waveform on

30  the display device of the patient monitor.

The various monitors described above utilize varying methods to energize the bridge
and recover the output signal. In one simple scheme (shown as Fig. 1), the bridge 101 of the
DPT 100 is driven by a constant direct current (DC) voltage source 102. The value of the DC
voltage produced by the source 102 can be any value between 1V and 10V, but is typically set
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at 5V. This voltage value m nimzes the self-heating effect that occurs
when resistors R 104, R2 106, R3 108, R4 110, R5 112, and R6 194} dilSsi{ét e
power. This power dissipation changes the tenperature of the bridge sensor
resistors R3 108, R4 110, R5 112, and R6 114, and causes their electrical
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Zin=R1+ R2+ Rb (Eqn. 1)

Typical values for Zin and Zout (Rp) are 3K ohms and 300 ohms, respectively. Given these
definitions, it can be readily demonstrated that the bridge output voltage across terminals +S
130 and —S 132 can be described by Eqn. 2 as follows:
25
s = +8 — (m ) Ed x % (Eqn. 2)
Derivation of Eqn. 2 is conducted by analyzing an equivalent balanced bridge configuration
200 (Fig. 2) based on the following six assumptions: (1) Resistor RI1 202 = R2 202; (i1)
30  Resistors R3 204, R4 206, R5 208, and R6 210 are all equal in resistance when the bridge
200 is in balance, and are equal to Ry; (iil) when the bridge unbalances, resistors R3, R4,
RS, and R6 all change by an equal amount (dR) as shown in Fig. 3; (iv) the load across

terminals +S 230 and -S 232 is an infinite differential impedance; (v) there are no loads



-2:" ., C- alaill between +S and +E or -E and (vi) there are no Ioads
between -S and +E or -E. Wien the bridge in Fig. 2 is in balance, 7the; ; ,;,Hj
resi stance between ternminal 1 240 and terminal 2 242 is given by Rb ,
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Rb) = Z ,,effédﬁ%ﬁ] ddan&ast fiesinepreshabetheamtanOuedimeEZyn: = R: 20 Eb = Ed X
r Rb 1 (Egn. Zp The bridge may be anal yzed. al one, since the vo]tage

Eb across the bTh@g@bﬂl@‘?@@ﬁgﬁ‘ﬂhPf (s chehe strpiticd ©oHs eaHYalent it 400

at node +5 1505 ity M (P ERpeitesRo RMP kel Dol By ﬂl&‘em% PR G

= E(+S)0 = Ens:Ro + dR | 2xRb | = E(+S) = Eb x 1 + dRJ . (Egn. 6) 2 2xRb
Zi= R1+R2+Rb (Eqn. 3)

The relationship between Fb (ie., the equivalent voltage across the bridge) and the

excitation voltage Egq is given by Eqn. 4:

Rb
15 Eb=Edx| ——2 Eqn. 4
{R1+R2+Rb} (Ean-4)

Note, however, that (R1 + R2 + Rb) = Z,. Hence, Eb can be represented as shown m Eqn.
5

20 Eb=Edx [Rb} (Eqn. 5)

Zin

The bridge may be analyzed alone, since the voltage Ey across the bridge is constant (and
hence Ry, is constant). This un-balanced circuit equivalent 500 is shown in Fig.5 herein. The

voltage at node +S 502 is given by Eqn. 6:

25
E(+S) = Ebx Rb+ dR
Rb+ dR + Rb - dR
Rb+dR
= E(+5) = Eb
(+5) X[Zxkb}
1 dR
=E(+S)=Ebx| =+ . Eqn. 6
(+5) X[Z 2><ij| (Egn. €)
30

A similar expression can be developed for the voltage at node —S 504 (Eqn. 7):



30 A simlar expression can be devel oped for the voltage at node -S 504
(Eqn. 7): -3 E(-S)=Ebx[1 ] (Egn. 7) 2 2x Rb The differential @ut pit @Q%ﬁ
is sinply E(+s) - E(-s), as follows: 5 E(S)=Ebxj[2+2xRb] [2 2xRb]} E(S) =
Eb x [dRb] (Egn. 8) Finally, substituting the result of Eqn. 5 into Eqn. 8
yi el ds Eqn. 2 above: { ) xdR]  Zin |In order for all DPT's to
function S|n1IaE(ysy£H§yEape }cally cal i brated during ndhufiddture to a
standard sensitivity of BZu\¥ nHg. This neans that for an applied 15
pressure of 100 nmHg, and a drive voltage (Ed) of 5V, the output Es will be
2.5 nV. Thiig diffe@yiisiestgubBls) ishemple $i(sd) ariife) disftdlervence (dR) be 1.5 ohns,
according to Eqn. 2 above. For a Zin of 3 kohns the full-scale pressure
specification for such DPTs i 30qi woul d require a resistance
di fference (dR) valugagtng5£ X % -Lel lkutput vol tage of 7.5 nV.
20 It can be shown that the diffebeRé ré§T§@ nce dR is a function of
pressure: dR = Ks x Zin x P (Egn. 9) where: 25 KS = scaling factor of 5
uv / V/ mmHg, and P = sensedpnessure. Substituting this result into Eqn.

2 results in the traﬁé$kw£$u£g§ﬂon for the bridge, Eqn. 10:(EgBO)Es = Ed x
Ks x P (Eqn. 10) Note that t ut put voltage Es is a function of both
pressure (P), the input variable, and the drive voltage (Ed) provided by

t he noni t ofinalfokutishiauting VaGesddi ofdquohdite Eqgm,8 stidlés BirgAabopr.ocessi ng of the
out putjgs typically quite 35 limted in scope; e.g., anplifying the bridge
output with an instrunmentation a ier, and filtering the output wth a
2-pole low pass filter whb&e= @M%F@glrequency i s above any frequency
conponents of interest in the bl ressure signal. A typical valve for
such -4

In order for all DPT’s to function similarly, they are typically calibrated during
manufacture to a standard sensitivity of 5 uV /V/ mmHg. This means that for an applied

15 pressure of 100 mmHg, and a drive voltage (Eq ) of 5V, the output E; will be 2.5 mV. This
requires that the resistance difference (dR) be 1.5 ohms, according to Eqn. 2 above. For a

Zin of 3 kohms, the full-scale pressure specification for such DPTs is 300 mmHg, which

would require a resistance difference (dR) value of 4.5 ohms, and yield an output voltage of

7.5 mV.

20 It can be shown that the differential resistance dR is a function of pressure:
dR = Ks x Zinx P (Eqn. 9)

where:

25
K = scaling factor of 5 uV / V/ mmHg, and P = sensed pressure.

Substituting this result into Egn. 2 results in the transfer function for the bridge, Eqn. 10:

30 Es=Ed x Ksx P (Eqn. 10)

Note that the output voltage Es is a function of both pressure (P), the input variable, and the
drive voltage (Ed) provided by the monitor.
For the 5 VDC drive condition, the signal processing of the output is typically quite
35 limited in scope; e.g., amplifying the bridge output with an instrumentation amplifier, and
filtering the output with a 2-pole low pass filter whose cutoff frequency is above any

frequency components of interest in the blood pressure signal. A typical valve for such



2rc. rt_nl filter cutoff frequency is 45 Hz. Wen a user w shes to supply
the nmonitor with and display a waveformother than that derived: \fqu__;th@)p
af orenenti oned DPT (such as that froma digital non-invasive bl ood T

pressure m)nitor such as that manufactured by the Assignee hereof), the DPT

must be 5 (Q_E ﬁ&nﬁr{%rﬁ‘st}ﬁe moni tor, and the new signal source
el ectrical stit For the <case of a fixed DC drive voltage of 5V,

a circuit nay b&Vieeadisdey wishshicomeglyt tbe mmmémf\&Iﬂeamlélsplﬁfewv(dé’e@ﬂﬂdﬁ@ftﬂa@lﬁ)

signal source to th t rmnlt as .t
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differential output between +S and -S is_given
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monitors, [eaving the ou tage flnction of the | nput
and scab ed Asldhonhivgtredstdy Rhpod a1ﬁthaI698 Js@LOthmdi-ﬁ@rezml attper natelvect(Bonlkd i ng

out the -6 nvV.with the nonitar |stQ trrent t er
618. 25 WP ohme Ehe aiiptt Boodefrld 1s %f’foa??ySOXa‘Pf}eFe %?Wlaé"rp%@uewj& ‘{I
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excitation, as signi |cant ortcom ngs when one attenpts to drive the
many di ffeaﬁmdmgpaeléqroﬂlpatl ent rmnl tors presently available. Many such
patient nonitors do not use constant +5V excitation, but rather use

bi pol ar sine wave drive, or even pulse drive as a carrier between 2 KHz and
5 30 Kifz, which is nodul ated_bygkheypisessyre signal. These {10y s use an
AC drive to reduce bridge offset effects, and cancel noise. Furthernore,

they requi ?‘g @ff%‘iﬂ%ta 91‘5][ u[soe I rm%ua{n%t g%erpﬁ]fgqrgfut hei r si gnal

condi ti oni er 9 radd I’'00d pressure nodul ati on
signal. Therefore, in order to drive thes&ﬁrmnitors with a zg EET devi ce
such as the 35 aforenent ifSried- WG PAP2NIBBM a circuit is NESHED t hat

m m cs2€he el ectrical profile and
The fixed offset of -6 mV (for the exemplary circuit of Fig. 6) can be “zeroed out” or

cancelled by most patient monitors, leaving the output voltage E; a function of the input
voltage, and scaled such that a 1V input equals 100 mmHg. An alternative to nulling out
the —6 mV with the monitor is to add a zero adjustment to amplifier U2 618.

25 While the circuit 600 of Fig. 6 (or any other similar circuit) works generally for any
monitor that has a fixed +5V DC constant voltage excitation, it has significant
shortcomings when one attempts to drive the many different types of patient momnitors
presently available. Many such patient monitors do not use constant +5V excitation, but
rather use bipolar sine wave drive, or even pulse drive as a carrier between 2 KHz and 5

30 KHz, which is modulated by the pressure signal. These monitors use an AC drive to reduce
bridge offset effects, and cancel noise. Furthermore, they require a synchronous
demodulator as part of their signal conditioning circuitry, in prder to recover the blood
pressure modulation signal.

Therefore, in order to ‘drive these monitors with a non-DPT device such as the

35  aforementioned digital NIBPM, a circuit is needed that mimics the electrical profile and

operation of a passive transducer bridge. The transfer function of such circuit must be



operation of a passive transducer bridge. The transfer function of such
circuit nust be -5 260CT '3f effectively identical to that of-~ tﬁhﬁp ﬁ ve
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generate a visual display of that parameter. The excitation signal is

scaled in a di gUt a?i Itaéfméri‘&i 0@7@53%7@5(1 @ﬂﬂeﬁcéﬁ‘sﬁ@tﬂ\&ﬂemb@ 16 P70t eyedof

tSIhSng: g: tsal‘(Put\Pl d%tr utitat%re R S]lcr)]O%IEe n(vjeu surl g 111@trunqgi%lc?150éof‘s %Wpu‘? %lﬁgﬁe%n 15

I'rcul rrve rea

havi ngi@n digﬁhlqgtysﬂoﬁfgﬂial hatsupal 11@%1@1116&! MYe dttpexcikduitprovid s Igt‘mzls foﬂ-h)tzigvte]r
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di scl oses dnt parhetes|The ieneitgion lsgharis Mﬂl@thniarth@taﬂaﬁmlwg amntientaiivame\zedtibxood
pressure nonitor wWth an mvas@rﬁi bl o ssure nmoni t or. ghe enul at or
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recei ves phEgoupiEset whvlsr diernlsigivhl andst 16%3?@@ drigibs RPRLPN & BHEBY PrEdiir e
moni t of 5 agignariqg F48Eda0 %@iﬂ@q g&t%ute@tfchft% l4B0e Yiqlaatd%gtedé\ﬁ&nﬁatvﬂ% Ayagive

bl ood pres nitor. e enu r converts the pressure wavef orm5| gnal
from t he nomui bvasi peovidliopdn premson eignainilioveventtiee mrerdival dd a6y s griarelwhi ch
is scaled as a functiqgn,of the excitati.on voltage., The scal ed anal o

b easur o SRgRAIOR RO Pl GRER OF AptiETED SEHES Rifh AaTAss Saba S RESTPe
moni tor, apddefod %ﬁlﬂ@@éjwhﬁh 1§1mtbgﬁﬁa§tf8?m§hyg£@1m¥lf5n§h woul d be received
froma cat het er - based "bl ood pressure transducer. This system however,

uses digital erdbé’atengé A71.646 1s&aad1®¢t0ivfo@9;2ﬂ(]2éﬁ)Tha¢ﬁcianda@@d@¢1 éﬁﬁ@iﬁal Line

al gori ns..t o [, t he signal, anal
signi f dc]an{iwlag‘ﬁ s&é%%?? Wﬁ[&%ﬂt 3 f ‘Fr B’ bci‘eé‘ié‘ifﬁﬁg?s anOIi'H’é‘]ra gﬁ%ebéoqdrte
cost and cgruexidoyit®f withan $@ladtk ®hod pressure monitor. The emulator receives pressure
waveform signals from the non-invasive blood pressure monitor, and receives a transducer
excitation voltage from the invasive blood pressure monitor. The emulator converts the
pressure waveform signal from the non-invasive blood pressure monitor into an analog
25  signal which is scaled as a function of the excitation voltage. The scaled analog pressure
signal is supplied as an input to the invasive blood pressure monitor, and is intended to
emulate the signal which would be received from a catheter-based blood pressure
transducer. This system, however, uses digital processing (i.e., a microcontroller) and
associated algorithms to perform the signal analysis and scaling, which can significantly
30  slow or impede the signal processing, and increases the cost and complexity of the solution.
Furthermore, the disclosed emulator of Thede is limited in the types of input excitation it
can operate with, with apparently no ability to utilize alternating current (ac) excitation
(see, e.g., polarity sensing circuit). -

1J.S. Patent No. 5,568,815 to Raynes, et al. issued October 29, 1996 and entitled
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Furthermore, the disclosed enulator of Thede is limted in the types of
input excitation it can operate with, with apparently no abilit¥6tolT 2008
utilize alternating current (ac) excitation (see, e.g., polarity sensing
circuit). US. Patent No. 5,568,815 to Raynes, et al. issued Cctober 29,
1996 and engdif. h(?\gered Snieridde Qﬁuﬁ%%%se woll § 1RANREEschRtie T RRReL | b GibAradeOr
use with a transducer sensor” discloses an interface circuit for
interfaci nglrellskmmﬁfmtmgt oserticansducernsdenss emsoiooa Jpaentenal nglusahogt(grﬂg
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noni tor, apgidgsi @ﬁertsk@%eéén@fﬁédmngéljaa%{(eﬁﬁmoét@%drd%ﬁ%s&hﬁgﬁ%m}egulé@dt ages
for use by the el ectrl cal conponents on the interface circuit. Also
generat®d byd teﬁéiaﬁrdve@pplwpbagps dorresaiby th@selaﬁnaqd;@p@pmﬁ@@t@rs@ns@ﬁrf@@cmaﬁ| on
signal for uctor transducer. In not e
nterface SIPQGPERAP Dy bR biaL S g Ry SARRE B R REL SR dlenel M,
sensor out paticSiduoRt igeneicat €d Ayhthembsdnsdyces isense rc,lrcmA faﬁlaéri ingluésr cui t
then scales that signal into a paraneter signal that is proportional to the
10 physi ol B§PYHIZ GEHUIT 106 Fecgtingct sespyO e Sé’@ﬁls%ﬁwaéﬁ@&wtﬁ%utmn%dua?rssaﬂsor
roportional
ony tor . resoare P el Bl R O0URY B SR RERE AR BT BB Bl o
sensoriga §h3gmléglcean¢onkiltmﬂ déteand HBagedseasorl hedf dategoialRg, propatiohs nmedded is

an inproved a T@gar atus and nethod for interfaci nlg1 sensi ng. devi ces, produci ng
time vari aRClgaQRPOViTsIalsmeriediyrthepyivpt Bopky. Hey E@jé%mveml%%f YhE,

and/or avef, 39@94&:99%@ %%Uli&i%ﬁ%?faoﬁﬁﬁﬁ%ﬁ]ﬂgtbt\fé g subject) wth

nmoni t ori ng i Ces. Suc appar at us’ an d ideally (i) be readily
adapted to a VvBasedton the foicpbiap e\nhatomnéadgdmahm ernpro@éd agmnidhor amigmethodifapl ay
devices, (ii)_.have a wide ,dynamic range; (iii) abI e to erate Ort]t(q

v)

bi nary di gFtEfCIgpifsipg Sexisss PEGETPE NS EHIASH &aa r%<$&ﬁ%|ﬂ% } praggnle

mai ntaj n t e esieiserst/bi Yidi¥oe BOLO presk¥a: %M&r&rﬁ”of"‘hﬁ%@%u@ﬂ&? vafy 20
excitation source including constant voprtage drive of either polarity; (vi)

function vmomtcmng:meanSuqhumpemtuschmdv:eetbdd epulldedeaiﬁyr(e)cbel wadihandipledi th)a
function with a vol ta curr.ent . drlve any, wavesh dut

VAR R S 3o 8 L Y A R R e

el ectri cal kyhahsOtakt.aiifyemuihe A 05 bild® $&ARligpAantkrilaveqiing G@Ave@,ﬁdxpr or

drift through its similation range, and include provision for the
det ect i ng Wwhenlaghrshor(isdoniingin &g dd@mdcﬁ@nmvsmefae@f,rﬁvbﬁmcyommﬁhmetzﬂpe of

;P g; gt t F%hngg% 1%% g%ggegiepc!%%\é%eﬁnéénﬁ § ?(fogl};age @S%Q tof en[ﬁeernﬁc;larnty,sgftl) ﬁfn‘cggn %vhtg a
constant current drive of either direction, and (vii) function with any AC voltage or current
drive of any waveshape, duty cycle, and DC offset. Furthermore, such circuit would
optimally be electrically isolable from the monitor, be stable and have minimal erzor or drift
through its simulation range, and include provision for the detecting when the monitoring

25  device was electrically connected thereto.

Summary of the Invention

The present invention satisfies the aforementioned needs by providing improved
apparatus and methods for interfacing time-variant signals between different hardware
environments, including the blood pressure waveforms obtained from a living subject.

30 In a first aspect of the invention, an apparatus useful for interfacing a time-variant
signal between two hardware environments is disclosed. In one exemplary embodiment,
the apparatus is adapted to accurately simulate one or more types of passive bridge pressure
transducer. The interface apparatus is configured to simulate any signal that the pressure

transducer could produce, including waveforms having frequency ranging from direct
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apparatus and nethods for interfacing time-variant signals between

di fferent hardware enviroments, including the blood pressure vagefor nmBij
obtained froma living subject. 30 In a first aspect of the invention, an
apparatus useful for interfacing a tine-variant signal between two

har dwar e eeaﬁern@gﬁen@ #2) p Atk 3Efral Rn R HEKER! Bie/veRROGE MRNppardtfie a
apparatus I's adapted to gccurate [y sinulate one or nore types of passi ve
bri dge pr esismmeadmamln@dﬂwlate'l’the anat @r ﬁvatﬁebh)ppapraxsu@ veveiomis gurveaild de

simul at e an al t.hat tra i ncl udi ng
sevef or s Rrbo el e Panf RE i meart e e g BB MRS ea BNy
(i.e., O Hzam e§ h cw%aghmsm onbé&mr(gszkdjleéaeﬁzmg RighAanMmas kant thefsdobiated
apparat us, CI rcuit adapted to sinmulatée the one or nore bl ood pressure

wavef orirs b@omww@@m@g@d@ @wessylgapﬁarstp@éﬁ’a@ @pm%slsq Resebionggetrisrasgus.e
EL?CZ??;? ?%@meds rsture/ESio pier-gafed 1Itrasl('§nlc fs¥ Om iy zh dsﬁ%ttgncﬂh e%ﬂ”% p{ﬂ%g%g% 09

e| Vi ng | nput S € asSsocCl a

pressure sehkhng: &ikd cprditessl msglgaepp@daatruﬁsfe{ﬁugctmna;v}ﬁﬂeﬁe@ﬂba&emﬁfeﬁtf a DPT
tononetric sgﬁﬁt ens, or conbi ned tﬁr essur e/ Doppl er - based ul trasoni c syst em
and its at PEdgafitvics grite mf%fcégeé. @)excﬂampcﬁg%l dramdhe PehentInemEy tsihsg

| inear trapshero.fupgt c%n{’é(g 185“:1%5 ahf184 s?% %ﬁem?“a&’c%?d;ﬂgw' &R The

circuit uses the exci at|o romthe pati nitor as
ref ereltce, dmdd@dyalpbzagfehml sefa’rﬁmﬂs DESITHE ;almead:mgh&mgnalpraym h€kd sircuit is

accordi ngl no 10 dependency UBQI’I vgl tacﬁe r,e_f@%r enceg or errors inpherent
therein i s Yihels chRiveridle 18] 1akiiEL OFIRE afpptethde IntGrpcre WA | ossqialh, eRY SiHERh g
adapted t o, ﬁﬁfa@z@ﬁ%%%@]t&ﬁﬁ;eﬁ Vidh, ke RYssObf URY BRL orcanki@ %Eécp'Ey%at

nonitoring device, regardless o the ype of exci'tation used by that
moni t or i ngmdeiéroe diayicetfhet}BPDFPT,omr tyypel ofitpaL g csmcbmaimg:mdmem ‘Ol pigeuit

applied. The circuit also ¢ I stabl | e.facto u
FhCtor - bet A5 BLEdeD AR Ala AR TR Eororef s a3 <o g Shpet 2Rk
val uesys angyib reR 8 RtdiYarRas ates Yanh Gkefintlf thes tASNERVIHRUTHRSY RARANGLARINng
accuracy. In a second aspect of the invention, a nethod for simulating a

time-vari amcu@ay.put signal from a first device u5| ng a second device is
di scl osed. The El?t hod enera?jltlg%1 r| ses {ﬁ%‘ﬁ) %]]% econd dﬁVltC ¥
provi di ng an extit XPEhRPSFY et“b"efl &<t eher A hg™ e
digital reggesenimti stofievded niBg \bkdcand mwh@rdﬁcmwgmmﬁzﬁﬁp@enerﬂml ce;
applying a transfer function to the digital representation, the transfer

function bedmyises PrstGRE th Isgoasid ndavine; Peovidiag anovXCiMErT Volge devibe esccand
gener aid ng e%?ceogglge%tﬁ%' 1ta$ p??seﬁltta or! %?Et ﬂ}rp ot V\%%Itoﬁﬁ IEB% L@l second
r ng

represent ati on Ghet ion, put signal
subst ant i adldvyces kppiliag att@ntfeatunpti@cisaie dllgyaltrh@eianlteslbn day Itlﬁﬁsferl fon@ive being

exenpl ary &%Et%jgzaqgfngumlarhto that for the first device; and generating an output signal based at

least in part on the digital representation and the transfer function, the output signal being

substantially similar to that produced by the first device. In one exemplary embodiment, the

25 first device comprises a passive bridge element, the time-variant waveform comprises a

blood pressure waveform obtained from a living subject, and the second device comprises a

non-invasive blood pressure monitor (NIBPM).  The NIBPM is connected to a

conventional monitoring device typicaily used with prior art passive bridge DPT devices,

the presence of the NIBPM being detected through the presence of a specified impedance

30 (or alternatively, a voltage at a predetermined terminal of the monitor). The method further

comprises buffering the excitation signal provided to the NIBPM, and disposing the DAC

in feedback loop arrangement whereby the internal current thereof flows is a function of a
predetermined parameter (e.g., the DAC count, N).

In a third aspect of the invention, an improved disconnect circuit for detecting when
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25 first device conprises a passive bridge elenment, the tine-variant

wavef orm conprises a blood pressure waveform obtained froma I+ yi o 2006
subj ect, and the second device conprises a non-invasive bl ood pressure
nonitor (NIBPM. The NIBPMis .connected to a conventional nonitoring

devi ce typj : - M Py i T
presence o% ﬁ%ﬁgbﬁ%ﬁﬁ&é@e@%& %fet %it%étt Bﬁrou%ﬁhét%h{g%%gs@gﬁégggflﬁg%sggc f|S

i npedance @Q.( Oopplet efodt preeduys sensen| tsadjecladed a The ebl@barar mechit eile*rmtsatheof
the nmonitor). The _ method further ri.ses buffer] the excita si gnal
provi ded t¥ePRES f BPRPLENPYY %t%@grf’gnE‘F’?e a@?ﬁ@atqdnwft{ee}g%g’@ﬁn?lo&g’ tﬁ“?a‘ﬁ Ement
wher eby t hgo) Atier xﬂéﬁlto@‘ﬁ%és%fexéﬁ%efﬁ@%ssﬂcvla 9¥i’§gé z%n@aaflﬁ»'ﬂ&ﬁ'\ﬁﬂl t8€ nRnitor. Rather
predeterm ned parameter (e.g. DAC coun In hird aspect of the
i nvent i%on, tham evai*patmgehhs d1gmlahree‘dy, th@ dle{mnnedt orrad‘e@féb@ p]f@genhmfﬁntmrsmela@@T

2+x'6 a np (such.as _a i.ent or).. di sconnect ed from
Cts senci b PAPRSH ARuER tERg AL g5 Ref BRbuE b Lk i R ARG B et
The di scongiggicaly rd%ﬁébsiedcﬁﬁttﬁé?%@nsﬁﬂ'g%pp@fa@ﬁeEkcﬁmﬁlfovﬁcdm;ﬁﬂréi@ﬂ’ rysfetefigeddnng a
signal associated wwth the nonitor; e.g., the drive signal the nonitor

uses to exededdor wéteptmsuth@, lﬁﬁﬂ@%aﬁé@lﬁﬁmw alsbel dive Hienple WATHPID CXORET Ber 5
t han eval uat ] t-hi i ke sconnect ¢l reui resent
i nventi on ]:éredcﬁgn 111€ds s1§zlegunf1%gé1 §i! &féer élllll at 0f+ {:Hagnd W 0 npélraﬁ)'f g&ncJeeX}‘ééi& iR

enbodi rent preﬁéiemdhé&mﬁteemﬁls @hprokitt erstres By ahyCelhal oﬂ laspased ot ﬁuﬁyfn@clsemﬁl ng
appar at us. A wi ndow conparator transfer function is  used for detection;
thus, as | aete@e%bhﬁlemtutoﬁ EHRPAH VOl lengyRER CopdyB DRl Bseddadyoyl zero-

et in o G0 breaarayIRng s droahif P SR s EOF (N RIRNRATRAS B | o

any shape a:mfadtsty cycle will be detected by the circuit. A conparatively
l ong tinme constantoé S aI so used tq avaid zero- (gsm ng veforms or ot her
monent ary vol t age® dPPEt fasiet iof dhie i IR ARatt d8PEYe ﬁ@?@%‘& § Topmppimesely; n g

fourtmsase%e&uﬁﬁggﬁaoo ef@ EQlke B ;ﬁﬁpl{ngve@bjemer@igaésehor ROl @yaﬁg)mgne

15 neasuring t ssure o i ng”subject 1s disclosed
exenpl ary erelndsi@dene tte, applamtm;pqmmmtsa&s (it anpiltrsesic (Ii)c)ppm -babetdr ysemi edapted to

Doppl er-based em ted to neasure the he amc ro ti

oot ar o Thoheotiny Btic ORHGeeBr St R OB g B SYoR R, and
det erm ne éHeE%%r" bxa‘!/eh%t?ogncpﬂééérﬂﬁ@ ke %lJoH%&ssét@Glh&@‘f@nPQmétdekr&@ﬁ byt |QRe
binary digital signal "related thereto; and (ii) the i nterface circuit

pr evi ousl yorutelsnzwbbgital zgnalhelatfelmbdyWaaan(lpahamr&ce masbplemmlyﬁysqué)nd
S T R S TR MR
coupled to an ultrasonic transducer and a pressure transducer, and an applanation device

adapted to control applanation pressure applied to the transducer(s). The signal processor

(and associated algorithms) generate a calibration function and determine blood pressure

based on the measured data and the derived calibration function. The blood pressure

25  measurement data is fed to the interface circuit, which conditions the signal so as to allow

data communication with a monitor. The interface circuit is adapted to communicate data

with literally any type of monitor device (regardless of manufacturer), and hence the

apparatus may advantageously be used to non-invasively measure blood pressure from a

subject irrespective of the in situ monitoring equipment available. In a second embodiment,

30  the ultrasonic system measures various parameters associated with the blood vessel of the
subject, and determines blood pressure based at least in part by calculating time frequency

distributions for the collected data. In yet another embodiment, the apparatus is configured

with a wireless (e.g., radio frequency) data link such that digital data representative of the

subject’s blood pressure is transmitted to the interface circuit disposed proximate to the



adapted to control applanation pressure applied to the transducer(s). The
signal processor (and associated algorithnms) generate a calibration
function and determ ne bl ood pressure based on the neasured dat@ @1 Héis
derived calibration function. The bl ood pressure 25 neasurenment data is fed

to the int ?5&&?&10@&%19{1”!8}% %blﬁﬁ%ﬁctﬂé‘%éd @Péleétﬂ&l%bﬂga' so as to allow data

communi cation wt Interface circuit is adapted to
comuni cat e dat k a Mifthhashédt eif alkd nvariipnt gnpanp)bverﬁ)atppamtusd‘evmmtagm@@ﬁd:ll@;is of

manuf acturer), an ence t.he ar at vant a eousl be use:

non- 1 nvasi TEPrane T RESHERS i» ABREHTR Thedhrattd 35 Bl PRl R OB HR Y he
in situ mMBihari-AGuRIMLRGN: AVRPhADE& ! &b@leﬁeﬁgf‘tﬁe aRFRasiImal sinddattdie
ul trasoni c system measures various paraneters associated with the bl ood

vessel df thelt wubpeaiter systinddhelattenadpisd dodngites gmi eptbue Byl avalyice displain

"n yet anotHereaHbaHoRe U end i attserd heratib Rt { Foridl™

(e.g., radig; éd% equestzydxedilay ldnibdsnigh ﬁl@@*ﬁlB@[\/glafJ%dratﬁ@E@m €25 m&ﬂt@dllw of
the subject's blood pressure is transmtted to the |nter ace circuit

di sposed pPoRplaEbascd 6ysitie adame@toan@surezty@hemmlmém P gsorssociated whY the
obvi ating "s&bﬁec? eﬁl%hfa%rb}%@ % nelpg gh?rg? rog S\lelc:uc aanfd' %%%nglfeg grg&m? fblcgotae ressure

i nvention, ved appar nDnIt |ng pressure or a

livi ngl(sub;]@cet ﬁ‘oﬁl dms aeoslegd.at Thet appétmtusisgandpall liylagdnherewesha interface
non-i nvasi ve bl ood pressure nonitoring (N BPM_ device coupled via the
af or ement i &W&d sravisuakyi eascnbedi herging st @Seé tﬁnPiPYlé? @Waé%m&eﬁécq BetPesn defapt ed

to nonit or 191}/12 é§ g]t@arl]&}ﬁo?nﬂlé’ E-Lt%n%%'t g ﬁ}éfgs ?6&@910& %ﬁgﬁéﬁ B ged.p rtl’fésgﬁéﬁoe% .

wavef orm da her rel evan ing to Iven subj ect

one exenpl sipyal drino dieMeiBPM tvhethNhBBMcamna}mataus agdygarths éﬁa &tithid the gs@rEing
Doppl er - based system adapted to neasur hem)d nam c propertie

2850C1 at edOwiihPREO" FUBJAsELto dstien (apd gﬁ%ﬁ e ey T@nfeﬁ@awedgwalv%w%&l@% and
det er m pe E rial blood pressure 10 there from and devel op at |east one
binary digft signal related thereto. The interface circuit previously
descri bed her eima smds&qbed:tmfﬂh@inhrdmidmaaxd\irszayrevd:chmeﬂibé@épiIe/tidm@treatthEnt Nl BPM

and the nDn|t0r |t0r r|SeS a eV|C recelve t
o o8 R g ORI B P AP PR ARCRLRd ingeaprer. The HedRH En e e
data wi thi gohi@cpraaassh W Bim ttﬁ’besu'E}:HEt L:@fg & Qerﬁfrfé‘?fevfcg é&%@ﬂaﬁﬁ%ﬁﬁﬁg s?ﬁnﬁlﬂ ay)

the resul tant” neasured val ue of blood 15 pressure. In a sixt ect of
t he i nvent bond ableaitippaov ed treeatidnkdodaty rcovdltiwngg ﬂmé‘aﬂml tgnga ¢ T T

usi ng #(Pe a,lf or. errepnt %Qed a r at s avqg rrﬁkl o ‘ﬁ ai?o osed. toT}Qe =38 gge
generafly “Eofiprirag 363(6%1 aﬁr% &) et?‘ﬁg R £ BTNEOH %gf‘m f

devi ce; gefh@aéﬂ})iddgmﬂgfeﬂ fe%:fres@ﬁtgiﬂiﬂ of a desired parameter, and providing treatment to the

subject based on the parametric representetion. In one exemplary embodiment, the data

obtained from the subject comprises arterial hemodynamic data (e.g., pressure, velocity,

kinetic energy) obtained from the radial artery of the human being, and the sensing device

25  comprises the aforementioned ultrasonic NIBPM system with associated interface circuit.

The digital representation of arterial blood pressure generated by the NIBPM system 1s

input to the interface circuit, which conditions the signal for “universal” use by any

monitoring system. The selected monitoring system takes the conditioned blood pressure

signal and displays the waveform or other representation (such as digital values of mean,

30 systolic, and diastolic pressures) for use by the care-giver. The caregiver then prescribes a

course of treatment (such as the administration pharmaceuticals, or additional monitoring)

based on the displayed information.
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based at least in part on the obtained data; conditioning the first signal
using a conditioning 20 circuit to produce a second signal; providing the
second signal to a nonitoring device, the latter producing a 26 00T 2006
representation of a desired paraneter, and providing treatnent to the

subj ect based on the paranetr ipgief BR:E5EH FHithODravhiRoone exenpl ary

enbodi nent, the data obtained fromithe subject conprises arteria
hermodynami ¢ dat &ig( é.iga schprmets diagrany ef céxeyplark priet drcciemingsd toobtcadirieandf r om
the radial artery of the. h n_bei ng, and.the,sensing devi.ce 25 conprises
Lhe af or orEP Sribe ST SE0H BRI SRRy SRLHE CHTAS S0t St bd Phearegue
circuit. #Hhesddegi(beln).representation of arterial blood pressure generated
by the NIBPM systemis input to the interface circuit, which conditions
the sighal for Fignidvisrsathemasle dserany! arbulrrcst i mgles yieewinye s eleesicaly
nonitoring -t:he, condi ti oned bl ood pressure signal and displays
t he mavefo?ﬁ¥%¥8§#%géF$%%Eé%entation (such as digital values of nean, 30
systolic, and dFgstiolsi & splieassior#sgrahosf ths exghiwvalehe chatieofyiFuer2, ckheptciaragi ver
then prescribes a  course of treatnment (such as the adm nistration

phar maceut FeRA@Iceqeonddiit i onal nonitoring) based on the displ ayed
(nformation. - 124Gy & sthdn@R08aerh| 2 han DESELARN 1RO b iAW ng&ri%mg 1
is a schematic di"fagram of an exegﬁp ary prior art CPrcuit used to energize
and r&tovequivdentouthpusf Spghal from a passiveé resistance bridge used in a

di sposabl e pressure . transducer,, (DPT). 5 Fig. 2 .s.a schematic djagramof a
bai anced br | dgel 1 i SRRPENE Feeerelt ey dgi Barant €6 Fhdr GPam o

1. Fig. 3 $eRi@henalil & sfhRglam Qffcthg. BoeYai@Me R, akmbt of Fig. 2,
except in an unbal anced condition. Fig. 4 1s a schematic di agram of an

unbal anced bri dfig. 6iiy z sibematié dlagias o aacxeinphty yriorb@ cirguil eddpegst totinietfheeta of
Fig. 3. Fig. l.s.a schemati ¢. di m of .t he unbal anced bridge circuit of
Flo. 2 oxCarDETSel SIFrThe TBr ot Erea LA PRaBORGtr of | ect the bri dge
resistegnce Rb akpne. ik Gehdndi® @ageResmbd %xéihﬁg{yafrﬂi&fm%a%wﬁ@geyd@meor
art circuit adapted to interface a non-DPT signal source to a fixed DC
drive vol t Byetrgars thatespont thereol 1Ga Hhg wave pxitaligchgrmerndicdiahde amve fnpahof

exenpl ary B%ibordgart passive bridge device illustrating the response
thereof to 41°R& wave excitation si gnal applied at the drive input of the
bri dge. Fig. 8 is a schematic diagram of one exemplary embodiment of the interface circuit

of the invention.

20 Fig. 9 is partial schematic of a second embodiment of the interface circuit of the
invention, wherein optical isolators are disposed in the data path to the DAC, thereby
providing electrical isolation.

Fig. 10 is a schematic diagram of one exemplary embodiment of the disconnect
circuit optionally used in conjunction with the interface circuit of Figs. 8 or 9.

25 Fig. 10a is a graph illustrating the operation of the windowing function associated
with the comparator of the disconnect circuit of Fig. 10.

Fig. 11 is a schematic diagram of a third embodiment of the interface circuit of the
mvention, also comprising self-test functionality.
Fig. 12 is a logical flow diagram illustrating one exemplary embodiment of the

30  method of simulating the time-variant output of a first device using a second device adapted
according to the present invention.

Fig. 13 is a functional block diagram of one exemplary embodiment of the apparatus
for non-invasively measuring the blood pressure of a living subject according to the

nvention.
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Fig. 8 is a schematic di agram of one exenpl ary enbodi nent of therintergﬁpe
circuit of the invention. 20 Fig. 9 is partial schematic of a derditd ~uld
enbodi ment of the interface circuit of the invention, wherein optical
isolators are disposed in the data path to the DAC, thereby providing

el ectrical isolgbi on: ishifinctibBal Hodk EEARNRE 2 Geclind BhaliafenopRthexppaphias Jor
enbodi nent of the disconnect <circuit optionally used in conjunction with
the inter fageinghsiealy tmessuritiggthe oot poessps ofjaglivingsubiscia viesih he fletacst i ng
t he operatij.on.of. the w.ndow ng .functi. ciated w th the conparator of
t he disconﬁg%F”@fﬁgﬁP$ﬂ5¥mﬁwﬁgti%@IE#%&n%%%?g a schematic diagramof a
third enbodi nenfigof4 fshefuhdioasiitac® ddgean bf a tilrdtdathodinryent the apasdtsafor non-
conprising self-test functionality. Fig. 12 is_a |logical flow diagram

i |1 ust rat i Ryaavdy axcangpingrie Blond drivane Ogﬁ VHE SUBBC et RERPrgre S YHEFIS?% (%&’t he
time-vari : i i ce using a second device adapted
accordingaggxﬁﬁgﬁ%égggﬁ?b%%%gﬁ?ﬂg%. Fig. 13 is a functional block diagram
of one exenpl ar¥igetvaadk mpenpeaive tvivey dpparabodimehoof thomonitwasierel ynireager i ng
the bl ood pressure of Living subj ect aqcord%ng to the invention. -11 "7
00 OCT 2008°Pafsiyy otf 3y i sﬁlélStFEﬁ‘%&ﬂi‘eoéQB’ﬂ ffgdierehifagr am of a second enbodi ment
of the appar at ugi,f 9% ié‘%nlbEi'&é{],aﬁb%edié/gr%%ﬁﬂitfaﬂﬂ tdhe RLARUrPERBSURRNODS e
living subject, Wherein tRe interface C|rCU|%ry is disposed proximte to
t he pat® entetiodi ¢foprovidigg tledtmet dof asobjednading ltoe lefatragrtmmed fapgarehisr ahd
enbodi nent of hhe apparatus for non- 5 invasively neasuring the bl ood
pressure of*®°fi-vi ng subject, incorporating a wireless (e.g., radio
frequency | SM band) data |i nRetafbdpestfdiidSofahPpiveRast i ve view of one
enbodi ment of the nonitor receiver unit of the apparatus of Fig. 14,

il lustrating thBefbgnen fsastvormadaep bf dramiings Wisreis kel mgiesds réfeote Bkagasm
iIIustrati&%m%Qe_exenplary enbodi nent of the 10 method of providing

t r eat ment gﬂbject usi ng the aforenentioned apparatus and nethods.

Det ai | gl Descr i ptik aidtedf thhhevhilevied ientife i ienaded SclaBvprimeadlytia fchas df awi ngs

wherein Iike nunmerals refer to |ike parts throughout. .
method and apparatus for assessing the hemodynamic parameters of the circulatory system

via the radial artery (i.e., wrist) of a human subject, the invention may also be embodied or
adapted to monitor such parameters at other locations on the human body, as well as
monitoring these parameters on other warm-blooded species. Furthermore, in the broader
20  sense, the invention may be readily applied outside the medical field, such as for example
to pressure monitoring devices in fluidic systems, where it is desirable to have universal
functionality or interconnection between the sensing device and an associated monitoring
device. It can be used to drive the signal processing circuits for any bridge- type transducer
monitor that processes time-variant signals (e.g., 200 Hz or less). All such applications,
25  adaptations and alternate embodiments are considered to fall within the scope of the claims
appended hereto.
As used herein, the term “non-invasive blood pressure monitor” or “NIBPM” refers
to any apparatus adapted to measure or estimate the blood pressure within a blood vessel of
a living subject in either partially or completely non-invasive manner, regardless of method
30 used.
Referring now to Fig. 7, the response of an exemplary prior art passive bridge
device to a sine wave excitation applied at the drive input of the bridge 1s analyzed.
Assuming perfect matching in the bridge 700, the outputs +5 702 and ~S 704 are also sine

waves in phase with the excitation voltage, but at one-half the amplitude of the drive
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15 It is noted that while the invention is described herein primarily in
ternms of a nethod and apparatus for assessing the henodynam ¢ par@anmetgr s
of the circulatory system via the radial artery (i.e., wist) of a human
subj ect, the invention nmay al so be enbodi ed or adapted to nonitor such

par amet er sy@tagp! 1femhe I0@at i700SsetRs taheaphliemprebady (foaexeple, as 10imomntgy, iitsg
t hese paranmeters on other warm bl ooded species., Furthernore, in g{l]l%?broader

20 sense, tnBlAnAYENEGA b rovpbeiel 1P depp i @B B QTRIE SPRSHBATEAINF ¥ 4,
such as oLgexanle s 5 BL.SSSYE & 0NV QLS o deNiskee kiedlonl dng. avekam,

where it is deSirable to niversal ‘functionality or interconnection
bet ween t heutpensi thg cdevples aiige 700 as For i7Tayddbasint ovavadn phsyived. thetdrivan be

used to drive the signal _progcessing circuits far any .bridge-
t r ansduter WIHBHA mt%ﬁﬁ zr%r%geig%ﬁﬁi‘t%@ ?/tléﬁ”is er@%@%ﬁg’%ﬂ (“3&5‘?@%’6 Bigodoy
less). Al ,suche apRkieAl hied @ouRdankal Ivwnsh aRdelat ar pALR 16WhO RS, ar e

considered to fall wthinthe scope of the clains appended hereto. As used
herei n, t h8pe¢dificalyniba-rernivési ve Wboddreprues sigrad capmintzgretvaen aRPBPM seefir s

to any apparat us .adapt e o] ure. or_esti e the.bl e.within a
bl ood” vess E?a%%? m*aﬂﬁ%ﬂ ﬁ&g sgﬁgﬁ‘g@t {)‘?aitF efntnﬁg?)v;@?et %)lgf)? y Ie%?&(e: 3’5 rﬁ% fg“icsadtljl lie1 I %/aw 5
non-i nvasi ygiaiied m)?rs;ynélﬁ&ﬂfﬁjye&‘ﬁndﬁhlaﬁﬁﬁ medoutp@ diged.wileherdtivegxtiamiohidd g.

7, the response of an exenplary prior art passive bridge device to a sine

wave ekkitasmivon applied at the drive input of the bridge is anal yzed.

Assum ng perfec tchipng in.the brid 700,. t he. out put s ;+ -S 704

are al so sine Rﬁg’@éﬂg ﬁegf?é%é%r \?‘A‘J}CEO? ﬁgﬁ_gx%ais?ﬁ i%%%ge\’/o St"égg,x%%?gagﬁg%e- al f

the anpl it yglgepfit tdebdidel ehat 1H2odRAGF2hY fik&fackQirt@gasedlth vhherdally dgeis 60

senses an applied gressure (for exanple, of 100 mrHg), its. resistance is
u

al tered by“smulmgune pagial bridge deist ke R furptign oh dotuibp picssirpsighehvie BABICtudes
t +S 702 -S.704 .ch 1.25 b I I ent i.di i .
The it 1 er GRENSR Of & 4E0E PG colitei e ettt st R nbit iy 7

sine waye klpReRonhe thlkepltieiBeevech M diables &oTnhd intdfaceo tir@itorfihctibhehe
anplitude of this differential signal wll follow the bl ood ressure.
wavef or m appng eythedastiee Bradgee eSingthbe Ay Pigslantat afue H”?dé%%rm‘ﬁl AEyS
Speci fi cal er lid he period of the blood pressure signal can range between
about 1.7 se}?: ((135 beats / mnute) to 0.25 sec (240 beats / mnute). The
bl ood pressure faxefioy mt@fre bércuiohd aigueed by weykndhrisniolx! dridermadub@tdrivg, t he

Cranster f anet DSrRaRe Horop e oGt e s CootEds RO T T Bl g ceer
20 its output is 25 uV / mmHg with a 5 VDC drive. If the drift error must be less than 1
mmHg over the operational temperature range of 10 °C to 40 °C, the drift must be less than
0.833 uV / oC. Furthermore, DPT’s are only allowed a DC offset of 1.875 mV (75 mmHg)

by specification, so the interface circuit must meet that requirement as well.
Referring now to Fig. 8, a first embodiment of the iinproved interface circuit 800 of
25  the invention meeting the foregoing requirements is described. A shown in Fig. 8, the
circuit 800 generally acts as an interface between the non-invasive blood pressure
measurement system (such as that manufactured by the Assignee hereof) and prior art
monitoring devices manufactured by any number of different entities which are adapted for
passive bridge transducer or similar sensing devices (not shown). Specifically, jack or
30 connector J1 802 connects to the monitor 806 which supplies drive excitation voltage Eq at
pin 1 (+E) 808. Resistors R1 810 and R4 812 provide the input impedance, nominally
selected in the present embodiment to be 3K olms. During operation with the
aforementioned passive bridge device, the monitor 806 looks for such an impedance in

order to determine if the passive bridge transducer is electrically connected. Alternatively,
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above), it can be seen that the output of any interface circuit used to

universally mmc or "sinulate" the passive bridge nust be a ng%g«i*;ora@{%f
both the pressure signal P, and also a function of the drive &xci't'ation

source Ed. Further, the transfer function shows that a 15 nultiplication

must take @l 3cR;iBELWEaReliNR: ¥REdnBObES pdsObe bhifed tHin6dicBC8) 1BbKiGH Fdr th@sigﬂ}meti on
the sanme as the passive bridge. Since Ed can be bipolar, at |east

quadr ant miHSi§d4iccabi®ddh. is inplied. Since the interface circuit is

required to wor or bot.h ive, and AC.dri.ve, 004.,DC. . il IS
required. Si ncelll(ltr%‘% epﬁpéweggggggr %ufetm?oés gcl,a g\é&ig) oaog'l:%lgﬁ%&g%dr %éﬁr%)&acer,
20 its out@ypialic B WWille 1 Ot EhebutMRXE dhijiRrs UNBtSwE ahidl GAes18orThaust
be less than I mmHg over the operational tenperature range of 10 Cto 40 C

the dri¥t enesatiopel Jrerdierndly, 803 emB cowprispilodrNe e A 7d, mipprpted carcrit Glhiy

al l owed a fse 5 y L1 cagd h
interface %ﬁgl@iﬁ@ 1%%@{&0?%%@ P ﬂg?é%gq%%? ggﬁ\?\gt 1}2)1'1, %ttla?g{r{gkhi ﬁ)glgﬁo&pte % Fig.
8, a firstinephei oroheofisd heay bepused €The ainerictioe aad ppetatio800swwh of2ftibhe
invention neeting the foregoing requirenents is described. sho in Fig.
8, the ci#ERlifieraan yahkioam i Be e LURRtig ATt APl PSP B 8 <f@|%<éfﬁ??§ﬁi%1ﬂ%si ve
bl ood presgiLig ?%ﬁ%@faﬁﬂﬁﬂta& ti?i%ﬁ”a?ré SHGTuAR dag RRlta JEBRHH REL YEREN O Yo lifent

Assi gnee her eof prior a noni t oring vices manufactured by any
nunberl(of oW fieresisordit B2 s putriosts @i the adapt ddcfssion), pasisit We Wnliaggel their

t d L m i devi t sh . .Speci fi i 30
Comnoat o B GsEEls e EE6 HBCERE! s ST BoR A i REISHrS BE 3g¢ Hpa 0 Hae®”
exci tati ong@let d@eyeshtaonali & %e(éh%?l%f@@sgto Resisiges snRLS84k anslids Silée

provide the input inpedance, nominally selected in the present enbodi nent
to be 3K otarsdudduoiutyyt opwreator dh 82t ind hevidefo didfreantinometupamsivee bl We

device, the nonitor 806 |agks faor such an | ance in _.order to d r.mne
't the pasSrierbidgeiraiuteen Yo B adtriHB Ryt hrhaice Arbd REVTSEl v
- 13 theg Mogibk@fitedBYhél @FRGherdtRBed UPIONGE 1BipliBePRSEI MercbiclydBey bifengduces by
| ooking for the signal at +S 814 or -S 816. In the enbodi nent of Fi %.0 8,
t he

resi stors W) amdloradiifofag.a02:uV 0 ideeiee. andhappbyt offsekisgabil onthepdfe af
i t ft t i gnal | fii UlB : .
oporati onal g erRel S ghe A HBhdsteL B Rore it 0e? Vil S B a5 AR b

circuit (l$Rgeasmphlyfonehsordanetiact bvaed lyCtexasC asparatmentusgeCor por at i on,

al t hough other types, .integrated or otherw se, may be used. The ,
construction and 6pevatn éhe ercrplan epeadinemmell Figadpher poiation ¥olipgel Exitown

o 2 USR0S BB e gl ot L eppuecel
current the reference input of a 12-bit, bipolar, multiplying digital-to-analog converter (DAC) U3
830. While the present embodiment uses a 12-bit DAC, it will be recognized that DACs
having other bit resolutions (such as 8-bit, 10-bit, 14-bit, or 16-bit) and operating
characteristics (e.g., “flash” DACs) may also be utilized. Note alsc that in the present
25  embodiment, the DAC supports the bipolar multiplication function. The digital inputs 832,
834, 836 of the DAC 830 carry the blood pressure waveform signal of the present

embodiment. Among other functions, the DAC 830 performs the required multiplication

function described by the bridge transfer function, namely that of Eqn. 13:
30 Ed x P (Egn. 13}
The DAC 830 is connected in a feedback loop 840 with operational amplifiers U2B 842

and U4 844 to form a bipolar, programmable, floating current source. In operation, the

voltage at the reference input 848 of the DAC 830 causes an internal current to flow, the
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10 flow in resistor RS 820 for purposes of the instant discussion), so that .
the voltage of their output signals are also represented by thet 00T 2605
rel ationship Ed/2. Resistors R2 822 and R3 824 couple the output signals
of the anplifiers to the +S 814 and -S 816 termi nals of the transducer

out put conpegh@idedf valleh thanil apfMiod &f ehedd ATatoand Nal THwdprett flopedanad of 300
ohns to the nonitor, although it will be appreciated that other resjstance

val ues may iBenalsfeediges resistasd 0K Rbma frofhe pEssenicREG doad Teanestas) i 2 $Van
extremely | (.8, . and | L5y / Vi ce,
ot he-out Soriear Ede0y Bedang Smeiid B0 U AGH  FS 0 o R

cor r espondaction appngXieraid $42 Thguipuiessiape pt pifdRalkf drei DACOI30 higvenstvage
is only on_the order of 3 uV over a 10 Cto 40 C tenperature range. As
shown if t KEUSNSF ary enmbodi ment of Fig. 8, the excitation voltage Ed is
20 buffered by unity gain anplifier ULA 826 of the type well known in the
art, and applied to the reference input of a 12-bit, bipolar, multiplying

di gital -to-anal og converter (D 0.N¥While the present.e i ment
uses a 12-bit DAC, it will be ?@é@%r?%g‘mt DACs havi ng GRREo%h |
resolutions (such as 8-bit, 10-bit, 14-bit, or 16-bit) and operating

char act er i §hiscsgrabisgupplidd BsihiinDAGEiomaypifisoUd84ditwiiclrsdonflptred &raqaithat

in the present 25 enbodi nent, the,. DA pports t.he bipolar ,multjplication
fUnct s on. TR, @Gyt A rpE SupingTs BB3ahbroh Hecbtsdo it i ERH oo
pressuig warnebardp sd0n0almef. the present enbodi nent. Anong ot her functions,
the DAC 830 perforns the required nmultiplication function described by the
bridge transfer function, nanely that of Eqn. 13: 30 Ed x P (Egn. 13) The
DAC 830 is connected in a feedback | oop,840 with operational anplifiers U2B

842 and U4 844 to form a bi polgs,= pEQ bl e, floating cykgent) source.
In operation, the voltage at the refer@hce i nput 848 of the DAC 830 causes

an internal, cyrre t I the -14 2 O.C 20 magni e i hat
is a functfgwﬂg%ritgg@%éyﬁﬁ%%Fgrﬁﬁm¢Wf¥dg@FF%H%B%E%%%q?ﬁ%ﬁﬁ%h?%%WQkﬁpgﬁna
f eedback resd sther efd oOfeohioB REMINE QS NEeNbogismeRt Yolppaneehedutpat pfn

"2" 850 of the DAC 830. The DAC summ ng junction (not shown) is held at O

volts B§ t hewplifedbadR42 hewonwn: of anplifier U2B 842. The output voltage at
pin "2" of the DAC 830 is given by 5 Equation 14: PDAC = -Ed x N (Egn. 14)
4096 This signal is supplied by instrunmentation anplifier U4 844, which is

configured for a gain £(U237):5%5—{de2§%g} (Eqn. 16)
The output current which flows through R6 854, also flows through RS 820, which adds to
the signal at the output of U2A 818. It can be shown through analysis that the current

20  flowing through R6 854 is given by the following relationship:

Ed N
(=22
R6 4096

Where N is the count programmed into the DAC 830 via the serial-to-parallel interface
(SPT) (pins “5”, “6”, and “7”) 832, 834, 836. In the illustrated embodiment, N can be set for
25  any value from 0 to 4095. Hence, if Eq is 5.0 V and N = 3000 counts, the current I will be

(Eqn. 17)

44.388 uA per Eqn. 17. Note that as the drive voltage Eg reverses polarity, then the current
I reverses direction, and the output signal at +S 814 reverses phase.

The current I develops a voltage across RS 820 given by the following equation:
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of 1 (unity) in the present. enbodinment. By virtue of its connection, the
vol tage across 10 resistor R6 854 becones: ER6 = Ed x N (Eqgn. %ﬁ% Hﬁo%ﬁﬁé
Anplifier U2B 842 will adjust its output voltage to satisfy Eqn.” é" ove
The voltage at the other end of resistor R6 854 is equal to Ed12. Thus,
the voltage at the o gq} ngd15,anI|f|er U2B 842 becones: gﬁ 588287) = Ed
[Ed x 4 N6] (Egn. 1 ﬁh ifoggurrent which flows throu 854, al so
fl ows through R5 820, mhich adds to the signal at the output of U2A 818.

It can be Fhowmlehthowgtpuamadlys B8 eqat tot he current 20 flowi ng through R6
854 is given by the followng relationship: I Ed X N (Egn. 17) R6 4096
Where N is the count programred into the DAC 830 via the serial-to-parallel
interface (SPI) (pins "5", "6", and "7") 832, 834, 836. In the illustrated
enbodi ment, N can be set for 25 any value fromO to 4095. Hence, if Ed IS
5.0 V and N = 3000 cgg &Z lﬂhe rreht N will be 44.388 uA 2l o

Note that as the dri Ttgge “reyeqsss, pol arity, then thé current
reverses direction, and the output signal "at +S 814 reverses phase. The
current | denxelliepsliageal-S816 iassoEg2 Rher3RO dffevemabyutphés:f ol | owi ng equat i on:
-152 6 OCT ERS5 = R5 x Ed X N (Egn. 18) R6 4096 This nakes the output at
U2A 818 equal to: 5 E( + Ed + RS x Ed X N (Egn. 19) 2 [ R6 4096 Since the

voltage at -S 816 is alsﬁﬁﬁ%ﬁ%fithen the differential output is: KsxEdxN
(Eqn. 20) 4096 Ks =R, and O<N<_4095. Note tImt 20¥ the

pressure Pis substituted f8Y6the quantity N 4096, Eqn. 20 has the sane
formas thetransfer function for the passive bridge previously described
her ei n. '

10 KSm%—Z—,and 0<N<4095.

Note that if the pressure P is substituted for the quantity N/4096, Eqn. 20 has the same form as
the transfer function for the passive bridge previously described herein.
The ratio of RS 820 to R6 854 sets the sensitivity value for the circuit, and the
scaling for the pressure transfer function. For example, for 5 uV / V / mmHg, Ks =
15 0.002048. Note also that in the present embodiment, the constants are arranged so that the
value of N scales as 0.1 mmHg / count. Thus N = 3000 yields 3000 x 0.1 = 300 mmHg.
Additionally, in the present implementation, resistors R1 810 and R4 812 are
selected to be low tempco { 25 ppm/oC) and matched to 0.1%. Resistors R5 820 and R6
854 are also low tempco types (10 ppm / oC), and have accuracy better than or equal to
20 0.05%. Ideally, the resistors (R5 AND R63 should be a custom network in a common
thermal environment so that differeﬁtial thermal gradients are minimized. For the values of
RS 820 and R6 854 shown, the nominal accuracy of the output signal is advantageously
within 0.02% at 300 mmHg.
One of the advantages of the circuit 800 of the embodiment of Fig. 8 is that the
25  circuit is capable of utilizing a digital representation of the blood pressure (BP) input
signal, as opposed to requiring an analog representation of the BP signal. This capability is
significant from the perspective that any deleterious effects on accuracy, dnift, and non-
linearity associated with the analog synthesis are avoided, since no conversion between the
digital and analog domains is performed prior to input.

30 The circuit 800 is also advantageously ratio-metric with respect to the drive signal
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The ratio of R5 820 to R6 854 sets the sensitivity value for the circuit,
and the scaling for the pressure transfer function. For exanpl®§ §of ?ﬁwv
[/ VI mtHg, Ks = 15 0.002048. Note also that in the present enbodi nent,

the constants are arranged so that the value of N scales as 0.1 nmHg /
count. Thug, Mipplid@ 6P i rebder &OABicK t. clrewit 30nnedgl. Spadiitatly.omalchyngeiin Edhe
present inplenentation, resistors R1L 810 and 3 gl%ﬁ@ g}f sel ec d to.be | ow
tempco ( 25 eﬁ%ﬁe@@tedﬁ]ﬁd HRIOPFIEAN? & 1Be QIPUIRES|%® g 85T,y ¢
also lowt p equal
fo 20 0. osorer sy RS SatdbIBRm o han BRI R S SEHTAR IE’%&%%% e ot
in a commaquahher?r@alw@mmﬁsomrﬂmt ragio ¢thBf tdi Ré.er antyienlanathar ﬂ@antggad‘ﬁleﬁ@ls are
m nimzed. For fhe vaI 20 and R6 854 .shown, t.he nal a uracy
of the but PEECSIgmLIY RS IP 0 N ERER B2 BT RAg eEE

t he advant aggesaefsiiohs &h}r BP'sﬁgngp%o%{athlﬁncﬁMQﬁm@ Rhn B chingnicBily %hﬁnb@teét he
25 circuit is capable of utilizing a digital representatl on of the bl ood

pressure (BRyughrgel prorgniak teChslqeﬁgﬁpﬂé@ijP@Wplé&mwli Wghesrtanal og
representation

Thi f f h
perspective tha 1118%3%8&13@?881 X %dél%alfnglgt s&gﬁmgg%%rg %/gﬂ% qp#‘;tﬂ&@s@ t‘g QéHdt ©

linearity agsoabaidgdaMddieseiretidnal 09 By nithesd ﬁ:e&D@C%led&ﬁievaltMBaniue
conversion between the 'digital and anal og donains-is Perforne ior to

i nput . 180 Fveges. r Bigi Assapge ereal ks noipddhttd ep asyplpatarBlsioni WRiveRes @%fpect
to th_e dri %(aerdﬁk %g g&v’]‘% &égﬁl%t gs% tonEﬁth%HQphﬂh@ldvﬁﬁ(est(E%h&D@ IBQEr)tn?a

the circui I's C ecifrcally, any change I n Is also're Iected
in the proped kaisiferat wtzthetlﬁuhmhtsoms BnduelS.applicoipnt Iam:lnwlabmt oﬁd‘él fakegp of
the circuit 800 is adjustable, and the %ransf&r f unc nﬁgy
linear as AR¥EYIMGEY Byscelulvpiorn wuatinhet heddAL 830N, tHe OHPG As

yet anot he va d r t a i . i's
readily acgvot?}% %ﬁg%ei :1)&;%0% ?IF%pl%t%gg%tb ga}g)ggg%o%-[%hﬂoh mSA%BE%O&f%%C any

BP si ghal aywafradmmﬂamigm 250 tsdcadh pravéioe, biecan eshoive titak gs fivi a6 datognls per
t hrough si gnal proce55| techni ques aof 't wel | kpnown.in the t.
Si nce bl oofPTPRE YEieels| B g"’%‘}} rF&n‘% g jtygical lf%‘?f‘\te%&é?qr%r’f‘fa)ve PN ERatyes. ?rhls

necessary glanﬁg Gt i Qe minb8atBRarMAk Ueclko the
DAC 830 V\hge(goe‘?}%l y}%@sﬁ%\géeg 1%) I?hfgﬁgggﬁ gg%g&?sa gr?eeI1 eraeof aLrhas %%t ed

that in anupt«el’ﬁﬂlwags mppligat i on, 1000 val ues per cardiac cycle provide
sulficlont resolut | on,ahinavalotfer, valesstoher, op Loret) ik s vsed
gg%?é%(ﬁem;ﬁfoﬁtgmﬁ?@&ﬂeocah%%r&Q (MRORE bR, 1is@ﬂ)n%§he$ﬁ@nﬁ&ﬂer%rc&&fnﬁ@brmd
In the context of the previous example, the DAC 830 can then be set to N=1000, which
correlates o 100 mmHg. This approach provides a constant output which is easily
displayed on the monitor, and further provides a span calibration check. If for any reason
the monitor displays a reading offset from the 100 mmHg calibration value, then that value
25  can be readily compensated for, such as for example through insertion of an error term via
the non-invasive blood pressure monitor (NIBPM) with which the circuit is associated. In
one exemplary embodiment, the error term is entered through a keypad input device
associated with the NIBPM device manufactured by the Assignee hereof, although other
methods (software or otherwise) may be used with equal success.
30 In another embodiment of the interface circuit 900 of the invention (Fig. 9), the
digital programming lines 932, 934, 936 to the DAC 930 are optically isolated via an
optical isolator module 955, and an isolated power supply 957 of the type well known in

the electronic arts used to power the circuit 900. This approach advantageously provides

complete floating isolation of the interface circuit, and eliminates any potential for ground
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within 3 nsec (i.e., 1000 values x 3E-06 sec/value). In conparison, the
fastest cardiac 15 cycle occurs in roughly 250 msec. In practice? mf}[‘éaﬂ}ﬁﬁe
shown that as few as 40 points per <cardiac cycle is sufficient to define
typi cal blood pressure waveform signatures. This allows a sanple rate as

| ow as 160lobigs, bemptdngisd@atianiander o;bematamﬁmmdatke hkar di ac cycles wup to 240
beats per mnute. For the pur poses . of C?|Ibl’atl t he fgg%o an . betse
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f or egoi f the interface circuit of the invention (i.e
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operational anplifiers, resistaors, acitors an
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circuit (1C) devices using any of the well understood sem conductor  design

synt hesi s dndritalyr ¢aatiton patewh mwﬂwgd@m bodettasiss tef doyelpigaglythe kionjtor Such
|00 3 S, L ISULL TR Gl T 1S BehlOnR G SoTANGRLS, Oy e
processor, qfXG, @adiknt ?('i(fﬂ%@ks%th%ﬂere%%rsﬁ@blofl@e ébhal l@lemezrrdqudmazasl Bo.
application specific integrated circuit (ASIC) on a single silicon die.
8), labeled Eqpyr 1010 1n Fig. 10.
The construction and operation of the disconnect circuit 1000 is now described. As
illustrated in Fig. 10, the drive signal Ed is applied to comparators USA 1012 and U8B
25  1014. The comparator threshold values are set by resistors R21 1016, R25 1018, and R27
1020 to a predetermined value, +/- 1V in the illustrated embodiment. The wired “or”
connection 1022 at the output of USA 1012 and U8B 1014 forms a window comparator
arrangement 1024 and transfer function, as illustrated in Fig. 10a. Thus, as long as some
part of the drive signal waveform exceeds the magnitude of the predetermined value (e.g.,
30 |1V], the output of the window comparator 1024 will be low. This configuration ensures
that any signal, whether DC or AC, and of any shape or duty cycle, will be detected by the
window comparator formed by the comparators 1012, 1014 and output connection 1022.
The low output impedance of the window comparator arrangement discharges capacitor

C11 1026 through resistor R24 1028. As Jong as the voltage across C11 1026 is less than
35 the threshold of comparator U9A 1030 (e.g., +1V), the output of comparator U9A 1030 will
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O her arrangenments (including the use of nultiple integrated circuit

devices) are also contenplated, all such variants and alternate; 00T 2068
embodi ments falling within the scope of the clains appended héreto’’ i’g
Di sconnect Circuit Referring now to Fig. 10, one exenplary enbodi nent of

t he noni t oke UjveCONAEGt ve GighglUl tis 160Quofo ihdedthyeintdinomicstedasatiiohetlen Hai s
circuit 1000 detects the presence of an electrically. connect edljgagti ent
noni t or i ngOdevi elethpyvigde's comagratonargrgeqrns i fffagoes fip 2 rpedare {ds 4
excite the~nor I n pPASS] ' RatsRerm i i &Chbngosdi s
si gnal di pggtllrﬁg15 S%/ahrfeéoﬂéi %%}Lﬁ%?tol%gﬁécl\{%dogé&%tgG(S'gl:’)uf ?ﬁrﬂél& glgrrsi on of the

si gnal (Pi WhenofheULAliR26 atrossFi)]1 186, ekedvdt ellc Butbdetdrmi@d0 valne Feg., 10V),The

construction and operation of the disconnect .circuit 1000.is .no escy i bed.
As il lust PYRRAPR ¥ 9163%0,0%% e VHER | @ﬁ%m@d thed ﬁ?ﬁpmf’&&% d° c%YngQF%{Yors
UBA 1012 a , 14 o ree 1S

resistors %ﬁ&@g{%&g%g&ﬁeocf&%g%gﬁgl%%&p %@g?gﬁ?ﬁaﬁﬁgd@\}aﬁg%fl -1V

in the il issdppatxedatelybindi me fisr. thd hatuwd shedm"ioithe illogratelodnitenlirh@R 2 st utehd a

out put of UBA 1012 and U3B 1014 forns W ndow conpar at or - arrangenent 1024
and t r ansf BP0 NSAENT CPREAY 4R &jF ﬁ]ﬂlsﬁtﬁ‘f '3‘1“88.1n?ﬂh%‘}suﬁat{l%}n‘&g%i‘gn%ane

part of thedpfven5! GRRls ﬁ@gﬁﬁ@é%—%&é@ﬁ% of DEInEBANE HHAEsiPhalt B8 not detected

predeterm ned vafue (e.g., 30 11Vl), the output of the w ndow conparator
1024 wit| be thowircdhil®0@onFdrgihe atforomestised 0 miatmarnyngigndie dukesigarl DC

or AC, and_of any shape or duty cycle, wll tected, by th W ndow
conpar at or TEHEY Cwa%ﬁ]éta%e@h‘gﬁ rdé‘ipé'ss‘o‘i@f ?ko%gﬁggﬁn . acﬁ:tﬂ B%l?to&%e ecth @?‘?
1022. Thedfi@éfvsigHél%qule 8068 B te@roMiNAQWHEARRALRLDY r@hsiARGRRENher,
di scharges capacitor ~ Cl1I 1026 through resistor R24 1028. As long as the

vol t age actypssllCad tlk0f6ericd 2lteSHhan 35 the threshol d of conparator U9A

1030 (e.g., +1\V),. th t put of t ill -18 25. 7-
be IO\(/vfa ?f t he rIF\}’é’?%dioﬁﬁgidleEng@O a[&gﬁérﬁ%%ggﬁémoﬁmyﬁsﬁaﬁ?%lgol%%ct edr
noni t ofs t haApdibe: sigkHIRK4t @h be h@amgngpmp@@@mﬁqy@a paFtfoAnNge PRctesshd 2dimgiges t o

a high inpedance state, and ClI1 1026 starts to charge to a sel ected
vol t age (efrgmn a $B\H042 supplgh Noss thet sincRYSALII3A is amrpe ¢Rlecipp LOBBEaREIDES C11

1026 excee he .predet er m ned val e. Q.5 T , r

out put goeg@ﬁ%ar? enﬁ?%?clfﬁlgan’?f%é?ﬁ { lﬁglt%%n’ns?ltc%ra > %&él%&f’%g{\?g& Cgﬁ%géﬁlﬁ@ct ed.
The tine consbafte (fhe bomolifthmid@bretison orstheeparby R22 1034 and C 11 1026,
and is approximately 100 nS for the values shown in the illustrated

enbodi nent. The use of a conparatively long tinme constant in the

i1 ust st eﬂir?%%%%&ﬁm%%}*Yﬁ&f&@?&m{@f}?&h@&)’ Circuit with Self-Test

Referring now to Fig. 11, yet another embodiment of the interface circuit (with
disconnect circuit) of the present invention is described. It will be noted that in the
embodiment of Fig. 11, the circuit 1100 is adapted to provide enhanced functionality in
various aspects as compared to the embodiment of Figs. 8 and 10, and Fig. 9, mcluding

25 self-test functionality, as described in greater detail below. The circuit 1100 of Fig. 11 also
has greater complexity, however, and accordingly may be optimal for applications where its
enhanced functionality is required and/or where the increased cost is not a significant issue.

As shown in Fig. 11, the supply voltages for the various analog circuitry of the
interface circuit 1100 are set to +/- 7.5 in order to reduce the power requirements and heat

30 generation rate of the circuit 1100, and to increase its reliability. Additionally, the amplifier
UL1B 1126 buffers the drive voltage Ed 1108 (+E) after the voltage divider formed by R19
1110 and R17 1112, as compared to the arrangement of Figs. 8 and 10. The output of
U11B 1126 is also configured to drive the reference input 1148 of the DAC U6 1130, and
the comparators U1A 1170, and U1B 1172, via switch SIB 1174. The voltage Ed/2 1162 is
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| oss of signal, such as periodic zero- crossings of a sine wave drive,
signal, are not detected 10 by the circuit 1000. For the af or erentionéet100
nS time constant, the drive signal frequency can advantageously drop as

| ow as about 100 Hz. In actual practice however, the drive signal

frequency higseladedivByabidi® el £W torwettdr @bagREIS forSinegatadment. hmiharome hin
hi gher, typically on the order of 2 to 5 KHz. It is noted that the qutput
fr om conpaPiebio poprerade febfpr icadlsstagior sgpethebpeturs 4o KoHpaePBIRT N t hat

can be rea Meloll t f f o Nk from a
Sv 1042 sy CRetIR pRLBH R uifD ARt Blsa BLACERREY, M i e
R23 1038 2&hlbe Thedeunmificdtonakyepshpgtopiteclld fager stidhcoastsInGMigl. 8V, or 3.3V
for conpatibility wth a w de range of dem mi cr oprocessor.s_ or her
parts. 20 Alter ﬁé@l@o%oaim%@rew PRl8RT5 58 (R B SRHBEEYT e J#?ﬁmdh

Sel f-Test Beheq{7ngr MWckQ:if 1909 31%‘?8 %‘)@%ﬂh@i'i‘a%g&? feoerbodi gept +of o ke Tt ar f ace

circuit (wth disconnect circul 0 e present invention is described.
It will beamotptshdddty dhangihethconlvosipimbatresstorfFimgthe dividerh3 ¢1 76w R4 1178004 s

adapted to rlﬁ%&’de enhanced functionality in various aspects as conpared
to the enbodi t of Figs. 8 and 10, and Fig. 9, including 25 self-test

functionality, ASERKCHIIME 1 heWuRt BSmpRASH for BRI AWMt B&eqbl Gtbult uliligd -of

Fig. 11 also has greater co%em tg/, however, and accordingly may_ be,
opt i mal0 f oBctapid frigaei gt o CTWE14 ERHanteektpurren idokapitey 3?‘&3/@@&& foge
and/ or where .t he jncreased. cost s no si.gni flcant i shown |
Fig. 11, tﬁ%“%eﬁ’pﬁ!@o §I ﬁa léis%? SrEhE” at 2|1to tgera%%ﬁ%a %:dlﬂﬁ%gﬁf) r@%@@ﬁg@ﬂhﬁ

interface @incgotdinldQifrentisBle {iagés; may e istbstindel. Tie aepiues thhenpomnesr
requi renents and heat 30 generation rate of the circuit 1100, .and to

i ncrease i t88lrisrsadisiiterty/ by thaareiopioas Yy, (OF HECTHAINAFAOPIRGCSYIRE 4996 )buf f er s

1170 and R17 1105 et oo e L bR RS Rl AR RY R,

out put 19f pidieclibn 3126hdks Tl $065 and icgpacekst®l 7d1166e CChd 162f €2€MT€8,i amdut281148
of the DAC U6 1130, and _the con‘gar ators. ULA 1170, and UlB 1172, via switch
SIB 1174. THY Jdramgetiedishagebry) pratoctiogi ofole pgiel mardy Fhedecay arPabl e

to the AAD . t A J ol t
1 Orf‘éﬁl}sto%ro&l:ag& ?rgig?}g{?)/cgl{a % rc[%‘lﬂjsfﬂl@ B A g&égﬁ@(ﬁﬁﬁfsgpm{eetmrﬂrﬂ%er Y

conpensat e e 'sca at occurs to
confi gur at tamge of the paties rehaocdiwabites OF) 1 B isfiorsd Rr+A 120/, cahd VR8p1154

have been changgd, uLADILRS,LoLL0,0L 258y & pTepe el caligne kogp (e
vol tages forcdie 790 RERW P RTRA At epbRndhéths AERburikd Bial $16%1@fut bip@aich e t
1100 have been changed from+/- 1V'to +/- 0.5V. This is
patient monitor 806 is correct. This circuitry 1177 is now described in greater detail.
In order to have an independent means of insuring that the patient monitor circuit is
functioning correctly, the unknown external drive voltage from the patient monitor (PM)
806 1s disconnected, and a known reference signal 1185 used instead. In the illustrated
25  embodiment, the known reference is generated by a precise voltage reference device (not
shown), which provides +2.500 volts to S1A 1186. S1A 1186 and SIB 1174 effectively
form an electronic single pole double throw switch which is controlled by the state of
control line TMAIJ 1187. In normal operation S1A is off, and S1B is on. When it is desired
to check the function of the PM circuit, TMAI 1187 is asserted true, and S1A 1186 turns on
30  and S1B 1174 turns off. This disconnects the external PM drive signal and connects the
known +2.5 V reference to the DAC U6, 1148 U7A 1117, U7B 1118, U1A 1170, and U1B
1172. The MONITOR. output 1182 should go high for this condition, and can be verified

by the microprocessor. This checks the ability of the circuit to detect cormection to the PM.

To the circuit, the +2.5 V reference behaves the same as a +5.000 'V drive signal from the
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acconpl i shed by changing the values of the resistors in the divider; R3
1176, R4 1178, and R5 1180. As shown in Fig. 11, the output cofbaratiopifor
the nonitor detector circuit utilizes a 10 Schmdt trigger |ogic gate,
NC7WZ14 1181. Its output can drive either 3.3V or 5 V logic devices,

al t hough i bxteidal PRE TIRCDIVIrZR@nENEISSQRN Gk 16da by eesc@dapDeghatertgp (astistewn)
simlar functionali t%{b yet different dive voltages, nay be substituted. The
¥

output of wHethe st at BriferidBn 158% etk lavIPCHS): BRI afbfaﬁiaé%lﬁffdﬁ@é@%wx or
ot her conpgy gérgegtrc%%(%&tﬁg eq§¥ﬁc%e) The circuit 1100 of Fig. 11 also

i ncl udes ra uenc erence (RFI) 15 protection via choke T1
1165, and Capacﬂ‘bm’eﬁfﬁhgzélrﬂa@ﬁfset@%ﬂdﬂl&ﬁ%f the2dcuil BR)0, e dDAT28 130 E6OW set to a

El ectrostatic di_scharge (ESD) protec n. of the_ patjent |tor con t or
out put °1169ut&t QP%@ FREPditonoY, é}cﬁﬁw lajfren & amile bigndq ‘89 oURES R LUy '

of this pr Qﬁ?’??ﬂﬁ@?ﬁ he1s 51%%‘?019511 tJ:@S(R}a%}%ntIdéﬁ?l@' thoif dﬁ"féré{rﬁae VRl @ee z65E)

1108 is limted to +/- 7.5V, or p-p. As previously referenced, the
circuit 1100t bithRinplifitd lavs e finte Ioffd@safalpsteIZﬁ Vesi the ubstraied @111’0@dnm6nl1'f176

whi ch provides an. i ndependent ans of that the .0 t to
AR e s b S itar R RS A T s A e R T

in greater sdelaid . 1 Stdordefeab@e tﬂlﬁé’%m?ﬂt dipgependead iseans Rl ackdis el cﬂﬁpdt@at
the patient nonitor circuit is functioning correctly, the unknown external

drive VOl t af&7hr bifTtand (A Liisthroogh reststareRy 3 186aridsR i Bloriabes edin 1nsd (@

known r ef er e u ste n te | rent
t he known r }aelgtégi]fdsl @éﬁgﬁ f@g t;@leém %Elgléaéﬁgﬂéggi%r%@g geﬁsc%s ggé\if?lgtepenot
shown) , V\h'ofih(JHﬁthﬂPI% ¥gr $0%eMObdrgiton, SLADBXBHLI3SIAI bESE tas eunpt Bf 11740
effectively forman electronic single pole double throw switch which is

control | edmdy. The nstverrle 06R14ddﬂfhr613 1145 RiRAL96. 287 Cl3nl 195 atdbe Bper et Voh S1A

cirouit, TR iy o el T o3 (T LG o TR ERRETOEL ST WP 17

turns off. cdifigireli 5£ONRLELS. (lihgs ﬁxére;ﬁre@éntPMgdrﬂeqeemygsﬁ@ialsaﬁdlnmmgt@l(n he
known +2.5 V reference to the DAC U, 1148 U7A 1117, U7B 1118, U A 1170,
and ULB 11¥%0, apfl@f mgrf@wmtpdﬁlolwf 1608 Bt 2 6 TRt gHRish pan bR & BBHHRT POn,

a_nd can b € rTl‘[l% Sﬂ"set lﬁ}/us% Q?o gx% 851%%1}9%%? §19§f,’ it g%'n%eﬁtlg eg @HH}E%QM#H{S'[ %W?[Eh t he

circuit to'detect connection circuit
reference Befav®s it heed orehdpuaposb. Y S VEISsisgriaded faconys tireoutp@® /4 OCT

2000 XL D I B Lo et 8% SaI B A At ST S0
Thi s adyan{,agReNF1 9Bk QLEHES A 10diQBLPRNIERE ShESK dfferd B bBILERRCE UTA
1117, and U7B 1118 and allows the A/D converter (not shown) to measure the offset error
of U10 1190 at TLFDBK 1193. Switch S1C 1198 is then opened, and the A/D (not shown)
again measures the output of U10 1190 at TLFDBK 1193. This value represents the true
“zero” signal being presented to the PM, and can become the baseline lagainst which all
25  non-zero outputs are referenced.

It should be noted that by making differential measurements as in the present
embodiment, all of the offset errors in the A/D measurement channel advantageously
cancel out. If either measurement falls outside a predetermined range, then a fault
condition exists, and an alarm is generated (e.g., visual, audible, etc.), or other condition

30  enabled (such the writing of data to a trace file). Note that the external PM must be zeroed
to compensate for the small differential output of +/- 2 mmHg. This is done when TMAI

1187 is-0, ZMAT 1199 = 1, and DAC 1130 count = 6000.
To verify the gain accuracy of the circuit 1100, the DAC 1139 is set to a count of

1000. This should result in an output signal to the PM representing a predetermined value
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To verify the zero offset condition of the circuit 1100, the DAC 1130 is
now set to a 5 count of 0000. Under this condition, which sinufét8§7ais
mHg signal, the outputs of U7/A 1117, and U7B 1118 are nominally +2.500
volts. ldeally their difference would be zero, but both anplifiers have a
finite of f&at, 00 mpmHL. Bncd\UINL190Es kdaladsd N atnednenbgdisnemniut sihel TLFDBK

differential output can_therefore be as ch as 50 uV, which j.s equiVval ent
to 2 mrHg fb13 ghovdd egh-PUle V 10w ther 2478 THEEDG? 21 "s*ta@&\é%& e@ilﬁrnal s 1100
I s connect ﬁz@as%?érlgéﬁ i %Q%Q%El‘ﬁ%&gﬁgingy fﬁll%é‘,lglel?‘@dft‘aliﬂ %2%1%%@;1 teR@UGAd an

resistors RL3 1122 an 124. U10' ain’is set to  via R16 1191 and
R15 1192. dlhen dut phtr ®ndiiah) FlEDBKed13Bbdthds: as offse ead gaihadtiby PMofirchly

nVvV/ nunHg. For t.he,zero, condjtion, TLFDBK 1193 will be i h e,of +/-
20 DTt B DR AR SO CBg e ot R el sk o VeRE 8BS g
i nput of Uta1h499-forma single pole |ow pass filter wwth a nom na

cutoff frequency of 1.6 KHz when 15 configured as illustrated. This filter
prevents hi gh fAsghenslyastagaoas sspeetormntieangelries guttritgit 1179as thandcarfseast ey its

output. ULQ 1190 itself. has an offset .whi.ch can. nuc V., :-Thi s
oftbot musboRre e B e e R A PHRE SRS S RoP ety i
Switch Sl Gekk8ndl PMses 4 ednstait BCPAIROSEmal. SThisGhirSd GrIdOB malepl aegidracr oss
the outputs U7’A 1117, and U7B 1118 through resistors R13 1122 and R6 1124.

Swi t chl() calihpggh jseme gHiege oithes s sEvpwaveIAQ drige.48 garled ¢ deve| ifica offxedthi s
hort t i ff i : : 1 d
2l ows ¢ nell Bl Befoht AP LR Bhe hgbeBle 8 b b Bl 4RO

1190 at TLERBK BI93owhwl théd) 1 CutpdOBriasy thagkure pimeldyalandat be cAmbudodnd
shown) again neasures the output of ULO 1190 at TLFDBK 1193. This val ue
r epr esent sCaipared ggainst theagtuakmepsared wuiomg aiprldd bt d493. olf thrse pRIveRD cagree

becone the el i.n ' i 5 NAN: : ced.
't shoul d Bthcs ERRPRARrES it £def ponditl BGE D SRR Aifd RO
presenis eghetidedr,otidrl actbn tdken)of Asel emmplesofi the tthregdih§) assasel tieareriérnal
channel advant ageously. can ut. If either neasure fall tsi de a
pr edet er mi PR RABEO" drigns ag-ﬁémﬁehs-cmﬁ YRUgmspye +§§)@b aitspcptiass
generated {g,0ie HhiSHahetnAURRI SIS §.2) X BTo0RLDEE 060Dk HRNowtfutenan] &6
(such the witifng of data to a trace file). Note that the external PM nust
be zeroed bt omprgensattenf Drbddwe smal | differential output of +/- 2 nmHg.

This is done when TMAI 1187 is 0, ZMAI 1199 = 1, and DAC 1130 count =
0000. To verify the gain accuracy of the circuit 1100, the DAC 1130 is set

to a cgunt of 10G0= Fhis shaishido) £sublood W)an 400tppL  signal tqrhhePM
representing a predeternlned valle -21 2 % ocT T 280n
where P,y is expressed in mmHg. For a Poy value of 100 mmHg, (DAC 1130 count =
1000) E, will be equal to +1.200 V. E; would be measured at TLFDBK 1193. Note that in
the illustrated embodiment, the output signal must be referenced to a zero value DAC 1130
25  =0000, in order to cancel out the offset errors.
If the external PM 806 uses either a sine wave AC drive, or a pulsed DC drive, then
operation can only be verified by swiiching to the +2.500 V reference. This can be done

when the system first powers up, or when monitoring is suspended for some reason.

30 Method of Simulating Time Variant Output
Referring now to Fig. 12, the method for simulating a time-variant output signal
from a first device using a second device according to the invention is described. It will be
recognized that while the following discussion is cast in terms of a passive bridge

transducer device such as those previously described (“first device”) and its associated
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(e.g., 100 nmmHg). Since U10 1190 is scaled at 10 nv/ nmHg, its output signal
TLFDBK 1193 shoul d be 1.000 V above the zero reference val ue e? gbb}gg%

earlier. If the neasurenment falls outside a predeternined rang s
fault condition exists, and an alarm (or other condition) is generated. If
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It can assegsit s 01&51‘&9%1’1@ Hf%@ircélt fi98, Qlfchtalé'?o{@&h{;ﬂg prRGRRL @feaéd?‘fhgrdfeaﬁés in
circuit 1100 oiurl ng normal operati on If the external PMuses a constant DC

drive si gnfaidusfﬁlalﬁuxds systemsf or nost nodern nonitors, 10 although some still

rive |8 used: ORGTRYDbby LR a0 SR RERE R ona

at ED/ 2 1}16rinvBYivE BRI RMestitt nonitBEQOIBPROL o [RbmanY (éeas bhtedsygaal suvahdie
can be conmputed, and conpared agai nst the actual neasured output at TLFDBK

1193. If t s enapaifagaisedi 1’ the Agsiseee TirgcHiin vac el emnhyhwant abeiehamyrad ¢
Con_dl tion eﬁl .St 3 €S, ndd ac%P ﬁé?&gtllc%tste%lgy abreméu%ﬁ{ﬁlte% bﬁlelﬁlﬁlﬁae'isattﬁ& gl% tu%%)l@fi ent
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moni tor dr icMﬁleicﬁ:d"t@ ROQIVBY trentdioAddDpN@UrdpaTRAS thiogitor10088tevnl (£g. athokD/ 2
1162. Knowi ng that the actual drive voltage is 2 X +3.000 =_+6. I%%Lﬁ,o'ts
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external PMiBBr U8R Blibhthodice ey Rt ACEE YR, (B oy PR ath DG, Biktes

then operation can only be veri swtching to the +2
ref er enfe. withirs theaintdofacel onenit 865MHONEL MY st previDiislg depoined. SNelp, tha ranyhngrihe

nmoni toring . s suspended for . so reas 0 Method. of Sinul ati i

Vari ant onf%s%f%fl%fﬁ% g RS t Fi9§3 100 {echiiigiens oF B r@ﬁla%}ﬁ%g ires
time-vari aEﬁer&}f}IﬁH\}béh%%hnsﬂtérﬁ%ﬁtﬁéfn%’ého@fﬁb@e using a second device
according to the itmvention is described. It will be recognized that while

the followi ng dimsstes$2ih thesNEER genertter adigodl reprpsestsiioe obihi diges-varieahkldet er
gg\sllogle ats gggre%égé gg%%@ar %sé 4 us M tg %tral ge%%ra{edf 53; ?)gesgu%g Itr%%sc?ucg gle}nteﬁts (and

20  optionally, acoustic transducer elements if so equipped) associated therewith. Generation

of this signal is completely independent of the excitation signal applied by the monitor. The
transfer function is next applied to the digital representation (step 1214) using the interface
circuit 800, 900, 1100, the transfer function being substantiaily similar to that for the
passive bridge device as previously discussed.

25 Lastly, the output signal from the interface circuit 800, 900, 1100 is produced which
is compatible with the patient monitoring system (as well as being “universally” compatible
with the patient monitoring systems of other vendors) per step 1216. The output signal of
step 1216 is based at least in part on the digital representation of the waveform (e.g., blood
pressure) provided to the DAC 830, 1130 of the circuit 800, 900,. 1100, respecﬁvely , the

30 applied drive signal 802, 1102 from the patient monitor 806, and the applied transfer
function, the output signal being substantially similar to that produced by the passive bridge

device under comparable excitation signal and measured pressure waveform.
Apparatus for Hemodynamic Assessment
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aforementioned application describes a method generally comprising the steps of:
measuring a first parameter from the blood vessel of a subject; measuring a second
parameter from the blood vessel; deriving a calibration function based on the second
25  parameter; and correcting the first parameter using the derived calibration function. Once
calibrated, the second parameter is monitored continuously or periodically; changes in that
parameter are used to indicate changes in the hemodynamic property of interest. In an
exemplary embodiment, the first parameter comprises a pressure waveform, and the second
parameter comprises the total flow kinetic energy of blood within the blood vessel. During
30  measurement of the pressure waveform, the blood vessel is applanated (compressed) so as
to induce changes in the hemodynamic properties within the blood vessel and circulatory
system; the kinetic energy and/or velocity during such applanation is then measured and

used to identify one or more artifacts (such as for example a “hump” in the kinetic energy

or velocity profile). A correction function is then generated based on these artifacts, and
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circulat Or‘yplateaus”) which are used, with appropriate constraints, to detect the depth of the lumen.
In a second embodiment, backscattered energy (e.g., A-mode signals) are analyzed using a
power calculation performed over pre-selected depth intervals to identify regions of

25  reduced signal level therein. In another aspect, a method of detecting at least one wall of a
blood vessel comprises transmitting acoustic energy into the blood vessel; detecting at least
one region associated with the lumen in the blood vessel; and detecting the location of at
least one wall of the blood vessel relative to the lumen; wherein detecting the location
comprises analyzing A-mode data derived from the transmitted acoustic energy. In one

30  embodiment, the wall is detected by comparing the integrated power at a given depth with
the average lumen power. In another embodiment, the level (amplitude) of the envelope-
squared signal is compared to that of the lumen. In yet another aspect, an improved method

of determining the diameter of a blood vessel comprises transmitting acoustic energy into

the blood vessel; detecting the region associated with the lumen in the blood vessel;
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detecting the locati
apparatus 1300 of Fig. 13 may advantageously be used to non-invasively measure blood

pressure from a subject irrespective of the in situ patient monitoring equipment available.
The apparatus of Fig. 13 is further adapted to be physically contamed within a
25  unitary or discrete device 1320 with associated electrical connector 1322 such that the
connector 1322 may be plugged directly into the corresponding electrical receptacle within
the in situ patient monitoring device. Since the receptacle configuration generally varies
from monitor to monitor, the connector 1322 may be configured to mate with an adapter
1324 which receives the connector 1322 of the device 1320 in a first portion 1326, and
30 mates with the associated receptacle 1340 of the patient monitoring device 1342 via a
second portion 1328. In the illustrated embodiment, the adapter 1324 comprises a female-
male plug (i.e., the connector 1322 of the NIBPM device 1320 is received in a female
connector 1330 in the first portion 1326, and the male connector 1332 disposed on the

second portion 1328 is received in the corresponding patient monitor female receptacle
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embodiment of Fig. 12a, the apparatus 1380 is configured such that the interface circuit

800, 900, 1100 is disposed proximate to the patient monitor 1342, specifically as part of the
adapter 1384 used to couple the connector 1322 to the patient monitor receptacle 1340.
The interface circuit components (including DAC, comparators, amplifiers, resistors,
25 capacitors, etc.) are disposed on a small form factor substrate 1386 such as a printed circuit
board. Minjature circuit boards are well known in the microelectronic/surface mount
electronics arts, and accordingly are not described further herein. The interface circuit 800,
900, 1100 is then electrically disposed in the circuit path between the NIBPM digital data
output and patient monitor receptacle 1340, such that (i) the digital data produced by the
30  NIPBM is provided to the input terminals of, e.g., the DAC 830 (see Fig. §), and the
ground, excitation (Eq4), and reference potentials necessary to operate the interface circuit
are provided to the appropriate points in the circuit 860, 900, 1100. The substrate 1386 with
components is physically contained in an over-molding 1390 which encapsulates the

assembly in a polymer/elastomeric material, thereby increasing its durability and resistance
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described. In the enbodi ment of Fig. 12a, the apg)ar atus 1380 is configured
such that arHeedfeseenimeludingdhs patient monitor receiver 142

or alternatively other Bluetooth-capable devices such as a cellular telephone, PDA,

disposed at the monitor 1342,

notebook computer, or desktop computer.
The monitor receiver 1427 comprises a Bluetooth compatible transceiver 1429
25 adapted to receive binary digital data in the form of radiated RF energy from the
corresponding transceiver 1410 on the NIBPM device, and decode the binary data for input
to the DAC 830 of the interface circuitry 800, 900, 1100. Hence, the operation of the
wireless link 1402 is effectively transparent to the interface circuit and patient monitor
1342
30 The monitor receiver unit 1427 is configured physically to mate with the patient
monitor receptacle 1340 (either directly or via an interposed adapter 1324, as previously
described), such that the unit 1427 may be simply “plugged in” to the receptacle 1440 and
remain free-standing. The Bluetooth transceiver 1429 of the unit 1427 and components of

the interface circuit 800, 900, 1100 (as well as other attendant electronic components) are
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encapsul ates the n.a ner/ela t nerlc material, thereb
i ncreasin r i ‘a S 6 2

P GBPTT Tata fr Rl P 37 0% e o ioe® imtrBtieSy i
effects suehbn@sivheBRaLR),UnsdVabt, ainh@B-to H@nﬁt b'cb’rﬁfertéluéélDC}?|aﬁ§"dﬁ§lﬂ$§9ﬁ@§ﬂa@e
noi se, and physical trauma. The assenbly is also optlonally

el ect r dfragnigeuitslnesesshy éb deppors samgalmgo EONVENSETD m@ce@n@r Gl dradsTRISHIOTE OP (et

| t hiel d el
Shi of d be, Rgd EpstedofeBRPRuhl Siget BT ARy TSR0 elst JerBh el
embodi ment usﬁ%OV\HSES Hek@vard DRefigion, labfRg@ VAT Us @hjuntbgon W3th( asebn pat i ent
nonitor) may be conf“%yred to include a wireless |ink 1402 between the

appar at us S}M@@Satﬁalst hpsteatie]l ket br thesan, Astith mivae MAS-besrderperss is
t
L T R R L .

(RF) cosmu ﬂibmamc@ﬂ@r@:ysdeemcﬁfdmgh@r bypelveBE nkoowor 01 hienkaebeatbstitald,
arts. For exanple, in one exenplary variant, an. RF transceiver 1410 and
modul at or é@ﬁﬁé@bPﬂﬂ?Eﬁ&?%ﬁ%@?@@@méﬁﬂmﬁﬂhpted to generally conply with the

wel | known - Bl UGLOGKAIM M £gh6ss of ntisrace sshandante Bivel gkl G

Wi rel ess techno ogy a users to na e ess an ant co ectlons
bet ween vanioaitsriggamalysisc ating nhelvVibdas, M?Bmcpeamnnnhmhandewummﬁ ¢oengrable

o or 1 ngOSTaR) GHS. eaRAT RS I RS9 aF-E SR BBt Sk o GURs TG
oo S Aol s gl Lempr B sotos Rl
and poi nt - Bmemﬂmnﬂp@hht@ungnhemvwnms&ﬂM@@mﬂp&éﬂugbameﬂ@m®VUﬁesﬁbamhbedset
to comuni gat Ber s ma}b be mcqge?s% or dgce'\r\éase ofl signals from remote devices (e.g., NIBPMs),
whereby the individual signals may be multiplexed or alternatively processed in parallel by
the interface circuit 808, 900, 1100 (with the addition of appropriate multiplexing or
25  parallel processing hardware of the type well known in the electronic arts). Hence, a patient
monitor 1342 configured to receive such multiplexed or parallel channel data may be used
to monitor multiple subjects at once.
Bluetooth-compliant devices, inter alia, operate in the 2.4 GHz ISM band. The
ISM band is dedicated to unlicensed users, including medical facilities, thereby
30  advantageously allowing for unrestricted spectral access. Maximum radiated power levels
from the transceiver 1410 of Fig. 14 are in the mW range, thereby having no deleterious
effect on the physiology of the subject due to radiated electromagnetic energy. As is well

known in the wireless telecommunications art, radiated power from the antenna assembly

(not shown) of the transceiver 1410 may also be controlled and adjusted based on relative
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this fashion, the NI BPM device 1406 of the present invention, when
outfitted wwth a 20 Bluetooth wireless suite, may comunicate Qj5q§$fx§%§th
ot her Bluetooth conpliant nobile or fixed devices including the patient
noni tor receiver 1427 di sposed at the nonitor 1342, or alternatively other

Bl uet oot h- papablte cterd easscsivan 149, aheely fikaE:r kehephenrerofifetic RLRPBQY
conputer, or desktop conputer. The nonitor receiver 1427 conprises a

Bl uet oot h é@ﬁﬁaﬁh%ﬂljep¥ansceiver 1429 25 adapted to receive binary digital

data in the for f i, at RE gne rnom,t he orrespondi ng transceiver

1310 on the N GokF oA BTG SRl Al Mo BRI VRBRRNE Do

830 of the fieqtied) abift &eyingl ducly a8WausQ0 Frehi@ly $HehdesyiddeGrgIer at possedn t he

mnrelesg Ihgk.1402 is effectively transparent to the interface circuit and
no

pati ent ipgpum phibkeyirg (RESIL0 the iype swedikparn imthe artdo madglateodinta epie S
hysi cal | 1 i I | i :
physi cal 1y o4 QefTat %lt}’l\ﬂ)ﬁglﬂ 5iae: g@@é gp&nodﬁ%@%ﬁ%ucﬁ%%ﬁ@@ Hgﬂd;lélﬂgn (i %nggfg cile such

directly or via’an I nterposed adapter as previou escr

t hat t he umotlulbda®) maybdesedi nply "plugged in" to the receptacle 1440 and
remain free-stapding, The Bl uetoqoth transceiver 1429 of the unit 1427 and
conponent s of H"eﬂﬁ%h?‘?é’re?sa‘%ég%ﬁ?‘efﬁ ks 96 20 shefoa (5gusRey dhadedoppidiple

attendant gleed rEHGC %Hﬂﬁélﬁ? ;l?:(%pg?fg(e lszjfrgzgis sﬁec@rm%}ﬁ%{% dizjé@cagé.qlu%%c%gﬂ}r@idned

within the rectangular form 14a) of 't recei ver
al t houdfh i spemirhin (B S&p preésiizt @de tdrdsion thatiplé acarss) g bepsatdd-ndedsfedotly as a

| i nder, , ,.etc.). Additi [ly.. it will Db i t hat
T o s B oF o TR eSO A Pds O i, & Tk ool Grofisr For
processi ngeﬁﬂ%l&,rﬁﬂﬁ@@&?(lﬁﬂ&i&{g%{ha{mﬁﬁ Gangenanhsy of s&bh&%u&!h %ggﬂéﬁ)rgﬁé/fog @nel 400

may be enbodied in a fully integrated "systemcdn a chip” ( application
speci fi c i Blustposh gansetiveniinodylAS! Crangtmetierewpeshyeasenilad| iff destodnLitaralishey

sem conductor, fabri.cation.,arts (not sho .. The .S0C ASI C i ncor por at es,
hrer al i arTEieE GRS g of GrotRua bRy Bhep eaeaR TRBkGSE B Doy anitng
data r andomafcesSedTeNBE iy88 anfficr hAOSERINY €4n GhffGet WeYice NOQU! BifQfed Data
anal og-to-digital converter (ADC), and analog interface 10 circuitry

necessary 0&0§iggper tIrRAnbl may, bec obEsEdNor Ve essidndgn emgbnctamswithsilon of

the bl ood . ) data to the receiver 1427. The SoC devi ce
design is g§%§§%PQQXﬁ§§Fﬁ%T®ESIC Har dwar e Description | anguage (VHDL) in

conjunction with design and synthesis tools of the type well known in the
art. A 0.18 mcron MOS-based process is used to fabricate the device of
t he iIIust#%ﬁ@éQéﬁﬁ&ﬁﬁﬁ%ﬁ?@”@?ﬁhough ot her sem conductor 15 fabrications

nggteiS%ﬁtseij,nd uﬁ!ﬁf@ﬁinfgoﬁov@f@m. qS,O a %?etﬁgdcéf)ﬂo%ﬁn%‘ eatTh & Q0 a%%je@? using the
aforementioned hemodynamic assessment and interface circuit apparatus is described in
detail. It will be recognized that while the following method of treatment is cast in terms of
arterial blood pressure monitoring for a living subject, parameters other than blood pressure
may be monitored using the methods of the invention, and other courses of therapy or
25 treatment provided.

As illustrated in Fig. 15, the first step 1502 of the method 1500 comprises obtaining
data from the subject using a sensing device such as the NIPBM described previously
herein. The data obtained from the subject comprises hemodynamic data (e.g., pressufe,

| velocity, kinetic energy) obtained from the subject, such as from the radial artery. A digital

30 domain signal is next generated in step 1504 based at least in part on the data obtained in
step 1502; blood pressure signal generation is described explicitly in the aforementioned
co-pending U.S. Patents and Applications previously incorporated herein. Next, in step
1506, the digital domain signal is conditioned using the mterface circuit 800, 900, 1166¢ to

produce an analog signal. As previously described herein, the interface circuitry, inter alia,
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depending on the degree of integration required. Alternatively, a nunber of
di fferent subjects undergoing blood pressure nonitoring/analysis, usi-ng.4-he
NI BPM of the present invention (or other conparable devices) r’réyj @é" S

nonitored in real tine at a centralized |location using a single nonitor 20

recei ver 14@fliesSpemstt Galctiyy totthe damaftdrabnveden #om MBI gitdndntaianstehnesy 1429
are adapt eglp%%mrecei ve a plurality (currently seven, under prevailing

it
Bl uet oot h b &R £ U AH S#P@%Wherﬂmﬁyéwhﬁywe@dihwr@é@% by desired
decreased) “Qfoest GARLS i HRMAE TS HEMLCES bfig%egcircuhuo@ﬁys%i;e M%g@l}’l r%h he.

i ndi vidual signals may be multiplexed or altérnativel ocesse
paral l el byt the interface circuit 800, 900, 1100 (with the addition of

approprikate nul tipl exi. r 25 parallel processing hardware of the type
wel | kn(s)wn in tﬁég_gij%%ﬁ&gj ia@alggf%%n.% ‘ﬁ@hﬁ‘dle?m&lﬁﬁifq glﬁtpatlff%ﬁ?qr%m%g?“ce n
confi gur ed step 15_33,&;1@/&@99&@&@111% b RéRXBE QS BRhalk&led ThARREL iHLA +IRY sh§ used
to nonitor nultiple subjects at once. Bluetooth-conpliant devices, Inter

al i a, oper &rscsehiatione nRy AoGHrise, SN beamehle. ThabrategMikras ths sykedlicc diasthlit pand

unl i censed i N dical. facilities, thereb 0 advant ageously
al | owi ng f(I:)¢é %Sﬁees% r?&%:at%gfg nggbgﬁttalrnﬁ from 08 SS?IEJWXPWFEW&?H%&%&H68%&%‘3“1& 0% s
fromthe tsamsoediyied vAkES odtheFiygolid Aidkicl Bnd heaTMetanrge, L kheriglsh@yhng no
del eterjou effect on the thsiolo%y of the subject due to radiaped

clectrd g%@%tfn_@n%ﬁ gy dethdo 1@ leng subkgebweser rpnt the paiamelrissigpresentation of step
roaes TR, P Adkivel A ALSABOIRL Al o e A8 e 2 B dis B on

shown) of the transceiver al's e cont

relative r@8s2RON, 20tR6as meoXdmirtiyradbn titarhianeesl er addldhal thenebve.
further re%ﬁci ng?eﬁl ectromagneti ¢ whol e body dose to the subject. The

nodul at or 24¢paBvely.puch cpliiled megsuserments maktbeolectesheves en rmpttadod perinst of of
f I 1. akeyi i Shi i GESK
et an Bl dnde AR 5 RRE, AET CMARGY o Wit B8 RO RS 1

t o nodld at systtat af oint eutfjiére. caysr yeerapsther alkdrhabighihet iatmény pesy B¢ anneiatiadliyon
(such as phase dul atign nplitude_ nodul ation) be used. Spectral

or ma _
access of PRE§AAESS ARyt BRI ©niba RAENt perliE ﬂ@&gﬁ?wiﬂ%twoﬁi e
access ( FDMAmnid keaU N - i Gt ce
P ead 10 L e e APy PULEE S EMERTT
pseudo- noi Besspy ai icthe pdeent.orr aljusting paremdiew sssoniatediivth phe NABBERS S, other
dependi ng gon

Iepend 10 ghotGESHE, Bk L aSh: gty SXaTPLE: deVices complying i h
20 It will be appreciated that while certain aspects of the invention have been
described in terms of a specific sequence of steps of & method, these descriptions are only
illustrative of the broader methods of the invention, and may be modified as required by
the particular application. Certain steps may be rendered unnecessary or optional under
certain circumstances. Additionally, certain steps or functionality may be added to the
25  disclosed embodiments, or the order of performance of two or more steps permuted. All
such variations are considered to be encompassed within the invention disclosed and

claimed herein.
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Bl uetooth transcei ver/nodul ator arrangenment previously described, if \ man
desired. Literally any wreless interface capable of accommdatﬁi(Pnj}[ﬁnéﬁ&'l
bandw dt h requirenents of the system 15 nay be used. As yet another

enbodi ment, an infrared device (e.g., Infrared Data Association "IrDA")
may be substit ut@dilotheeatone dseded descioptjourics ishowiy debertb€ andfyoieBEbhd @red RF

link 1402. t hod.of Providing Treatnent .20 Referring nowto Fig. 15, a
FEVRAORTS PREFHEG: (HTA" SUOFUSE TSPHEmENG L arBrienetrenedba

nmet hod of prov
henodynanm ezassessnElhs, dlsiiii®kl 86 cBddoe S 1:s1.d i in
o ; S Cﬁénggétj F#e ﬂ%gfb?%l\;a\% ﬁﬁgd@%shgg%}%f E)?q)riiceea ment

detail. It will be recognized that whil

i s cast i nPreessillgptrated mayi e motloby thrseskilled imothe tagr witigoukt @lepartihi VFiong the
subjects p er t her. t han .bl ood essure . may be nonitored using the
et hods® of T RETY FuRsdPaR b AR EEHE o Dl EEE Br ety O BEed pbeirnona
provi ded. Ast ihkliushfial ethisMekiigtiod & int&vdyi h8dt 8 BP1AR02, Bl hite: %hﬂot% 1500
conpri ses ggéainlng data fromthe subject using a sensing JeV|ce such as
the NI PBM #6825 Bt olbils egnertlanaiciplesTHehe itvantisint Ahmecbpkradrthd hevestidej ect
conpri ses benp, 1.C: : ressure, velocity, kinetic energy)

obt ai ned fron1€%€a§%ﬁ?%%%€ﬂé%%%a§§ ?ﬁ%ﬁﬁ?ﬁ% radial artery. A digital 30
domain signal is next generated in step 1504 based at least in part on the
data obtained in step 1502; blood pressure signal generation is described
explicitly in the aforenentioned co-pending U S. Patents and Applications
previously incorporated herein. Next, in step 1506, the digital domain
signal is conditioned using the interface circuit 800, 900, 1100 to

produce an anal og signal. As previously described herein, the interface
circuitry, inter alia, -30 216 A applies a transfer function to the data
after conversion fromthe digital domain to the anal og domain, so as to
substantially replicate the output which would be provided by a desired
"target" device, in this case a passive resistor bridge circuit of the type
well known in the art. 5 The conditioned anal og signal is then provided to
the patient nonitoring device in step 1508, the latter producing a
representation of the desired paraneter in real tinme. Such representation
may conprise, for exanple, calibrated displays the systolic, diastolic, and
mean pressure waveforns obtained fromthe subject, or alternatively other
representations such as digital values of the systolic, diastolic, and
mean pressures. Lastly, in step 1510, 10 treatnent is provided to the
living subject based on the paranetric representation of step
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1508. The caregiver may prescribe a course of treatnent based on the

di spl ayed representation, such as the adm nistration pharnmaceutical Gr%mo e
additional monitoring. Alternatively, such calibrated nmeasurenent$ ‘)J/ é}
coll ected over an extended period of tinme and analyzed for long term
trends in the condition or response of the circulatory 15 system of the
subject. As yet another alternative, the treatnment may be automatically
provi ded based on the signals output to the patient nonitor (or derivations
t her eof ) , w1 1se@ApEn S¢ch as sounding an alarmto draw attention to the
rapidly falTing nean blood pressure |level of the patient, or adjusting
paranet ers asspci at it I-40r.] :dey.i ces being
used on the su)gj ect/.g(éliﬁe(lj\fltla%Il a%tmglfﬁo@!)@ﬁ%%?%g%%%av a?ﬁfaa'%ﬁl%ﬁnﬂgn%ggt ai n aspects
of the invention haydigebn-andbgcranbetbri(DAGr mseivihg aligpédnfite fioegaetice of
steps of a nethod, t S}/gﬁﬁ descr infﬁ'ti ons _are on trative of the broader

| il
e ehode of { PetReten by o IS ey Pa it i e I BBl B 18 e

particul ar appihé€ Mris@hwate@stiafd poARSngaY altfod QNARIBHAaUNNBCRISART Yaidr
optional under certain circunstances. Additionally, certain steps or
functional ity dgi{pl bwudded to the 25 di scl osed embodi ments, or the order of
performance of two d gl :
considered to be eﬁg%%&g%lgg@%&ﬁ%h@%&?ﬁg?%ﬁ%tlogﬁyg{&g%:{ﬁaif)ﬂssggj ]gfﬁ ’éééfai med
herein. -31 26OEHst2006mplifiérl centdeeedab o fedoek dodpeditdestPAPL i on has shown,
descri bed, and poi nthed .out 'C{]O%g‘l features 'tOf the inventi on as. ‘?‘%ﬁ' ied to
vari ous embodi ment SVICFER a9 2 &loFh (41Es AEBHTThRPTTaGR ol Sn{"EdERs?

substi t uti ons, suBfightRNANGRE: irblatidiBhipObéiradd ideb@phis veitagk henddey i gplied
process illustrated nmay be nade by those skilled in the art w thout

departing frorfxehios vohwsntidon. The foregoi ng description is of the best
mode presently contaRlRladofuiCRhEHle tn otfht Jifleh WPERSIR imiilleS that
description is in no way neant to be [imting, but rather should be taken
as illustrati we fecoiesaqeing raparpns, rseidpdeesndofensing apravaswt bong diffeeend dope of
the inventi on sht?lul d(fﬁ Feterm’ ned with reference to the clains. -32 WHAT
|'S CLAI MED | S:VHS 0 ¢ 2t §°1 8

8%5Epél&at'fso sinul ate one or nore wavef orns,
conprising: a i gi tAkcirovitsraliegn Comeadih efid {il306hsing appavitingis do@ek@ledi nput s
fromand generated by at |east one first, sensing_ apparatus adgpt ed to

generate at |ehst oM Circirgl (HHMa tWhRERIR P 1SRRI BB 1956P%h PRAKY og
out put si gnalidisioigeat | east said

4, The circuit of Claim 1, wherein said DAC comprises a bipolar multiplying
DAC.

5. The circuit of Claim 1, wherein said circuit is operatively coupled to a
monitoring device, and said analog output signal is further related at least in part to an
excitation voltage generated by said monitor device.

6. The circuit of Claims 1 or 3, wherein said circuit is adapted to interface
with one or more of a plurality of different monitoring devices irrespective of the
excitation generated by such monitoring device(s).

7. The circuit of Claim 6, further comprising a disconnect detecting circuit
having a window comparator.

8. The circuit of Claim 7, wherein when said excitation is above a
predetermined value, the output of said window comparator is maintained in a

substantially constant state.
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digital inputs; and at |east one anplifier operatively coupled to the

out put of said DAC, said at |east one anplifier connected in as?f edbgc%ﬁn
| oop with said DAC, wherein said at |east one anplifier operate "‘ng'“a o
maintain a substantially linear relationship between its output voltage

and an applied excitation voltage; and wherein said circuit generates an
out put which substantially sinulates that of a second sensing apparatus,

sai d second sensing apparatus being different in type than said first

sensing apparaf us. 13e chieitdi Clid ©Of fuhai éBnilprtngeﬁ@s’t in8 Aeborddi Fesistop£NSi NY
apparatus is non-excited. 3. The Circuit of laim2, wherein circuit is

confi gur edisposedarelatipe toahbpypitar saidldiG andisoid o) rstage amplifiqmthe gatioafithe of O ai m
L wher el lodhdd Rifes GOTRG! £S5a BRI AlisT bLBIYhNG o Bafe fachor Kiesad reuit of

Claiml, erein sard circuit 1's operatively coup nmonit ori ng
deV| ce, amdusai d anal og out put si gnal is further related at least in part

to an excitation Ita n rat d sai d moni tor, devic The circuit
o i1 orlos e SENGRET 3¢ ithel Soataredt gt HoSTISE SR f one. or

nore of  adifoddini dadd @fculdiahd SIBRY HBIMEL QEANOHRNEE Detiweb® SRE Gldnweried t he
excitation generated by such nonitoring device(s). 7. The circuit of Oaim

6, furthetevieonpd paid ﬁlgméat di sconnect detecting circuit having a w ndow
conparat or . 8 The "[(I;tt: i of(ﬁ aﬁq?ﬁ %h}reﬁ(‘@?# Qt'lg'as %@e%n%% @ 1S
d wn

above a pr edet erm ned va sal oW CO tor is
mai nt ai nedchoRe epil.subst ant i aIIy constant state. -33 2 6 CCT 2006 9. The

circuit of daim1, further ising first .and second eS|st rs dlsposed
el ative to tHE outTHBTSHT o4 QUG Aes SPRPHANE diot el SrpPoReRs™ 1+ he

ratio of di&gent rdi%%b@ﬂ@ﬁ‘@ﬁd\éﬁrtn.uﬁ&acpzfdaﬁt%ﬂ% fiti&ke Ad1ehg8 BEAMIELE g@teﬁe&ar%y _
determning a scale factor for said circuit. 10. The circuit of aim5

further c&@tﬁpﬁ@@ioﬁ@géﬁ“@%ast one filter elenment disposed in said circuit
and adapted tosfil gL SlRASClEANE! REGE HRHNESD 2SR MO LRLLARIYY

coupled to said circuit adapted to simulate, said test circuit being configured to test the
functionality of at least a portion of said circuit adapted to simulate.
14.  The circuit of Claim 13, wherein said test circuit is adapted to test the
functionality during normal operation of said circuit adapted to simulate.
15. The circuit of Claim 9, wherein at least one of said first and second
resistors is adjustable, thereby rendering said scale factor adjustable.
16.  The circuit of Claim 1, wherein said at least one amplifier is connected in
a feedback loop with said DAC to form a floating current source.
17. A method for simulating a time-variant output signal from a first device
using a second device, comprising:
providing a first device having at least one transfer function associated
therewith;
providing said second device, said second device being different in type
than said first device and adapted to sense at least one time-variant parameter
from a substantially autonomous sensor and provide a representation based at
least in part thereon;
providing an excitation voltage to said second device;

generating a representation of said time-variant parameter using said
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device and said circuit. 11. The circuit of Caim 10, wherein said at |east
one filter elenent conprises a choke coil. 12. The circuit of Caimb5,
further conprising an over-voltage protection elenent disposed in said
circuit and adapted to mitigate voltage transients generated by sai

d
monitoring device. 13. The circuit of Claim1, further conprisifd@ tddt
circuit operatively coupled to said circuit adapted to sinulate, said test
circuit being configured to test the functionality of at |east a portion
of said circuigt.adaptied to sinulate. 14. The circuit of Caim13, wherein
said test circuit is adapted to test the functionality during nornal

operation of said epplyngtsubtianbelddin tbe siaheg dongin, Bsubstiialy Faewr frapfferq ai m 9,
wherein at |east...0Q ' .r st . resi st i ' abl e,

t hereby r ende?'imnc&gggel %ids%géegeniagg oF %gt jngsfg‘{l}?téqn %%‘gs #ﬁggrctf)i%ag?%%% Claim1,
wherein sai d dstldeasd; andie anplifier is connected in a feedback |loop with

said DACto forma floati nq current source. 1%q (ﬁ rrﬁthod for sinulating a
time-variant out puﬁeréefaéﬁé!af]ﬁ%‘&fef pytRy ﬂg‘?ﬁic seudt ngsh S CEnE" BV ce,
conprising: prayidhdGoradd 584 198MECRINBRA, REd: 16LAShe BGuL 5idRATIRIngf Uuncti on

associated therewith; providing said second device, said second device
bei ng di f f er esebstantigppemilatia thas ploduded by tsaiddivitdevied adapted to sense at

| east one (i magvar ignl, AAGAIRRHEE 157 Oy SURSEATE AblolioRUL QQIRS  Sensor

and provi de a‘represen ase east 1 n pa ereon; providing an
exci t at i dimemohridaigepiliad &aihd aseepidianadevi ce; generating a representation of

said tinme-vari ant raneter usin ai -34 2t, OCIL wW 6 second device;
appl yi ng, subé?ant &gﬁ’ et _Oﬁ ¥H a‘é‘%é?oagﬁBWa*?l ,af:ta"fsﬁ?%‘f’%ﬁ% ?eéf;tl VA ﬁ”ﬁ%‘ar_
transfer yafilGhiadidic Coptids 5@RhE %€ PledfubOVavsaint! fonP MRS Blool Wasdel @R dbei ng
simlar to that for said first device; and generating at |east one output

si gnal badwé sabjeffeast in part on said representation and said transfer

function, sai %Oa t Lfﬁéa%eth%geof%igiwtl9,%&&%&1 tpéz“ ia&gof sensing is performed non-

invasively.

21.  The method of Claim 20, wherein said first device comprises a passive
bridge element, and the act of generating a representation comprises generating a binary
digital representation.

22.  The method of Claim 20, wherein the act of applying a transfer function
comprises:

receiving said binary digital representation at a digital-to-analog converter
(DAC);

converting said binary digital representation to an analog representation;

amplifying said analog representation to produce an amplified signal, said

amplified signal being provided to said DAC in a feedback loop and forming a

floating current source; and

producing a predetermined relationship between said amplified signal and
an excitation signal applied to said second device.

23.  The method of Claim 17, further comprising detecting the electrical
connection between said second device and an externally applied excitation signal by
detecting the presence of a specified impedance value.

24.  The method of Claim 17, further comprising detecting the electrical
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substantially simlar to that produced by said first device. 18. The net hod
of daim17, wherein said transfer function is substantially [i Eea v 72Bghe
is applied in the anal og donain. 19. The nethod of Caim 17, whefél Hith&™"
act of sensing at |east one tinme- variant paraneter conprises sensing a
pressure waveformfromthe bl ood vessel of a |living subject. 20. The

nmet hod of Caim 19, wherein the act of sensing is perforned non-

i nvasively. 21. The nethod of C aim 20, wherein said first device conprises

a passi VeonREdid el RARMN seB IR eaRl Af x98RAKA4IpNEd 3x4iRRSSRARIEEY ON
conprises generating a binary digital representation. 22. The net’hod of

Cl ai m 20, deigseingithe priseneece§ ofolwgpley i prpdetetmined feeninpupicthe davice sinpiiees:

recei ving_sai d.bi nar igital representation at a digital-to-anal og
converter™® %ﬁ&%on&%’@grti ng said binary digital representation to an

anal og represeamt at i2Riethodngfl deigrimhgng diedstanabd gletepslesmntaion dietwanpt oduce an
anplified signal, said anplifjed, signal bei ng provided to said DACin a

f eedback PBYPrERAdIFEE K 2anON YA en glORTERFIERT DLOBY rRIESSUEN NS iRy a

predet er mivﬁ@@tnrﬁk@%ﬁﬁ&mgpd@&tewﬁ%pidéﬁﬁg f%&ﬁﬂiﬁibﬁi aPk@RAN RAdng ABviexci tation

signal applied to said second device. . The method of Caim 17, further
conpr i si ngpridetopesiiony theheeteddermpirisal: connecti on bet ween sai d second device

apeci i od i mpedancatiatant Bk e Py Myau PRMEBY P ot rREBRET < Dg
detecting the dheetrical -35 2 6 OCT ~!il06 connection bet ween sai d

second device and an_externally applied excitatio i gnal .by detecting the
presence of a vol tg’ﬁge%ﬁg %f”‘g%%@f‘%‘?ﬁ’igﬂ dOtREPFHER R Q‘H?ergdgﬁxcd@ Pit&=8%ppl yi ng
said excitatiopgsignal. 25. A nethod of determ ning the status of

el ectrical connection between a nonitoring device and a non-invasive,
non- exci ted bl ood prészvg saidenyfermy eeiteden signtetoeidantsfyi vhrigbons erady devi ce

provides an exgitallap Fhanal Jreedfld SERAY device

26.  The method of Claim 26, wherein the act of analyzing comprises applying
at least one transfer function to said buffered excitation signal.

27.  The method of Claim 26, wherein the act of applying comprises applying
a window comparator transfer function.

28.  The method of Claim 25, wherein the act of analyzing comprises
specifying a time constant adapted to compensate for zero-crossing waveforms or other
short-duration voltage transients.

29.  Apparatus, comprising:

sensing apparatus adapted to sense at least one waveform, and generate a
binary digital representation related thereto without use of an excitation signal;
and

an interface circuit comprising a DAC directly receiving said binary
digital representation from said sensing apparatus, said interface circuit being
adapted to apply a substantially linear transfer function to said digital
representation, and generate at least one output signal, said at least one output
signal based at least in part on said binary digital representation and said transfer
function, said at least one output signal being substantially similar to that

produced by a passive bridge device.
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during operation, the nmethod conprising: detecting the presence of the
excitation signal provided by said nonitoring device; buffering said
excitation signal to produce a buffered excitation signal; and amalyZi Ads
said buffered excitation signal to identify variations therein indicative
of said status of electrical connection. 26. The nmethod of C aim 26,
wherein the act of analyzing conprises applying at |east one transfer
function to said buffered excitation signal. 27. The nmethod of C aim 26,

wherein the acfy, of merabyrzirags 60 0Rfih 985 wiABRlY {aROmoitdd feeveCABRIBEET _
transfer function. 28. The nethod of O aim 25, wherein the act of analyzing

conpri sessig®peci fying a time constant adapted to conpensate for

o ot oost 09 ey el Mheellru O8NSl 500 4 WA Ofh ¥ARRARMERNSLBIP, 29

Appar at us, corpfising: 'sensing apparatus ada sense at st one
wavef or msuasiahtgénér e eandog dinme.y di gital representation related thereto

W t hout use of__.an citation signal, and an,interface circuit conprising a
DAC di rect Ly rBeei JFRGVRETS B riAy 29-ar GTareI S BeCRTLE PRI MGR! o
sensi ng apPARAtKSed sbdrd RbRkIraaR! &did Gifaty Biital GepsiRiied dompARR! datA

substantiall'y linear transfer function to said digital representation, and
gener at e rgprefenisive ohidoed prpsrtresibgingd frosmihg binodvesssk ofgdwingiaupiget: si gnal based

at least in paipt o [ i [ QHAt i+ i ransf er
Funct on, sar aat _ILEePReRl Bl En o Sl e b AR R Rlloh T oOr 6

t hat pr odtvieed ablgasa ipass by eakniadgetiche fregeency Jgt2oubionsd foF sali0at 188t offthe
apparatus of .Claim 29, wherein said nonitor provides an excitation signal.

31. The a¥P5f%Pus of Caim29 or 30, wherein said transfer function is

applied substm@nti ghbWphdattii6r andhor, dPERIMNsaiBBinarkh@igRf RafRidutation il ai m 29,
wherei n sai d sensing device conprises a non- invasive bl ood pressure
moni t or, dgndedli'd binary digital representation conprises data

measuring a first parameter from said blood vessel;

compressing said blood vessel;

measuring a second parameter from said blood vessel during said act of
compressing;

deriving a calibration function based at least in part on said second
parameter; and

calibrating the first parameter using said calibration function.

35.  The apparatus of Claim 34, wherein said first parameter comprises
pressure within said blood vessel, and said second parameter comprises blood flow
kinetic energy.

36.  The apparatus of Claim 29, further comprising a wireless communications
interface, said wireless interface being adapted for the communication of data between
said sensing apparatus and said interface circuit.

37.  The apparatus of Claim 29, further comprising a wireless communications
interface, said wireless interface being adapted for the communication of data between
said apparatus and said monitoring device.

38.  The apparatus of Claim 36, wherein said wireless interface utilizes radio
frequency energy to communicate said data.

39.  The apparatus of Claim 38, wherein said radio frequency energy is
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representative of blood pressure obtained fromthe blood vessel of a |living
subject. 33. The apparatus of Caim 32, wherein said binary d@qj I+ mona
representation is derived at least in part by calculating tire Péqé% icy
distributions for said at |east one waveform 34. The apparatus of C aim
32, wherein said binary digital representation is derived by: neasuring a
first parameter from said bl ood vessel; conpressing said bl ood vessel
nmeasuring a second paraneter fromsaid bl ood vessel during said act of
conpr essi dighosfe Eibiahthl B &athinbhatIKPN biddNGhi QRidbRASEldssaintdrR8S ompPrifg@rd on said
second paraneter; and calibrating the first parameter using said

cal i br at i preafl gpretriantlevigs. The apparatus of O ai m 34, wherein said first
paranmeter conprises pressure within said blood vessel, and said second

par anmeter conprises blood flow kinetic energy. 36. The apparatus of Caim
29, further conprising a wireless comuni cations interface, said wreless
i nterface being adapted for the conmunication of data between said sensing
apparatus and said interface circuit. 37. The apparatus of C aim 29,
further conprising a wireless comunications interface, said wreless
interface being adapted for the comunication of data between said
apparatus and said nonitoring device. 38. The apparatus of C aim 36,
wherein said wireless interface utilizes radio frequency energy to

communi cate said data. 39. The apparatus of Caim 38, wherein said radio
frequency energy is -37 26 OCT 20, disposed substantially within the |ISM
band, and said wireless interface conprises a spread spectrum device. -38
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