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Tl ME- VARI ANT SI GNALS Background of the Invention 1. Field of the Invention
5 Thi s i nwermioess3s el at es generally to apparatus and net hoeeTfumos/o3veer f aci ng
time- variant signals, and specifically to the conditioning/sinulation of
wavefornms (such as, for exanple, blood pressure waveforns) on nonitoring
equi pnent. 10 2. Description of Related Technology Slowy tine-variant

wavef or ns orARPARAITTSHAND MEEIODINDRANTERIEFACINGHIME &V ARJANTISIGINA IS

i ndustry, research, and medi cine. Wt hi he nmedical field, one application
of particular interest rel atggj&gé%&ﬁ&ﬂaﬁﬁaw%mc f 1Pthg of arterial blood
pressure vm'thi? Field 9hSHRleffibs (such as human 15 beings and canines). As
part of so-cal edl "I nvasive"” arterial blood pressure nonitoring, a
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fromclotting off in the vein. The disposable pressure transducer (DPT) is
a passi veblpesprepsupewareipmisg ge nenslogng agenmeypi cal |y fromsilicon strain
beam technol ogy. The DPT electrically interfaces to a patient nonitor

avai l abl e from any nunber of different vendors such as Hew ett

Packayod/ Agi | ent./ BéckipEisn ofReRted Tehaskgy ¢/ Mar quet t e, Dat ex- Chneda,
Dat ascope/ Fakuda- Denshi, Welch Al lyn/Protocol, Space Labs, Criticare,

Critikon, and Valley Medical, as well as others. The patient nonitor -
supplies the i i on si | er.gi: i i it .of T,
and al 50 25 prach ELbRREr S bAgEEROLERIL M PR BB iR b i e
DPT i n oridelndihg intiustpy, aysehdol, arslub¢dicine. SVithin dek pedics diekl, vay ffpticatoarnfphicular
di spl ay device ?f t he patient monitqr. The various ,rr:l),ni tors, descrj bed above

utilize VARYEShEF A RSB HS: i ZEraflowt FreRsreatithin fixng subie¢th &sugh pp hgman
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100 1s driven by a consta Irect current vol t age
val ue of disps@ pebiuagrarBiuger cdeonsdody utiieddo meesrd 02 Wenl fressaryofitiad sidbject

bet 1V and 10V, but . i. i cal | t 5Y. . This vol |
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di ssi pate power. This power, Si pation changes the
from clotting off in the vein. The disposable pressure transducer (DPT) is a passive resistive

20  bridge implemented typically from silicon strain beam technology. The DPT electrically
interfaces to a patient monitor available from any number of 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

25 prox;ides the signal conditioning of the output derived from the DPT in order to display the
subject’s blood pressure waveform on 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 3
is driven by a constant direct current (DC) voltage source 102. The value of the DC voltage

30 produéed by the source 102 can be any value between 1V and 10V, but is typically set at 5V.

This voltage value minimizes the self-heating effect that occurs when resistors R1 104, R2 106,



tenperature of the bridge sensor resistors R3 108, R4 110, R5 112, and R6
114, and causes their electrical resistance values to change. This change
i n resistwp@d/ocwmBtes an error in the output of the bridg@CcITQBosbdoeh i s not
desired. Usually the manufacturer of the DPT will add additional 5
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described by Eqn, 2 as follows: Es = +S - (- = Ed x dR (Egn Zin_ 30

Deri vat i ghe Bidereinl % of fhe resiviericiesisfonsy vahiy aﬁhlﬁ goram@qﬁﬁf@a%wtas B‘Qphfnge ar AR.
1995 R A0 8 LAORS Y LR 0008 Ty e 0
Resi st or snoREnd 04lue RéfeRObto RR 2 B:siswndR RGan®@RO awmuallly clmqetaio Hane eqail SdsRteEe
\E\TFS gte hﬁﬁ{%&b@?{ﬁ%@ Oolln@LYSoét{ager gtqtlg%ﬁﬁaa-kg ag() §‘1§§‘ h %e eql-lal (tcl) z)llle)-he:/l\fj gfnt}‘;[, Qrei\ve
voltage Eq4. For these conditions, the output impedance of the bridge 101 will be Ry, and the input
impedance will be given by Eqn. 1:
20

Zin=R1+R2+Rb (Eqn. 1)

25  Typical values for Zin and Zout (Ry) 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:

Es=+S—(-S)= Edx IR ' (Eqn. 2)
Zin

30

Derivation of Eqn. 2 is conducted by analyzing an equivalent balanced bridge configuration



R6 all change by an equal anmpbunt (dR) as shown in Fig. 3; (iv) the |oad
across termnals +S 5 230 and -S 232 is an infinite differential inpedance;
(v) ther ewarg/oew3l oads between +S and +E or -E; and (vi) PCharse3/eaneo no
| oads between -S and +E or -E. Wen the bridge in Fig. 2 is in balance, the
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The unbalanced circuit of Fig. 3 can be simplified to an equivalent circuit 400 shown as
Fig. 4 herein. The input impedance seen by the excitation source Eq is therefore given by Eqn.
15 3:

Zin= R14+R2+Rb (Eqn. 3)

20  The relationship between Eb (i.e., the equivalent voltage across the bridge) and the excitation

voltage Eq is given by Eqn. 4:

Rb
Fb=Edx|— X0 Eqn.
X{R1+R2+Rbi| (Ban. 4)

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

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

30  The bridge may be analyzed alone, since the voltage E; 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:



A sim | ar expression can be devel oped for the voltage at node -S 504 (Egn.
7): 10 E(-S) =Ebx[2 2dRb] (Egn.7) The differential output E(s) is sinply
E(+s) - Byovpoezms3follows: E(S) =Ebx 1 + dR 1 _ dR = 2 2PRp/GSpR0PRD] 15
E(S) = Eb x [RodR] (Egn. 8) Finally, substituting the result of Egn. 5
into Eqn. 8 yields Eqn. 2 above: 20 E(s)=Edx~dR] Zin |In order for all
DPT's to function simlarly, they are typically calibrated during

manuf acture to a st%?ggg(@ siti ®hthydRf 5 |uv /V/ nmHg. This neans that for
an applied pressure of’1 Jdandrp—_grijve voltage (Ed) of 5V, the
output ES will be 2.5 nV. This 25 requireS that the resistance difference
(dR) be 1.5 ohns, according to Egn above. For a Zin of 3 kohns, the
full-scale pressur&qg@g?f:iwL + j such DPTs is 300 mmHg, which woul d
require a resistance difference?2>d® |value of 4.5 ohns, and yield an out put
voltage of 7.5 nV. It can be shown that the differential resistance dRis a
function of pressure: 30 dR —1Ks RZi n x P (Egn. 9) where: -4 WO

03/ 065633 PCT/ US03/923029) = K5 %B%.factor of 5 uv/ V /(BpHg and P =
sensed pressure. Substitutingléhi 8xdfdslult into Eqn. 2 results in the
transfer function for the bridge, Eqn. 10: 5 Es = Ed x Ks x P (Egn. 10)
Not e t hatAtstigilerekpuebsiviobdrageddrslobsd forfidliaga afodeoltsoaregsune (P), the

i nput variable, and the drive voltage (Ed) provided by the nonitor. 10 For
the 5 VDC drive condition, the signal processing of the output is typically
qui t el0 IinitedELﬂ$B€dbaIéefgggﬁ%nplifying the bridge output(BgntT) an

The differential output E(s) is simply E(+s) — E(-s), as follows:

et 18]
2 2xRb 2 2xRb

instrunmentation anplifi

15
E(S)=Ebx [%:l (Eqn. 8)
Finally, substituting the result of Eqn. 5 into Eqn. 8 yields Eqn. 2 above:
20

E(s)= Edx [ﬁ”.i}

Zin
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
pressure of 100 mmHg, and a drive voltage (Eq ) of 5V, the output Es will be 2.5 mV. This
25  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.

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

where:



filtering the output with a 2-pole |low pass filter whose cutoff frequency

i s above any frequency conponents of interest in the blood pressure
signal . AvOypioemB3 val ve for such filter cutoff frequencyPC3/Us83/68020 15 When
a user wishes to supply the nmonitor with and di splay a waveform ot her than
that derived {ra élﬁgfﬁétBE@?Wi/QﬁF&n'ﬂaTaﬁUCh as that froma digital

non-i nvasi ve bl dod pré&ssure nonitor SUCh™8s that manuf act ur ed by the

Assi gnee her eoP ) sehded dof¥fureust be di sconnected fromthe nonitor, and the
new signal source electrically substituted. For the case of a fixed DC
drive voltage of 5V, a circuit may be readily fashioned to interface the
new (e. g. SHpsiutimethis resglijinto Fgmsd igsuls inghe Hangben fuaetionfonthe dridge Jdisn. 48 t hat
shown in Fig. 6. As illustrated in Fig. 6, resistor RL 602 of the interface
circuit 600 allows the patientts-nBaixtkerx Bet ect the 3Kohm i ngggiange val ue
(Zin) it normally sees when using the DPT. Additionally, resistors R2 606
and R3 60Rofethatt he odidut bRl B isQUfiRbtiod P i i

out put of node S+ 61(5;ui S .b;ifgaesed to +2.5 V Egﬁ;ﬁe}fsesreggz)tg%g?%??grr]%éltsaélfghg
and 25 an$iysyadiege () previdedbyubesrmitoand t hei r associ at ed conponents) set

t he - out put C | 11 =.2.506 -.0 x Ein.(Eqn. .11). 30
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moni t or s, TEHE the OvtREL Witk 3 3rrale lavapess Edfer whasecautesh frsguaniis 19 ahove avofrequgocy
and -5 . . e chy t.ha V. i.nput . egual s 0
g, An 8T HR AT e oe MUl g S ERare ey v R e e R
zer o adj uStquenty tsetSdipl i fier U2 618. Wiile the circuit 600 of Fig. 6 (or
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fixed+5V DC cONERAASeNBIstete R thg MeRttos with gad disgley m waistorshetherctha Hgs

when one @ttRaPios the a%&%%nﬁ&ﬁd%(s@icﬁ B@ﬁﬁp%roﬁlyaoﬁgitﬂf nREhLEN e lﬂ?&i E)f?—:%_%\r)e

presently available. Mny such patrent nonitors not use constan
exci t at i omonitart suchtab dhatusanifaqiaied rbysthn eAssigaee hdrebf)e theoDPEVIRnst el discahntsted as

a carrier;between KHz, and 5 KHz, which is dul ated b he pressure

i gnal - TR A e 6 B e bl Hec PedlicubBiFisgerorho gl fdves Daind
cancel 10drp@iwRtagd sl SV SBESE mbBY rda8 FdsBioRed dula;

part of their sielénal condi ti orﬁi}hng rgifr}%luistlry,e ﬂﬁgr%ggﬁﬁo&?\g%%gfélgﬁeﬁ%a%od

pressit e sovERGItathcdmtishtgpenitor, such as that shown in Fig. 6.
As illustrated in Fig. 6, resistor R1 602 of the interface circuit 600 allows the patient

a

monitor detect the 3Kohm impedance value (Zin) it normally sees when using the DPT.
Additionally, resistors R2 606 and R3 608 set the differential output impedance (Zoy: ) to 300
ohms. The output of node S+ 610 is biased to +2.5 V by reference amplifier Ul 616, and

25  amplifiers U2 618 and U3 620 (and their associated components) set the —S output according
to Eqn. 11:

—§=2.506-.0025x Ein (Egn. 11)
30  The differential output between +S and —S is given by Eqn. 12:
Es =-0.006+ 0.0025 x Ein (Eqn. 12)

The fixed offset of -6 mV (for the exemplary circuit of Fig. 6) can be “zeroed out” or cancelled

35 by most patient monitors, leaving the output voltage Eg a function of the input voltage, and



Therefore, in order to drive these nonitors with a non-DPT device such as
the aforenentioned digital NNBPM a circuit is needed that mmcs the
el ectri caWwomsobieBx and operation of a passive transducer Pomiusg®030Ihe
transfer function of such circuit nust be 15 effectively identical to that
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is provided to enable” the output” circuit to drive I'ce having
an anal ogeifcugtpt, iberdentst repyvsy ihei higpdapresserecinbditlatoon Sgmphal . However, the
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U S. Patent 6,471, 646 1 ssued October 29, 2002 to Thede and entitled
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associ ated al ggr &t Byt 100 RETO LM tBaiflyd8&led November 10, 1987 and entitled “Output

circuit for physiological measuring instruments” discloses an output circuit for a digital
physiological measuring instrument. The output circuit provides means for a digital signal
indicative of a physiological parameter to operate on an excitation signal from a monitor to
25  provide a response signal for driving the monitor to generate a visual display of that parameter.
The excitation signal is scaled in a digital-to-analog converter, corrected for a zero offset of the
digital signal, and then applied to the monitor. A dummy excitation signal is provided to enable
the output circuit to drive a readout device having an analog input but not providing an
excitation signal. However, the invention of Bailey is not well adapted to all polarities and
30  ranges of excitation signal, and utilizes a cumbersome offset correction technique which is not

optimal for many applications.



anal ysis and scaling, which can significantly slow or inpede the signal
processing, and increases the cost and conplexity of the solution.
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that the pressure transducer could 5 produce, including waveforns having

f r equencysysighigi Sépstolismaariios cavegager blood (pregsure ovaeeforms of hr divigly sebjesthlwith
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a di sposabirietypasdiffesnt bonfiigeativne £ widnitbriag o6 dixplay (dORIEEs,i(5) havevd dedd dybagic
circuit conpri sgs a%ﬁi gi tal -to-anal og . converter (DAC) .receiving digital

i nput®d f rBRg HED RSP 32 QBCBIcoH PPrEs digHal WBHS(VsEuaAeduiring conversion to analog

first); (iv) maintain the desired sensitivity factor; (v) function with any type of excitation
source including constant voltage drive of either polarity; (vi) function with 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

25  isolable from the monitor, be stable and have minimal error or drift through its simulation range,
and include provision for the detecting when the monitoring device was electrically connected
thereto.

Summary of the Invention

The present invention satisfies the aforementioned needs by providing improved
30  apparatus and methods for interfacing time-variant signals between different hardware

environments, including the blood pressure waveforms obtained from a living subject. In a



10 processing apparatus (e.g., a pressure-based tononetric systens, or
conbi ned pressure/ Doppl er-based ultrasonic system and its attendant
signal prwoes®s:wgd, which are then conditioned using a | iPegarsoy/oanst er
function which replicates that of a DPT bridge device. The circuit uses
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produced by the first device. In one exenpla devi ce
conpr i sescigpuitpgesihe @X@tat@g@lgllabfremthe phient nveitviaas tha reforved, andadaapides@dy a

bl ood pre re vvaveform 30 ob ai ned fr | 1vj ubj ect and the second
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of the NIiBfEKiaBe Wi %Fé@lé@ﬂﬁcﬁn}’tchff@l@ghCQHf@umﬁ@serfcreomformgstwmef r@dldlasspefﬁal‘n@e

(or alter e a redet rmn nal of the nonitor
The met hodPt i rrdhadsBeCtE Bl Rableh® AERE %?rt s BRI Pp e oo eteneh

t he NI BPMondiibnitigsposiedgliderdfGlidcdmaiRack JpeRbRy gcaregﬁ%ptsu\eﬁ%&&ybélﬁg 5
internal current thereof flows is a function of a predeterm’ned paranete

(e.g., thREsEhen BEdiustmeyy of the ratie Rf Fep eesisispee wilugshand mhersnilphas ey lewpdotted
di SC%”eCthel%bi}%H}ferE 1191 %edg&l&g, when a nonitoring device (such as a

patient nonito I scofinec fromits sensing apparatus (e.g.,
In a second aspect of the invention, a method for simulating a time-variant output

signal from a first device using a second device is disclosed. The method generally comprises
providing the second device; providing an excitation voltage to the second device; generating a
digital representation of a time-variant waveform using the second device; applying a transfer
25 function to the digital representation, the transfer function being substantially similar to 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 first device comprises a
passive bridge element, the time-variant waveform comprises a blood pressure waveform
30  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 typically



Doppl er bl ood pressure sensor) is disclosed. The disconnect circuit detects
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bridge normally used with the nonitor. Rather than evaluating this signa
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measur ed stasing apghrathe AGvidérw verparator raasfeofuntiiorc is wad fdhdetddtiongthps,esdome
neasurenment data is :‘kﬁd to the jnterface cifrcuit,, which cond'iti ons &ehethe
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and hencedhetray sigpal eltany shage adivinexeievilbbyddiectedxithesinain- Aj qougsiaizbly long
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syst em nefasH igduck@niniigidd Papaidisergfagssoci ated with the bl ood vessel of
the subject, and determ nes_ bl ood pressure based at |east in part by
cal cilat i ng t ilne forely aweetofdhe inveniian, apinpioved prpasany 08 ner-imvasiyely meagetng

anot her %ﬁ@%&@@%ﬁ@eﬁagaﬂaﬁg WSbjedt fOMELOWS M dl & MG CSRbdBmnt: the

radi o frequenc
apparatus comprises (i) an ultrasonic Doppler-based system adapted to measure the

hemodynamic properties associated with the subject, such as blood kinetic energy or velocity,
and determine arterial blood pressure there from, and develop at least one binary digital signal
25  related thereto; and (ii) the interface circuit previously described. The hemodynamic parameter
measurement system comprises a signal processor operatively 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
30  derived calibration function. The blood pressure measurement data is fed to the interface

circuit, which conditions the signal so as to allow data communication with a monitor. The



link such that digital data representative of the subject's blood pressure
is transmtted to the interface circuit disposed proxinate to the patient
noni t or, wbasetdssdbvi ating the need for 10 electrical coPd3/UShsomm2difth
aspect of the invention, an inproved apparatus for nonitoring the bl ood
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anal yze t.heé%at a. W.thin tegﬁ processi ng of .the monitqr in order t% derive
(and” di sPEEFe CHEUT SLSRPESEn PR e Y 2R JRopfo BRepbe s Qhifding) the sesil fpr
aspecty of itdi8cd1RYQRL i on, an inproved nethod of providing treatnent to a 25
subj ect using the aforenentioned apparatus and nethod is disclosed. The

met hod gener allnya fiddnpspestest thebinventiang adaitnzpré veodnappamteu bjrembnitsinggtha blood

sensing devi ce; generati n §.first sj gnal based at I1 ast in part on the
obt ai ned BEPHT LR PR haisFiopst L ABPTEEr sgrere ToRUPPTR ™ B Pt ¢
to producigodd F@@@@@Inﬁinﬁoﬁhg (QRIBPNIH iR Ged ORipEACAR theSdfBRAlentiOnad JHADIatiBh cRuit

devi ce, the atter producing a representation of a desired paraneter, and
provi di ngota Baritesriysics threlageibidapted3o msied anth optienallsreankyee.idisplay, and record
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Ki netic efengiry embodiidend3he BB %Mdﬂ@&ddg@%@ an et AbAiR DIl taba] sattnal
artery of the human being, and the sensing device conprises the

af or enent3dgnied Q| measyisnihe henmHvnaist RIRPHIiEhH aesiaer avidl the, sehigchcwichiaschlped
The digit . . i f : ) t
e digitig a{%;;@; BPLALLEN @e&%ﬁﬁ%&m%a% FRMELAEN AR afa %gﬁéégg at

Nl BPM system i s I nt ace circuit, ons
si gnal f deast vné brasadigitelseginy rdagd tienétd OThenigtesfast efituibprehiuslgldesdrddd herein

nonitQring systemtakes the caonditioned bl ood_pr ure signal and displays
the 4ave d}SFﬁ? 4P REPYIEF NS éﬂﬁeaf%?eoﬁe%a% ﬁhf‘aé\ﬁa‘f@f faf thenndtopf Thes gromitor

systolic, andisdd 8eQldeCadapted to receive the analog signal from the NIBPM via the interface
circuit, and analyze the data within the processing of the monitor in order to derive (and
display) the resultant measured value of blood pressure.
In a sixth aspect of the invention, an improved method of providing treatment to a
25  subject using the aforementioned apparatus and method is disclosed. The method generally
comprises: obtaining data from the subject using a sensing device; generating a first signal
based at least in part on the obtained data; conditioning the first signal using a conditioning
circuit to produce a second signal; providing the second signal to a monitoring device, the
latter producing a representation of a desired parameter, and providing treatment to the subject
30  based on the parametric representation. In one exemplary embodiment, the data obtained from

the subject comprises arterial hemodynamic data (e.g., pressure, velocity, kinetic energy)
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pressures) for use by the care-giver. The caregiver then prescribes a
course of treatnent (such as the adm nistration pharnmaceuticals, or

addi t i onawoOre63663 i ng) based on the displayed informati oRCTAGOBoIORE
Description of the Drawings Fig. 1 is a schematic diagram of an exenplary
prior art .ci.rcuit used i and _recover e t.signal from.a
passi ve roggélé%d;ﬁ%n 1% %‘g%l %gtgfé/gf’%ﬁlf Lllrrsl%nogglgllg’ealﬁ)&r lees gelrﬁé%%t drezlhcgdc L%Igf’nsf:bgqle).
15 Fig. 2Zfhismenseisdmaluiasorde adIBPN ofysenb atith as@dclkddd geerice CeikduithiTHe Hisital
electrically equivalent to that of Fig. 1. Fig. 3_.is_a schematic diagram
of the ec{ﬁPT\‘i‘%ﬁn@g{OﬂcW atierial gplogq pressure dengrgied; By dhe NIBEM sweted isoingrt foithe
Fig. 4 ¥ j : n i-d ' [ i '

ol ot i carREoERaE, BN RbATIYS P HPHERE"ERplal T 6L dlorhOLEY shem.
di agr @m fhet etectadbabaineag dystedgmked theuwohdivionéd glood, pressaer gignal whe dphayt e
circuit is sinplified to reflect ihe brioc?lg.e reaji stapce Rb al qne. Firég. 6.1s
a schematWa 8y PRARAT TERTERUMA Akl @5 Rl VENSSC Ot feapaptsiRhicr gofl riftasiolicce
a non- D%Fes%hlg:gﬁfor SQUBE end @ar@gfv'ei‘. %e%e%we\l %e%%r&&%%e?ékbﬁ@é of@éﬂé&@%t (sgé‘_h
Fig. 7 is a schematic diagramof an exenplary prior art passive bridge
devi ce ids| thet adminrsgratibie phespawsecadherreadditignah momiéorivgy ebaset ionathieodisplagmnal
applied at.the.drive input of the bridge. Fig. 8 is a schematic di agram of
one exengMOPaodi nent of the interface circuit of the invention. 30
Fig. 19 is partial schematic of a second enbodi nent of the interface circuit
of the invention, wherein optical isolators are disposed in the data path
to the DAC, thereby providi ngBriefiDesatiptign 06he3xa®apsUS03/ 03020 el ectri cal

i solation. Fi % 1? SI s Sghesch[%ngit ircmdci)ta%r am of1 one. exenpl ar.%/ enbodi nent of
the di sconnect &i I SUFECDEPTCOHAPTY Us B STAREN] LT FHHIGH T RS HE SoRtedes aide
circuit abcdvegshe Suput Signkl Frond Qapdssiva 1@kisaAcd blidgd add R at HispRABIE Aprb@arof
the wi ndowi ng function associated wwth 5 the conparator of the di sconnect
circuit dfansguger GPT).

15 Fig. 2 is a schematic diagram of a balanced bridge circuit which is electrically

equivalent to that of Fig. 1.

Fig. 3 is a schematic diagram of the equivalent circuit of Fig. 2, except in an
unbalanced condition.

Fig. 4 is a schematic diagram of an unbalanced bridge circuit which is electrically

20 equivalent to that of Fig. 3.

Fig. 5 is a schematic diagram of the unbalanced bridge circuit of Fig. 4, excerpt
wherein the circuit is simplified to reflect the bridge resistance Ry, alone.

Fig. 6 is a schematic diagram of an exemplary prior art circuit adapted to interface a
non-DPT signal source to a fixed DC drive voltage patient monitor.

25 Fig. 7 is a schematic diagram of an exemplary prior art passive bridge device
illustrating the response thereof to a sine wave excitation signal applied at the drive input of the
bridge.

Fig. 8 is a schematic diagram of one exemplary embodiment of the interface circuit of
the invention.

30 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
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Fig. 11 is a schematic diagramof a third enbodi nent of the interface
circuit of the invention, also conprising self-test functionality. Fig. 12
is a |l ogiwalo3fbmes di agramillustrati ng one exenpl ary enbo@Crarsn3/efo2d he

met hod of sinulating the tinme-variant output of a first device using a
second deYk%ggidagﬁed according 10 to the present invention. Fig. 13 is a
funct i ondl “BrBEROE"88r am of one exenpl ary enbodi ment of the apparatus for
non-i nvasi vel YrigERBidE RMethhie: Bho@sh OF RSkt piry @mbbiiniat SEHYeaBdcoRed tHERE
to the invention. Fig. 13a is a fungtlonal_gLock di agram of a second

enbodi nermptignalihesed ppeqrarission svithribainterfaca siroelf 9f Mgadienithg the bl ood
pressure of a J.Lv{ | C I he. | ° LLCHL LY. | .
di sposed pr oxiﬂﬁr%%'t feogtg'.;1 %ﬁﬁ@%ﬁgﬁt}gﬁ@é r%r}:l)éqn?é%r longfgﬁé %}? (%Og)‘}lélg ﬁ{?ﬁ{é 1 %%8?1%%F
di agr 8m ahe sorhparitdr efibedistemiecodirdulterfappaat us for non- invasively
measuring the bl ood pressure of a living subject, incorporating a wreless
(e.g., radi o Fgehuéneypchomisatiggragaehha %iu ?mgpﬁlmemaf the Wtestaes sEewit & R ew
of one e J; 4 : T8 i unit of the 20 apparatus of Fig.
14, .||ug??éiﬁ‘%%ﬁgﬁl%ﬂﬁ@“?%?ﬁ%ﬁ%?f?ﬁ%f?%%l = g. 15 is a logical flow diagram
illustrating diig Bxsrgdbgicyl ftovb dohigreamilluefratidpeomeedxdenghlarp Empodiviedi ofjthe meghadent
to a subject usi.ng the aforenentioned_.appar.atus and nethods. tajled .
Descr pt | SRt HBE PRy R OPEUFel b Abh RV TS IHBRA errad dgviche A forgaing
wher gign | kg puemr glentigf er to like parts throughout. It is noted that
while the invention is described herein primarily in terns of a nethod and
appar at us for Eigsiésisiangnt¢tivealHdoakddingrainolpae anenplay apfbodingent iof thel appanatus for

systemvia the .30 radial arter i.e. .St f. human subject, the
Thvent | ot e e Buipe o bt ol ighksibed A0Sttt Menrensionay
ot her | ocat i onge OMBatifg AMCEBAAL BRRY didsar8f b séoniRRIbb&HicAof thE 8fparatdefoYRon-
03/ 065633 PCT/ US03/ 03020 paraneters on ot her warm bl ooded species.
Fur t her nonegsively misasusingzbe gl@érm@qsmtemf 4 hviegtshlgact, mhyreiethedaigifage aippiiiceds
out si.de t e ggC?i %ai e{‘ti f(;%% esltlilclh %%itff)r exanpl e to pressure nonitoring
devi c1 s i ARPY Pflén%y% ene V\%é% '?"is desirable to have universal
functional ity mg 14 it er@eiARtbieR GeENET d therd seitdidigent @Y iteeapathtanfor non-
associ ated nmonitoring device. It can be 5 used to drive the signal
processi ngvasiveduimessyrae tgyblped aepssure e Hyingstibicsh ipempetsing ayireless (e.g.,

radio frequency ISM band) data link.

e

Fig. 14a is a perspective view of one embodiment of the monitor receiver unit of the
20  apparatus of Fig. 14, illustrating the form factor thereof.
Fig. 15 is a logical flow diagram illustrating one exemplary embodiment of the method

of providing treatment to a subject using the aforementioned apparatus and methods.

Detailed Description of the Invention

25
Reference is now made to the drawings wherein like numerals refer to like parts
throughout.
It is noted that while the invention is described herein primarily in terms of a method
and apparatus for assessing the hemodynamic parameters of the circulatory system via the
30  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
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processes tine-variant signals (e.g., 200 Hz or less). Al such
applications, adaptations and alternate enbodi nents are considered to fall
vvithi n t wovsopm3df the clains appended hereto. As used heceiusp3/odoeo t erm
“non-invasive bl ood pressure nonitor" or NI BPM' refers to any apparatus
adapted to neasure OL?estl %)%t e bl oo essure, FE’ a bl ood, vessel of
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1.25 m/ eren r.e The differential out of the
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drive, wt h arlAs-?lﬁﬁ’Jdl Heudle, 16 téhrﬁ“rﬁ% inVaxevesIpdd bredeure @fonitbi sordNIBRMENEf@E to
signal wll followthe bl ood pressure waveform applied to the device, which

20 vari estatapRatRshadapisdrto fReagwWErRsyestinsis: thej Wlaed pressuie vithin edlesd vesselmivad
b 50 e PUSHALISE T oiiRP A RE) UoRh AR obihy A8 A IR Rdlea MR R,

by synchr onousRefedimgow at Figg7 the sspqnst of agracmplatyhpridreart passive beixige davicon
sine wave. Recalling the transfer _f nctlon passive bri Es = Ed x

Ks x P (E§ STEovavesskeiigfian appiipd atihe BBV WAt 9{1@? E’Elﬁ%e sanplee fg%ﬁﬁwlm&P@f@ace
circuit L&ﬁ@c@mhgéftﬂﬂievﬁli@g%' 100, HeBupRS +8 mrmhitsema;té}s aR %ﬁlev\%a&aotggﬁﬁgswg% pe

a function of t he pressure signal P, and also a unction
exci tati ahe smitertlenﬁd)ltagmrbuﬁ@rt one-ﬂnelftthalasiphtudfemfcme @hivs hmﬂmget Hﬁttheabndge 700

mul ti %I i cation rrusla c{ake e betpﬁe bg abI es for ngerface
cirodbt 1onraReEPBicd HessEe T aenme g ) B stade s Aferel by apgpmmount
bi pol ar, &fual RaRhtaR HMRAALEBhE gﬁk‘hirnle %dveaamp@l@ud& at 38 F02Pddedk 764 BERE B 1.25

interface circuit is require o work for both DC drive, and AC drlve good
- 13 WO 03h¥656B3bwrdan/ diesnodoatione Breadiifeieniial eutp@qfnﬁ thedbxeﬁphc;ebnﬂn@ 700 of

interfac .ci cuit is.scaledt e _a transduc [ 0 t 1s.25 uVv
) "t i b b SR O Rk ant e 68 I R B e LT sEn e ittt or
the Oper@rtth@ Ripdferbeii STpAh KR foRBGaheblobl preskire 4fhvEorihPpHEd {d theUsticheviliess
than 0.833 uV/ oC. Furthernore, DPT's are only allowed a DC of fset of

1. 87%0nV \ariss grigh ucgylogwcfrefq,ugm Srecifenlly, the period of the blood pressure signal can
range between about 1.7 sec (35 beats / minute) to 0.25 sec (240 beats / minute). The blood

pressure waveform can be obtained by synchronously demodulating the output signal with the
drive excitation sine wave.
Recalling the transfer function of the passive bridge, Es=FEd xKsxP (Eqn. 10
25  above), it can be seen that the output of any interface circuit used to universally mimic or
“simulate” the passive bridge must be a function of both the pressure signal P, and also a
function of the drive excitation source E4. Further, the transfer function shows that a
multiplication must take place between the variables for the interface circuit to function the
same as the passive bridge. Since E4 can be bipolar, at least 2 quadrant multiplication is
30  implied.

Since the interface circuit is required to work for both DC drive, and AC drive, good
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5 the interface circuit nust neet that requirenment as well. Referring now
to Fig. 8, a first enbodinent of the inproved interface circuit 800 of the
i nventi orwomansseg t he foregoing requirenments is descri bedPCAGSh®M20 N Fi g.
8, the circuit 800 generally acts as an interface between the non-invasive

bl ood pre e .reasurenents.system. (.such .t hat nmanufact ured t he

Assi gnee ??#Sé%l ltyd%eqﬁ%[}!g%r&%%ett&lm? B Cﬂfﬁlﬁ‘%és\ﬁcéft?g t‘i@"’%ﬂﬁﬁﬁfaat&%%&%&? ORRpL
nunber of isdisf §&remnHgNvith b SSVINIU &fivear B tRél aift@erol MusPBS SsY ehddl | B89 g over the
transducer or _simlar sensing devices (not shown). Specifically, jack or

connect or OReratel tegnrResangs eht) none ¢or Caobe Whifiomusiupsplessethan 01838 uV / oC.
SXe 3 Contpkhape B ek BATE O NS RSB A Sle

provi de the 1 np I npedance,” nom na ecté he pre
to be BK thknmsterfhkerdiregit apet aleeithatwedirdnient af @egnent i oned passi ve bri dge

device, 15 the nitor 806_l ogks_for §%h an | npedance_in order to
determine if th eﬁg%l?%tooﬁgdgea figst grpberipent oidhe Iraproyed mtqr{ace shienit 8QLof the

Al ternat i ¥elMiont A8etRNhE Wre M% Ak I IehfiSs BESSIERE A %ﬁ%\%‘é irpf'i%.sgvﬁe Q#ﬁlgig 800

transducer by looking for the sighal at +S 814 or - he e I ment
of Fig. 8genewdlysacty s Rl intefadRibetoeen thenob-idivasiaebloadh prasppt yneassiegrat systfm

Ed/2 to the ,inputs, of t operatipnal amplifiers UlB 817 and U2A.818. The
oper at i onghel fg gﬁ{)ﬁ@“{“ﬁ%@%&?@ éﬁ% ‘é%?bé{gﬁol%?q Ao EPT . moBHoring devices
| Nt egrat eghagbfaGiuiicd by Ghyahithbdr 6f YiffRam! aalis eghiby %@map&@%w%w bridge

y )

Cor poration, although other types, integrated or otherw Se, e use
The const ranstiess andmdpe sensing devicesuGlot shewal i Speeificaliyp| ja¢h er soanetavell 802

known in _t I ic a .iand accor di ngl re not described furth
nor e n. | ePRESE T4 BRifoR S0 mRE RERE AR kTl -GS et o) [
(assume nResistorsal 810 aid R 12sprsvide dRbindaPinhRidane, RULRAESSeRbtel BE sk ant
di scussion), so that the voltage of their output signals are also

r epr esent @abasiimepfdo be| 3% plyrs h Dyrime pperatiens with shesafpeengptionsipard ve bridgodpice,

t he p i f i fi he +S 814, and.-S.816 ter.m nal.s of
t he ?f;st angtfl:? G idé(?ﬁgdﬁtss ;gﬁt log %% %%%ggérh %r} ?@gﬁa&%ﬁ% b r%\% P ee?eémérilef ?é&‘g Rase Shdsst

i npedancetrafsd3@0 iobiestrically kenmetedt Alterrativéloutl hoéniwr|habete@hé @edsah®doft Hat

ot her resistance val ue ma% \tiPe subg%i tuted, The aforenentioned A2277 30
anpl i fi erP3sEveRIdss FaTdser Py lpdangior thesignal atysS 344 orarig816w drift (e.g., 0.1

O ) et botnihoul v s bk 9 43 O0La 0K B
nHg pr essUE#) to Thet miputiroff twoobparatinak taghfiers WOIB $1Dand (&2 848 Tied oferbtibray er
LR A T G NS S T
manufactured by Texas Instruments Corporation, although other types, integrated or otherwise,
may be used. The construction and operation of such operational amplifiers are well known in
the electronic arts, and accordingly are not described further herein. Both operational
amplifiers are configured as voltage followers (assume no current flow in resistor R5 820 for
25  purposes of the instant discussion), so that the voltage of their output signals are also
represented by the relationship Ey/2. Resistors R2 822 and R3 824 couple the output signals of
the amplifiers to the +S 814 and —S 816 terminals of the transducer output connector J1 802,
and provide a differential output impedance of 300 ohms to the monitor, although it will be
appreciated that other resistance values may be substituted. The aforementioned OPA2277
30  amplifier is an extremely low offset (e.g., 25 uV) and low drift (e.g., 0.1 uV /°C) device, so the

output offset is only on the order of 50 uV worst case (which corresponds to approximately 2
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by unity gain anplifier ULA 826 of the type well known in the art, and
applied to the reverence 5 input of a 12-bit, bipolar, nmultiplying

di gi t al - twoanabwgs converter (DAC) U3 830. Wiile the presemCTarshydiorent uses
a 12-bit DAC, it vvi || be recognized that DACs having other bit resolutions

(o g, »hable sl Toia) RLls wl ssbr only Shibe PGt T Wy VRS TNEC 3P iy

enbodi mentmpéhRrdRARgsUPports the bipolar nultiplication function. The
digital |nputs 832, 834, 836 of the DAC 830 carry the 10 bl ood Er essure
wavef or m si gnahs gownhia ﬂp¢ examplagresguidinaent of Rigo §g thstdxeitatfonniliagnEy isttvéfeBuic

830 perfqrns.the.requi i on ction,described..by the bridge
ranater WUTRNTSH SOAEUIY kA BLEBp N LUIEH An B8 390 8 ip ety

i s coBneghgd dffe azibﬁed@@qtég hmﬁﬁ)lyﬁﬂg) digitahtopeiled taRatteaIPATH T 830,2Bh84 Zheand
U4 844 to form a_ bipolar, grarrmable floatlng current source. In

oper at i Orpreqeﬁ@embpdlgggt ypes Q He-tilePéyle e avill isyrecoarazesk ﬂlah@mh%@g Ofhes it an
t | f t Rkt h

oA count SRR Gtnjsrbic! RELAZAOME R0y M GRS ROt Bl e

(1 OK ohnBACE) mhyg also ésenilizedrihdate radsntthatam tirepre st Embdeehz'“cthB(ACbﬁuﬁpbﬁs BAC

830. The _ .DAC su cti.on (no is.h I 0 vol

f eedback 24eq! ilroﬁlugm ’éi%bc} fn‘foSPOIUZ'éi g’z@*f étsd?(sﬁngg’ 4 gfythey ]bi&p #0 sarrythe pe

DAC 830 itiodH Mefulywhetiain Sindibf tRDAEsant eg‘goiﬁrﬂgn{ Eﬂﬁmn%%}her 480080 tibac

signal is supplied by inst rurrent ation amplifier whi ch T's ¢onfTgured
for a gai830qgferformg ding tegpired nnbeplpradion rfunm\vba@sma:ﬂ.bythe\hrrdgadranﬁfet tfgnction,
connection &f@ ofllﬁsqr\/\%zacross resistor R6 854 becones: 30 ER6 = Ed x N
(Egn. 15) naing 03/ 065633 PCT/ US03/ 03020 Amplifier WU2B 842 will
adjust its output voltage to satisfy Eqn. 15 above. The voltage at the
other end of resistor R6 854 is equal to Ed/2. Thus, the voltage at the
output of anplifier U2B £€42 becones: 5 (Eqn. 13)

15
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 magnitude of
which that is a function of the DAC count, N. This current flows through an internal feedback

20  resistor (10K ohms in the present embodiment) connected to pin “2” 850 of the DAC 830. The
DAC summing junction (not shown) is held at 0 volts by the feedback action of amplifier U2B
842. The output voltage at pin “2” of the DAC 830 is given by Equation 14:

N

PDAC = —Ed x (Eqn. 14)
4096
25
This signal is supplied by instrumentation amplifier U4 844, which is configured for a gain of
1 (unity) in the present embodiment. By virtue of its connection, the voltage across resistor R6
854 becomes:
N .
30 ER6 = Ed x (Eqn. 15)
4096
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E(U2B7) = Ed - [Ed x 4096 (Eqn. 16) The output current which flows through
R6 854, also flows through R5 820, which adds to the signal at the output
of U2A 8180 0Bwessah be shown through anal ysis that the curPemtushs/asng 10
through R6 854 is given by the followng relationship: I = Ed X N (Eqn. 17)
R6 4096 Where N is the count progranmed into the DAC 830 via the

serial -to-parallel interface (SPI) 15 (pins "5", "6", and "7") 832, 834,
836. In tnﬁlphhlmug%mgdmﬁ 8 BlipullvSiie he s§t§‘stfy fah. pg%ov\éalme vBIthe &% th®
4095. Hence, if Ed 5.0 and N = 3000 counts,” the current

44. 388 uﬂhgeqndainemﬁm. Re§64 i ¢raal wsEdheThus, the WpéﬂagegfethE@umt/ef &Blshﬁer U2B
polarity, %$%§ &he current | reverses direction, and the output signal at
+S 814 re &g S%ase The current | devel ops a voltage across R5 820 given
by the follow ng equation: 20 ER5 = R5 x Ed x N (Eqn. 18) R6 4096 This
makes the out put at U2A 818 equaéﬁéo 25dg(+ S)_ Ed +[R5x R6 x 4N6] (Eqn.
19) -16 WD 03/065633 P 0 0 in he voltage at ~S 8 S also
Ed/ 2, then the dlfferenfﬁhyﬁg§jpu§ % §Ea5§§ideN (Egn. 20) G§ é%where

Ks= R5,and 0-N<_4095. Note that if t e pressure P is substituted for the
quantity N 4096, Eqn. 20 has the same formas the transfer function for

t he passive bridge prevj ogéiy descrj bed herein. The ratio of R5 820

854 sets {eOWBHSUTeRs viich oy thigueh RE 85d, dlse flows HyongeRs 82P; wich faé<#s ﬁoﬁbe
pressure §1%|12ansc& e &H?lgt[ &0 ARG, e R he shbRh tﬁgg‘dgh %rélst e KSrént ﬂowm%

0. 002048. 10 aiso that I1n the present e constants ar
arr anded thooughd6 §¥es galendydhe fdllsmmlazmsns}ﬁpl mHg / count Thus N = 3000
yields 3000 x 0.1 = 300 mHg. Additionally, in the present inplenentation,
resistors R1 810 and R4 812 are sel ected

Ed N
" R6 4096

(Eqn. 17)
Where N is the count programmed into the DAC 830 via the serial-to-parallel iﬁterface (SPI)
15  (pins “5”, “6”, and “7”) 832, 834, 836. In the illustrated embodiment, N can be set for any
value from 0 to 4095. Hence, if Eq4 is 5.0 V and N = 3000 counts, the current I will be 44.388
uA per Eqn. 17. Note that as the drive voltage E4 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:

20

ERS = R5><E—d>< N (Eqgn. 18)
R6 4096
This makes the output at U2A 818 equal to:
25
Ed Ed N

E+S +| RS X —x—— Eqn. 19
(5)= [ ><1{6X4096} (Ean. 19)
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to be low tenpco (25 ppnfoC) and matched to 0.1% Resistors R5 820 and R6
854 are also |low tenpco types (10 ppm/ oC), and have accuracy better than
or equal wo03/06e%% I|deally, the 15 resistors (R5 AND R6) ®hoaisdy/m®2@ custom
network in a comon thernmal environnent so that differential therma

gradi ents_are nln m zed e _val yes of .R5 820 and R6 854 shown, the
noni nal acwRgy H’éyo get*fjfe Soﬁ%dﬁﬁggﬁﬁa&‘epgledhgﬁﬁ?fl%%é’m TS within 0.02% at 300
nHg. One of the advantages of the circuit 800 of the enbodinment of Fig. 8
is that the circuit 1is capable of utilizing a digital representation of

t he bl ood pressure P) K npidt< Xi gnal , as 20 opposed to rquéﬂrx?it Bg)r an anal og
representation of t 2 "BP apgpal . This capability is signifi omthe
perspective that any del eterious effects on accuracy, drift, and

non- IlneaWh@y associated wth the anal og synthesis are av0|ded since no
conver si on betmeenR he digital and analog domains is perfornmed prior to

i nput.5 The cirgyit—806nd § Asaaslyant ageously ratio-nmetric with respect to
the drive signal E86 25 supplied by the nonitor to which the circuit is
connected. Specifically, any change in Ed is also reflected in the proper
rati o at Nefe thﬁ!iﬁfpih@ BfGS@l%tHéB Susstiwb@ 6yr thehpaotity PUH0%XG &2 tof thetseme iforeuiad the

800 dj d.th f herently |
descr | bod By CCHIRtPBR o Pl EPR ke hiaR PR RS o Re. Ac yer

anot her advant 'Bl‘ikeratldl(ﬂlﬁii&mt’cﬁk@s& Bé&ts @e §ehﬁt1(/ﬁi§' ghitaldr th@%r@l'uﬂ Rk tl'lesscahng
readily acconplished prior to inputting the 'signal to the C'830, so any

BP -17 Wor 0% peswstrpsiySodianobe eemnls. fendpdl /i ¥d IamHgG)IKSaT 0i002@4% Nodien
be c ve s C ues

CfL by e B ek BAauay P Rl PLERERTH IR TR BUER Rlsckligy
varl ant) &i goaHg / cdbwits Thesdiss 00 ;tlaldsemb 0011 =a300ewi.gi tal r epr esent ation

of the BP valu at DAC 830 whenever the BP val ue changes
Assi gnee her eo‘gd‘iifggnaﬁg’t @H?{efi&?sqnhuﬁﬂe’é‘%t%?férr?lﬁﬁlﬁlR]cﬁi(? avd Rﬂdﬁ@ ay%lﬁ‘ﬂé@e(ber

cardi ac c%odeqowtel\ﬁ de 2y r@hgb@mndf ﬁﬁf&h&i LO('S‘Wa' Rag4gh B bey aIVd'?‘ﬂzB'% 4 (aPé[ gher

or lower) may be u ed consi st ent e invention. suc app i ¢atfon,
each val uewdkmisce gipes (HpproX ofhtaakdyhage asescy bettaatian spequapttad.05%. Dfeallﬁ&h@AC

830 b f | et ithin 3 i.e., 1000 val 3E-
cocs v upsoeh QBT RBR b LY Sbtdr néurar d epSiriongbemel nviroreisghrg 1280
msec. | n difeRhAfth&Shal tadscdis 56 nShRRed. NEdr RS vAIW ﬁﬁ@z@é&?&ké 882 LG dh&cC

cycle is sufficient to define typical blood pressure waveformsi gnatures.
This all dwsmaalsmﬁw‘aey pkithe oatput signal $s ddd@ntegedusly withie 026 atrBQﬁ)rrdmngt 0

Car Tbrati on, e RECHT RS ol el R b sickiect s B B2 SRRl

is capable of utilizing a digital representation of the blood pressure (BP) input signal, as

20  opposed to requiring an analog representation of the BP signal. This capability is significant
from the perspective that any deleterious effects on accuracy, drift, and non-linearity associated
with the analog synthesis are avoided, since no conversion between the digital and analog
domains is performed prior to input.

The circuit 800 is also advantageously ratio-metric with respect to the drive signal Eq

25  supplied by the monitor to which the circuit is connected. Specifically, any change in Ed is also
reflected in the proper ratio at the outputs +S and —S. Also, the output scaling of the circuit
800 is adjustable, and the transfer function is inherently linear as described by equation 20,
where Ks is the ratio of RS to R6. As yet another advantage, digital processing of the (digital)
BP signal is readily accomplished prior to inputting the signal to the DAC 830, so any BP
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nonitoring device can be zeroed (via, for exanple, its front-panel
transducer zero control). In 15 the context of the previous exanple, the
DAC 830 cwap oBlerssbe set to N=1000, which correlates to 10®@Cwrtdg3/03Dke s
approach provides a constant output which is easily displayed on the

moni tor, and.further provid span calibratjon.check. |f for any reason
The. mon: ¢ e ipafEs SOV ERGs SRR Bartry St he bR oush il huteeoanee,
t hen t hatteydigges@thdd9pé @aHKhYwn ePHR@Rsat ed for, such as for exanple

t hrough insertion of an error termvia the non-invasive 20 bl ood pressure

noni t or (NI BPMpingg bleodinraspure ffea éynague {i.¢.dins wasisingtsighal, litis opessexe trpiead put a

mbodi .m i t.h d_i t '
ool o dhev IR BE R et R P S AL L B il RSgpnecs
al t hough DhidAssigiek el haohdta@iiat Of an eldagilavy 26lidHE¥n DE00SAthewhbhcagdibdbycle

success. In another enbodi nent. of the interface circuit 900 of the )

i nvent i onPIPEdg. subfjcient esodtims although othes gialiiesi(highen erclewenomay By usgBepnsistanhe
DAC 930 i [ t i a i [ . n
Ceol ated sanar et 48 94 AR Bndhelbl e N BREhREo BRI £yttt 106
used to pagweting hetheilDAdUi&30330 be Phifernapiprongddtelgdvidih dgaoesl.y., ph0dviaties x 3E-
conpl ete 64 oat/i isolation of the interface circuit, .and elim nates any
pot enti al V% ¢ ¥ﬂrj‘g€i)nd T} GOPRArOGmie Fstest §7rdigga¢ycls OCg iy o 208 rmesss eddy,

and tite |hk@ice3® ddn Mé khowie thR GO IBWZRI4E Batnpl &urlibe cfyaquggﬂg'e%@&(éﬂeﬁﬁéﬂ S
of the interface circuit of the invention (i.e., Figs’ 8 an ; are cast
in terns typical Blopepeesare ovavetam sgmpoasnibis(allows,a sanffec W 0818656360 Hz for

PCT/ US03/ 93020~ .operati onal anplifi.ers, resist apaci.tors, etc.)

ar r anged tglﬁ%ér‘uc 1%(‘2@8? tté’ﬁf"%??’ﬁ?%& cardiag giyples B%i‘? %{Osl?er"i‘ﬁs I%r PEBFE, and even
anci | | ary conppsets §iofitcalbiafien, ek tTHACNSR0 b4 8eREHER=DNand AR MachBd €
integrated circuit (1C) devices using any of the well understood

seni conduBpwforingedaving cay erreed (siadior skahplat itofiontawnal tqeméléuq@n @wg cootrolho&e
f . ) . DFE { t
of ordi nagy skl e tl?é’ﬁ%ylo?l% g;ga'{sngﬁ}g d[hg D(Cﬂ/ié 850t g%én %é’ Eﬁr}é{gﬁ%lﬁﬁ& v&lgcgl? f:(g’ae_latg%r

el ectroni ¢ conponents sin evice

exanpl e, tohE0shgitad. Ahicepgoich ADGdeandonshay bapet which U tea8BO0diEBYy&l bnABe
enbodi ed as an appilul gatl on specific jntegrated circuit (ASIC) on a single
si i con dpenitety pikfurther ayidaemsrancalibration Hepckh & 195 anysreapan the proaitpydisplext 2d

ol SEUREShras oo s0ceans kel bl MAED B 5480008 P 1AHS
Di sconnectonfiensated foRefiehrasifgr exampile tirbagh hertionef ax enpl iy Antiadhaeitvagfe
the r‘%ni tﬁgog ip?ecs(s)ur}gen%gni%rr &HHB&’M) 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 (softvsare or

otherwise) may be used with equal success.
In another embodiment of the interface circuit 900 of the invention (Fig. 9), the digital
25  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 loops, compromise of

patient and/or operator safety, and the like.

30 It will be recognized that while the foregoing embodiments of the interface circuit of

the invention (i.e., Figs. 8 and 9) are cast in terms of discrete electrical components (i.c.,
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15 1000 of the invention is described. This circuit 1000 detects the
presence of an electrically connected patient nonitoring device by

det ect i ngwDhg/06t6BY e si gnal the nonitor uses to excite thePCcharsn&diogo
connect ed passive bri dge. Rather than detecting this signal directly, the

circuit 1000 ered version of the nal (Pin 1 of ULA 826

in Fig. 8‘3perart 8I3p%§%rﬁf reﬂf B%i ‘f?pﬁ?lifrs %69 &Wi ]g eﬁrgﬂ?rg rPrHﬁ?fiL circit

oper at i onbgfd, tihe cBtsie enaasen Ghéidit o}meh@ a@&i&éi’&lsﬂfefebbﬁﬂr néaz bd érhﬁé&lé&iﬁﬁd
in Fig. 10, the drive s;*?nal Ed is applied to cogﬁarat ors 1012 and

1014.  Theecompareatgerated exeit Q) dlevisss using sy afyihe @@ilslﬂldﬁl§t®ﬂlsem@mdu§tﬁ5

embodi morio Epgiryisand SPERE BEMATE BT oo o Bl i 6E e

U8B 1614 difuitemay er’tdﬁwlmnﬂiare&tc&bnlardoﬁmﬂ)ﬁéiﬁﬁltofjtﬂe?éeraﬁ@ d&vidd @sf RIBPM) if
function, _as |Ilustrated in Fig. 10a. Thus, as long as sone part of the
drive si gifsired-wEfe FEARRIEX é@eé@nﬁlhér%ﬁﬁﬁfat*ﬁ@@ ofndy § erﬁarcéd@fcélﬂtrﬁ;%dn%yalaﬂebe

(e.9., I Mdodiddss %ﬁ%ﬁcaaants 1ﬁé"4rﬁ’%‘?¥¥ o QUL @%grq ?JB A&‘é’ 5@‘5&

configuration ensures that any signa
or duty carcingemeith I(mbblddgtthcmwObmﬂth;ée witegtatad cccrnquadamoess) faﬁar aitadc@yempllae:d

conpar at or, 12,. 1014 .and o onnec on 1022. The Io ut i npedance
of e S pio e B8R b PihofRERs Tol 2 AR ga.be SEme A dhe elpims pofinaed

t hrough rigséigt or R24 1028. As long as the voltage across Cl1 1026 is |ess
than the threshold of conparator WA 1030 (e.g., +1V), the output of
conparator U9A 1030 will be low If the drive signal Ed is |ost due -19 WO
03/ 065633DRCHINAB03FA8020 to an el ectrically di sconnected nonitor, then the
out put of the wi ndow conparator arrangenent 1024 goes to a high inpedance

state, and ClIR#moSioar toSFik01G bak @ﬁ‘erﬁllﬂala/ S REMES ofThd ﬁ‘lgﬁlt&edlgzonnecféiﬁun
t hrough resistor R22 1034. \Wen the voltage across (1 1026 exceeds the

pr edeer t098PhtaE javeuaiog is deseybed.cHnpgitanibA 00 dewes theipprsenagoefsarhelgtirically

i ndi cati Ie i.sconnect e

const ant n%f%’&? db :J[?ﬁe mgH ]?(!érﬁ:lﬁ%e'r\{%clego che ecgﬁg@riﬁfﬁna anﬁnitoﬁbsfét[o SifFiteithe
appr oxi madczingllst 06niESetigrasdiiebddel ERatbdiakivh deledting thiksippbr d@itedy, @ERRGHITTENH0
The use of a conparatjvely long tine constant in the illustrated enbodi nent

ensures tRGKS ArerAHEERdV T B Ofﬁle siggal(Pin 5 oEH1AS26dR FimiiSe. 1pkales Eqird 810 hykigof
a sine drive signal, are not detected by the circuit 1000. For the
af orementioned 100 nS tinme constant, the 10 drive signal frequency can
advarlageous| yTler omsasctioomarak opdratiin 40 theHEiscanheacditealt 1008CE im0 désoMBMETrAs

he o VouShAREl ESOHTEY fee s, bt e FLCULL ML ChROL el 3H
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
25  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., |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
30 window comparator arrangement discharges capacitor C11 1026 through resistor R24 1028.
As long as the voltage across C11 1026 is less than the threshold of comparator U9A 1030
(e.g., +1V), the output of comparator U9A 1030 will be low. If the drive signal Eq is lost due
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It is noted that the output from conparator UIA 1030 conprises a logic

| evel - conpatible signal that can be read by an input/output (1/0O port of
any proceso®ms/06shi ng from 15 a 5V 1042 supply. Note thaPCTiuso®0dodA 1030
is an open col |l ector conparator, R23 1038 can be returned to any supply
voltage such as 1.5V,.. 1.8V, or 3.3V for. conpatibility.with a wide range of
moder o mitrhsrorialy ptalaelamonir uct wh SHPRLpe Sl ndlopfrarednttt

I nt ei f aee(029¢obd HCOMRR Gihpedante tinte, Whd (158016 Fiass toRaTaSd toGkeRRWAtWIthid(e o 1,
yet another enbodi ment of the interface circuit (with disconnect crircuit)
of the pried@nthrpegledesigar iR22ad8di beWhen ¢ thei voltage aopesd GlHatl02¢ exveeds the

mbodi ment ikeujt 1100 i t vi de .enh
Funct i ondit ey fes (OF, SUSA komddr ity FASPLEENL Lol BTN B 0e

and 18, anehifor g elStritdE disiongectl. TTht gisde dRsthbNG) fREL dbictidSis 4S5 RELHo34N
greater detail below The circuit 1100 of Fig. 11 al so has greater

conpl exi tapd Rdhell26, aaddisasppwinwgely HWy npe fopttheranalyesr shapml it 4he¢ dHustvatet e
its enh . i onal i ty | i . the | d, cost |
1 S e HOTR Lk 4 N R B RS

not a signi e supply vo

various anaregtlel bmumdntary dbsstdfesigrialitsmich as @eodic ubto- L1d¥0ings of & &inet Wave drive 5
in order to reduce the p requi renents and heat eneration rate of

wer requ . 30 |
the circuigne f%POtéﬁECFG%YﬁE? gucit 1909. kgrithgaforementipprg ?Qodﬁﬁltme, cqngiant, the

Vol t age. IV dere sraad by R VR 8 baEdsT Pt ATs s Hkb sty
1112, as loorpear 8 drovetsimabfre@rgeyresctivod biFitlyscirditaumidl c]iarac%lnietim]ltyﬂathamfmwhlB

1126 is gl.so configured to_ dri.ye reference input 1148 of the DAC U6
1130, andigliE YRgHBA pgd%0{5A0§§<§ég- and U1 B 1172, via switch SIB 1174,

The vol tage Ed{3s Lb&d tmt ahs Cbutﬁﬁdﬁoﬁy%rhﬁa{%t@r ttw A hy36/ Q)ng%gb\ég rd %g[iél el

shown) for neasurenent. Furthernore, in order to 5 conpen e for e scale
f act or ercovatiblatsignekthascagie read bhas inpokbutgur @Q)qrort efhemyresiesiaamueinafroes

of resisto 1120, 1154 V, een chan .. Wth the ratj

o, 151 rrpdh iiny B GRSy PR BB B PPALEfeor somarator B8 Tofhewn
nrHg.  Addjet leinddd! 16, anyBppIETRIEABE Suchodst BFTS 1R of Res i BPEy ALar

1170, and U1IB 1172 tgf_ F%g Ci r‘guit 1100 have Beeﬁgﬁﬂgﬁ’ﬁ@?om jmﬁ/%
+/ - 0. 5V.rangei of maglegrminrpprioedseersloy otheopastsangi ng t he val ues of the resistors
in the divider; R3 1176, R4 1178, and R5 1180. As shown in Fig. 11, the
out put conparator for the nonitor detector circuit utilizes a Schm dt
trigger logic gate, NC7/7WZ14 1181. Its output can drive either 3.3V or 5V

|l ogic devices, although it will be recognized that other devices adapted
to pr28vi ddtespgie Egbodiment of Interface( and Disconnect) 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, including self-test

25  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

U11B 1126 buffers the drive voltage Ed 1108 (+E) after the voltage divider formed by R19
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functionality yet different dive voltages, may be substituted. The out put
of the conparator 15 1181 is read directly by the m croprocessor (or other
conpar ablwopsoe®3xi ng device). The circuit 1100 of Fig. 1Pcaltso3/iined udes
radio frequency interference (RFlI) protection via choke Ti 1165, and

capaci tor , 168, and C2 r os a i

di schargei%%%?dlﬁigt%gl on%%g}p'a{elgrzto ST PEHECHISAL o lg§6€ﬁ%dcﬁg ﬁ}EtOB{H" ?ﬁ@iws
al so protizeds visa mﬁgmxedltba@evecﬂﬁrmfép&o&li&ﬂut PB4 of SsDIA©TUE N30, and the.
protection, the ran?e of the f)at ient nonitor drive voltage }+E 1108 is

limted t&omparatprssYIAqH795and HJB 133, pesvichSIP Hgherscedtage H/2c1 1620k talso
1100 of Fifge b3.i#p80td i€ l&/‘ﬂféoﬂeﬁgllhg)tot[ §ﬁc§w@u1{?> ?I%Ja(s\’ﬁ{'eﬁl ?4%171“?%%6%5?20&&% tges

an i ndependent neans o insurin
noni t of 86&mpsnsatorforetht scalt lfa&to:rl elmou that yechts/due t tm@%d@@@atﬁchf; the Bsighea Rilues

detail. In.order t an | ndependent neans of insuring that the patient
moni t or ¢ P &EHor 51?7 QS&FU Wd %Frl?@fll“ghang% Witk Hswrtiexele?4thal :1dr These

vol tage fpRddiRoRALdes e dRMsLLle ERM: £96 ¢ gonect ed, and a known
ref erence si gnaI011855useed |nsst egg i ﬁ ‘lﬁﬁustr ‘ed enbodi ment, the

known r ef er encédiiiogelhgrthe e@feltwceavqﬂtms §csr the vtindew rcofn@rtoe € eVl Ce, {ndot1B

hown), whj i d 500 vol A 1186 and S| B 1174
of oot | vorbiaes B Siear TdTnirbeclichdiesd sors AdubRore S i oscanpisios by
controd | eéhéihfgn‘%hﬁe salaésofahe %&tdrs)in tlhb agiddVk3 3186 R4 1178008 §pfgPper ation S

1 Ais off SIBis on. When it is desired to check the functlon of the
PM circuit, T®mIshawginiFig. alds éret @Iﬂpmrmpaeﬂtcr 1 Ahdl ti®@itbwdetsctancianudt Bl1Bed 474

turns off 0 0 20 di conn ct e r nal
PM drive g?hglﬂa tré%'%% 10@% { Ef? ; %ﬁglr!ﬁ]lyf :ﬂf PGP bvg etlglef ﬁe”vmgx\tlgoglc
1148 U7A advdides, WRBoddhl 8 Wil bé kddghizeanthat) dth& Hidvides -Ehﬁaté@\ﬂb-rﬂavﬁiét Bithilar
1182 shoul d go high for this_condition, and can be verified by t

m cr opr ocB¥sBenalivhiet diffseak siveneolinges.imay be submsitwed. c Jie Ctu@ltﬂeltféhet comparator
conneg i oy 0t 08 AV ef erence eh ves the
sane as a 51 85) \f%& ggyréﬂ{%ﬁ% ?%tﬁ%rkgﬁ%g%er n#éalbhp HEHE LTt er ence
1185 can be redbe blycmt BHosttFig/ 11 slonueiides rddio freqiamen inteiferchee(RIUS prokectibn
buffer UL1A Wé g ﬁFN[[)}HeMSQ Thi_s_advant ageousl y rovi des an
i ndependel € Thel fanastieis. C1o 1A96; 124 Hd6 %e 4olt6fetando @Bt 119 of
the cir CUEfecﬂ*ésQQlc diha bfe {‘(SHN Bl Jaf 1‘&
this condition, which g%%guﬁbﬁg% aC n spta h m&% e ou eC?% &Rﬁg&wqgi]ﬁ
and U7B 1111@816ad eim omlh‘aﬂtage €5 O 9\/1)1843 Alsdaesdshly otf his rprdueéfﬁcﬁr eh@@angewfcthbe
Izlelr Ss%ot)at% 1€ f,r%l(g }[cvleer eaefl-%)%lflé Psllhglté)cfto +, t7 8{7 u1p15t\9 p?p5 uviin the
As previously referenced, the circuit 1100 of Fig. 11 also includes a self-test sub-circuit
1177, which provides an independent means of insuring that the output signal to the 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
25 functioning correctly, the unknown external drive voltage from the patient monitor (PM) 806 is
disconnected, and a known reference signal 1185 used instead. In the illustrated embodiment,
the known reference is generated by a precise voltage reference device (not shown), which
provides +2.500 volts to STA 1186. S1A 1186 and S1B 1174 effectively form an electronic
single pole double throw switch which is controlled by the state of control line TMAI 1187. In
30 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 and S1B 1174 turns off. This
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differential output can therefore be as much as 50 uV, which is equival ent
to 2 nmHg for a5V drive. In order to neasure this output signal ULO 1190
i S connecwed3acyess t he outputs of U7ZA 15 1117 and U7B 11P8Tiuspdesyho
resistors R13 1122 and R6 1124. Ul0's gain is set to 400 via R16 1191 and

R15 1192. .. t Sl FDBK. 11 h has cal e or.of 1

i v ESr TR B sReBARPM oV dEnd Rl 8 SRR 2:3°Y dfisBing T he o
nV. The DAOCNGKIDIS BIA 194 U7628118] 96.A RLAD), k0861 Rnt718hd MBNETORN@uigaput
of ULO 1190, forma single pole |ow pass filter with a nom nal cutoff

frequencyl R sheuldigo Righnos dhisi oudikignaand gan pe erified &y, theHisropreaeesor.  This

prevents fj r i : r e i 0,18 chi.n KiS

Ut put . Ut B SBHRTRE GLEREE 10 HORERARELE [ P20 TR BLET

of f set5 mueferalcsdbehbeescthepanzaised 15.000eVi driveegiprseidn thé exBriarMasTHebIsV

Switch SIC. 1198 j.s_used for this u e. Switch SILC 1198 i.s pl aced across

the out puFETHFR 1_1@%76?113%? ey fﬁgg%gzﬁgw%%Kg%ﬂ@wmylaﬁlz@%m Frduileps.

Swi tch SIG1 149888 % TRHFM_@I\P['I@VNFhi%la%%aﬂég&ﬁ%gkﬁﬁﬁdé &?irgéagr@@ge %8@9?( 'oé-mé S
an 1 an

shorts out the differential offset error of 1117,
al l ows tiséer@ic® converter (not shown) to neasure the offset error of ULO

1190 at TLFDBK_.1193 Switch.,.SIC 1198 is.then o d t A/ D (not

shown) again nEAStHRshE ﬁgmo?ﬁfi?ﬁfo%cﬁgﬁlBft@l%uﬁﬁﬁ%ﬁbgﬁ‘g@éggo ThPew et {9e2
repr egent ouhhef D00e UAGEthisSdoaRRlonD#hRY sRhERR\EH nindE RRmalPMe SRPuS IR U7A
becone t he baseline against which all non-zero outputsS are referenced. 30

It shoul dlHé, aest BdBt Hd8 a5¢ naeiwatly -oi-5G0evadist i [deallyethsindéfifierancs weulil hetdem, but

Channel altoLarulEa pave anfiule S35’ Gl GG R s eleh, S SH BB o e ¢ The
ei t her nedisforeati®nutfialchs thetdfsicd? o3 npicBde 0 Vi, Retthia B@Eyalbiad 2anmhalgltbr a 5 V

condition_exists, and an alarmis generated (()e. g., visual, audible, etc.),
or ot her Ubfdilfoster énmspane thisewpuhagnahtilPil80 &5 conaecied errassithaewtprisiofU7A

Not e that I \ : > f !

it £ orvang Lo n 78! DEEs NSt 100109 4y RATIZRCEN 6.0t 108 0 308 MaRyg

1199 = 1,119 amd RDACI19230 Bruottpat GRHAlL TLGDBIK i f193t thes deakna acderacyr off the
i it 1100, DAC 1130 i s, set f 10Q0. Thi houl d | t

“h an outBUCREH AP s £6 cpiihon HoRR o Bikbeveing maes obr 0V, Tha oo

mHg) . SingRoKIG HilPP1a4 3031 BE, Alio 31996%{@@ 1170t B t%k@]@!n?jb,g% a

1193 should 10 be 1.000 'V above the zero reference va est abl'i'she
earlier. difgle ipelentosspassridrer Widl h ioouna icdeff freguendptodring Ketl: whageonfidvesd as

faul t i L st d | th dition) i d.
pot h the a8k £ s Sien Bte i sferlhhveRie ety poay eroury Vb 198 ol Heitre

the circuid output. U10 1190 itself has an offset which can be as much as 50 uV. This offset must also

f

be compensated since it represents +/- 2 mmHg as well. Switch S1C 1198 is used for this
purpose. Switch S1C 1198 is placed across the outputs U7A 1117, and U7B 1118 through
resistors R13 1122 and R6 1124. Switch S1C 1198 is turned on ZMAI 1199 is asserted true

25  (logic 0). This shorts out the differential offset error of U7A 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 against which all non-zero outputs are referenced.

30 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
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is reset toits normal condition: TMAI 1187 = 0, and ZMAI 1199 = 1. Anot her
advant ageous aspect of the self test sub-circuit 1177 is that it can assess
the 15 pwopenésperati on of the nonitor adapter interfacePCTruso3/0302d00
during normal operation if the external PMuses a constant DC drive
signal. Thi sgjs true for

nost . .nodern noni.tors, although 0 stj.l.l use
o1 Ther a oG nt GivE TReEPRGE, 147 O4o Rt hr fEnZonR & TR P EROUFRTS | s
used, the,AV ) A0RY e Lekersad (BBaASHIAL thaival de), ofr dthe daneorsiamal éﬁc}E@{ez
1162. By knowing this, the output for any pressure signal value can be

conput ed,writhg afclapratoedrasgdile)s tNate ehan theieaterd P ot baizasordoiotconipeTdakDIBIK the

conai t1 o elae e e REe PR MGGl SREL IO I FRYEA W aMaf ™ L

acti og t akg@mAC As30 esunexampbe of the foregoing, assune the external patient
nonitor drive is +6.000 Volts. The A/D would neasure +3.000 volts at ED/ 2
1162. Know ng that the actual drive voltage is 2 X +3.000 = +6.000 volts,

ity X ( +6. 000 VT Tk iR ayied ot it fiftub oo the BRGHacR shidog dsal ol
mHg.  ForThis fould xahlten af ol0t S to (HAGIiA0s@ougt predd@MinddS/alvd {d g PEOO
equal to +1.200 V. ES woul d be neasured at TLFDBK 1193. Note that in the 30
i |'l ust r ate@tgmn SHicadt0 110es sealed ot ) gryAmmblg dtsiputpu signgh EEEDBE Bl9%3etheuld
val ugq DA = ' f:he of

031 088653 RH P T35 rRECe uf B,k S S ra R fsEiets,
drive, ora prefgeteseidedCanirel tiegn & Hewlt copditient ieaistss and canl ylabe (oepiler edndiyion) is
switching to the_+2.500 V reference.. This n. be done when e system .
first poﬁ@?%fa’i‘?g-_, Tighothih eﬁ%ﬂfff%ﬁﬁgaw?gﬁs‘%@ﬁ&ew PW_@&?Q@ e G
of Si nul af gt +JiERoNAIIBALIHEHI PWATRES I ) NAd PAMAT P199-91 12, the method for
sinmulating a tine-variant output signal froma first device using a second

devi ce accor didwpther adventagepentasmet pE thtestirtetieub-circumilll77 ethat togniasexds thehat

while_the foll ow di.scussi gn i ast._i.n ter assive bridge .

T nddue droie speintn o B ERp AR Rl S ity SRR LDp By RRR fop e nsttion if the g

i ts assoGkak@d PNPRksQS condadt BCrtﬁﬁfeis[‘%tﬁEi This 10t 09 Ghdit 8T iemSMAIrs, Although

("second device"), the nethodol ;g%ldo' the invention may be readi B@) appl i ed
AyHe

to ot her sapglstiflaise siberanaine orae asfa pilsadclas dsven Whep dixad d©drize ife
i ndustri archith 879 cobts 2 hhu AR fupiERelG®e FRRRE rif2 IR B 40ying e
met hod 1201, e dpipus &5 apy Pusslird gighlievalue can be computed, and compared against the actual
20  measured output at TLFDBK 1193. If these values don’t agree within a predetermined range,
a fault condition exists, and appropriate alarms would be generated (or other action taken). As
an example of the foregoing, assume the external patient monitor drive is +6.000 Volts. The
A/D would measure +3.000 volts at ED/2 1162. Knowing that the actual drive voltage is 2 X
+3.000 = +6.000 volts, the output signal can be computed as in Eqn. 21 below:
25

Es=(5uV/V/mmHg) x (+6.000 V) x 400 x Py, (Eqn. 21)

where P, is expressed in mmHg. For a Py 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
30  illustrated embodiment, the output signal must be referenced to a zero value DAC 1130 =

0000, in order to cancel out the offset errors.
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non-invasi ve bl ood pressure nonitor (NIBPM; a tononetric pressure-based
system such as 15 that manufactured by the Assignee hereof is used in one
enbodi nerwg oaloésazigh myri ad ot her types and confi gurati on®CRa}508€3020
substituted. The NIBPMis then electrically connected to one of the

manuf act ur ed bl IGEHERH] PBF 81 s ClBet sjie ale ACap I8 2 Brhed domdeiei A of
the N BPMictaiRhldaaly be ASIRAISCWiRhir ! MeLPDS00 eRMhC NTHRI GABOCENE vt

speci fied inpedance across two or nore terminals in the 20 patient nonitor
(or al t erthasysiemfirstpopsts gy er ahemmongddngissispeddedforsorat raakort.he pat i ent
nonitor), based on an applied excitation voltage provided to the N BPM by

the patie ni.t.or .(step. 06). In step 1210, the excitation signal is

buf f ered Revrey St cufnt 800, 900, 1100 as previously
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bri dge defiéldesuals apfoeekanpleypreibwe nsmedting d&sidey in indestaslt fuidicsygaak. from t he
interface circyit, 800, EOO, 1]11%0 IS prﬁducefd which is_ -24 WD 03/065633
PCT/ US03/ 030207 ovFait bige 14i the frplestend #Enet thsrpethed AZ0& gemptises asoviding the

bei ng " unigernsaliyi il ey paty ' I
other vendarmy Shie/boBE TRESLE ot INIBPROEH befthefe el i 208 SUSHE oth
| eastlSi n thatr mamrfactived diygibt adssigape bereof Btused inbn¢ babudivehgratth(eghgmyrifd othdr

ressure rovji ded to,.the DAC 830,. 11 of circuif 800, 900,. 1100,
P eooct s wspsy S8 BB bmemay by SBE G haAORBIN FyboH Flssiiely petiveit © one
noni t or 8G6¢heantdrdnttfii i a Yy &Y si [
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For non 1 bR Bl e a1 Rstpsae piiie frs ™ B mot baniar Bibod

pr essur e)patissoabat@dorhitdindiveiyy b RE1t8cE0t @GiredeterHBSE tehfflal dMnt Rotier® XRMRbA! Y

enbodi nent of Fig. 13, the apparatus 1300 conprises, inter alia, (i) a

bl ood based on an applied excitation voltage provided to the NIBPM by the patient monitor (step
1206). In step 1210, the excitation signal is buffered within the interface circuit 800, 900, 1100
as previously described. Note that any of the foregoing interface circuits 800, 900, 1100 (or
combinations of the desirable features thereof) may be used consistent with the method 1200.

25 In step 1212, the NIBPM generates a digital representation of the time-variant blood
pressure waveform(s) through the data generated by pressure transducer elements (and
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

30 circuit 800, 900, 1100, the transfer function being substantially similar to that for the passive
bridge device as previously discussed.

Lastly, the output signal from the interface circuit 800, 900, 1100 is produced which is
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pressure neasurenent system 1302 adapted to neasure the bl ood pressure
and/ or other henobdynam c properties (such as for exanple blood kinetic
ener gy orwoeBoeiesy) associated with 15 the subject, and decelusp3/edo2d east
one binary digital signal related thereto; and (ii) the interface <circuit

800, 900, 1100, preyviqusly. descr.ibed. The bl oo essuyr e/ henpdynam c .
par anet of L Gt AT ie R ERFg RsaE @e 80 R bR YoRoSH Ao bileswish
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nonitors as previous|y described, is its adaptability to any nunber o

di f f er entSigny dheng isubftentially epignler devibak prodused rhyr the apisie bodeansigyical under
applicati r ot herwi se. For exanpl e,
t he pr ese%%fg%ﬁas)gcﬁttaﬁéﬁggg‘? aglgilrf%gu&g?gl% ggsug%%fgﬁ?he apparatus and
techni ques described in detail in co- pending U S. Patent Application
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af or enent pamedempplg. catariohblbed qredyes) assoetteddwidl) adeniiey altjgct do depsciibeddntthe

steps of. neasurin first, par ter fromth | ood vessel of _a .subject;
nmeasur i nge%n?ia&s gfraﬁ%tt%fr & gﬁ?ttﬁ% 4BPY8 Sv]g,’é) eFOMRFEES I Hik o) BriElpPdn
functi on pregdare VRS 0HeH3 Jydrlal/ 1390 34 RPRA01 P a8 NthE B0 SE GREGuRALAIEL Biver

and correcting the first paraneter using the derived calibration function.
Once cal i igmadygamichuopatioh@ugbasdioe examle bleod kinstie dnergnoi nelocitl) pssociated with

periodi cally: .. chan i n that  parameter. are.used.to..ndicat nges Ln
he. nemoah e RRg el bol 180 BRY R BRI g TR BNk le
first pardromite800;0900; 1960 @repibasds udkciide Thenbload GrésstteaREONI R b ARRERS
conprises the total flow kinetic energy of blood within the bl ood vessel.
Duri ng me@sasuEemaat syt 1302 cempiites arpsrallnp menaheropgseardl 304 wwetatively sppplahiie ed
(conpressed) I a I M _C QI tes within
the bl ood o2 ira it AHERSEH°TIRE ok il s ETRAMAERUT ARUSO TR Gartd B
vel oci ty emrrbhgppiamationppdsauratapglied 1 thd@msdeas @) ¢808 Mhe uied] plobeskSterBoUf dindne
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universal adaptability to various types of monitors as previously described, is its adaptability to

any number of different parametric measurement devices, whether adapted for medical
applications such as blood pressure measurement or otherwise. For example, the present
25  invention may be readily used with the apparatus and techniques described in detail in co-
pending U.S. Patent Application Serial No. 09/534,900, entitled “Method And Apparatus For
Assessing Hemodynamic Parameters Within The Circulatory System of A Living Subject”
filed March 23, 2000, assigned to the Assignee hereof, and incorporated herein by reference in
its entirety, may be utilized. In one aspect, the aforementioned application describes a method
30  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
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representative of the actual pressure within the blood vessel. In one
exenpl ary enbodi nent, the calibration nethod conprises neasuring the
pressure wawabeins f rom a bl ood vessel of the subject; neaemrisngom2cecond
paranmeter fromthe sanme bl ood vessel at |east once; identifying at 15 | east
one artif 1, t4hl r r.a er.;
ori vi ng oed Bt b o R SR e Bl P RO a1 B0 e A A EbBlion g
at | east fimetiqur operet galibetsdcthatseebndi pdrambter & nlogitstedorvatiandisiyact pedgiitaliyng
the calibration, function at |east once o the pressure waveformto
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inits 25 enti reté, may be used with the present invention. In one aspect,
thi s met hodsrsdghe kineti¢ gesgy ded/et vélogitoduritgesuch mpplagitimas debrvinedsiredzand| wedl
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of dept h RRGEATRRCoF oSl 6k She Wbl e WGLP SOLCLE S D By R0 g
used, w tthe calZifraltén OB1HIATORPriRETEISOBAE BRAGessaepr orforal BomanslbodvEdss], oftthe
detect the degt h of .the | urrgn. In a _secgnd e di pent, backscattered

ener gy (eSYyIeCt ReASHAngs? §rrand pametes frong thepameitlepdaveserhat leasi| ange: deengigying at

per f ofyTedic, Qv Rfifict GG ot FeRlke WaLEf¥a! Hastd ohgﬁg%g%étd;@t%rﬂ&%’ Qfefi]{/ﬁl uged

signal level therein. I'n another aspect, a netho I ng at Teast
one wal | @flibmtichobdctias desedc onphe sesastirednsawond i paganieterc and tat dessh exngy piopédy

t he bl ood vessel: .detecting at | east one.reqgion_.associated with the |unen
n Che rsear e sl g g e P RE L MBSt e GBEROK M cliute et Geitoghe
the bl 000y¥@eseivateTh@h kY Berlefate b REIIDHIFE Feprdht@tfion HPt&SIE RN thel 66 VQRel;

conpri ses anal yzing A-node data derived fromthe fransmtted acoustic
ener gy. |andneatisyiyshi mewitoringitbe seebhd peradistes ta wentify \woiaensiin gldddepressure with
i nt eg;oat et?mgomer at a given depth with the average | unen power. In another
enbodi nment, the 10 | evel (anplitude) of the envel ope-squared signal is

conpared to that yet ahbget Wlemativd) he€tmethods and apparatus of co-pending U.S. Patent
Application Serial No. 09/815,080 filed March 22, 2001 and entitled “Method And Apparatus

For Assessing Hemodynamic Parameters Within The Circulatory System Of A Living

Subject”, also assigned to the Assignee hereof and incorporated herein by reference in its

25  entirety, may be used with the present invention. In one aspect, this methodology utilizes
detection of the lumen disposed within a blood vessel. The method comprises transmitting

acoustic energy into the blood vessel; evaluating the signal level of reflections of the acoustic

energy as a function of propagation of the energy within the blood vessel, and identifying at

least one region of reduced signal level within the reflections. In one exemplary embodiment,

30  apower metric is derived from the A-mode envelope. The integral of the backscattered power

as a function of depth is utilized to identify artifacts (e.g., “plateaus™) which are used, with
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anot her aspect, an inproved nethod of determ ning the dianeter of a bl ood
vessel conprises transmtting acoustic energy into the blood vessel;

det ect i ngwOha/06333 on associated with the lumen in the bl @cd/usesewk
detecting the |ocation of a first wall of the blood vessel relative to the

| unen; detectin thelo at i on, of se f t he _bl ood vessel relatlve
to the | GBI COBHETRr i HIoHS. (e CFret oo UREnT dBst Sopdl (PP Gntthe

bl ood vessgkschased eﬁ’ér %@@gt ALRo@8EiEn A etr@anaw%aisir%%{)&zertéafcutdubﬁtpeﬁaﬁned
second walls. It wl e recogni ze however, that yet even ot her
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pressure/ he S rat us .13 the i,nvention, includ
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co- pendi n@obktid. enEi%SfQﬁtb tl?@pllob@&éds@md&ééﬁr@ at Nt O r34idn 24P ciabiitwith 8 [uies pd
and Apparatus for the Noninvasive Determnation of Arterial Blood

Pr essur e'the plogd veersk apd detegne thedaratios, of apiragineswaly of Bxloekrseel aeletipeto
29, 2002, ];1%1%1 L d an% ﬂgetgctﬁ%%!ﬁ@ ﬁé&%wﬁ%%@ﬁ@és' a%'aly% m&!% dat Ogérﬁ%g f;r]' omi 'the

entitled or t ninvasi've ter m na
Arterial tradksmittbdPicesstitr efierby| ebh danearbpdizdent, 208 O0wald dg fdefe&wdglﬁbedompaﬁﬁg the
Assi gnee hereof, and both 25 i cor orated herein by reference in their

ent i r et y.inigaraERdREd Y a giyepglerin yith iRe 3vpRrge WmeR Aty ngptichensodificat the
pr odyges @%l%ﬁlgh{uaeﬁbf% Bieldpphet el sfléHal %éﬁgalfas {Bust of ﬁgh&r& g?ﬂ*‘;%?r S

or otherw se y be utilized onsi st ent W|t i nvention.
dormai n bl anodlep pgsstae inateved erhat eiddyntihieg ehediphatey ofeddoodmesd] commi‘s&m

1302 is fed to.the interface c uit. 1300, whjch .conditions the sig
s ori v ISR e ST HE Gy Al BReLbIogE Vel iRa e (gt Ao RO (he

the sel eqhi@dn PRtHENbodTOMNEIO HetebtnoPhe 1o AHSH ¥ difFGUSAEHF tHehtﬁoécf‘{lé%Eélq’Eﬁtwe to
circuit 1300 is adapted to comunicate data with literally -

03/ 06563 3helundusdaraigbe eptioypla @&Olpthwalé ot thquqioqdwess@wlmve(uoé@sam@es sncbf

N S X T e TR e

i rrespectlbygiont ofﬂﬁe-ﬂm a8 kecopatwaget m)nl toring equi pnment avail able. The
apparatus of Fig. 13 is further adapted to be physically contained within a
unitary 5 or l8ivglrhet eceenizede hoypuemwithah vt sven athsd tedhaigues derl meesuniag thdpod

1322 I

oot reaportiriieshirbe BBy R BooFtcsRife R iintl bR ntent AbSarliE 1300 ot
devi ce. Shaasehtien, ﬁlﬁﬁﬁﬁﬁ@fdreexamptel thel tlﬁtetibasqugﬁ@ed@ﬂnlbuumabase& s§dt@mMdigeIvst®in t O
nmoni tor, the connector 1322 conf gur ed te an adapter 1324

whi cROr ecOrRAEING(hS. %ﬁﬁﬁ&%ﬁ&%ﬁ@%@r@ﬂ Nop 9@%?&% CJ}BQBd |Metél0fl 2pd Apparetisdor
1326, andpfdsnitivd DAERIARN & ’%erial Blood Pressure” filed June 29, 1999, now U.S.

Patent 6,471,655 issued October 29, 2002, or co-pending U.S. Patent Application Serial No.
09/489,160, entitled “Method and Apparatus for the Noninvasive Determination of Arterial
Blood Pressure” filed January 21, 2000, both assigned to the Assignee hereof, and both
25  incorporated herein by reference in their entirety. More broadly, literally any type of sensing
apparatus which produces an electrical output (whether for measuring physiologic parameters

or otherwise) may be utilized consistent with the invention.
The digital domain blood pressure data generated by the exemplary measurement
system 1302 is fed to the interface circuit 1300, which conditions the signal as previously
30  described so as to allow seamless data communication with the selected patient monitor. As

previously discussed, the interface circuit 1300 is adapted to communicate data with literally
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10 receptacl e 1340 of the patient nonitoring device 1342 via a second
portion 1328. In the illustrated enbodi nent, the adapter 1324 conprises a
f emal e- mewe oploesg33i . e., the connector 1322 of the N BPM @#€Tiuse3/d®20 i s
received in a femal e connector 1330 in the first portion 1326, and the

| tor 1332 dj d.on th i 328 ,i ived in_th
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mixed conrionr fons ety hy ol ol Bl e el BofiFicfits: ¥
moni t or 1RdRitorOtheeonnedarf 1338 rmsy besordimiradato rmbteonish em addpeerf I32d gdiicigrdcbisges

Scopb of PREbRResiara a8 o8 e e A o8 R ppRiambiS: oad T Wigb tecaaiged
appargnt &9@}%@0‘1@@3@@%%%55 9ﬁtién3ﬁrﬁorﬁforﬁlﬁ%e%ﬂﬁafﬁﬂuﬁale?’9&0115%1’1}?(5?1 g%gt)fagg th®

be received directly by of within the receptacle 1340 of the se
moni t or  illggtgated-embecianept, she iaflapger 13%4ncorepliseals/ fermét-mealet plugdi..i theesonnector

uni f orni ildze ne t of at i ent njtor, the i to .
orocor o ERitdBe ABEY ABFier 4RR &l rerB Y5 505 APl e aLa b e pastion
recei pt by3zchend ecepbRCE@nd0 1952 HRPbscl YREtRS sebstd FEHioAaBRE Q% redelRH §RY¥nS0
obvi ating the need for separate adapters (and any cost, safety, or

el ect ri cajorigapandingapetcntsgagor demalgt regseptocle el%ﬁqg-ng Suebr patisn) magtontfemale

03/ 062633 S Referrin owto Fig. 13a ecqon odi ,nent of
t he g%parrggegs[&{c:1Je o?‘ﬁ{r\f%’n al%%\r} altgﬁ\llcgqb{/ u%teglsf'éls g?lﬁ’asq’?eogé%%l}"ﬁ 1% %6%3?33 ﬁg‘?%rwgazard’ Sinee
associ at ettle Wletcttical tetminaly Gulyigcéxdtaticleseltigbad thd senkhg appiandi1ze0broéhifiied
12a, the apparatus 1380 is_configured such that the Interface circuit 800,

900, 11001918 casueheyEertplt 5wl atreconizeddionisy pe Hiat AT fBANSERWRLS m3sEls emplayed/
as part of, ﬂl@eacﬁgéptﬂMS?%é%ge}fgs%rtﬂe ?1%8#@11 t {ﬁ%lu(aﬂ‘%{] ?cfl‘t g%aﬁxéag% ?ﬁ#ﬁle&@n‘%ﬂe,

patient nmonitor receptac e interface cir
(i ncl udi ngalbAGle,conipanktfomsle @plifféremtidcd e Snmlemabapatict arilsoditi. of Pige

0 SPORFY ) ATl L LAt o SUSLERL < hot ST 28, A RELTLES, L LS
m cr oel eclkORelSH S dGHaPRYH ha®d BF tOBE GR-ANISPMVAN &S GR6 | (BGidhices of mixed
configuration) electrically communicating with a sole patient monitor 1342.  Other
configurations and variations on the foregoing themes are possible, all such configurations and
variations falling within the scope of the claims appended hereto.
25 Furthermore, it will be readily apparent that the connector 1322 of the apparatus 1300
may be adapted to be received directly by or within the receptacle 1340 of the selected monitor
1342. For example, if certain medical/treatment facilities uniformly utilize only one type of
patient monitor, they may wish to procure NIBPM devices with connectors 1322 which are
adapted for direct receipt by the receptacle 1340 of that type of patient monitor, thereby
30  obviating the need for separate adapters (and any cost, safety, or electrical performance issues

potentially relating thereto.)
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are not described further herein. The interface circuit 800, 900, 1100 is
then electrically 10 disposed in the circuit path between the N BPM digital
dat a out pwD oaneseprat i ent nonitor receptacle 1340, such thaCcT(Usp3/odeeo di gital
data produced by the NI PBMis provided to the input termnals of, e.g.,

t he DAC 830 ro Cit Ed apd referenc
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over - mol dj r
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well known'in the electrical arts. For exanple, in one exenplary variant,
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such as nobile devices (e.g., 30 cellular tel ephones, PDAs, note

conput er ircpis 880, W0, 1 Hib{lhe ;sabstr@tﬂ 13$6nfv1tlb¢qmig>n§mat1$ physicallynontained in meqveaﬂd

deskt p conpute he ces, . Since uet oot h uses ra
0370688 e RRh s e, ey by ian Solat P PRl B A derf )
real - t I mEncréienBlitd edaabilityt @ﬁ@h@gytaﬁdbpﬂﬁrekfémﬁ@téffecﬁosd&h 40 tdd@pedtu@ndariation,
poi nt-to-nul ti point connections. Miltiple 'slave' devices can be set to
comuni caRISHe, Hflust. efpsgpmagnefisvicise, and phiisiealrtaima i hetaseennl Brwvilse vansienallo 6
of the pr
my commiy aapaeh STy iR R 0 olebfiie  biduRact HELIMCP At BSRe S
devi ces idiahetdiofighet fype mllllﬁmWnﬂﬁmhdm snelceliivldrbeihfg&ﬁspdiedsWhﬁﬂthabvélhﬁmlding
nonitor 1342, or alternatively other Bl uetooth-capable devices such as a
cel | #lar ]t3§pephone PDA, not ebook conputer, or desktop computer.

In yet another embodiment, shown as Fig. 14 herein, the apparatus of Fig. 12 (and

patient monitor) may be configured to include a wireless link 1402 between the apparatus 1400
and the patient monitor 1342, such that the interface circuitry 800, 900, 1100 is disposed
proximate to the patient monitor 1342. As illustrated in Fig. 14, the link 1402 comprises a
25  radio frequency (RF) communications system of the type well known in the electrical arts. For
example, in one exemplary variant, an RF transceiver 1410 and modulator device 1412 are
provided and adapted to generally comply with the well known “Bluetooth™” wireless
interface standard. The Bluetooth “3G” wireless technology allows users to make wireless and
instant connections between various communication devices, such as mobile devices (e.g.,
30  cellular telephones, PDAs, notebook computers, local or remote patient monitoring stations,

and the like) and desktop computers or other fixed devices. Since Bluetooth uses radio
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The nonitor receiver 1427 conprises a Bluetooth conpatible transceiver 1429
adapted to receive binary digital data in the formof radiated RF energy
from t he worms®ewandi ng 10 transceiver 1410 on the N BPM @eviuse3/ozmnd decode
the binary data for input to the DAC 830 of the interface circuitry 800,
900, 1100. Hence, theoeatlo the wireless |i 1402 is effectively
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on the ddgtesacaogirqui: §gs 209,.0H 0P dguveBds ofler @ftmiam/@lpgtronsp ermpanents) awi edidibent
subj ect s %qgfr{e%%lq n %e r%gtaﬁélﬁgrsf%{xﬁ fa&gtrtﬁ Orléggéfi{gg 5%% ﬂ?gn %lBt rlllt?ggll e\ﬁﬂ%Of

-

t he resen Irnven er co

r eal tl mey; fecﬁte(deﬂialt adthéreﬁorhﬁcﬁhhydjh ugling &ushngl & crymmuaors heeeisy@ie, 14137, 5
SpeCI f| cal the nonjtor receiver 1427 and transceiver 1429 are adapt ed to
r ecei?f ‘fffiiﬁ?%lnb’t iy will bgrecognized that ¥ purneges ofsaripgispiesgvidiin dhepapparatus 1400,

archit eCttHé §1gn§1| ﬁrggéégiﬂg MG Qraﬂ'sl{ép\?e'}/n{gﬁ}ﬁlal?o% components of the NIBPM device 1400 may

be embodied in a fully integrated “system on a chip” (SoC) application specific integrated
circuit (ASIC) of the type generally known in the semiconductor fabrication arts (not shown).
The SoC ASIC incorporates, inter alia, a digital signal processor (DSP) core, embedded
25  program and data random access memories, RF transceiver circuitry, modulator, analog-to-
digital converter (ADC), and analog interface circuitry necessary to support sampling,
conversion, processing, and transmission of the blood pressure (or other) data to the receiver
1427. The SoC device design is generated using VHSIC Hardware Description language
(VHDL) in conjunction with design and synthesis tools of the type well known in the art. A
30  0.18 micron MOS-based process is used to fabricate the device of the illustrated embodiment,

although other semiconductor fabrications processes including for example 0.35 micron or 0.1
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i ncreased or decreased) of signals fromrenote devices (e.g., N BPMs),

wher eby the individual signals may be nultiplexed or alternatively
processedwpDn3peteal | el by the interface circuit 800, 900, PCTAGoF/0doeh t he
addition of appropriate nultiplexing or parallel processing hardware of the
10 type ' : rani et nmonitor 1342
confi gur \ggic%%&gg%\gle %/%bs{lglg%ﬂﬁ hgﬁ?ﬁntdﬁ%l Oé%@%h%e%gﬁgﬁggﬁtgg ﬁgidrlllg "data may be
used to nonit oAlterubtivepl,e subjimbbis af diffeent Blubiictot indeogaihg adloodeVvpResire
inter alia, operate in the %.4 GHz I?M band. The | SM band is dedicated to
unl i censdBoREIng/analysis ygingghadBEM of the presenb dnventiRn €8\t campabludevjces)

al | owi ng J i j L ev.

From the e B e R o e RO kel P,
havi ng ndSmeifetlly,itbeimoaftbecteiver 1428 qudytminstedy 1429 blveadapteac tecdive d plurality
radi ated el ectyomagnetic ener qgy.. i S |1 known in the wreles

t 61 ecommUAHESH YoRS thr 5o BeF e pIEPoR BiFbi HA L An EURPEE L S BgDp By be
shown) ofintR&sedlor ARGERLYLSS sIghhh B réhse dQeice@@t%.,qmm@n%@i%y feSdaRanad
on relative proximty of° the transceiver 1410, thereby further reducing
el ect r omesggrats mawho Ineuliiplgyedios eltarnativily sobgseed in p@alidl dyrtbd ihtatfare dvcit 890,

the illu a odi . Uses one.or re variants,of frequen shi

coyi ng, om0 CIRCE: FEpL AR EnE0S sl riRiion Bt OF gl rppect e B e b
Shi f t1okeytypg weEWBIvnOh thé@lebitpeic Wek). Hohow patidhberoitbr IMNBshifloate @akdeipnt 0
the carri er(sui,_ al t hough_ot her types of nodul ation (such as phase

nodul at i cclbmugiimeradpd darakishichagnglslate meyboesed semoniter mpkiple wbjesbeb s8cf t he
devi ce may be | i Lwa -freguen i vide |1 A (
frequency hopp@%%tggglréeogl@ﬁ%ﬁ%g?‘?géﬁf ?ﬁ%ﬁs%?ff’%&)ﬁ%cﬁ‘ @gq%%?ggz lssg\ﬁgog%&sgglct um
(DSSS, i nghadsnigdivadd di wilRemsed mseis| phadudng esalicall Thdilities, Ris@eoad@intgeously
spreadi ng _code, or even tinme division nultiple access, depending on the
needs of ale@ingfor unyespricisdsppeteal agesss. Mexinpgppdated poyemreygsfrony the trgpseeiyver
may S i fett i e [0 t r i r
arr alr::lge ms\ufnhtSJlb S&gﬁ gﬁ sa%hg%g@g | gg%éei’ ¥he%%§i @é’g& lﬁﬁe&t%%% egfr%gtco\?\n{ t}ﬁg ﬁ;{elg%&%ﬂ)?

i nt er f acehe agpajece dot @c catiated atl¢atgntasetivaedeviedt Asr equictle keowis iaf theheigiess em
may be used. -31 WD 03/065633 PCT/ US03/03Q20 As yet anogther enbodinment, an
i nf rared §EGRGUpaGns pris f%ﬂ%@ag d&“&r@@w PR ﬁﬁﬁ&m}%ﬁwyot BRpvn) _oP the
substi t utigdQhiv@VRNOURRY A% %9rHo'ﬂHGHécP'ﬂnﬂ“aﬂjﬁsﬁeﬁ%&%@%%%ﬂx@ﬁ%@xﬁﬁ%'OE l%%e
1402. Method of Providing Treatnment 5 Referring nowto Fig. 15 a t hod of
provi di ngransesaverddi 0 ttheraby Gbsjhet tedusing glectremagifetic evhoiy bastyathst tntbe ywigedtc

assespyrent andpl NI RS T4k S RRALAIS et BodlBREY W88 %0hd! of Shk! variants of

frequency shift keying, such as Gaussian Frequency Shift Keying (GFSK) or Gaussian

Minimum Shift keying (GMSK) of the type well known in the art to modulate data onto the
carrier(s), although other types of modulation (such as phase modulation or amplitude
modulation) may be used.

25 Spectral access of the device may be accomplished via frequency divided multiple
access (FDMA), frequency hopping spread spectrum (FHSS), direct sequence spread spectrum
(DSSS, including code division multiple access) using a pseudo-noise spreading code, or even
time division multiple access, depending on the needs of the user. For example, devices
complying with IEEE Std. 802.11 may be substituted in the probe for the Bluetooth

30  transceiver/modulator anaﬁgement previously described if desired. Literally any wireless

interface capable of accommodating the bandwidth requirements of the system may be used.
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It will be recognized that while the follow ng nethod of treatnment is cast
internms of arterial blood pressure nonitoring for a living subject,

par amet erwO0®Bioers3s han bl ood pressure may be nonitored usiPog/ush&oived hods of
the invention, and other courses of therapy or treatment 10 provided As

I lustrat gd g’epa@tger Oélhg%gf 5 ?{&a%da@ev}cse é drﬁétg%isso % n qg@A o3

obt ai ni ng ta fromt usin devi ce ‘sicH

descri bedbgpsubstimtesl or elren ased.in caﬂg&n«iauhamﬂbﬂﬁlaﬁedmémmtlm 181k0] 4801 COprrl ses
henodynam ¢ data (e.g., pressure, velocity, kinetic energy) obtained from
the subject, such as fromthe radial artery. A digital domain 15 signal is

next genem;mdfgb,é‘tl% ohbased at least in part on the data obtained in
step 1502; bl ood presSure signal generation is described explicitly in the

af orerfent i onedRcﬁenp@dowgtouFﬁ 15Pat EHmOW| proattdmgnereqimem aual subjdacasmgrtﬁé ed

her ei n. t he digital naI i s conditjoned using
Che 1 i er fatsmdlpRe Ferdg oty Srden i Rtk SRR 47 GrraribodNg detal
previ ous| i viESKS lebQehiRQr @i whid el B8R [RCRBLE B¥ 'tlreét)‘nen{ ibt &t ﬂeﬁn? PRk RS 2

transfer function to the 20 data after conversion fromthe di donmi n
to the ankloed PERSHEE ARONTIAE fpbaém amidcal payameters| dtbet thar hk)oder@aurevmm be

rosi stor BPRIETdil e TRUBAE o Bt Wlern SR bifome” chibods B Wrtbr. BRdeeirmea

anal og) sig@aideds then provided to the patient nonitoring device in step

1508, the latter glr oducing_a representation of the desired paraneter in
real time. SucHs? E}Stf%%ﬂf BsBig: 48, ba fslystero bl efethe frogthed: &ﬁQﬂ eqmpride’ lobtimng

, d f
di spl ays ghe ﬁ%ﬁ?ﬁ shBJectdxﬁs"ﬁZ# leérfsh d; JTeqtn 91% ﬁfesﬁffBMa A esCrie Hspa?vdit)l?sk{]ﬁg&nlrjg?

t he subj ect, or a ternativ represen 1’'ons 'suc

of the sy’ﬁha)ldam otdaiasd ditonc thasubjemaammrss@ ter@edyragfit Idvta (.S bRBsukS 1blocity,
ubj ect based on_the paranetric

treat nent rovided to the living s

repr esentlgfl? Eng AN @ﬁa@g@) gromrihe s ‘@‘a‘?cégﬁ‘vbrasr%%mﬁh‘ééﬁlﬁlbﬁ@y cdutgigal gfomain
t reatygent |

adm Ty ot T . B ARG EHR A0 EEE LR P vt SHAR: B0 Sl i vepel 02
such cal |Hzip@d ewssure sigualegreatasomisyddseritdl dxphitidg 1mﬁ®rafm1mtleﬂmdleﬂ>- ReedingdU sf

ti d | t - 32 3/ 065633 PCT/ USO3/ 0302Q t d
the cond FRGH Spi<abin BBV S e PP OTF . k.o BFP AAUS.os) Bt e
anot her  abt@iN@niMBned B8nt HRANEMAE HRXIBD02900) TRHO ﬂ&&u&rﬁhdnrg@g fs%"ﬁ? dpon

the signals output to the patient nonitor (or “deri ions the
exanpl e sRIEHOBYY §9‘i‘§ﬁl@¢‘ﬂa@er§m, éheallntﬁrfage direwitry,aitrtee afii capplies ahensfarﬁudtt;onftaltha: ng

e 0 o8P Ukl e b P P AR L B e

subj ect . rephcate 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.

The conditioned analog signal is then provided to the patient monitoring device in step

1508, the latter producing a representation of the desired parameter in real time. Such

25  representation may comprise, for example, calibrated displays the systolic, diastolic, and mean

pressure waveforms obtained from the subject, or alternatively other representations such as

digital values of the systolic, diastolic, and mean pressures. Lastly, in step 1510, treatment is

provided to the living subject based on the parametric representation of step 1508. The

caregiver may prescribe a course of treatment based on the displayed representation, such as

30  the administration pharmaceuticals, or additional monitoring. Alternatively, such calibrated

measurements may be collected over an extended period of time and analyzed for long term

-32-



It wll be appreciated that while certain aspects of the invention have
been described in terns of a specific sequence of steps of a nethod, these
descri ptiwoasaew3dnly illustrative of the broader method®Cofusnres020

i nvention, and may be nodified as required by the particular application.

Certain steps.my be rendered unnecessary or opti on er certain 10
i r cumst dFagsn I cRopAgioR 9Ty eSRoBrS af Hhesiepetasy syHRetq &h%usglmsctmﬁ\safét aBRiBer t o

the discl Hﬁ?lbﬁa% bd BoRE llyoﬁ PREH HERNGE a8 si %HQ
steps per %31?%3“6?\?? Vgr%efg’;tl ongﬁlag%[e corr?5| ge(rygd to be Se osrrggt g{édﬁﬁhe
wi t hi n t hpatiemventitan(odi driveSed theckof), dbmerlamhgle esuch dghiduadingeamablove Wedmiv ed

descriptign has s d ri bed oi nt novel feat ures of the
Mvent | ot Bu IR herPid P e HEBt PSS Tl olpr Pt pradsi b enge
vari ogs gl cmswite i NEBHM bl bitel ﬁfaﬁnomgddé‘vlf@gg@ﬁ Iu@ect&@thtegﬁm@end details
of the device or process illustrated nay be made % those skilled in the
art without ddpwi F bogprireated that iwhile geitain asprigis Offdheemmﬁgm lwersbfc@lpdasgmbadsmof
Cicor o SR AL Ry SRR AR it Pt bONITMBe E0S,
as i || ustyreddey en&thodshef theriavaltion) iand i mhye beomotifedi By eaduiea. b5T hBe SeeRelLf
the inventign should be determ ned with 20 reference to the clains. -33 WO
03/ 065633 PPESAHYS0 I GHPOSteRHATaY Shey plered | gnnepessaryci gtc @iPHop-apnear togttain

si mulgte re ¢S nal rter
(DAC)Dr e R CAMRBHALF Sl RESpEBinoitoif) Bihe bO1A0R. B9, EONNEN, S
to gener &hﬂaoﬂtmémsa,&t thzarmdén crf@evfarmm ofidve bomsye ﬁép‘k pepmutwc iAiDsueh variaiag

out put si gnal I ted at | east art to said.digi in and at | east
one. anpl 145 EASSEAP PG ENSPIBRMR B HeHBVBR P FHsclse %clﬂﬁ@d R§fdbei n sai d

at |east one atmfijef 18 aHOPERERSA Qﬁsc‘?‘ﬁ)tﬁ)ﬁ 128 thetH, aeéahﬁgc?teﬁfdnbd}ﬁlgd ot novel

rel ati onship between its output voltage and an appl 1 ed éxcitation voltage.
2. The cifegtuics obtheGhménnon,aswhphal o waiods GAGmepts) B@ﬂll@emmldensipbgi ithreg) VEAG)S
and aid floating current rce is,bi.pol ar rcuit of Caimil

wher dBn it SihoBHoR0 gad B yibd hiTedstls i desieriay pipssmalo ek

sai d analfg &S b§itBER! skiifed HIthdef witloat 8&badding ﬁ@ﬁltthé nml%ﬁbn tT‘Jnesi%!rc%o1rﬂg5
excitation voltage generated by said nonitor device. 4. The circuit of

C ai m 1, deheipsion isaif dhebegunedd preaedlyt eoutemeplitad of fcapingi cuh therénventionrp ldisof

Segla?;?lagfe%%}gtmg'l; Enerrlg r\‘?&ayrrn?enalntt ?or BQ gm?t?r\llgl, %eF ratlger1 esﬁglﬁﬁtﬂe%gke%f astl Sstr%)t(i% to % lon
general principles of the invention. The scope of the invention should be determined with

20  reference to the claims.
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such nonitoring device(s). 5. The circuit of Caim4, wherein said circuit
is adapted to sinulate waveforns 20 having a frequency ranging fromO Hz
(DC) to 2000865683 The circuit of Claim4, wherein said aPCrases/oone

sensi ng apparatus conprises an NBPM and said circuit is adapted to

simul ate t iggrm produced by a passive bridge transducer when
sai d pass ucer is applied to neasure the bl ood pressure of
a living subject. 25 7. The circuit of Caim1l, further conprising first
and second resistors disposed relative to the output of said DAC and said
at | east one ahpli fAerrcuit héaptedl to sinoflatelvae e siost waeeorms komprisihg:sai d fir st

and second resistors rmni.ng the sc actor. far . cuit. 8. The
circuit of laim 3, f‘ﬂgéﬁé? aB?}ﬂ*gFP%‘fehTﬁr &bgpgég%elvdﬂ%%fglﬁafg}pu I%‘Pfﬂrﬁt lepsE pBS ed
in said circuichsiab é@)d seqd%&ed itht gerneﬁkegra@néas& r s higdd QerifRt WeeTosai dnd
nonitoring device an circuit. 9. The circuit of Caim8, wherein

sai d at | east waduging @@anaé%wﬁmt smﬁbxeﬂ%&atéeas&meét tospid digigd inpotn 31nd 65633
PCT/ US03/ 03020 10. &

over-vol tage prot ect F %ﬁ% érie‘%l f%fr(?% r%h@%l Co%qés&a]{agh%?‘?@H{éfssgﬁgjggapt ed to
nmitigate vol tage trwahat@niad ge E@Etabmﬁalhyhﬁal chemaed k@b NG satidy iaCSreddidrmifib®

circuit of CaimJ]l, ther conprising a test circuit operatively coupled

to 5&aid ci r@tﬁtpnﬁ%%ﬂ@’&e‘? §s enthit valege and ap anpdied ex¢itation vBlassg confi gur ed
to test the fupcti e t t to
sinmulate. 12. uzI]‘he g?l?éc%l}r%{mgé fgmml %%tere\%g@glbnggal p? igé a%ﬁ%ylﬁlgﬁgﬁ%gg

to test tdagd fldatimgtauonat souscedsibipnlyr.nor mal operation of said circuit adapt ed
to simulate. 1 The citcuit of Claim 7, wherejn_ at, | east ope, of s first

and second resi-stor 519 £l o lpmahy éthef%rsé‘ CPQWEIe‘?l‘N&r@‘eYF]d §%‘§? f8c? or
adj ust abl Goniddting TA&/i&, a0l stalcpfcmeﬁ;l)gz"omp%t SISl & et gelgiredla% alé&st 3 DafANR! éafld er
is connected ina feédback |oop With said DACto forma floating current
sour ck. 1&kcitatigrevditade penreratedrby setid r@HaOI tﬂa’mse./arl ant out put signal froma

]:jl(a\r/ |S E: ed ﬁ\éi/ |C ﬁg g g S ag‘%]gtn dfr gﬁ ﬁad ng%lb rgi% Itg In?tgrface Wltls 1 one or

more of a plulahty of different momtonng dev1ces irrespective of the excitation generated by

such monitoring device(s).
5. The circuit of Claim 4, wherein said circuit is adapted to simulate waveforms

20 having a frequency ranging from 0 Hz (DC) to 200 Hz.

6. The circuit of Claim 4, wherein said at least one sensing apparatus comprises an
NIBPM, and said circuit is adapted to simulate the output waveform produced by a passive
bridge transducer when said passive bridge transducer is applied to measure the blood pressure
of a living subject.

25 7. The circuit of Claim 1, further comprising first and second resistors disposed
relative to the output of said DAC and said at least one amplifier, the ratio of the resistance
values of said first and second resistors determining the scale factor for said circuit.

8. The circuit of Claim 3, further comprising at least one filter element disposed in
said circuit and adapted to filter signals transferred between said monitoring device and said

30 circuit.

9. The circuit of Claim 8, wherein said at least one filter element comprises a

choke coil.
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therewith; providing said second device, said second device being adapted
to sense at |east one tine-variant paraneter and provide a representation
based at weasweion3 part thereon; providing an excitation wortisgao3oeo sai d
second device; 20 generating a representation of said time-variant

par anmet er usi n% sai d second gew ce;. apply a transfer functjon to said

repr esent at i ont0- sai dher FEHErEr Claim e fW%QPW@%S@Eﬁgt ostvaltisy pisciion elegephat
for sald df1ée}fo§éd SIS rouft Nl 4ERRER Adigdle JoRaat rAfertid didtad BNl ﬁfaﬁﬁgnﬁg

| east in part on sal representation and said transfer function, said
at | east dew&eout put signal being substantially simlar to that pr oduced by

2t Teast one. . VER S Sl AL oRriishion Eadnd Brensou! SPESLYR: ARE 8 m

from tshe Qi pqebunessied & sigadldey] §aﬁu B5HIiREGH bethg cofNurB th egt OF fEARIIKS of at
wherein the act of 'sensing is performed non- 30 invasively. 18. The method

of O ai mlest aphaiosiof ssidicirchit pdaptesipistaulesnpri ses a passive bridge -35 WO
03/ 065633 PCT/ 803/ Sgégrc%lg zngﬁl%g?gd ther%ma%%ﬁ eslg%r}gul‘?t Ena%a ed. to_test { e

representati ont COnrp Binary S grtal” Vepr eS&htat ion - 1

The met ho@n@fon@ligi dirih8 nowhel plefitibh of 84l coéuit@pipiedng sindlatansf er function
conprises: 5 receiving said binary digital representation at a

di gi tal -t o- analieg cBv@rwirof Qlaincy; whesipetttleasg onaplisad ftst pnéisegiopg resistors is

t lif d I
e SR B AT AR SRR Mt [y 00 s Bnalog

provi ded to sai«d DAChd aircaun‘ &k‘edbﬁmkl Iwbq:temrnmcf ar leastgore drhpléfidrrig codfctadr ineat
source; and produ0| n rede%)aﬁr rel ati onshi p between said anplified
Oﬂg

si gnal anigedhack tepiwikh 1 Déi(g anHgPB‘T%r’élsﬂurﬁ%cond devi ce. 20. The
met hod of O aiyg 15, éﬂétmﬁfor%gﬁfag é‘ﬂm@%ﬁ%ﬁﬂ cg%}i)ﬁt@%nﬁ £6h'd fdt d&@&’l%‘fﬁgo@”

bet ween sai d secon evi ce an t er nal exclitation S|gna
det ect i ngsetdrel device, comprising:

15 providing a first device having at least one transfer function associated
therewith,;
providing said second device, said second device being adapted to sense at least
one time-variant parameter and provide a representation based at least in part thereon;
providing an excitation voltage to said second device;
20 generating a representation of said time-variant parameter using said second
device;
applying a transfer function to said representation, said transfer function being
substantially similar to that for said first device; and
generating at least one output signal based at least in part on said representation
25 and said transfer function, said at least one output signal being substantially similar to
that produced by said first device.
16.  The method of Claim 15, wherein the act of sensing at least one time-variant
parameter comprises sensing a pressure waveform from the blood vessel of a living subject.
17. The method of Claim 16, wherein the act of sensing is performed non-
30  invasively.

18.  The method of Claim 16, wherein said first device comprises a passive bridge
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15 presence of a specified inpedance value. 21. The nmethod of C aim 15,
further conprising detecting the electrical connection between said second
devi ce amdoan/oedsBernal |y applied excitation signal by det @cmiusg3/oineo
presence of a voltage at a predeterm ned term nal of the device supplying
sai d exci tlation ii nal . 20 22. A nmethod of .determ.nin thg status of . . -
el ect ri calCTREHinaeq B e ChEERC AN GANEPEF iRt We G BRUISE LCRTLEAS j8n §gRX, digdtal
wherein sahdsgRRidori ng device provides an excitation signal to said
sensi ng device during operation, conprising: detecting the presence of the
excitation sighal pFlovinggbdopf Sdpich d8nivthsrdimghe detiof exppbing af fransiergfimation
excitation si %nal to produce a buffered excitation signal; and analyzing
sai d buf fEME™E%citation signal to identify variations therein indicative

of saisd status of ele&GtinkCalid AR CdibRdl. repfosertiGor Rt ROdighl-J-@ialb g2 onverter
wherein the act of analyzing conprises applying at |east one transfer

function to sall\Guffered excitation signal. 30 24. The nethod of O aim 23,

wherein the act of |ving_.GORPr. ing. ' Qf.
ranst er fanction. SHReVBi0 GEEE, IERARRRRHR 0 Yt SHTRBRANSE: & i
22, wherein the actamplifgihgl ydd ngaenpprSesat@eep fprodi@eaan ainplfiedsdrant said
adapted to conpensate for_ zero-crossing waveforns or other short-duration
vol t age tr ansi @nplifiedxignahpeag preyddedds maidi Rpkgn afeedback lngpape dpwing aflpapeed
to s e at le orm and generate a binary digital

reprglg)(int ati onéﬁlteelngébglé&?élgé eto; and an interface circuit operatively

coupl ed to sai d sensodgciap pagraddtamisal cblativineliip deeveeni saddibmphed gigadampiddn t o
applying a transfer fynction.to said digital representation, and generate
at |east one oRftcHaHosTIgHRPPlicditg said speondideyise out put signal based at | east

in part 10 on dﬁg![ d BhdakhodiFician [ £RIREE HoipiQ R cBRE thel d1@RSEE Connection

function, sai | east one output ‘signal béing substantially simlar to
t hat prodotederbyaid fpassd evice i ahdearnd ewfermally2anplith eexsppiomasigealoby eticting ghe
wher ej s&jeéjen%ggfé Q&cﬂ‘ﬁe\éiircn%ega%c %1?185 a non- invasive bl ood pressure

noni t .

21.  The method of Claim 15, further comprising detecting the electrical connection
between said second device and an externally applied excitation signal by detecting the
presence of a voltage at a predetermined terminal of the device supplying said excitation
signal.

20 22. A method of determining the status of electrical connection between a
monitoring device and a sensing device, wherein said monitoring device provides an excitation
signal to said sensing device during operation, comprising:

detecting the presence of the excitation signal provided by said monitoring
device;

25 buffering said excitation signal to produce a buffered excitation signal; and

analyzing said buffered excitation signal to identify variations therein indicative
of said status of electrical connection.

23.  The method of Claim 22, wherein the act of analyzing comprises applying at
least one transfer function to said buffered excitation signal.

30 24.  The method of Claim 23, wherein the act of applying comprises applying a

window comparator transfer function.
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28. The apparatus of Claim 27, wherein said binary digital representation
conprises 15 data representative of bl ood pressure obtained fromthe bl ood
vessel ofwe oBiogdeBsy subj ect. 29. The apparatus of C ai m 28 PCES0®IIN2Gai d
binary digital representation is derived at least in part by cal culating
time frequency distributions.for. said at .| east one waveform 30. The .

appar atus of @aj mTi’g,m%h%&Qf ﬁﬁ)@ﬁi @»Mﬁ?&?g}?ﬁﬁ gt @n‘ﬁ@alngscgmpgts?sowe %ymg a
derived s  &tdrt)addBRIUHI ABnRenldts Shr RPabablhly (AT EA dr IR khvRsERAtion
(ii) conpressing said blood vessel; (iii) neasuring a second paraneter from
sai d bl oonbltegestsaisiedisr i ng said act of conpressing; (iv) deriving a

cal i bration f&%cti on baﬁed at l.east in part on said second 25 paraneter;
and (v) calibr&ting RAEYS FYPPHSPEnet er using said calibration function.

31. The apparatus Qfndh@hppadius a&aneait@ s&b gt fehdt Dhe PAKEIFRH CANICRMBIatSLBinary
pressure wthin said blood vessel, and said second paranmeter conprises

bl ood flow ki riégitat repmesegiptiosrelatyhthergppandt us of G aim 26, further
conprising a wireless _co nications. 30 i r , i i e Is ace
bei ng adapt ed Tor cRanEOMAT R ERRe TG shERdy 3T el b fle RRa B ARLETS
and sai d i nt erdia6ie beingGdabted +S dppHin@3 H4HE63 FuRGbHUSARIAABRA rFeschttion, and

apparatus of Claim26, further conprising a wireless conmuni cati gns )

i nterface, saignéipiecatdenst ppg eutpulciensd Ayl ddegst eer PEPUL Henad SRRt caest Brpast
dat a {het ween said.: & AN AY i 34 o 11 of
d ai r%BSZ, V\,herogll s%ldsglipl w‘ﬁéﬁéi&glse%tt%{raP a?(}:lg S‘lfljltIa ?fﬁqg%gﬁrﬁlacgg% SaISIzh rlg%ggncélﬁﬁu
energy to comsighaCbdirg setisthndallyasinthr tolthet mphaed by s paksiGl midge3kyicaher ei n

said radi o freguen ener i s_disposed .substantially within the |ISM band.
36. The appar dtlus othechRRaRCas: Of BTR . SUREFINSAL) sesine diyiqea amEidi d 288 a

spread %H%Ne%ﬁﬁé‘ljp&gre mBnidf: Apparatus for monitoring a time-variant

waveform conpri sing non-invasive bl ood pressure sensing device, said
devi ce bei ng @8nfi dgiheepptatuspfddaice2 Gtwheesds said biianadigiteli ightesgntation comprises

Fepr el%ent(?a}te{ 1%Brerseerlta 1i’veedoftb?oosdaﬂlrgssgulre Obtathed g(%l ﬂ‘{‘@%’ﬁ,&? Yesel of a living subject.

29.  The apparatus of Claim 28, wherein said binary digital representation is derived

at least in part by calculating time frequency distributions for said at least one waveform.

30.  The apparatus of Claim 28, wherein said binary digital representation is derived

by:
20 1) measuring a first parameter from said blood vessel;
(i)  compressing said blood vessel;
(iii)  measuring a second parameter from said blood vessel during said act of
compressing;
(iv)  deriving a calibration function based at least in part on said second
25 parameter; and

v) calibrating the first parameter using said calibration function.
31.  The apparatus of Claim 30, wherein said first parameter comprises pressure
within said blood vessel, and said second parameter comprises blood flow kinetic energy.
32. The apparatus of Claim 26, further comprising a wireless communications
30 interface, said wireless interface being adapted for the communication of data between said

sensing apparatus and said interface circuit.
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interface circuitry in data comruni cation with said sensing device, said

interface circuitry being adapted to condition said at |east binary digital
repr esentwniognesedd according to at | east one transfer funeCirarsos/eanco produce

an anal og representation thereof, a nonitoring device, in comunication

wth at least _said_nterface cjr wtr dapted to utilize said anal0
signal for thé3nonilteriPREaHs 9% @é’f g'}rﬁ\erpﬁmpflﬁ’é‘ Eap p‘?ﬁlf?zil?ﬁsc E?mtﬁ”ﬁ?

wher ei n %ﬁé@acf‘ee%a %réié‘s\é'lﬁ%rﬂa& peaptashtt® f&eﬂhé%oﬁﬁnmﬁé)adoﬁa&tda@dlseth}e@@@ald

pressure wave
I nf or mat apparatapar&hemoaﬂomdﬁwl%u d bl ood pressure waveform 39. The

apparatus of Ghai 3z wehehsl Be Sl ob | 6a8knonss ASLer LML ey radio

substantial ly ge transducer
appar gt Ugegfierfel 3h&e3% C(Yiﬁﬁlﬁlﬁicate%allddiaﬁi I east one transfer function 25

substantially repl I cates that of a passive bridge transducer. -38
35. The apparatus of Claim 34, wherein said radio frequency energy is disposed
substantially within the ISM band.
36.  The apparatus of Claim 34, wherein said wireless interface comprises a spread
spectrum device.
10 37.  Apparatus for monitoring a time-variant waveform, comprising:
a non-invasive blood pressure sensing device, said device being configured to
produce at least a binary digital representation related to said time variant waveform,
interface circuitry in data communication with said sensing device, said
interface circuitry being adapted to condition said at least binary digital representation
15 according to at least one transfer function, and produce an analog representation
thereof;
a monitoring device, in communication with at least said interface circuitry,
adapted to utilize said analog signal for the monitoring of said waveform.
38.  The apparatus of Claim 37, wherein said sensing device is adapted to sense at
20  least one blood pressure waveform, and said monitor is adapted to either analyze or display
information representative of said blood pressure waveform.
39.  The apparatus of Claim 37, wherein said at least one transfer function
substantially replicates that of a passive bridge transducer.

40.  The apparatus of Claim 38, wherein said at least one transfer function

25  substantially replicates that of a passive bridge transducer.
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orm and said nonitor is adapted to either analyze or display



