) - O60T$P>% . , FIELD OF INVENTION 5 The prese \“ \\\
i nventi ammmmw‘m bl ood pressure nmonitoring, particularly butr\“ \ \N\
to an intertace between a noninvasive bl ood p’f’esgure sensor and Y@shve
bl ood pressu(f‘ogoormnltor BACKGROUND ART 10 Bl ood pressure is one of the nost
inmportant vital signs used |n the assesdment of a patient's cardiovascul ar

health. In critical care, is usually nonitored continuously u3|ng an

i nvasi ve fl ui in

whi ch a cat het1 E?bh‘bmﬁ’ @ﬁﬁﬁmbﬁﬁﬁ&f@m@ﬁ%‘%{‘%ﬁﬁ om t he
artery is transmtted to a 15 bl ood pressure transducer through
fluid-filled tubing 12 to 84 inches long. The arterial pressure as neasured
by the t EIHIOF INVENTPOAyed on an invasive bl ood pressure (I1BP) nonitor.
A schematic diagramof such a systemis depicted in FIGURE 1. This
intra-arterial nmethod not only allows arterial pressure to be nonitored
conti nuousl y a beat -t o- beat Si but, al so_a eri al ond. 1o be
sanpl €d 20 tha‘gﬁg}‘ieﬁ% llt‘r%t@nfrﬁrq%%%%sk}@f’grﬂfﬁﬁstlﬁ%mon\@f?él%eé?a“t"éﬂ%fi\ynﬁﬂt g&e
anot her %él A tlanSinls cenbéf&@é r}10ﬁﬁfntn@/ascive It%’od@?éstsﬁfes s aP@" dn ‘?éva%ive
central M1t O i ng sys arterial sure neasurenents from

pat i entSb%Od@EgW§n{(ﬁﬁﬁtﬁ~l ons in the hospi taI can be nonitored froma
central location or fromother locations in the hospital. However, this
invasive nethod of monitoring blood pressure is associated with risks of
conplications 25 such as infection, thronbosis and air enbolism

Noni nvasBAC MPnARﬁ'et hods that provide continuous beat-to-beat bl ood
presleltsb e offers an alternative to invasive blood pressure nonitoring
because they do not carry with themthe risk of conplications associated

Wi th invasi vepIged pRksuE is Eﬁ@oﬁfﬁeeﬁhbﬁ' iMpOMmE Vityl BAs UaRCil tRE assdsoRehnal
met hods are two such net hods. These 2 met hods can be used to neasure

bl ood pr agmtienat’s ma&ilbmubmsheahh.t Inderitical gapsitit fiyy usuedlyusenigbrachoarginuusiyans,
especially, for patients wh not, al ready ave narterial |ine i ,p ace
and who 4598 aabmy@@lvteeﬁ'atdrfgllef mgnitgring ail ¢ anctRrdl ding oMk & ve

measur orsabcier & Msetikg TRR rcAferkaiifiboy pE%ﬁa ﬁﬁ%@%ﬁ#@rﬁs&t@ﬂgﬁﬁﬁéﬁ fot
be eagj | lﬁl&d&n;%‘t%ﬁsttﬂgt fis &?@Moa?hrmﬂalmrembﬁglm sbtht?és%ngeﬂﬁe hfteflal

separate nonitor to ay t hefr wavef orns r exanpl e, the~Model

7000/ CBNb?&Qﬁlrel\ﬂtdBHldaiWnetloby ahel ttdnsdirtdrois/ diplaped rom am javasied dlood préssaredy
Col i n (Komaki, Japan), both of which provide tononetric blood essure
measur eméRP)anoniter. Aa%nb&maétqct@asranaefésm asftyétﬂmu%mlﬁ@dﬂn&l@uﬁliﬂ thei r own

di spl d t b | t t Th
Same. appl ?23 i R apﬁﬁ%rﬁ‘sl' WY 5B rosiofs: it B8 el BB 0RARA o
by Chnedg, e o- b&’ﬁtdb%%‘ bW alsb aﬁto%vg a%ﬁal o ddBlYh 813 shinBled
noni t or by VEDA Iectronl c W Tokyo, Japan), all of which measur

cont i2ouotgobglatthd dludd-dilled! yacknp veisisaut ehatnead fto rtgmnulase agothee avtesialibie. Ihb
unl oadi ng nmet hod. A bl ock di agram showi ng the nain el enents of such
noni t or s manyphespitelsed B repmitgrs formapatthelr acesnieal cnanitouieg sysiem dn, whish

V. t APM 205A by Med | |

pr essur 6 SHBHEL G SRR MU RS et VAtiqusdopatisis e dospistl

appr ox! MRl BY S 4 SeREAIbEARSor BLAY RatB: RO UL ERAORGLer, his
C | as | C an ne

systoli an arterial pressure rea t uses a nodified

osci | | ompivasizerraéthod ofrimritaring/Blood yEesyied ESaS@écmﬂ&drw?ﬁls ridRs af domplicerdsisng
pressure are applied to the radial artery over a period of 15 heartbeats,

and biSOSw@&m&célqn?}tIuemb@euamdmembowar actjer:cstl cs of the pressure
of “Thi s nont « Soniieskeeangement motaods el el %cg'aém w%e?ﬁge A%205A
|t or o BTSSRI Rt Y 56 im{ g BIERA et GRS bECAIRE by fo

an exi st nggcdrBPwWitiNtheA theGiskneddim 1tr@ti@h§%§wc@atwmﬂprﬂ%mebﬁoxqttaﬂtgaym on
the IBP nonitor. A block diagramof an application of this interface is

pr esent edrtemalFiqROREEtG, afidi yasoularr baloeding awthadsaned twiot budh $netPads. Nbese
6,471,646 entitled 3



ARTERI AL LI NE EMULATOR. One drawback of this interface is that it requires
the use of the Vasotrac itself in order for it to work, so a hospital that
only wishes to display the NIBP waveformfromthe Vasotrac on its existing
| BP monitors must purchase the Vasotrac in addition to the interface. This
situation adds to the 5 procurenent cost’s for the hospital. SUMVARY OF

I NVENTION It is an object of the present invention to provide a device that
goes sone 10 toward, overcom ng t he above disadvantages, or ' wi |l
00T east MABOMIGN Re ko Benth Blook Brespurenp suBatysy tiar i ot ugli il Hie
present i v l: [ d L0 ' t - e a
non: nvas i BRATEARE Gpacially 3By PREG D g8 IHIEALy HRvEALRRLIACHIE R

(1 BP) nopjj4@randosRé hkortid Adt rdqhivé aitedislblbod Saxhpnged to receive a

measur enent signal indicative of the NIBP of a subject; a second input
configured toCGommexsala nommeasiscer blewdi tpaessore s(BP) pmonitdesd that apravidie
noni tor; at | east one processors) configured to receive said asuremePt

si gnalS ase@ngagepsybealxterhost imaeasrgnent asdmestly attendaons, menitass Jay not only

i ndi cat i f. the | BP of ' ' . ] ' o1 ;
and an osemie: wairhilbsdy MR EBY A R SR AT K £
for i npulsepfambRitordisplay tHéiewaivefciaisd For éﬁémPIbE) Wie ModeP 7006/CBIML POGD

NI BP sensor and said second” i nput 25 and said output are both connected to

an | BP miBPomonRoeamd el BiletaB B-8anoltipargn¢teanmnstar 8y dlnlpuf(K eamak daparmur ed
to connect to_an I BP npnitor by neans of a detachable or configurable
connect i datibef whith peavade rnomeide bleed presswe measurement afdhe sadigh adery, gre

connelt oG Prg dnantors v fibREG huR Rispl g offef b BisTy AP gh g Pentral
connect ol GARKAISAAHOTROUASE asbhel 6 hE PSSR0 2800 10pIMdior pees e

cabl e. sal apter etween said tirst an

second cNIBRSHDs mdnifore berolhyds dcv Diek-Ohmeaks MadisomcWIgE S ACRbh@ the
between said first and second connectors. In a second aspect the present

i nvent i o) Bn&33 NIBPhmaonitonthsr {HTAcBlecirgnice & erks ddiwkzot JapanlesH ef which
noni nvasi ve bl ood pressur,e gNI EP% ﬁns r and an i nvasi ve bI.oodg_lpressurle
(1 BP) noﬁ‘?%?rec&ﬁﬁﬁpg?‘iﬁg beat-10-pedts ‘?Q‘Fﬁtﬁre%‘ﬁ? i FuredNBET ( LHRE  Hic, Vascular
cont1 Jur o 0 FERSIAAF KHHE (e REyb e b S Ul R
noni t or; presented in FIGURE 2.

Another commercial NIBP monitor, the Vasotrac® APM 205A by Medwave

(Minneapolis, MN, U.S.A.), measures blood pressure continually by providing one
beat of the pressure waveform for approximately every 15 heartbeats, along with the

20 corresponding systolic, diastolic and mean arterial pressure readings. It uses a modified
oscillometric method in which various cycles of increasing and decreasing pressure are
applied to the radial artery over a period of 15 heartbeats, and blood pressure is derived
from the characteristics of the pressure signal detected by the sensor over this period of
time. The main elements of this monitor are the same as those in FIGURE 2.

25 The Vasotrac APM 205A is a standalone monitor. However, the company
markets an optional interface, called the NIA V-Line, which connects the Vasotrac
APM 205A to an existing IBP monitor to enable the pressure waveform to be displayed
on the IBP monitor. A block diagram of an application of this interface is presented in
FIGURE 3. This interface is associated with U.S. Pat. No. 6,471,646 entitled



at | east one processors) configured to receive said neasurenent signal and
said 15 excitation signal and enul ate an out put signal indicative of the

| BP of a subject according to predeterm ned instructions; and an out put
configured to provide said output signal_in a formsuitable for input to an
| BP nonitor; wherein said processors) i 3 configured such that a user can
select froma 20 predeterm ned range of processing options. Preferably said

processor i d A1 CrOPLOCESSQL. S . I,

Comput or ARTERTRL SR EMPTSRTORE QREtaRapE T iy WRHAT, S uBEGTRRRYse thee
i ncl ude st ol S to
combi nat 15 O e S B e
that sai dispiiediee NIBR mavedar@s Seomsthet Vasetrat oai ids paissingal BR anpoiters mmsk

i ndependently such that said interface can receive said neasurenent signal
and sai d pexdiaset then Veisgira¢  nadditiongdeethet dntgrfaget Jlis ssithation; adds doj Ve of
the I1BP of a subLect a cogdhnﬂgﬁﬁ predeterm ned instructions w thout said
per soral PEQFHSERIE t%ﬁ?%ﬁ“ﬁ @80 sai d personal computer 5 forms an
optional part of said interface and is used for additional signal and data
processing. Preferably said conbination is configured such that both said
enbedded SUMMARY ©EINVENT¥OMNMNd sai d personal conmputer cooperate to
receive said 5 neasurenent signal and said excitation signal and to
generate an output signal indicative of the IBP of a subject according to
predeterm ned_i nstruction nathird aspect th resent invention

consists in aft Frﬁ”e?blﬁ%ofzg’ﬁlf P@ﬁ?fgdPY?fltb‘Hh??eE’ﬁovﬂ)‘iq Nice thah BAYREIE tood
Pressiy € ﬁé%tgp%ve??&gﬂ{g %d%%e' @Xﬁﬁ’aﬁ%ﬁég O&dwﬂfc‘ﬁs\%m Gt fe'a?trpérne ncf@ fsk%r g%%tflic

conprisi Aput” contigured=d recel ve a neasu

i ndi cat i watrh ukdr] Mhdbe.of a subject; a second input configured to receive a
transducer excitation signal provided by an IBP nonitor; at |east one
processors) cdmfa gusteabpeot thex prasent anventivascormsings tin sing matkrfacel coafigukd to

excitation signal and enul ate, an, output signal indicative of the IBP of_ a
subj ect &eBRRAibeEVeen praniRasiye,bloodnpressie i(HHBP) sgasanansl e dnvasdys blpnded

to provide. sai d(ﬁﬁggﬁﬂ& .tl%i gnal in a formsuitable for input to an |IBP
moni t or ; PRREPS nb b 8@&)&55‘% is configured such that a user can sel ect

the sgnsitivi RYfirdPidlut %_ahﬂé&lemutreééige@' medsur&heht ﬁgnélqnaféaﬁv%@%ﬂé NTBH
signal froma predeterm ned range of choices. Preferably said sensitivity

can be sefascubcqr specified by a user. Preferably said range includes 5
pV/V/InmmHg and 40 p.V/V/ImrHg.. In a fourth aspect the present inventjon
consi sts in af SCRERG frEuK cOBRBHdriaTereive R anfsueer exailption sagnal mravidsdhy
bl ood pr e P) sensor and an invasive blood pressure (I1BP) nonitor
conpri si ﬁgig%ﬁl&iﬁggnput configured to receive a neasurenent signal

i ndicative of af pastNfRR processor(s) configured to receive said measurement signal and said
20 excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said first input is connected to an NIBP sensor and said second input
25 and said output are both connected to an IBP monitor.
Preferably said second input and said output are configured to connect to an IBP
monitor by means of a detachable or configurable connection between said interface
and an IBP interface cable for an IBP monitor.

Preferably said connection includes an adapter with a first connector configured



of a subject; 6 a second input configured to receive a transducer
excitation signal provided by an IBP nonitor; configured to determ ne the
differential voltage of said excitation signal; and configured to determ ne
the m dpoint voltage of said excitation signal; at |east one processors)
configured to receive said nmeasurenent 4 gnal and said 5 differenti al

vol tage and enul ate an output signal indicative of the IBP of a subject

accordin I t n t

acel ve SaifrFARR Seid, BtPh Rt 4 st AR &R b0 pureDl Uit &, the,
ina for 'Eﬂaﬁkﬂdc%%ﬁdfo?'éln'IBPLihtetrﬂic@@aHéP moni tor; and such that the m dp0| nt
of said output signal Is substantially simlar to that of said m dpoint

vol tage. 10 PiPeéferabity ysaidi ddgmeondciudpsitai cabileidbstweeenokaidgdirsti indersecand
differential anmplifier, or a conbination of the two configured to sense and
condi t i 0GOBRECHOLSi fferential voI tage. Preferably said processors) is

confiqured to e both |ve ati es of. ndi ti pned
i T feront i al PSTEEL shicuiive decftinefiae™ e e SHid st ab®arymd
convertergéﬂ@ 15 Preferably sal d anal og- to digital converter (ADC) is a
bi pol ar X referably said second input includes a voltage divider or a
conmbi nation ofna sscbhagaep@bt\»thdgjrewnd invetitiohegomgistsin anmihietface ,confighiragiuteed
to sense and condition said mdpoint voltage. In a fifth aspect the present
i nvent i ogopent ibetwedm aaroninvasiveabloodopricsgure dNIBE) Zensumanst an iavasies b go

noni nvasi ve bl o ressure IBl? sensor and an invasive bl ood pressure

(1 BP) m)tl?ﬁsé\lre maniter go p,rl§f & nput configured to receive a measurenent
signa i ndi cat,i ] . i Tola) il

ecorlfe atrasdfsl u‘é@??fﬂéﬁp 4o sRodPlaikan e R NEnhI IR cafi 08 I KA
confi gur etatsgbjéet;er m ne the differential voltage of said excitation signal;
and configured to determ ne the m dpoint voltage of said excitation signal;
at | east one prsecexbmysl coofigingdriedrereive ectransdusen exaitationrsegraltproviged by
said differgntial, voltage and said m dpoi nt voltage and enul ate an out put
si gnal |ﬁ8|§ QR the | BP of a subject according to predet erm ned

i nstructions I y

a form sui tablaﬂég o orye 8#59@%0?@%&%%?%&%@%@5 uc%sﬁﬁérﬁe%ql&g e m %gl%ﬁﬁi
sai d But pyéitaticsn slgnl laIS aﬁblbét’harafté &l Yupuli legﬂalt@didameqﬂf st dBP @PQl Bhibject
vol tage. Prefer abI y said second input inclTudes a voltage divider, a

di f f er enaceirdmgtoipfredetermined instructions; and

an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said processor(s) is configured such that a user can select from a

20 predetermined range of processing options.

Preferably said processor(s) comprises an embedded microprocessor system, a
personal computer, or a combination of the two.

Preferably said processing options include an embedded microprocessor system,
a personal computer, and a combination of the two.

25 Preferably said combination is configured such that said embedded
microprocessor system and said personal computer work independently such that said
interface can receive said measurement signal and said excitation signal and can
generate an output signal indicative of the IBP of a subject according to predetermined

instructions without said personal computer being used, and said personal computer



5 or a conmbination of the two, configured to sense and condition said
differential voltage. Preferably said processors) is configured to receive
both positive and negative ranges of said conditioned differential voltage
through a circuit that includes an analog to-digital converter (ADC).
Preferably said anal og-to-digital converter (ADC) is a bipolar ADC. 10
Preferably said second i nput includes a voltage divider or a conbination of

a voltage divider .and,a djfferenti.al ihfie coenf . t n

condi t1 00U dnpeBBhcbarhof S pHeEy Ablisclied RRARYEEH) B3 Bt e
to recei o&%&iﬁgPOSi tive and negative ranges of said conditioned m dpoint
vol tage through™a circuit that includes an analog 15 to-digital converter
(ADC) . Pref er Poéferabdy dsddatagbimtiohgist aonfigoredr sech (ABC)bath saibi pmibadd&DC.
Preferably said processors) includes a bi f)ol ar digital -to-anal og converter
(DAC) t o mRictRpraecsser dsyisfamornd saidt pgesonal sarapwar peRoperster &0 akicpivgaj sgid

out put_ i ncludes a.valtage gi vi.ger QJ ..a_combinati on of a voltage Zlﬂ di vi der
and a Gi ARSupmnel Sienih And, said rvatlation SigRaC and ot RpnEealeli eyt Sieheb ot
. | of. saj al ! bt  dpoi nt
\S/IoIgtnf’jltgeocl)'fléltél t‘gvefsilégl:htggb‘gr@‘ condi&?'iaggeg ségdn%ﬁ(gal S rgugspg%ltl atf(%d;'esmﬁ Fglr r]t o]

sai d m dpoi nt [nql tEeE aspett aheiptedentipeaitidm eomnisis ant ar Mvierfat@condigaiet fo i n
an interface configured to connect between a noni nvasive bl ood pressure
(NI BP) sensnectdretiwaen ianverdnvasivd b d2prepsurs IINIBP) sepyomand aoringastpe ibdoody a
first input c%gﬁbgyred.to recejve a neasurenent signal indicative of the

NI BP of &TeHHf Q%@Sﬁ&n}%mg configured to receive a transducer
excitpfion signgly H{\PQIY'CGEQgQ%d% ﬂe@@v?%nﬂnte% ' eme%t %g{l%lei?lﬂﬁca?i%.oq* tﬁgff\ﬁﬁplr s)

configured to recei've sal d-neasurenent signal an excltation signa
and enul fg saBjeetit put signal indicative of the IBP of a subject according
to predeterm ned instructions; and where the differential voltage of said
out put si gnal acsepemdisnpt coafiguredciot weeive astramsducenexcsitationesi gnalqutovided by
sel ectabl e 5 transducer sensitivity, and said nmeasurenent signal; and an
out put c@BABEURERI provi de said output signal in a formsuitable for
input to said P i §or i ncl udi i.gltal -1.0- ter )
to receive Outa%&as@rgénéﬁc? %Sgﬁqgggﬁlgﬁ%?r g§é§§g¢e(1§% ,Sélgn Qagsg?egn%ﬁ%\f&alglgg]gs? red
accor fy ngxtiatRire dRInAl Andeemunis raiC bliput ss%&m indddativeSof Whé 1BPALE L4hibjebt
vol tage range includes the voltage range 10 corresponding to a

pr edet er acomdingaioi pradetprosedriestrentipaspdnd he NI BP of a subject. Preferably

said digital -to-anal o onverter O .is a configurahl e bi | ar. DAC;
J an output c%n igured to progll%é s)aicl output signalgin a P 'Peﬁ)le for éput to

orm sui
an IBP monitor;
wherein said processor(s) is configured such that a user can select the sensitivity
20 of said output signal in relation to said measurement signal from a predetermined range
of choices.
Preferably said sensitivity can be selected or specified by a user.
Preferably said range includes 5 pV/V/mmHg and 40 pV/V/mmHg.
In a fourth aspect the present invention consists in an interface configured to
25 connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
pressure (IBP) monitor comprising

a first input configured to receive a measurement signal indicative of the NIBP

of a subject;



said processors) is further configured to configure said DAC, and said DAC
is further configured to optimze the resolution of said full-scale 15

out put voltage range. Preferably said full-scale voltage range is
proportional to the result of the foll ow ng nmat hematical expression: VEXC X
SENS X (PMAX - PMN) Preferably said out6put includes a circuit configured
to scale and condition said 20 output signal such that the differential

vol tage of said output, sigwal i,s equal to the resul.t .of f. fal i

mat hemat i cal aé%qxgt@ipghpo%@geﬁgﬁ%glgg %’gerﬁ%‘ﬁéclﬁggf‘?}ttaég)lndglEﬁ?léﬁp#f)q@ﬁ::]ﬂ'u%s a
vol t age ghppi : ' | fierdRk ithd i eatdafeitdifom digeal; 25
Pr ef erabﬁ]?‘lsslg?gn%?gggfsi o{e?;%i dsaétf];urt élfrlé ggfg?riegtﬁfle‘g&{%bi ncsral eage 1t he ndgng%r of
di gi tal \waldweafiforedsoidétermipe thesmidpintoyoliage exf gaidadricdtation signal;o i nprove t he
snmoot hness of the signal that is input to an IBP nonitor. Preferably said

i nt er pol at i on af IRapueRS PTacResI(s) sorfigenedtip saceive prid Taegsurementignaliand sayt o
conbi nati opn of .t

h : 9 | t th j i_on.
consi o s APt el and s vlaf 88 Bl ARBH: i ReB SRSt vBPisebod
pressure aﬁ:%lﬁﬁ?g{t%eﬁléﬂétef}ﬂﬂleQQnéthggjnﬁearm ood pressure (I1BP) nonitor

conprising a st i nput configur to receive a measurenent signal _

i ndi cative of aghhmithltBBnSigatedrostebeive tsaidombdsointyéltupétanclogtnfipuieditd provedei ve
a transducer excitation signal provided by an IBP nonitor; at |east one
processorssid cutpfit gignellin @ foemesuitabdaifor ingaxt uo cme BP ghgmitdr; sand swhdthat the
excitation signal and enul ate an qutput signal indicative of the |BP of
subj ect mdae%péﬁrﬁa QUEPYrsagnal &y 4 tialiy Hdlas inbat gl mléat)watvoﬁage-

configured to i nes : ] [ . . '

i gnatt and norsgrey SFideRopital bPLE ¥l Ake SRINANE differafla? R,
si gnal i ra dosibihatidr 8PhR ther configited @ Rsé B BBIRditidh ;sam&imtéhtm'valtﬁg&ond
i nput, said processors) and said output are configured such 15 that the

vol t age | evel Poéfersniy saifd mracessors) issconfigired its reneat bothi poditive and nagatie
that produced by an IBP transducer, for the_ sanme pressure variations i

. . . § n a
subj ect . rangss & spidcanditipnegdifiegpntial yaktaga theen gh e pirews thad dpglpdes amarales:
that the | t id termnals is obtained by addi ng the m dpoi nt
vol t age 8(5)'%2@%0@&%@&(%&& gnal with respect to the electrical ground of
sai d jyterf aC‘Pref’ePaHliﬂ§aiﬂ'dﬁﬁmg¥o-@ﬂ°§it§%&w%9te9(‘1&%) ifiaftf ﬁ%lﬁflwm. vol t age,

i
this output differential voltage being the result of t
Preferably said second input includes a voltage divider or a combination of a

voltage divider and a differential amplifier, configured to sense and condition said
midpoint voltage.
In a fifth aspect the present invention consists in an interface configured to
20 connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP
of a subject;
a second input configured to receive a transducer excitation signal provided by an
25 IBP monitor; configured to determine the differential voltage of said excitation signal,
and configured to determine the midpoint voltage of said excitation signal;
at least one processor(s) configured to receive said measurement signal, said
differential voltage and said midpoint voltage and emulate an output signal indicative

of the IBP of a subject according to predetermined instructions; and



foll owi ng mat hemati cal expression: VExc x SENS x P Preferably said out put
i ncludes a sunmng anplifier to add the m dpoint voltages. 25 Preferably
said interface configured such that the output signal at said termnals is
obt ai ned by adding the m dpoint voltage of said excitation signal with
respect to the electrical ground of sai d interface, to the vol t age at
either termnal for said output differential voltage, this output

differential voltage bei t result of the follow ng math [

expr esston: St e eanrgpred SRt safd phiPhe siEpnDit AP SUEERE 6 hwut icn
Chat sai . . . L . . el .

vol t age gltn elt E'g?ft?fé?i%Hﬁglﬁhglga}tﬁggﬁxéﬂ (Elf[n ngkﬁ?ﬁﬁmﬁé%ﬂfﬁ 1%%?{%%%&&/%21}111&
summ ng aophdtfofeaid rmidpvimvaliagbt h aspect the present invention consists in
an interface confiﬁr ed to connect between a noninvasive blood pressure

(NI BP) sensor Paei¢rably isaidagsicond inpsdnpludes arveliagerjvidonia diffesentialiamplifier,
b o "B A bR e st e e Ra S T TR o O B AL Bl el
excitation si @?@%eraf’cﬂg‘éhﬂiegm%s% SL%DC 84 to %%éi\‘?éﬁgthog&iﬁ{z?%ﬁ&%%géﬁv
configured to recelve sald neasurenen gnal and sard excitation sfgna

and emul ghggeRofRuEideEnditicid diffesdrial voRagd thTrbl@%H BRirehit thauhtlades acandldphg
to predeterm ned instructions; and 15 an out put configured to provide said

out put sitoqdagital goavénterrtAddC).abl e for input to an I BP nonitor; wherein said
second input is configured to prqvide an inp | npedance, t iswthin a
pr edet er m ned It g%lyg?‘@ff’é’la ‘&'g‘ﬁ“&f}ﬁ?@ff&eékjms&ﬁglafga[ggeater t han
200 o . 20 | y: sal r K ' i.n I

conf i Hir ed sulh ST 4iE Srebpll REET BRISes2 VBB oRARAN: " BbuPefon of 4. o
second i RPWheé MFVidELANANE dMfferRTiS hRipliFiep! éox’&f?%}df@&rtotsféﬁsé ML coRiitTbA afd
correspondln% to said input inpedance. In a ninth aspect the present

i nvent i omidpomit solaga an interface configured to 25 connect between a

noni nvasi ve bl ood pressure (NI BP) sensor and an invasive bl ood pressure
(1 BP) noni t or Peefgpatlyisaig proeesset(s) Hpeanfisived i reesivobetdiceosiive and asgetévient

oI IRkl BoPE ey AP o Be Al BRPIn AL ALRobe
15 to-digital converter (ADC).
Preferably said analog-to-digital converter (ADC) is a bipolar ADC.
Preferably said processor(s) includes a bipolar digital-to-analog converter
(DAC) to provide said midpoint voltage to said output.
Preferably said output includes a voltage divider or a combination of a voltage
20 divider and a differential amplifier, configured to scale and condition the output signal
of said digital-to-analog converter (DAC) such that the midpoint voltage of the scaled
and conditioned signal is substantially similar to said midpoint voltage.
In a sixth aspect the present invention consists in an interface configured to
connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
25 pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP
of a subject;
a second input configured to receive a transducer excitation signal provided by

an IBP monitor;



11 an IBP nonitor; at |east one processors) configured to receive said
nmeasur enent signal and said excitation signal and enul ate an out put signal

i ndicative of the IBP of a subject according to predeterm ned instructions;
and 5 an output configured to provide said output signal in a formsuitable
for input to an IBP nonitor; wherein sai®d output means is configured to
provi de an out put inpedance that is within a predeterm ned range.

Pr ef bl id d i d i | | th 3,000 ohnms. 10 .
Pr of or abl ¥ sai? 1FCR0 BICETSCAlR) COR UGt BFCaTe SO P URERCa M e Fidiser
can sel eqly ﬁé}?org;gl | dnﬁpgfglgl'fbﬁﬁalﬂoﬁ{ ta§ Halfsﬂio‘liica?wepr thO IR L8R

more resiators ed acr e out put rm nal's corresponding to sa

out put i RRESHANEEL to |predett@hingd AippeattidlRe apdesdete tiny différentigonslisges of rsaéd
interface configured to 15 connect between a noni nvasive bl ood pressure
(NI BP) semutmrt signahrdependsiore $lidoekgitation usigngl, BP) presieterminedbngrr isslegtpble
first input configured to recejve a neasurenent signal indicative of the

NI BP of Arasgeices sensitivithnd sapmeasyameytsigak 8decei ve a transducer
; . ; | . | BP . _ _
cont 1 gureq ¢ o QURYROnEEG el 1o%hod e 85 BRfbt SlenaPlng 900 sPRSPIRF ERERLY

and emul ahR| PBP QHbRWGrsS idladingnsli i gitdI8-aaldd @ohRirted| (IPA EY RbefdceAGCHPUNT
to predeterm ned instructions; an output contigured to provide said output
si gnal i signal from said ppatdtessdrfs), amp waidt DAZS isacor fRRires actanding tal peedetdrittined i on
device configured to provide a calibration signal tqQ said processor(s);

wher ei n dBstEICHPBE syshrthat jts bnsoalpuputput o/ aliare Herge 1Beludesdbe yolasarasggnal

ar o HhodohSvRinisy B RS rBRbid iR nredbup e dtahe MBS bR L
cal i bration OfPrél%'téi)l?%?&”cﬁgﬁé‘lttosﬂ'%@ doﬁva%%;o@m)a'ié Y bahﬁ'g&faﬁ% @?}5’051ar

aborted by said processors) accor to predeterm'ned I nstructions.
Pref erablDA€al i brati on of said neasurenent signal is automatically

initiated at predeterm ned intervals, at _intervals that depend on
devi ati ons of Saidiprogesseu(sbisdrrther eprdiguredia enfiguse 6aiddaAC) andal i st i ¢

signals, or aid f)%r@llgaitulrt?lre]r %fonﬁ(é{lrhedg{oo%gamq;e the resolution of said full-scale

15 output voltage range.

Preferably said full-scale voltage range is proportional to the result of the
following mathematical expression:

Vexc X SENS x (Pmax — Pmiv)

Preferably said output includes a circuit configured to scale and condition said

20 output signal such that the differential voltage of said output signal is equal to the result
of the following mathematical expression:

Vexc X SENS x P
Preferably said circuit includes a voltage divider, a differential amplifier, or a
combination of the two.

25 Preferably said processor(s) is further configured to increase the number of
digital values for said output signal by interpolation so as to improve the smoothness of
the signal that is input to an IBP monitor.

Preferably said interpolation includes linear interpolation, nonlinear

interpolation, or a combination of the two.



intervals. In an eleventh aspect the present invention consists in an
interface configured to 10 connect between a noni nvasive bl ood pressure
(NIBP) sensor and an invasive blood pressure (IBP) nonitor conprising a
first input configured to receive a neasurenent signal indicative of the
NI BP of a subject; a second input confidured to receive a transducer
excitation signal provided by 15 an IBP nonitor; at |east one processors)
configured to.receive saldarﬁ?su si gnal an% said .excitatio

and emul ate aft GutSySRthsASAT enEﬁeé%R |19¥e 1y RNyt ﬁl%@ndnﬁfﬁ &t {%‘5‘?0‘3?%9
to pr Edekghﬂ}d?%t\w?% a%odlﬂ?fsté‘B &Hétﬂ@t(l\ﬁgg’f)li&i’l and® aﬂrlﬁ%ﬁ oSt

out put signal 1n a rmsul nput to P noni t er elrn

sai d procpe@gfes()l]gp;rﬁdmtdﬂ@bmmn ured to supply a zero si gnal to sai d
out put according to predeterm ned instructions. Preferably sai dfpr 0cessors)
t

is confi gur ed atfarst ingpit yon figuredetoareseiyn nmaswemanbugpahmm@ﬂvcai be NliBgh of
sai d neas nt signal is in progress or when said 25 measurenent signal
i s di sto@PURKECE result of the calibration. Preferabl y said processors) | S

configured t 0 ééBBJ[xé' r}@utt I@r%ér gﬁ (iill %e{e%eﬁegc{]gbnﬁfucgtaégcl itoﬂ%gﬁélgﬂg{u&eﬂ

out put at any A5he € sending of sSaid zZero®©sl

out put si;@NRP wmanitee I nitiated and aborted by a user. 13 Preferably the
sendi ng of said zero signal and said output signal can be alternated by a
user. Pref er alat leastonk prcessoir@habnfigureddp reeaive oaldzmohsumrpcnt signad apdward up

of said interface, 5 Preferably said zerq srgn s _supplied to said
out put WEERERLN signgl 1ead emylae a1 Oy (Y| §18RelT 1§ ?ﬁﬁ“d’eo s%ﬁ er of & sBbigct he

out pu nal,. for sa naI thin Q75 mHg. In a twelfth aspect
t he p\t' es ﬁoordmgetrotgrgﬂ&ggﬁg}egtlg mti’gn qrm)d of zeroing an interface
configured to,6QmARG tcoﬁiﬁgﬁ?&i 'toadé‘ié’r@hx'ﬁ%ﬁé Bt I;ﬁb't @?ﬂ‘ex@hﬁﬁﬁ%lﬁag@%ﬁpﬁuﬁ&ﬁﬁﬁ{ 10
and an invasive blood préssure (I BP) nonitor conprising the steps of

prepar i ngignal;chnd3avingiat dgast ovo watmels&mncﬁgnmfd)tcsplgmade sdid augputasigmaltinud |,
accordi n% to operating instructions for said IBP nonitor; sending said zero
si gnal orslaswtabépfwnpﬂbwqml%gw@@rd out put; 15 zeroing on said |BP

oni tor, aCCor A Mn i RLRY '1rrl}§{1t' D34 rp%(():ée'sgc?rfs)f and sald outqu are configured such

15 that the voltage level of each of said two terminals is substantially similar to that
produced by an IBP transducer for the same pressure variations in a subject.

Preferably said interface configured such that configured such that the output
signal at said terminals is obtained by adding the midpoint voltage of said excitation
signal with respect to the electrical ground of said interface, to the midpoint of said

20 output differential voltage, this output differential voltage being the result of the
following mathematical expression:

Vexc X SENS x P

Preferably said output includes a summing amplifier to add the midpoint
voltages.

25 Preferably said interface configured such that the output signal at said terminals
is obtained by adding the midpoint voltage of said excitation signal with respect to the
electrical ground of said interface, to the voltage at either terminal for said output
differential voltage, this output differential voltage being the result of the following

mathematical expression:



nonitor; and preparing said IBP nonitor to receive said N BP nmeasurenent
signal through said output, according to operating instructions for said
IBP nonitor. In a thirteenth aspect the present invention consists in an
interface configured to 20 connect between a noni nvasi ve bl ood pressure
(NIBP) sensor and an invasive bl ood pre%@ure (I'BP) nonitor conprising a
first input configured to receive a neasurenent signal indicative of the

NI BP of a subj\}act; %@SCOEd i nput configured to receive a transducer
excitation sigrfac ¥ dbtl by an 25 IBP nonitor; configured to determ ne
the different ipefkatity Aafd Quiid! f Qoffilddd SMciP tARALAId AILRAN VEHAR of Said
determ ne the mgpm t voltdge of said excitation signal; at |east one

pr ocessolextitaui siguakeid Addedetociheevaitigd aredther eerarihalsfoyrsaid antpus alifferential
differential voltage and enul ate an output signal indicative of the |IBP of
a subj ectvoegobyiarsymmoing asgpliBenyi ned i nstructions; 14 an out put
configured to.recei,ve,sai d nm.dpoi nt voltage and.configured.to pravide said
out putg'.Jsu si gnal I ﬁnaelggﬁhni‘%’ﬁF&’ﬁl Rresgit lfl‘ﬁ'fjﬂ?m{ BOW%F g@,aﬂdﬁfqr&cg 1@5%?({ hat
the m dp%bﬂ{x?c‘?fbe?@flegn g%&ﬂﬁvﬁi@ﬁgoddsgé‘é%%@l@gl%n?éﬂﬁ@%gtiﬂﬁ&% bﬁ’%o&a' d
m dpoi nt voltage; said processors) and output aré configured to provide an
out put diﬂrégﬁﬁm{B@D nori@ricedprising el ation to said neasurenent signal in a
formsuitable for input to an IBP nonitor; and said output is configured to
add sai d m dpaifinst input ggafigarede mereipoianmeasurement signpluinditativeradrthe AN IBP
voltage. I.n a fourteenth aspect the present invention consists in an

i nter f ac@f@sHPIGtired to 10 connect between a noninvasive bl ood pressure

(NI BP), sensor | i iL4ar.. I.Si

ot 10 mput caregil P FohYBuft CRERERR T inddo Ry ekRiiol s GETHALPIRE

NI BP of angBWP@6hitod second input configured to receive a transducer
excitation signal provided by an 15 IBP nonitor; configured to determ ne

t he differ ent iahleasobnapmcessos@) dorfiguredito veceive) satl ;measdrameriti sygna dntlsaid

determ ne the, m dpoi pt voltage of said excitation signal; at |least one

pr ocessoF¥FItatin ﬁ@@@g@nﬁoem@%& \AB SHIPYE i gRal r BGRVS| @ﬁahle 4RE 9hiay subject
differenti o] , l. u t signal indicative of the |IBP of
a subj e_ctacg%rgéir%ﬁoﬁgggggﬁ?glggtlgétﬁfcﬁ@&gi %‘fg(tj_ructi ons; 20 an output configured
to regei ve saif giiiRUontigURld @RoeHH sﬁRPBht?Hf @i%ghpinpa[ Rt Suitdbl€ f&%’&l?\:ii to
signal in a formswtabl§ for input to an I'BP nonitor; and such that the

m dpoi nt anfIBPandnivor; put signal is substantially simlar to that of said

m dpoi nt vol tage; .sai d processors) and_output are confjgured to provide an
out put differ gin said second input 1s configured to provide an input impedance that is

within a predetermined range.
Preferably said predetermined range is greater than 200 ohms.
20 Preferably said processor(s) and said second input are configured such that a
user can select the input impedance.
Preferably said second input includes one or more resistors between the input
terminals corresponding to said input impedance.
In a ninth aspect the present invention consists in an interface configured to
25 connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP
of a subject;

a second input configured to receive a transducer excitation signal provided by



voltage in relation to said neasurenent signal in a formsuitable for input
to an IBP 25 nonitor; and said output is configured to add said m dpoint
voltage to the voltage at either termnal for said output differential
voltage. In a fifteenth aspect the pres?nt i nvention consists in an
interface configured to connect between L noni nvasi ve bl ood pressure (N BP)
sensor and an invasive bl ood 15 pressure (I BP) nonitor conprising a first
i nput confu ed to receive a neasurenent signal indicative of the N BP of
a subj ect®® gﬂQQQBHBLinput configured to receive a transducer excitation

signal provi ded) Dy &fe ?rdc@_?sd?(&') icbﬁﬁ'gu&@l%!@é’éi%’ shid HEARIFEhBRY diBfal and said

differential voltage of sald excitalion signal; and configured to determ ne
t he i dpeixoitatied tsigel afnds amulate cirt autpn siggalaindieativieeas tthe 1B od ce sabjes)
configured to receive said neasurenment signal, said differential voltage
and sai d agtendingito psHetgyaineddnsimigtions; aid out put si gnal indicative of the

| BP of _a subject accordi t redetermned instructiqns; 1 n out pu

confi gured to pl&é:@ﬁ]gﬂrfgﬁt&d&ﬂovﬁe n%lop uﬁ’f&?ﬁh%@u?‘?rﬁﬂs'ﬁ?@? ffgh'ﬁﬁ)lu% % an
| BP noni t,ar; h that the m dpoint of said output signal is

subst ant itagllpf@?rrhﬁﬁ%r to that of said m dpoint voltage; said processors)
and out put ar evieeein aid edtpud nidaay iisl eorfiigured po tprovitie anenitp@ inywdaage tha is
relation to said neasurenent signal in a formsuitable for input to an |IBP
15 noni t ovithiaradpred¢terminegduangs configured to add said mi dpoint voltage to

h 1 dpoi f i \ diff ial. I . i h h
the mdboint of At SUAUL L SCenLlal il (Ras, ) DgBpshiteenth aspect (he
noni Nyas! ve b'l‘?@féra"cﬂi%ﬁfdﬁiro@ﬂs@@s? ﬁr‘?&'?&@ion ﬁu@ﬂe?&}‘]ﬁﬁh}’é‘d Al 9chlael RELEHYT ©

(1 BP) Tmonitor “conprising I'rs npu gure o-receive a neasurenent

si gnal i Rdieceethe\utpit ihdjrdbh& of a subject; a second input configured to
receive a transducer excitation signal provided by an | BP nonitor;

confi gured t o Pdefeeably said hetput fincindes dmd ov ahoragresisfors platedxanrosst thenowstpyhal ;
25 and confi g;éed to det.ermine the m.dpoint voltage of said excitation

signal ; ATMMBAlSCOFEPANARG £Q 3id PUSIHAMPEARRES: o r ecei veI sai d nmeasur enent
ol Shid dif . Feu™to re _
1l a0 1 e g0 SN AP R 2

out put si gnal _ a su ~accor {0 predeterm ned
i nstr gt icofféct BetREEP 4 nGiRAsiiy BIbJdOpREQIE AN IBM) eAsdPatid 8hdRRhsilVé blodPr m

suitable for input to
pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP
of a subject;
a second input configured to receive a transducer excitation signal provided by
20 an IBP monitor;
at least one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions;
an output configured to provide said output signal in a form suitable for input to
25 an IBP monitor; and
a calibration device configured to provide a calibration signal to said
processor(s);
wherein said processor(s) is configured to calibrate said measurement signal

according to predetermined instructions.



16 an IBP nonitor; and such that the m dpoint of said output signal is
substantially simlar to that of said m dpoint voltage; said processors)
and output are configured to provide an output differential voltage in
relation to said nmeasurenment signal in a formsuitable for input to an |IBP
5 nonitor; and said output is configureézto add said m dpoint voltage to
the voltage at either termnal for said output differential voltage. In a

cont i gur ed 1 o Proretaii ot oRE R S Hhi Ay SRRR bl o e RIS iR Lot o

and an i pNashees, bl ood pressure (IBP) monitor conprising a first input
configured to receive a neasurenent signal indicative of the NIBP of a
subj ect; a se(uefdrablpchlibrationoefi sid easereeiont signal i adtenmticaHy iniviatehandf
an excitation _signal 15 provided by an IBP nonitor; and configured to

det er mi n@bpried by ¢pisi processot(shacesrdingita pssdatermingd iRFUEHPNS.at | east one

fl d t. ' .5ai d ent, si I d id.
G 11 oront 41 JAPRSARY caliPeircel Sl mheiemenanal RufuamegRauy Toiiztodaat of
e S i Bt B oriéhh hufed
Cont i bur GRLTAAPEGR IhRrRIECE, BRVAR aF BB L eyt 0 SRo MM gment, |

out put  sisggmal frdin %Hg@tdrbgiuhn)atrb@lisﬁw sighalg] of @it & coBBirmamivnt of bodngrewshof hat
the m dpoint of said output signal is substantially simlar to that of said
m dpoi nt ingtvadgye. I n a ei ghteenth aspect the present invention consists in

an interface configured to 25 connect .between a noni nvasi ve bl oo ressure
(N1 BB) “Sensor RAR SLeTeRth, ASHeSh i IS ieantion SRS oA T Tes At 5
firstidn j . i [ j Ol ' f

oo 1 RO GR e PP d AiRRRR Bl TBRSHIE TRIBE) BA%r At afiThitive blodf
vol t age @fresdlireSIBPY aidritdr Softiprising 17 provi ded by an I BP nonitor; and
configured to determ ne the m dpoint voltage of said excitation signal; at
| east one proedisbinput configyredetd receive aeingaswemdninsignalr imderativeiafithe NIlP
said diff rengitﬁ%l vol tage and emul ate an out put signal indicative of the

| BP of aOd@UBIECLS according to predetermined instructions; an out put

configured to.,r ] i 1 i nt P . i id
out put si gnal 3 Sﬁggﬁqg}pﬁr‘]ﬁs&épﬁ §gfegi Oﬁ&é}%}fﬁﬁ&?ﬁ@iﬁ@ﬁf%l%@% 6él?a1§5r1r§wsdé§h t hat
t he mgpahnBPahosi@del out put signal is substantially simlar to that of said
m dpoi nt vol tage; said processors) and output are configured to provide an

out put di f f er ahldast one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
20 an IBP monitor;
wherein said processor(s) is further configured to supply a zero signal to said
output according to predetermined instructions.
Preferably said processor(s) is configured to supply said zero signal to said
output when calibration of said measurement signal is in progress or when said
25 measurement signal is distorted as a result of the calibration.
Preferably said processor(s) is configured to supply either said zero signal or
said output signal to said output at any one time.
Preferably the sending of said zero signal and said output signal can be initiated

and aborted by a user.



10 voltage in relation to said neasurenent signal in a formsuitable for
input to an IBP nonitor; and said output is configured to add said m dpoi nt
voltage to the mdpoint of said output differential voltage. 15 In a

ni neteenth aspect the present invention consists in an interface configured
to connect between a noni nvasive bl ood béessure (NI BP) sensor and an

i nvasi ve bl ood pressure (IBP) nonitor conprising a first input configured

to receive a urenment sigpal indi.cative of NLBR subj gct.; a
second i nput ﬁ%%ﬁﬁ‘e Ct 631812 iQf;S?l" e 2% F‘&Pém‘ﬁ%& 35& 3&8’3“0#@% an %
excitati %ﬁeﬁia@élfﬂ)y RhQY ded by an IBP nonitor; and configured to determne

t he midpoint vol t'age of said excitation signal; at |east one processors)
confi gured toPreferible sail demesignale iesmppliednt saddowpuid ugon fpeveartupalofsald age
and emul ate an output signal indicative of the IBP of a subject 25

accor di ndgntetfage-edet er ni ned i nstructions; an output configured to receive

id nmdpoi nt t d figur t i.d i t put , Si |
RN R S e e R R R R et e
sai d out B@aﬂs%?klib&t@k%ﬁtoﬁgfdt?' ly simlar to that of said m dpoint

[ essors) an

vol t age; d pr out put are configured to provide an out put

differential Prdférabdy ttagsutpit sighsltfopPaitlzet@bignak aswithires?5 sargHgl in a form
suitable for input to an IBP nonitor; and said output is configured to add

sai d m dpoi nt Ival twgjéiht aspene theopresgat investioh econsistsrimal nfeghod of ¢eteingan
di fferenti al voltafg In a twe]?tieth aspect the. present inv i

consi st s ItErface cop g‘irﬁaetoc‘iﬂWFgu %"&feFB T BANBYESIHe PLESAYE s \r/]‘?nﬁ?rood
Pr eSSy ?aﬁﬁ"aﬁ?ﬂva%?v@ﬂ%o?%eﬁpré Gﬁgz'n?&imr%gﬂl\})gfsgﬁ@gr e (1BP) monitor

conprising a first 1nput “‘conti gur 0 recel asur enment signal

i ndi cati yige @bpd b8 NI BP of 10 a subject; a second input configured to

recei ve the dll)fferenti al voltage of the excitation signal provided by an

| BP nonitor; grepacingf sajdr BBP tronidoe tori neeeivhesaid dpod reignall thageglvfans autput,
excitation signal; at |east one rfgces,soﬁaj)) configured to receive said
measur en@REOrdNgL) opesating mstryctions, fop srid IBRomOBKR:and sai d i dpoi nt vol t age

and eril ate age pihULiqSIoB0Slenh ¥l GRY T n2litdHindkBEn Shioplik ot accor ding

to predeterm ne FUcti ¢ an ou pui contrrgured 16 provi de said
out puts si gnal zémimg bAr ARG IBPakbRIthLraccORIhg 4O pRrdtRig MRAuEAsns ftdsAgIRH hat

the m dpoint of said output signal is subs%antl ally simlar
monitor; and
preparing said IBP monitor to receive said NIBP measurement signal through
said output, according to operating instructions for said IBP monitor.
In a thirteenth aspect the present invention consists in an interface configured to
20 connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP
of a subject;
a second input configured to receive a transducer excitation signal provided by an
25 IBP monitor; configured to determine the differential voltage of said excitation signal,;
and configured to determine the midpoint voltage of said excitation signal;
at least one processor(s) configured to receive said measurement signal and said

differential voltage and emulate an output signal indicative of the IBP of a subject

according to predetermined instructions;



to that of said mdpoint voltage. 20 In a twenty-first aspect the present

i nvention consists in an interface configured to connect between a

noni nvasi ve bl ood pressure (NI BP) sensor and an invasive bl ood pressure
(IBP) nmonitor conprising a first input configured to receive a neasurenent
signal indicative of the NIBP of 25 a sh%ject; a second input configured to
receive the differential voltage of the excitation signal provided by an

| BP monitor; and configured to determ t he.m dpoi nt voltage of.said.

exci tati on si gReuPIcontigbied Qs S dalbmidaityolat o ntibiard 16 Biefvide
measur engept; Si e ona ¢ L i f kal, v : i &l @Reid

vol tagengﬁlgi éﬁntgpg% ’eg“gnﬂbaﬁ%g‘i“ ssllillgdr?g% félﬁ{l cattlavaél EII?P ?ﬂgml Pa?)l %lcsu jBept
accor di ngnidfoidt € eaidrovitmeddigritd i siistamtially dimilat Ruthatonddid wiidgoino vpltagé;de
said output signal in a formsuitable for input to an IBP nonitor; and such
that the ni dpsaidt processaircs) qundpoutpst greiconfgetedstoapravade \ansputput differentinhat
of said m dpoint voltage; said processors).and out put, e.configured

provi de é(ﬁﬂégﬁ putelation 3o said Bleayyemek sighal 81 atfogn witebls fornzut e 8B
signal in i%gr%hfuitable for input to an IBP nonitor; and said output is
cpnfigur@ﬂﬁl sai d mdpoint voltage to the mdpoint of said 10 output
differential yglit@gput IshcéhfiRed Yo 288 ARBFGIHt WBRaPE &5 B miBY6Imt I¥aid
consists in an interface contigured to connect between a noninvasi ve bl ood
pr essur e ogtfiuBEjfferentialr valtaggean i nvasi ve bl ood pressure (I BP) nonitor

conprising 15 a fjrst input configured to receive a neasurenent sjgna
i ndi cative of Ik adowgtesmthpspect thy) presentAneIRIRLCANsSta Inchmtepiaceca 1&“@%‘LPQ/e

roni 115 ek Byt BdfoniindetG: R0’ Brae INIPRY SHRIGES s tudflivEbiood
exci tati oRe3h@NIBP) ?rﬁ)rﬁ‘tforgé is processors) configured to receive said
measur enent Si gr@al , sald differential voltage and said m dpoi nt vol tage and

enul at e an outfitst Bipgoabnfipadedabireecioé ateasubémerit sigaalbindivatiae odrthie NJBPo
predeterm ned instructions; an output configured to provide said output
si gnal i @fasbbiestisuitable for input to an IBP nonitor; and such that the

1 dpoi nt of i d t i | i bstanti al | iml 25 t hat .of id
oot o S QR ARt L SRR ARG, SR 25 oLl e
out pufs q![Eﬁ%&?ﬁé@koﬂﬂ%ﬁt%ﬁ%'d%tééﬁliﬁé RNaifRréRid VORARY 0F WBI oxXiAfiBh dighdl;
form suitable for input to an |

and configured to determine the midpoint voltage of said excitation signal;

at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions;

20 an output configured to receive said midpoint voltage and configured to provide
said output signal in a form suitable for input to an IBP monitor; and such that the
midpoint of said output signal is substantially similar to that of said midpoint voltage;

said processor(s) and output are configured to provide an output differential
voltage in relation to said measurement signal in a form suitable for input to an IBP

25 monitor; and

said output is configured to add said midpoint voltage to the voltage at either
terminal for said output differential voltage.
In a fifteenth aspect the present invention consists in an interface configured to

connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood



nonitor; and said output is configured to add said m dpoint voltage to the
vol tage at either 20 termnal for said output differential voltage. To
those skilled in the art to which the invention relates, many changes in
construction and widely differing enbodi ments and applications of the
invention will 5 suggest thenselves w t hdut departing fromthe scope of the
invention as defined in the appended clains. The disclosures and the

descri ptions he({IﬁS] are Fur&lﬁ. illustrative and are not intended to be in
any sens®T¢FH% B mator COBWYISY® consists in the foregoing and al so

envi sages congt i i : A LM &S :

DESCRI PTI ON %ﬁmpﬁ@%ﬁé‘}%ﬁé@e‘?%‘g@? headpunBel Attt ing AR T ERIED
now be defarsubfdt;wi th reference to the 15 acconpanying draw ngs in which:
FIGURE 1 is a schematic diagramof a prior art invasive blood pressure

(1 BP) noni t onisekprslispuheorHi sUoREt@rgcsive biransdugengreitation signalinspvigded by an
noni nvasi bl ood pressure nopitoring (NBP) system conprisin n N.BP.
sensor’ aﬁéﬁdne%‘ﬁ‘i’rﬁ GPNYAYregite e&?%ﬁ%ﬁ%ﬁltﬁei%“@dﬁ@% c{trga %’f‘g@%oaisé%ﬂaém of
a prior tari t hS) .a control and
Gi Spl 2y ApePhEERdb e MR Al Al B OB Rl S 8 O <

di agram of a pgf &4t dnk pr@&f@s%biég) Qbﬁﬁgur[éﬂet%swc@iv%r 8 e urathémt Signal, said
sensitivity of 5 ~ V/V/mmHg. FIGURE 5 is a bl ock diagram of an N BP

moni t or i differgatignvaltageransi sagd amidpoie voitageandremulatei art enfpat signal dadicatie or
an adapter, an IBP interface cable, and an IBP nonitor. FIGURE 6 is a bl ock
di agr am &f thenBIngbasnbiset %ﬁcof(ﬁégltxﬂ’ BEEASHRMIBEG HFUEGLPR™ of FI GURE 5 in whi ch

the i f | . caont 4 7. i

bl ocklthr agr anfho i SRBERRRE!to PV Said B e ER o Pl o B For ol o e
5 in whi gl BPEMbATEH: hAG Sutts Bfat eThitARERNSS Sid Bltps sfgtml ROHbs@Intiglly sihBWRE 8
is a block diagram of an enbodi nent of the NI BP nonitoring system of FI GURE

5 in whi ¢htiabef saitenidpomtwoltege;n t h bot h a personal conputer and a

m crocontrol l er, to acconplish the essential functions_and nore. 5 FIGJRE 9
is a bl ock di &¥fapEoceysor(sy andppitash R CPRBSWPdt lenprayide paupmetgut differgptialg
show ng t

he nmain _elenents of the interface, and the general f.low of si | s.
P core” 100RaBE T rpRERR Sl werSubegl siRag, Bha LrR SRR b PR Al e
desi gned pidhigecaigdlance with the present invention. FIGURE 11 is a bl ock
di agram of a proposed circuitry for interfacing with the I1BP 10 nonitor.
FIGURE 12 is aaifll awptiaist corfigused &6 iadd said andpeint ngltpgo ae the mifpsinaf said
interface designed i.n accordance with the present invention. FIGURE 13 is a
cont i nuaPPtwt ditfergatial woli@igart of FIGURE 12. FIGURE 14 is an illustration of

the input, internediate and tput sjgnals of an 15 int.erface desi gned in
2ccor dance w iharrareait aBRtetth; BriseBl MiBadop eofteis ineBvinlsyes ol ‘o
An intrag [ : i j ' ceal @ a
Ui 20 PO B e s M TP RSP Y PRI BRRTL S
depi cX0ed pressieE@BE) inonitoe compridinfg | | ed nonitoring line typically conprises
a catheter 105, tubing 110, an IBP transducer 115 (also referred to_sinply
as bl ood pres8dirst inpuhsaniigured tareceive avaprsusement)sigea) indwatise @f she NEBEUr e
i nfusion fuff 125 for the IV bag 120. Most |BP transducers in use are

usual |y 8F PSBPCGE sposabl e or seni - di sposabl e. A sem 25 di sposabl e
transducer typi | { j : i t, W th
fluid in thet SyarapEOURIGER] B Ros e e e crlich SRS pRgel B an
contact WBPhmédieorf comfiguréd teldesrimieathesdiff@itiat voltage of Bildt éxiatius Sigras;
presented in FIGURE 4. An |BP interface cable is used to connect the

t r an2duc end eonfigured pp datenming the Thilpoir vieltage of saidiexeisation signak form of a

t andal ' t of i ot ted .22 nulti ter tient
Toni tor  or o 145t GBS ROfRsaOs BonBBTER ageote sai A AR gk amst

noni tor. g d i i 1] C . T
TP e AERAAE kWAL SRR 501 BRE PRASSRTFApE il ngicarve
noni t or i BtHRYIBIEsT Akiikjedt 22QBIdINAT pRodewtitiRd Mstruétfortbesi gned to work with
the existing IBP nonitor. The

an output configured to provide said output signal in a form suitable for input to




5 noni nvasi ve system conprises an NI BP sensor, an interface, and if
required, a calibrator to calibrate the NI BP neasurenent signal. The
interface connects between the NI BP sensor and the IBP nonitor. The
preferred enbodi nent of the present inVﬁntion conprises a single

m cr oprocessor-based interface that con @cts a noninvasi ve bl ood pressure
(NIBP) 10 sensor to an invasive blood pressure (I1BP) nonitor or nodule. The

o tor 4BABPAan G SpA3ueh MG B ol SESHY el BT ARkl iblle, =
fluid-fil)et:BFesIUhil i‘toq)[ra'g_gg line. It converts the blood pressure

measured using an NI BP sensor“into an equival ent | BP transducer out put
signal for ingaid pcassor@P amdnontput arerconfiguet toherovide rahaocwtput tdiffetentihBP
moni tor 15 can be easily performed in a way that is simlar to that for a
f1 ui d- f i Mobage s relation ta saidhmesswement swﬁmrﬁogmngu@bmijrampét k¢ Bp 1Bthsor
and tgs interface can be used as an alternative to the fluid-filled

moni t of i MPHIReCrhe jnterface according to the present invention operates

based on a k“gégal %Bf))uf f@W&d ?ggﬁnﬂténaY. Widpaint %‘hﬁgé h& he I‘i/'glptﬁ%é ap e}}ﬂbxt age

provi ded by t noni and produces an equil Val ent ransducer
out put skgﬂﬁhmqgfgﬁﬂngmﬁMnﬂﬂkﬁxﬁhpvﬁnggyred bl ood pressure. The interface
al so emul ates the input and output inpedances of the |IBP transducer which
the I1BP nonitor is configured to work with. The IBP nonitor itself may be

connected to_a central nonitoring system but thjs connecti.on nay. not. be
essential. 2Bt GRFnieAnsh SRSt i RSt HEY PR RONSISTLIN AhINAIARS CCOREURRILIS

boat - 1.0 | . . . . . .
ol 1 ovl g Comech Rl BT Bl b R E M BE) S st faR TRy L Bl
they areppdss BPadnifdk cWhippisidd al | ows nedical staff to continue to
benefit 1promrm ti parameter fmonitoring offered by patient nonitors that

provi de noni & drstrigput canifigaired s rpesivelur neasurEMEnt signakindseit ive afithe NIBP2GE
respiration ,k and cardiac output, in addition to IBP. It also allows themto
cont i nue 28bis&kefi t fromthe use of the central nonitori ng systemto which

the 1 BP or patient,. i tar C A rLstlics . .
transducer s T SEnidIB Rt 1o ReB e e oL TR b el Bt stz o
In nogl b%iﬁé@ﬁ?%ﬂqﬂfsnﬂ‘oﬂitoﬂ dﬂddccfdﬂ%u?é’d B0 Qétefthidethe SRRIpoIt Wltab@Wf said |
sensi ng el enents” 250 255 260 265 of the same nom nal resistance arranged in
a full 21exdtdtobmesignalcuit, as illustrated in FIGURE 4. The bridge has four
termnals: E+ 270 and E- 275 for the input excitation voltage, and S+ 280
and S 285 f & leasfeonsupiasessor(gh gontiguiedorigeeive spid ma&ursn@ngémébﬁ@@ seil t he

| BP noni oll t ransducer cabl nd_an .| .hterd ac bl.e. The two
excitati gﬁ:f?/r%ﬁ{l%gg&{%en?%gIeg]ﬁgtge?q/g)ufmlg 5 tmgﬁghf'gﬁfo e\?[ﬁ Qgea i%bjea
suppl i eda@cherh% tb e d&tBihiped iMfthc@iohfeardgo out put signal termnals present
to the IBP nonitor the output voltage representing the bl ood pressure being
measled. Than potpub@bnfigoed tot receive agal afidpdiat eoltpgd asd goafigedt toeproaide as
t he m dpoint voltage between the excitation termnals, this condition being
t he resupdidodutpyiesigaakimg formnanitablen for input e analhY maenitesl andsuchdhakthe n
ot her words, .the.m.dpoint of the differential 20 output.yol.tage is offset
i th r eopuapoinb St AR Dol B Pstanfy sifiacto 8ot Sad Miopia viiferye
across the excitation termnals. For exanple, if the voltage of the
positive termnal E+ 270 with respect to the negative termnal E-is 5V,

t he vol t age hri eightédneh aspguythé prosemainyemitoravonsists Wh lah ibeerfige eohfighrdd®

m dpoi nt of this output voltage with respect to E- is 2.5 V. 25 Mst |IBP

t r anskduc 60rNGCH btetioa foniiasivehbloaNqresste (NPBP) seesor sanshamriavasove blagsld
pressure trans?hgﬁgs, ccepting. an excitation voltage of 4 to 8 Vas at a

f r equenciTSFUE Or GAPPHAWENG a sensitivity of 5 p, V/V/mHg (5 ~V

out put per v lﬁt’ié\d i v : i

i npedance gr%zkii%%tﬁfl? an “Eﬁ's"r%ﬂF?s‘f&gﬁggdu’?‘%é?d}?@%gﬁga‘ﬁgéle@%aﬁ)ﬁ o,ff E%%R@Bgo%f
ohms, andsabjeer;0 bal ance within Q75 24 mHg. At | east one sem -di sposabl e
transducer, the HP 1290A by Hew ett Packard (later Agilent Healthcare, now
Philips Medi @wcmﬁsnmonﬁguwbm repive thesdifferentiad weltege ofas eackatini sigualt y
of 40 ~V/V/ImHg. 5 Enul ation of IBP transducers intended for fluid-filled
bl ood pressure nonitoring The present invention relates to an interface
that enul ates an IBP transducer in such a way that that the |IBP nonitor
sees the interface as if it were a regular IBP transducer froma
fluid-filled pressure nonitoring system It senses the excitation 10

vol tage supplied by the nonitor and for any given neasured bl ood pressure,
out puts an equival ent |1 BP transducer output signal to the IBP nonitor, this
signal being the sane as the signal that would have been produced for that

o o e -,



work with, and P is the pressure neasurenent. The interface al so enul ates
the i nput and output inpedances of the transducer. 25 Single interface

bet ween NI BP sensor and | BP nonitor The present invention in one enbodi nent
i ncludes a single mcroprocessor based interface that connects between an
NI BP sensor and an IBP nonitor. A bIocklaiagran1of an NI BP nonitoring
systemthat conprises an NI BP sensor 302, an 25 interface 300, a

cal i brator 3Q4,.an ter.306 n 1BP interf . | e . .

noni t or ?{%Vlagd Byﬁmﬂlqnﬁtoﬁl %ﬁﬁﬁo@l‘ggufﬁ@? ﬂ?%fﬁggeg&?dﬁ%gpo%ﬁ%:@%agéod SRl | gp
noni t or it |t he adapter 306 followed by the IBP interface cable

3l 2. The%i(gg.%t edr)éigg%’and interface cable 312 each provides 4 wires to
transmt theaéleasigomd pravessee6)@odiiggredotoSrechivefsaid nieaswiensdns skgnal Bad s8id and
S- of the IBP transducer. One end of the adapter 306 has a connector 308

t hat conwiéffersntial vakagenaed feaadaoan avéputhugealhiadicatiye refsthe B ica sHbisco

that connects.to the |BP interface. cable 312. The adapter nmay or nmay not
inclu é‘cﬁ%@ﬂgt{%ﬂr\‘ﬁg@ﬁrm’c@dﬂw M &ctors. In practice, the calibrator 304

may or may ”81:1 g ﬁ)dt%ﬂhlrgﬁgkdbﬂ)g%ggﬂ}e%i@ %iapoi‘f{@%hﬁée Lhe c%ﬁﬁigﬁi’&isio"grrgg?&@()d

that is used measur pressure tequires-the N BP neasur nt
signal t @afdeo@pli BightEéh agkvrims Suibibde dod irgfs 4o eanERB uneimiedt;, indegliehbthasuties her
device. For exanple, the arterial tonometry method requires the N BP

measur enemidpeing of saidoutputcignal isnsuhstangially simipowdthgt ebsaid midpaint veltage:s
made by anot her, devi ce, ereas the vascyl ar unl oadi ng net hod do not..
This 15 becadtid PRGessors v antou ashocanisteehdn Movith Mhepumnb GRerential

est abl{ shi 3 | ev f QL I r nt
o gnald " eFeSTh PHARbA S shit icENGEnRAESNAE i ) Bt iable £ HRu RS AR
capabi | i tnyonitdBPandit er f ace cables are usually transducer-specific at the
transducer end and nonitor-specific at the IBP nonitor's end, because

di fferent | BRidranpausecenfimred Ity a@i0l $eid endipoindreoltageotonthet nridpleint gfisaidas
do different nppitors. For exanple, an IBP interface cable that connects a
Bect on DOEFHLH%&“GBB?I Y®ag8kI i n Lakes. NJ, U.S.A ) disposable transducer to
a Hewl ett-Packard (HP) IBP nonitor (Philips Medical Systens) cannot be used
to connect a Utah Medical Products (Mdvale, UT, U S A ) disposable
transgucer t jhendtédih mpédtQhe plétenfaRRNIiS cbRdissliAGh nflFReWonlfighfdd &>
connect to a Datex-Chnmeda (Madison, W, U S.A') nonitor. Al thoughnost |BP
t r ansduceosnecs depweqr aaiariyvasivenbltodr pressure (NEB@D sensort amk aRintdsipd bipddral e
part) is increasingly being used as a standard connector for disposable |IBP
transduc@F%SSFWa(JBB?élqm&Oéﬁawrlﬁmgf| uid-filled, invasive blood pressure

nonitoring s c e i f . 300 tqg t

moni tor 318, 4aig TRPLR R b e 8RBEF Inch\GehiPhE igRaindicah® arfie NiBe of
desi gnedaisibfedgh @ way that it can connect to the transducer end of the IBP
interface cable 312. The interface-cable end of the adapter could be

desi dited to aseammd inphiecanfiguned areeciverthe difterentsaltvrdtage of ahexcibtien signahe
transducer that is used with the IBP interface cable. A hospital that uses
a parti coreyided By apnd Bt mogpsor;randsenndigused rydetepmine the imidpeintriwligge oBmaid
nonitors l.d nermgl |y already have IBP interface cables for connecting

t he tranggﬁggygl?ggﬁhe nonitors. The interface 300 can be designed to

provi de for ithi ! (AVE
Hospi 1ol hat! LA Hroop AT CORIRATE (0 rEodveRARL eabltehleh] slghl ST id

t r ansducdifférsntialovolttepe. arhiesnpatacan oatpuit|digrenahlieatine afnther lBR @f 1D ubject
connect to exjisting 10 IBP interface cables already in use, elimnating the
need %or apesadingdppredetpimingd destenciions;er enti nt erf ace cable. Digital
processing 15 There are at |east two appr.qaches to the,intgrface circujtry:
the di gi tal &bBHENE sonfighred 0 Ereivesalth BHdadiAt veltaesnld eanfigwsidedoyidss
control | @arlid.t&tgﬁ‘lr gl%ﬁgﬂ it Prfgﬂﬂhsﬁ&iﬁé’%rein?ht kd rag"\@ile mdrlfor? e SachiARh{ fle
data acquisition, @ gital signal processtng an ata procéssing, |leaving

t he anal egdpoihe ot sdid cugmieidml 8 subsmtialp Bithilaromei tAst ofSaidiniigpsint velagddi S,

m nimal analog circuitry is required, so that the cunulative anal og signa

| evel 20 uncemd a)rncs;ssoeé)s@ddbqutpatrw aonfigurdda by guovisier enlumsput Aifférentjal
sone uncertainty is introduced in the conversion of analog signal to
digital signal and digital signal back to analog signal, this uncertainty
is likely to be significantly smaller than that introduced by |argely
analog circuitry. One maj or advantage of the digital approach is that it
offers the flexibility of allow ng changes to device control, data

acqui sition, and signal and 25 data processing to be easily inplenented

t hrough software or firmnvare. The anal og approach uses |argely anal og
circuitry to performthe necessary functions. Because of this, the anal og

T T "



The third configuration, as illustrated in FIGURE 8, uses a mcrocontroller
as well as a PC 355. The m crocontroller and PC 355 work together to
acconplish the 20 essential functions and nore. Dependi ng on the hardware,
software and firmmvare configurations, there are many ways in which the

m crocontroller and PC 3 5 5 can work tyﬁether to acconplish these
functions. For exanple, the mcrocontroller and PC 355 could work

i ndependent |y in sugch way, that t el r er,.:

Funct ondoed i rEfidn Ja e, bRty bBSal SRERT 3. Bhhifele, Brehfo 38BY o
ext ensi Vgn(%ﬁto?j gipl and data processing to provide nmore information about
the bl ood pressure nmeasurenent. In this exanple, the PC 355 is not an
essenti al pasdid dutpineisdesifigured tohald, said tthadpointheolR@e3tbthe Weltage at feither 400
can still work with the IBP ponitor 318. As another exanple, the

ni cr oconteraninalfog seidpusputidifierantial ¥eliagesi ti on of the NI BP measur enent
signal_and sending of digital values to the digital-to-anal og converter

28 (DAC), while the PC 355 works in between to perform extensive signal and
dat a processi.ng. Ll j i ¥l I 355
are essenti a{rpgé}&{egug@ ﬁ?gegg{s? ?%&%?éd\}\%@ﬁﬁ?ﬁ{‘ﬁ%&?%ﬂ%ﬁ gﬁ gg&g&gﬁ @glﬁ?ggeric%t ed
to the igbafidcddrRtweh arndmintditvebloddSprdenaa dNIBR) tseasdrumat anriavasivé dieot by
the mcrocontroller and the PC 355. 5 This configuration also allows the
use of f passureyIBRAMandioe camphisttge PC 355, such as nenory and data storage.

The interface can be designed to make all of above three configuratiQns
avai | abl e anf ﬁccrﬁ} IQPWOWI{S# rﬁ‘g&? IgCs1vEed E{?@S‘gﬁg}leé}ﬂélgé}ﬁpkfﬁé?ﬂ%&vﬁrq;ﬁgﬁﬁo]bg)gﬂf rol
panelloonatslap-ei pterface. In general, other user input, such as

user -ini fiatsd cal i brati on requests, can be 10 effected through a control

panel on thegiggtend aﬁf.\toéoﬁﬁgiﬁ@@_tbh&ca% fhengiffreRgrailiape of therertit@ich A
bl ock di agram of an BP nonitoring systemshowng the nmain el enents of 15

an i nt er stnel praatidedsby anhld Rimyinitek; catgured todetaenine thenmid@irEvoltaghe
general opergtion of the interface involves the follow ng steps, which are
al so il QspM teéﬂltf‘%orFF‘@PiE 10: a) Step 551. The controller 500 reads the

Ctati . . | CCon 318 tat
St anal condi f1 sy oBHEPekERolY) caffHied R shliye’sHid B AR FERAL Thld )
Step Bp2 difflieneANdlelgeind>8id rrﬁi@lﬁbtfﬁiro‘ltﬁge bhBRnHaGUAE BBt Si @ﬂﬁ'indiéé’cmé he
NI BP sensor 302 through a sensor” signal conditioner 502 and an ADC 504. c)

St ep 553 of TeelBPof a slibject &@Ordingte peetdrhendd BRtrretony; amdnt signal . d) Step
554. The controller 50Q caljbrates the processed Nl BP, neasurenment signal 25
i f necessar yan eytpyt égnigured tomevidentaid optut signaddn arformesyitahle frdaniew

bl ood pr e |n. 5 Ih ntroller. ut [ &Mal ent
differe ng iﬁ zﬁbl Igégltt&;%g% 51:1%31} ﬁ%‘ﬁ@beu'?ﬁ%qlflg%%&fl or S{H!ilg Slrgglggp e %gbaltngglﬁgirﬂég%ur e
as the pi@eHaebf didirARipbimReltdger sensitivity, excitation vol tage and

measur ed bl ood pressure. 29°g) Step 557. The controller 500 conmputes an
apprdfriate digital value that is proportional to this equival ent
differential_voltage. hé St eE 558. The controller 500 sends the digital

val ue to a DR byentyifjrstaspsctthe proseat sventionogpists IBwdintgréacerconfiBuEehioes

and condi ] t out put .5 vol t age .of the 0_and ouf put.s the
caui var erphfRE beRSe@hbaitidnn BOBARstolFe ANTRR e, A RRsuisiTe bloogss.
Tr ansducgress@RSIBPY irfonitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
25 asubject;
a second input configured to receive the differential voltage of the excitation
signal provided by an IBP monitor; and configured to determine the midpoint voltage
of said excitation signal;

at least one processor(s) configured to receive said measurement signal, and said



10 In order for the interface to be able to output the correct equival ent
| BP transducer output signal to the IBP nonitor for any neasured bl ood
pressure, the controller needs to know i n advance the transducer
sensitivity which the IBP nonitor is cog%igured to work with, as well as
the excitation voltage supplied by the nitor. The excitation voltage is
supplied by the IBP nonitor and sensed by the controller through 15 the

excitati on.sSi I it : r c ik d Mty s to
oot e SR LI00 gy B b Sl ARFHER BRI R
of the ! ARMILIELE 8 -06jck dddordif 6 rédiberbiffcditielions, configured to work
with. This sensitivity is normally specified in the nonitor's manual. The

i nterface caanlbatple<iogfigdrddntosproivide seg outptt sigreml tin anfodncsritabbn ort inpiat $o i s
20 sel ectable by the user fromanong two or nore sensiﬁi,vities., ..

Addi t i onanilBP mpniter; apd syek thaidhe midpgiat af said euipu signal {s substantially symgar 5
~V/ VI t he .nost c nly used sensitivity, if no selection is nade.

Di gi tmﬁﬁmPfﬁ%ﬁf%ﬁ’gﬁeﬁﬁ%ﬁ%d pressure 25 For the same pressure

measur enent i f.atd : e ;
Sensi t1vity W ErROGCHEF SATBuBE ke comaed W proRid Al upherfiuRRtal
pressure vmiagal ire rElation a0 Gaidmedsuren2a0 sipmab imadoan sitableaforompudksé agdBH 5

V, a 40 ~V/V/imHg transducer will give a full output voltage range of 60 nmVv
(40 30monyomamdHg x 5 V x 300 mrHg), whereas a 5 ~V/ V/ nmHg transducer

will give an aquytput volta range of, only 7.5.nV. .If the DAC.qut.put .vol{age
is to be scaﬁ%‘a ‘gg%‘lt ﬁycﬁ%?@?‘ocﬁddﬁ%q IP@OES’E&W tt?et@bmégm)‘gg&f ﬁﬁié a
volta r : V for the 40 ~V/V/mtHg transducer and 0.75 V
for tﬁg gﬁwgyﬁrﬁ#%tl{llreg(ﬁ{sa cer. This 5 output voltage range can be
expressed al gebraicly: VEXC x SENS X (PMAX - PMN) where VExc is the

root - nean-square (RMS) differential voltage across the excitation
term nal s, SHNStwentyrsecondiasphet the preserit invéntipnwionsistssiai an inBRfansrionfiguired

configured to wotrk with, and PNAX and PM N ar ectively the maxi and
i ni mum 5 69RRELbCuEep) BANGNRTIVE RleAd Breesure (NORF) Serson ang WORReHYE RIOTd o
DAC whos résgﬁ&lﬁﬁgyﬁ@f@PﬁE@%{{Fgﬂe&w significant bits per volt) has been

maxi m ze or a 40”- ducer sensitivity is used for a 5

~, VIVfsmHg  sgmigéttihpit donfidived &5 fdcdivieo nithsiremeRO\sigall Midicativetofdhe NIBPhefNCe

t he nunber of data 15 points wll be reduced, so that the bl ood pressure
wavef or malsabjets nore steplike or | ess snooth than that obtained with a DAC
whose resol uti on has been optim zed for the 5 ~,V/,V/rmH9 sensitivity.. B The
more stepl i k& SECORE dRRJnEORIIgUIRR toaeseive thepflifiossntial tvpltaget the,evefision To

roni tor SIEBARPREAGRFBE o T ooty 8P PR e B SR ol FiiincRstings e

maxi m ze@f'gﬂdsel,t@ha@ory\@gnm@at the DACis still able to produce the required
DAC out put vol tage range, which, as indicated above, depends on the
transtucer satnidasi wint yproeessior(a) iconfigotedate reqmies saide nmaastenson dignangeid and
the scaling factor for the DAC output voltage. All this can be accgnplished
by usi ng dHIsreRERlavpinage andarald midpomt yoltage and $mulptean: anipubsignal Indicativge
range to C L gur y_the;. rolder. .and. by configuring the DAC for a
full -scanaﬁu@ﬁP%Sﬁ?@ﬁgte“ﬁsﬁ‘Bﬁg?@Bfe‘iegerml%ﬁﬂsw%‘?’&er than the required
DAC out put v Kk . f r agl

pressur o vaval oo conagureiio oL sal AN ot BTTohANaBle R InBhORL,
di gi tal anallBEsménitort hrd wacteflmt thecaidgrdnt of3shid putpuasiphabis subsntiallnisimitar A
sinple method is to performlinear interpolation between every two adj acent
dat a 2oi R that Rbsaif paidpomveltaasat i on met hods such as quadratic

i nterpol ation.and cubic spli.ne interpol ation n al so, be used.,K 5.Emul ation
of 18Pt 1 ansTiEarobtiepls) Bnnariphbrard Geiedthd 78 it o s o HaB, BBt hge
| evel of 1, P vl . e I e
producedvégg%dhgﬁrfﬂ%ler g(?:lggisd hrghlﬁ@rg%%{s%%ﬁﬁ%g{ EI? RI(’arﬁ\a/st(g1 tg%efqrg\%ﬁy%% iﬁg&fg of
the two hesnitongdl for this equivalent voltage is the sane as 10 the |evel
that woul d be produced at the correspondi ng output termnal of the
transducer. SithoatpHeisnemfiguredritelpdidnsaid shtdpgintovoltage toBthet veltagtuateeither put
signal is the sane as the m dpoint voltage between the excitation
termnals, as nmentioned above, this enulation can be acconplished by
centering the differential output voltage about the m dpoint voltage
between the excitation termnals. In other words, the mdpoint of 15 the
differential output voltage rides on the m dpoint voltage between the
excitation termnals, or the mdpoint of the differential output voltage is
offset with respect to the negative excitation termnal E- by half the

vol tage across the excitation termnals. An approximate enul ati on of the
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25 inplenmenting this approximate enulation is likely to be sinpler than
that for the full emulation. It is possible that wthout emulating this

of fset, the output voltage of the interface will still be accepted by nost

| BP nonitors. For exanple, the HP 1006B | BP nodul e (Philips Medi cal

Systens) has been shown in the |aborato?y to accept the 32 out put vol tage
fromthe interface when the negative output termnal S is connected to the
el ectrical ground of, the i rface. To be conservative, however, the
vol t age [t&yEpa rﬁW@(BGP$U£h§§¥ﬁWﬁ¥PQA%%OUId be emul ated in case the IBP
nonitor uses this voltage | evel, anong other characteristics, to check for
proper functioning of the IBP transducer. 5 Input and output inpedances It
i's known t hat TioBfho¥enikilkéd itXhe tdie td RPkichi thieeid@paton qulapss! mapedhanges ar
both to detect the presence and absence of a transducer or whether the,

t r ansduc epnstsuctionf ant wiidely rdiffering embodimentshasleapplisatians f thenvedtion will
emul ated. Enul ating thesge i npedances w || nore agcurately enul ate the
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comruni catj et N . QL rcuitr: .
interfaci hg‘%ae? hCl‘)i{\@g'] n@%ﬁl%ﬁaﬁ'{éi\\%ﬁ% egqérslgggﬁ&ggclftﬁ%rér%lt ?igg pg# %lgr%hrﬁgtg e and
proposed agd Aétihtended 8 bk h 8hY s€isedinitiniy, t he | BP nonitor is presented in
FIGURE 11. This circuitry provides for interfacing with the excitation and

input termnals of the IBP nonitor. It inplenments the approximate enul ation
di scussed abova The ¢ircui t_r%/ i nc] udes unity-gain voltage followers 60t8 or
20 buffers at [h§rinyEBUOM £O881SEINithe Fpregome and Rlse Fnvisages ¢PBSHIGoNS NG

mal functigni.ng of the interface wll not conprom se the electrical safety
and elect 1%Iéﬁ1epf(@}l]ogp%lg&veesgf(a Xésr BP nmonitor. Referring to FIGURE 11, a
vol tage divider consisting of four resistors RL 600, R2 602 , R3 604 and R4
606 of predeterm ned values and in series is placed across the 25

exci t at i BREEF DESCRIBTION OF DRAWINGSual s R4 606 and R2 602 equals R3

604. This means that the sumof R 600 and R2 602 is equal to the sumof R3
604 and R4 606, so that the connection point between R2 602 and R3 604

gi ves the, m dpeint. volt 630 between the.excitation,term.nals. Th

Vol tage SFQUBles i qldfepresl ERUQL ML FRWhe lessipet o N FefPrencE O 1S age
acrosg; t i i C=Yday. .the scaling factor bein 33 given by the
rati 0155( é@a&ﬁ%%r&;ﬁé@ﬁh@@@lr@hﬁehm) . This sgal ed vol tagegi S supgl i ed t)c/) t he
i nput of FAGURE! 4r isdaf {cheanticatagrimt oABCASH aremivdshe dlddlpressutd ¢IBEC

610 is read by the controller 500. The bipolar ADC 610 accepts positive and
negat i ve Map@rIngisyp€ent i al vol tages. Fromthis ratio, the controller 500

der i t .the 5 itation termnals. The f i st
are sor oFGVIE 28 0008 fitstt of i@ o monf e ned Moo MSHLRLE
f NeBpt ' ' ' t k
W th - DL R SO INERR Bfed e orl and i AR © vt
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that the_voltage across R2 602 and R3 604 is within the full-scale input
vol t age NAB§eseason Asontyolmal displayanoniterend ehtintgefager oss t he excitation

t erm nal sducer sensitivity and. .neasured bl.ood pressure, the

cont r or | ENGHIRECE 1S fh IEBRAL el B of b PUSY B MERNES Bloddhgressure
nmeasur ed ,{yﬂp gital value to a bipolar DAC 620.
The bi poflgbﬁ%%gpm%éﬁsﬁggtfﬁ#ﬁ&m |fH\/Ig ‘and negative output voltages. The
15 out puFIGUREG® ioh Bloek RdgréROof anNEBR dndhitdtaa SyRémacsthpiisingndn NIBP
anplifier in such a way that that the output voltage is the sane as the

di f f @Sensé¢nsor,van tiatpslachan ealibratonave adapterprand UBR dingerfadeecablanaddcan IBRt put

for the sane transducer sensitivity, the sane voltage across the excitation
t er mi nal ROMQ% t he same measured bl ood pressure. This scal ed differential

ettt SCUIE, AP T HGRCaRGA, e RBHlRbn  HEaTIRS ISRl terhlf

i's suppl Fe¢URE!S® whRhTRE inteFfacdudel S ﬁér%na?%gﬁx%@tér%s Rh&esstraleross t he

output termnals such that RS 626 is within the output | npedance range of

t he | BP FIGRHRECEZIs atblotk diagradriranembodimentooff thg IWEBP toonitoringvsystem afhi s
is to enul ate the output inpedance of the transducer. Additionally, the DAC
620 and scaling factor for the DAC output 25 voltage are selected in such a
way that the DAC full-scale output voltage range includes the DAC out put

vol tage range corresponding to the full range of the bl ood pressure which
the interface is designed to neasure. Alternatives for various parts of the
circuitry are available. First, the above circuitry uses the anal og

m dpoi nt voltage 630 for the summing amplifier 624. One



34 alternative nethod of obtaining the mdpoint voltage is to have the
controller read the m dpoint excitation voltage through a signa

conditioner and an ADC, generate a digital value and send the digital value
to a DAC, and have a signal conditioner condition the DAC output voltage to
the same | evel as that of the actual nidpoint 5 voltage. Another
alternative nethod is to have the controller read the voltages at the

itati i.nal s .E+ 270 and E- 275 and te the midpoint itati
Vol t age, AU 1B HiEh S e RS ATRETRIPCRIE! o BN OIRE both
ot . o o ot .
Fixed fultiGURFSHS 3 HBCk phighhl 5 of ShnRAER BIAR RFRPSRofotikshitl o
range CaFIGRIRIONS i @UkeHch he Uiiferfadet Wevrks owitA Obdthr anpéreondl sompueervand that

t he measurenent resolution in V/LSB is maxim zed to give a nore accurate
measur ememicrazontrodeetocadcatmpdishit essgatialfmootions ardkmood.t age across the
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conpute the actual differential vol Tage based on the scaling factor. One

al t er nat iaceondendeowithfthe pteacnt inyenthen.act ual differential voltage is to use a
si ngl e-ended-input ADC to receive fhe actual .voltage of each of . th

exci t at | dHGERE hhis aé:loglv@h%grameoft 8 PSOBPSe] QIEGIEN 1B AREEIACHE yith the TBR
have M:e con{rol | er conpute the actual differential voltage. Fourth, the

ni dpoi'nt "VEHC

5ge 630 between the excitation termnals in the above
circui try - el ' ' '

ol 5o be FIGRIRETRES dNORUGA BhalingSnbntkilile pritauiniobeh Rieiate adighan
di f f er entin atcordgidefwith thdpfebént intentidmove circuitry uses a differential

anplifier 622 to scale the DAC 25 out put voltgée. An alternative nethod to
scal e t h&dIGARButDista ¢antingatign of theflowgharypf FHel/Rd: 12 conbi nation of a
vol t age dqi,\ pd a di.fferentia mplifier, It . is regognized.that t.he
scal ng RIGERE: §8%s5u® dhestsfith, Bt A7 Rugt ihtermbgiefe aRA- GHpEF Signdl aE&fo
to cifgLui i IndiER Jradul WAE .conponents and that these
vari a{sicorlllgte%ﬁ?‘fgﬁlg? mat 2#38%(%%8%{?& l%lﬂ%j'egjg?:stjelrll gg{/d%g*ﬂt?he vol t age across the
out put 35 termnals S+ 280 and S- 285. One way to resolve this problemis
to deternmine the actual DAC output voltage scaling factor for every

i nt er f ac DERAILEAY DESCRIBEION-OBTHE INVENEROMNt i onal purposes in the
software or firmvare. Each interface unit will then have its own DAC out put
vol tage scaling factor. This will help ensure that the correct 5 output

vol tage s pr oﬁtfﬁﬁ@ra%{&fai grr&%uf%”&tp}ﬁP hff‘adﬁo?mglssygeng %igﬂ% ?(‘émﬁgi?e%% frsgoul d

be noted that the negative excitation termn

connexit edilled rddtarimgcling CaHling) anddndBP tenitot B@G,aﬁ%lrebﬁﬁ@lldpﬁtdi} i’FIGURE
general does not share the sane electric potential as the electrical ground
of the idtdhedtuid-fdledmonitoringHéra typicallyacomprisesga sathgtarod)$, tthbingc ), damage

both the_interface an he. 1 BP_ poni.tor, ,10 conprom sing the el ectrical
safety a#éﬂ eﬁé@st Ceal P#er@@fonﬁﬁfggreef tq hsémﬂg(/iaéeﬁo@‘grpr %ﬁ%%rﬁré%ﬁl}lcgﬂierﬁnan

| BP tran j ' ' . Lna A t

t ransduczlgd'btc‘gfzceﬂslsS gr:@)%dﬁmé\%@r Er\[}jo%?ga{éﬁfés }n;}%%f)%l%glffy% ﬁémlﬁeir\r/n%ﬁgl P%Oy I}Ilﬁ%t | BP
noni tor BBP @ansdaceld fr udd Tardsuduially Seithidrallishsably drOferhiPBRP6SdbIE Al sémit he
el ectrical ground of the interface, emulates this situation. 15 Calibration
of NI2BP dispssatdertnansdiicgniypically compitiSn axdisposable derhe bhattcooresdn cahtact wath t he

absol ute reference bl ood pressure corresponding to the N BP neasurenent
signal . BYid ihthq Bstemnapda ensiblo CransRiCeR dhat daes 1l G0me i SaNIaSE il Fhe

capabi | i its . NL.BP Sur ene SJ I st.. be | i by at i pst bl ood
ot bosur e i A sibbiice SRSt Rin b el AFIGORE I o 1 <
described in WnIBPaterfNQ cdbléftlstlbo %Bﬁh%dt‘fﬁje é@@eﬂ@h@ﬁ%oﬁ@. The
MONI TORI NG BLOOD PRESSURE, the contents of which are | ncorporate erel n by
r ef er enc&BP Anoritdrochinmreomeocih thbi formoef & atandaioei meniter, 25 part @fednr inte gttt
sensor, a watch head that houses a m croprocessor, and a strap. In this
enbodi ment, the nonitor is strapped to the wist, with the N BP sensor

bei ng placed over the radial artery to detect blood pressure in the artery.
Wist novenent and changes in the properties of conpressed tissue between
the nonitor and the wist can cause the sensor to displace fromits
original position and the strap tension to change. 36 This displ acenent
and tension change will change the forces acting on the contact area

bet ween the sensor and the wist. This change in forces will alter the N BP
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37 The zeroing procedure for a fluid-filled pressure nonitoring system
requires the clinician to manually trigger the IBP nonitor to performthe
zeroing. It includes the followi ng steps: a) Prepare the IBP nonitor to
receive the transducer output voltage at zero mmHg. 5 b) Position the
zeroing port of the IBP transducer so tBat it is at the patient's m d heart
|l evel. ¢) Turn the handl e of the zeroing stopcock OFF to the patient and

| oosen or_r.enove the deadender, cap on the zeraoin i de A Thi

bl ocks t MEMIPAAMAIR: paks n{"t"ﬁ&oba@ antd ?lilgim én%(ﬁ‘ll%r?raf:g‘g{lé%%L??eggﬁé&g%rens
the tran AHBPSAEpRscrOinFeior kilhfls ub he FMCAHEn T thednsade
port as zﬁ?{ggéﬁaﬁtéﬂ)ﬂﬁfertgpt e Pra%sdlr}cer wth trs1e IBeP rr%ni tor by pressing
t he appr diiledaimenkesinglifeudf an existinigeintdaFartarial tpressufthinsorrtoroignsystern withbe
activated manual | y because there is no automated feedback to check whet her
or not tmenfvasiyef systend thattis rdeasignedatey wask pwithethse gxisting ABPryneanitere The
stopcock handle OFF to the zeroin I port (closing.the rt. to .

at nos pheMETUIVESIVE. SYRFH FOMPEISES é%pﬂe@?u rsglflsofhémpé@'iegqq?e’s aﬁ&t farequined; 4
pressure i I i i

deadender’ g@g%&%@c&gisdéa@ﬁtge ?FQ%P glgeratg.ﬂr%&gesr I %Tg% ql|r1tr‘1e tr %‘rb? -aElc(:) gﬂé\n&tg rl]}epg%en
moni t or  kig NEBPNeBfOripdi the TBRGnSyisdrem t hat uses the interface, the
tononetric NI BP sensor as nentioned above, and a calibrator that uses an
occl usi ve cuf fThet Ipeeferriedi ambodiroenig ofr dlae dpneserdodnventionl womnrises f 8l biogiag

steps: 25 a) Prepare the ] BP _nonitor to receive,the,trapnsducer out
Vol Lage FRCIRAOCEAPEbIT KIeTIRieatial SREMRHES ORI RSSO YRR
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the reter ence ood pr essures neas e rator _ _
nmeasur en@ijulstes AR TBPafdIsdeshr ih RECIER Wdﬁhhﬁﬁhe"[ﬁ'ﬁ mOfitebides Ih@iftatthéy & ifan
relationship that relates the NI BP neasurenent signal to 38 bl ood

pr essur e ware megulaBdBRusansdnceBfeony adkidrdledi prespone nadnithomg knd. It equverés any
calibration mnen it isinuse, this stg can be consi deref@t% be onl

parti al | yoehlpodaprepsure aeasurad wing gn: NEBE sepsoignpsoan egnivalgat gBh; Blor

at the pat.| . ribed-in. of .t .

£ ansducap i sishel R BERh, uE moRRoRAPEblae bR ERer Merheu iR mapor
moni toy, ch bReOdilyIpdriornitd A& Wayitldtti8! sitfllabl @0 QRAY RSTPP TRIAGilfc@ HRE& MAHI.
The sending of this signal can be initiated automatically by the’ interface,
or by t haonswasiyesystieny camiprisingna suitdtiie NIBPesdrsor and this interfavenqant s used
screen. This step jis equiyalent to opening the IBP transducer to the

at rmsphelaé,anégeﬂ@éWPit%glF fluidstiled moniteringiine: r ansducer zeroi ng procedur e.

hi di gi be. - I I
zero-mug oi gt iRistfEef B8k SR £ sshe RFnh Spb R hestd oncd Rafife BP
cor r espoRghidhdeP sémiﬁﬁﬁ@%dce%tstttﬂ@eﬁﬁmidaam{xg% rBUideh i B RiOnTRRI 4R 1S

configured to work w th. though the AAM standard sti'pul ates a zero
bal ar2zfe pradices @ASequivientiBPardrisdnest altpue sigmak cotrBipomiing 0o thameeatesidyned
to accept a | arger range of zero bal ance. Zero the interface with the

15 d
| BP nmoni Piod prgssresEigipterfacealsn @muiaé@%th@éppw?mutmt imrpadaacesspt s Bor .
Thi t i i val ent i t he .l BP i hed .i t
(a or + REniSRe iEer e, P SOl dids ctngetesd GERATE A ot Bomit e er
t put 1{BP. i | i
ol 6ki ng R S€ Pnb e (BT TRt op e SRy DR ShR e heblion Wb A E 7l
equi val eesehBfl.t r ansducer out put voltage to the | BP

25 This interface offers the advantage of enabling continuous beat-to-beat blood
pressure to be monitored by noninvasive means, while allowing the medical staff to
continue to use existing IBP monitors which they are already familiar with. It allows
medical staff to continue to benefit from multiparameter monitoring offered by patient

monitors that provide monitoring of vitals signs such as ECG, oxygen saturation,



nmonitor. This step is equivalent to turning the stopcock handl e of the BP
transducer OFF to the zeroing side port to re-admt the patient's pressure,
as described in step (e) of the transducer zeroing procedure. 25 It should
be noted that the above NI BP nonitoring_systemhas no equivalent step for
step (fj of the transducer zeroing procgﬁure. The above procedure indicates
that zeroing is perfornmed after calibration. Calibration can actually be

performed before th e 0|n rream .th % ps. for. the. N .

noni t or i ﬁSSpéﬁfg‘f)Bnﬁﬁi #6‘&8 uit’nmt 3? Ei@? it 3%8 %10‘*% thgﬁb e §§tﬁnue %9
subseque m%fs B & AHiER tﬁelm‘s ok tpdtRnt
required géﬁ%?ﬁ)& %‘Z?ggnrbsfcﬂﬁf&{nrg&ggﬁoﬁg n {ﬁs requi rled step (b) caﬁl be
renoved. phonitory atBSennegdoi ng and cal i bration shoul d be perforned only
after sufficient tinme has been given for the NIBP nonitoring systemto warm
up after its initial power-up. 5 If are- calibration is performed while the
equi v | BP, t r gnsduge ut put .si gnal, ti |l t | BP

noni t??Jr r&lﬁgasf lcﬁrgg E‘?ﬁ \%\ﬁ\}'@fi S\M'P "zi%ﬂez{?r Cgﬁi'@a hﬁo‘f‘iiep'bet,sé'flffsi ve
cuf f of 5:? grat or is applied to the sane armas the N BP sensor. This
i s because lhe oCcl usion of the brachial artery by the cuff wll alter the
normal transm ssion of arterial pressure to the radial artery. Although the

distorted 10 waveform can actually be used to indicate that calibration is
in progress, ilthersspsomadmest EAP [tsansdudens dont Huidefilled wmtomcmstméom
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l'ine and Eal275‘?0r5@1@ﬁnf)hﬁ8xdﬂaﬁléh6\w1ﬂﬁgeaand381+' 1BRAaNP B B PFHRAhE SutpulBsigade on
the monitor to informthe clinician. If the calibrator cuff is appl ied to

t he oppoditiese foun tetthinald aredcqnnestedrte thaVBP anonitér throwgh béradisducer toatiledand ng
calibration so i ?(E not be necessary to prevent the waveform from bei ng
di spl aye@nJB tifterfasp caBlei t or unl ess there is reason to do so. 20 This neans
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to design e interface in such a way that a zefo-nmHg signal is al ways

sent to mhenitdBPtheooutpot véitagec edpiréseatingnthies blavdp pogssees beiziy  Degasudidn glton
the stability of the interface output S|gnal at zero , It _may be

necessar ylonanﬁemﬂdmmtz aplpgr) ohtthe cipulr SIgna pmeﬁneowmnaéd £ rmedpmms voltage
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start of a neasurenment period, a re-calibration

re- zeloi ogtpu vattags abobifsetl wnbemqreat to ﬂ’lEV\ﬂb@[lVC eexcahtudm &trmmaloE— ﬂ:lyehdllf Bie
noni toring, system whether initiated by the user or automati cal ly by the
system N@Bag%@tcro(ﬁﬁvta%eméan@mtm@aby F@rz@mﬂm tinthes yoltags ofijthe rmstb\fﬁ to
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user to sespdctxoder -itNg signal and the equivalent |1BP transducer output
voltage to the | BP nonitor can be designed to be the same button that

toggl®s bet weMiost ABPttyanstuesss imhse confogpeodhe ﬁé\l DY AL BP 22611994 etanémi A
f | owchar eratin rocedure .that includes calibrati on zer oi ng
1T oo Blond BB S AdePring i, 6 BPUALER, Eaa PEE Fp 5 Tevasit dbor
power - up cof f in

i nt erfacg% uél?(ﬁ' bﬁgﬁansgg\ﬁ? oft ?@&g n%ltﬁgépom/ﬂgﬁfc{gt@ gn&%}gﬁ égre i's
read t hr QuEibrekeRatcHvolidge'; rhlhﬁ%i’ 3 fipaP fth BGREMEFHaR 200N
step 656 and pr ocaesseéllot hgreolbt]ﬁh ste g%é lglg?dn IchaI P%c?agtci ?ﬁéﬁafsjtﬁr?otmggen
per f or medhhsf an eupputi iinpadahse smallen' dhnf $000tdhens, rapdsorsro bilahse petHin r7sd

t hrough step 664, after which the controller returns to step 656 to
continue receiving the NIBP neasurenent signal. e) If zeroing has not been
perfornmed before or if it is required for other reasons, it is perforned

t hrough steps 670, 672, 674 and 676, after which the controller returns 25
to step 656 to continue receiving the NI BP neasurenent signal.




f) If calibration and zeroing is not required, the nmeasured bl ood pressure
is determ ned through step 678. g) The equivalent differential |BP
transducer output voltage for the neasured bl ood pressure is conputed

t hrough step 680. 41 h) The appropriate digital value for this
differential voltage is conputed througﬂ4step 682. i) The conputed digital
value is send to the DAC through step 684. I f continuation of the N BP

oot v e S S s R DRbAe errw?e%q‘fr s B, 5508 b0 PheviiBee P ikaRd©
Measur emg i, gg{@h %}Hcafé A% Pﬁg@@dmeﬂl&n% stéiRUtan d%ﬁrgzg g And

out put  si gnal ustration he 1 nput,” T nter rre at e out put

si gnal s fhefveser, |ha§arséﬁgavu§|df@10tmké/\f/mm1algtrl ¢ NI BP sensor nentioned above
and a transducer sensitivity of 5 ~V/V/nmHg is presented in FIGURE |4. The
NI BP neasurenent signal 700 and ex0| tation voltage 705 are the input

21 onals” amasifn SLALF debtrdag et b L hned B b b SO
differential |BP transducer out put voltage 715 is the sane as the voltage
across the output termnals S+ 280 and S- 285 of the interface (FI GURE 11

). FIGURE 14 gievresent dhvdttRnSlfeDitran Mtkifade 848 etlulstep AAIBIF afddutéPinmtg
and a diastolic pressure of 80 mmHg for the first beat of the waveform The
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a noni nvasi ve bl ood pressure sensor and an invasive blo pressure

(1 BP) nomnas the s1gnaﬂ11hatswoglcﬂlayefbaestprod1mﬁl footiiat puessdre oy a eamsdecen which the
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NI BP sensor and said second input and

interface will also output the same differential voltage of 2.5 mV. This differential

voltage can be expressed algebraicly:

VEXC x SENS x P
20 where Vgxc is the root-mean-square (RMS) differential voltage across the excitation
terminals, SENS is the transducer sensitivity which the IBP monitor is configured to

work with, and P is the pressure measurement. The interface also emulates the input

and output impedances of the transducer.
25 Single interface between NIBP sensor and IBP monitor
The present invention in one embodiment includes a single microprocessor-

based interface that connects between an NIBP sensor and an IBP monitor. A block

diagram of an NIBP monitoring system that comprises an NIBP sensor 302, an



15 said output are both connected to an IBP nonitor. 2. An interface as
claimed in claiml wherein said second i nput and said output are conf gured
to connect to an IBP nonitor by neans of a detachabl e or configurable
connecti on between said interface and an IBP interface cable for an |IBP
monitor. 20 3. An interface as clained 2h claim2 wherein said connection

I ncl udes an adapter with a first connector configured to connect to said
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interface configured to connect betweén a noni nvasive bl ood pressure (N BP)

sensor anddanterfavasable 3iR@adh preddes 4 WitdBRp transiniicthe dosignals icogrespdriding to
I nput configured to receiyve

5'a subj dotfolk gl - Somn é&k&&‘lﬁé‘taﬁk%g%&eﬁdbﬁ%‘ﬁé ‘Epgiﬁe: SR
i | i | BP ' ; ' t
ecer ve’ ¥ o onatpiBn AN U marRerts o i ShucPREe P SAYCR offP il 1EE 41
out put  sicgnaderds| ¢ fhdtVGnnketds gtthI’B‘Pf inferfatdl Gfble 3@2§Tﬁé’raﬁh€%t1ﬁa or may

predetermned I nstructions; and an output configured to pro e said

si gnal i mogirdohuide $vablabetvderrits twantordreceors! BP moni tor; wherein said
processors) is configured such that a user can select froma predeterm ned
range of procdsspragtiestthenealibrator. 30dn mayt or fmer »ef be deqdired.n depending on
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9. An i nter hstReradevical Fol dxanpléi the/ ambrédletonoafitt amthodatqwites she NIBP
configured such that said enbedded m croprocessor system and said personal
conput er measuremend segikd riol be salibratethagaiapidbloodepreasusre canasusemicnts add by

reasur oot Balcc AR 0,25, SXLL Ll on 2l dnal AR 20 generaLe on. gl pu
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addi ti ongdvetifgnals NIBP dataupsRE@Ssighal, whe#das the vascular unloading method has
built-in calibration capability.
IBP interface cables are usually transducer-specific at the transducer end and
monitor-specific at the IBP monitor’s end, because different IBP transducers usually
20 have different connector designs, as do different monitors. For example, an IBP
interface cable that connects a Becton Dickinson (BD) (Franklin Lakes, NJ, U.S.A.)
disposable transducer to a Hewlett-Packard (HP) IBP monitor (Philips Medical
Systems) cannot be used to connect a Utah Medical Products (Midvale, UT, U.S.A.)
disposable transducer to the same monitor. The same IBP interface cable will not
25 connect to a Datex-Ohmeda (Madison, WI, U.S.A.) monitor. Although most IBP
transducers use proprietary connectors, the telephone-type RJ11 plug (male part) is
increasingly being used as a standard connector for disposable IBP transducers that are
intended for fluid-filled, invasive blood pressure monitoring systems.

In order to connect the interface 300 to the IBP monitor 318, the interface-cable



10. An interface as clained in any one of clains 7 to 9 wherein said
conbination is configured such that both said enbedded m croprocessor
system and sai d personal conputer cooperate to receive said nmeasurenent
signal and said excitation signal and to generate an output signal

i ndi cative of the IBP of a subject accof®ing to 5 predeternined
instructions. 11. An interface configured to connect between a noni nvasive

bl ood NI BP d | ' | ood | BP [
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or specified by a user. 25713. An interface as clainmed in claim 12 wherein
sai d rangkati for| esdey HosgitANimtrHgseand ddfferekt Wamsthocer,14n adaptert specifie to that
configured to connect  between a noninvasive bl ood pressure (N BP{ sensor
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moni t or; &@&ehOitt&hdeigt ermne the differential voltage of said
excitation signal; and configured to determ ne the m dpoint voltage of said

excitation signal; 5 at |east one processors) configured to receive said
measurement signal and said differential voltage and enul ate an out put

si gnal i Migkal pracegsinghe | BP of a subject according to predeternined
instructions; and an output configured to receive said m dpoint voltage and
configured to provide said output signal in a formsuitable for input to an

| BP npyi tor; t hePR) e i b S| '
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cl ai med iand cheiafalbg afproacth B digiead @pproachuises nctoiesller toopdré@en, dihvowldr , a
differential anplifier, or a conbination of the two configured to sense and
condi t i osoBwate en firmawers. ith¢ device sgatrol Jatemcquisition,aligiielesignal qiracessing and
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20 uncertainty caused by temperature changes is reduced. Although some uncertainty is
introduced in the conversion of analog signal to digital signal and digital signal back to
analog signal, this uncertainty is likely to be significantly smaller than that introduced
by largely analog circuitry. One major advantage of the digital approach is that it offers
the flexibility of allowing changes to device control, data acquisition, and signal and
25 data processing to be easily implemented through software or firmware.
The analog approach uses largely analog circuitry to perform the necessary
functions. Because of this, the analog circuitry is likely to be much more complex, so
that the cumulative analog signal level uncertainty due to temperature changes is likely

to be significantly greater than if the digital approach is used. Although the analog



20 17. An interface as clained in claim16 wherein said anal og-to-digital
converter (ADC) is a bipolar ADC. 18. An interface as clained in any one of
claims 14 to 17 wherein said second input includes a voltage divider or a
conbi nation of a voltage divider and a differential 25 anplifier,
configured to sense and condition said &7 dpoint voltage. 19. An interface
configured to connect between a noni nvasive bl ood pressure (N BP) sensor
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claim19 wheréin said second input includes a voltage divider, a
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(ADC) is a bipolar ADC. 23. An interface as clained in any one of clains 19
to 22 whearbe desigbded 6xhavk ihemalibratot 30kcormecodiragty thi thedC 365 imsteadybi nat i on

of a voltage divider and a differential 25 anplifier, configured to sense
and condi t i onThgisgcondiponfiguration.capellusiratedin FHGERIE Je uses & mirrasanirallen ag m
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bi pol ar Ay. because of its lower processing power compared to a PC. The calibrator 304

connects to the interface 400.

The third configuration, as illustrated in FIGURE 8, uses a microcontroller as
well as a PC 355. The microcontroller and PC 355 work together to accomplish the
20 essential functions and more. Depending on the hardware, software and firmware
configurations, there are many ways in which the microcontroller and PC 355 can work
together to accomplish these functions. For example, the microcontroller and PC 355
could work independently in such a way that the microcontroller performs the same
functions as in the second design configuration, while the PC 355 performs extensive
25 signal and data processing to provide more information about the blood pressure
measurement. In this example, the PC 355 is not an essential part of the design in that,
without the PC 355, the interface 400 can still work with the IBP monitor 318. As

another example, the microcontroller could perform the acquisition of the NIBP

measurement signal and sending of digital values to the digital-to-analog converter



5 26. An interface as clainmed in claim219 wherein said processors) includes
a bipolar digital-to-anal og converter (DAC) to provide said m dpoint
voltage to said output. 27. An interface as clainmed in claim 26 wherein

sai d out put includes a voltage divider gg a conbi nation of a voltage
divider and a differential anmplifier, cohfigured to scale 10 and condition
the output signal of said digital-to-anal og converter (DAC) such that the

m dpoi nt | tage, of .t h ed and. 1510 Fanal is._sub tpakl
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signal_and.sai d.excj.tation signgl and ate_.an out put . si icRdi cative
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t he di ff‘?ﬁ&ﬂ&ﬂnd’&’aﬁﬁ@ agg_ sai d out put signal depends on said excitation
signal, a predetermned or selectable transducer sensitivity, and said
measur ement  silgealintedice 2anabe oddspgitedc emnfrake edl tof pexd deregaconfdguratibns
signal in a formsuitable for input to said IBP nonitors, including a
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said digital -to-anal og converter (DAC) is a configurable bipolar DAC, said
processors) is further configured to configure said DAC, and 5 said DAC is
further doerferglioperatiwnopf intérface he resol uti on of said full-scal e output
voltage range. 30. An interface as clained in claim?29 wherein said
full-scale voltage range is proportional to the result of the foll ow ng

ot hermt | cal oI GRSk o PoNIRIGTENS X RV 1y UL 1lon AN ARLELS BF

as claimed in“clarm wherei n sai d eut’put i nc S a clrcu
confipur @f inferfie! Batides Gl diditn fpréacdUisdpiesent@ddin FLGURENS! THe general
differential voltage of said output signal 1s equal to the result of the
f ol | owi ngpemtioanaf theaintentreeawiobres the foboevig SEYS, whiclBare Also ilhsthitedeims
claimed in claim31l wherein said circuit includes a voltage divider, a

di ffer entilGUREA0i fier, or a conbination of the two. 20 33. An interface as
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input to an IBP nonitor. 25 34. An interface as clainmed in claim33 wherein
sai d 2nt eopetrari(ADCnE0&ides | i near interpolation, nonlinear interpolation,

or a conbination of the two. 35. An interface configured to connect between
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d) Step 554. The controller 500 calibrates the processed NIBP measurement signal

25 if necessary.
€) Step 555. The controller 500 determines the measured blood pressure in mmHg.
f) Step 556. The controller computes the equivalent differential IBP transducer
output voltage for the measured blood pressure as the product of the transducer

sensitivity, excitation voltage and measured blood pressure.



5 at | east one processors) configured to receive said neasurenent signa
and said excitation signal and enul ate an output signal indicative of the

| BP of a subject according to predeterm ned instructions; and an out put
configured to determ ne the output differential voltage for said out put
signal; and having at |east two term nats configured to provide said out put
signal in a 10 formsuitable for input to an IBP nonitor; wherein said

second i nput, ' r 9GES ' j . .. the
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subject. 15 36. An interface as clainmed in ¢claim35 configured such that
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the output signal at said termnals is obtained by adding the m dpoi nt

vol tage of said excitation signal with respect to the electrical ground of
sai d i nt drmangducersensuivitl t age at either termnal for said output
differential voltage, this output differential voltage being the result of
the foll owi ng nat hemati cal expression: 50 VExc x SENS x P 39. An
interfpce as ¢ abdqefl fh thé AnfBrfReVRFLR! Bbigatd oRHARUfne! S0kl f bguivnt UBP
that said m dpoint voltage of said excitation signal is added'to the

vol tage atanediideeroutputnkigahl %o fthe 1B ehonitop ufor dinfyf ateasired! bloolt pgssrg, the
summ ng anplifier. 40. An interface configured to connect between a
noni nvasicesatrplleroiteds & knew in MUdBM)cestba dransduer senditividy iwhachh theold3 Ih mendtor és
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subj ect 15 according to predeterm ned instructions; and an out put
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i npedance. 43. An interface as clainmed in claim40 wherein said second

i nput20 netlediableobye the user fronesiwingr tvd ot weene seneitivigiest Additionallys it can be
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Digital output for measured blood pressure
25
For the same pressure measurement range and the same excitation voltage, a
larger transducer sensitivity will give a larger range of output voltage. For example, for
a pressure measurement range of 0 to 300 mmHg and an excitation voltage of 5 V, a 40

pV/V/mmHg transducer will give a full output voltage range of 60 mV (40



a subject; 5 a second input configured to receive a transducer excitation
signal provided by an IBP nonitor; at |east one processors) configured to
recei ve said neasurenent signal and said excitation signal and enul ate an
out put signal indicative of the |IBP of g subj ect according to predeterm ned
instructions; and 10 an out put confi gur @ to provi de said output signal in
a formsuitable for input to an IBP nonitor; wherein said output neans is
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in claim44 wherein said output includes one or nore resistors placed

across t hiee d0t putViremitig adassduwer endohdd nyg foo thaisd udlVpmmi gpeatadueer. 4his An
interface confi ﬂured to connect between a noninvasive bl ood pressure (N BP)
25 serfsooutny veHage tengecandieccopressed algebraicl®p) nonitor conprising a first

i nput configured to ei a ngasyrenent signal indicative of the N BP of
a subject; a é&é‘@ﬁ‘o‘sﬁﬁgﬁeﬁd‘éﬁﬁ%m d to receive a transducer excitation
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to receive sai asurenent signa S excltation”signa enul at e

an out putterpiigaig] SENS Batheeargtiu¢dresehiBvity whighyagt IBRanomithmg domfigured to
predeterm ned instructions; an output configured to provide said output
si gnal i werkfwithn and Pakx end dhvini apurespectyyely thesmaximpmoand snainau@apriessuaes on

devi ce conf.igur.ed to.provide.a calibration signal to said processor(s);
wher etth lﬁgﬁpadEE%%ﬁgjs?@ﬁ%%ﬁ?gth@g‘FBEBalibrate sai d measurenent signa
according to predeterm ned instructions. 10 49. An interface as clained in
claim48 wherein calibration of said neasurenent signal can be initiated

and aborted bY¥f a DA€ whobe révolutide i RSB/¥S(16dstisiiAficahtBied perddolthBiLbéen
calibration of said nmeasurenment signal is automatically initiated and
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1. An interface as clained in claimb50 wherein calibration of said
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less smooth than that obtained with a DAC whose resolution has been optimized for
the 5 uV/V/mmHg sensitivity. The more steplike a waveform is, the less it represents
the actual waveform.
To improve the smoothness of the blood pressure waveform at the IBP
20 monitor’s end, the resolution of the DAC output voltage in LSB/V should be
maximized in such a way that the DAC is still able to produce the required DAC output
voltage range, which, as indicated above, depends on the transducer sensitivity,
excitation voltage, pressure measurement range, and the scaling factor for the DAC
output voltage. All this can be accomplished by using a programmable DAC that
25 allows its full-scale output voltage range to be configured by the controller, and by
configuring the DAC for a full-scale output voltage range that is slightly larger than the
required DAC output voltage range.

To further improve the smoothness of the blood pressure waveform that is

displayed on the IBP monitor, the number of the digital values for the waveform can be



20 conbi nation of both groups of intervals. 52. An interface configured to
connect between a noni nvasive bl ood pressure (NI BP) sensor and an invasive
bl ood pressure (IBP) nonitor conprising a first input configured to receive
a nmeasurenent signal indicative of the SLBP of 2S a subject; a second input
configured to receive a transducer excitation signal provided by an | BP
nonitor; at |east one processors) configured to receive said neasurenent
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I nput to an’IBP nonitor; whérein said processors) is further configured to
suppl y a interpolsti@gnand tubis 3phnd imertpoletiomccanr alsabe usedor edet er nmi ned
instructions. 53. An interface as clainmed in claimb52 wherein said
processors) is configured to supply said zero signal to said output when

cal i bratipon pof, sai surenment signal. i§ in progress or when said
nmeasur n@%?“%%ﬁ'a?ﬁ@%%‘lsmgﬁoﬂ Sﬂ%‘é‘ﬂu of the calibration. 10 54. An
interface as clainmed in claimb52 wherein said processors) is configured to

supply either said zero signal or said output signal to said output at any
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a user) Squivatent iBBrifansductr altputrindtaga produaedsty thiedntsirface isbouleel sughdhatai d
[ I d [ t put si I ) I ted b .. ,20 57. A
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sai d gt 140" RV outd Hd p%@&ﬁcéd“ta?rtfhéc%orréﬁuqrﬁmog rﬁtﬁgﬁtag@m%aﬁ&‘ wRd in
claimb2 erein said zero signal 1s always supplied to said output

whenever ti@asdideer Sicgnhe nbeisalPRidpintt woltleth Othe IBP: trafsduler 0tpublsigfadde as
claimed in claimb52 wherein the output signal for said zero signal, is

Wit hi n Qrife samigas 8@ milpeintadtage betwedmigeancitatian feanénalsresi rgemteehadaboyanect
b1 00d. pr Q48 RSy ai s 2cSPIDRRE] B omicnEstie i TBroriiob GuimAc U3E8 abet
moni tor 4o frﬁ&f&i}{?vgﬂﬁ& B&TR e 1B Bk cit oAU AL Th Rither words, the midpoint of
15 the differential output voltage rides on the midpoint voltage between the excitation
terminals, or the midpoint of the differential output voltage is offset with respect to the
negative excitation terminal E— by half the voltage across the excitation terminals.
An approximate emulation of the IBP transducer output voltage level can be
achieved by making one of the terminals for the differential output voltage take on the
20 midpoint voltage between the excitation terminals. This approximate emulation is
judged to be adequate because the differential output voltage is relatively small, being
usually in the order of millivolts or tens of millivolts, compared to the midpoint voltage
between the excitation terminals, which is of usually in the order of volts as measured
with respect to the negative excitation terminal E—. Additionally, the circuitry for
25 implementing this approximate emulation is likely to be simpler than that for the full
emulation.
It is possible that without emulating this offset, the output voltage of the
interface will still be accepted by most IBP monitors. For example, the HP1006B IBP
module (Philips Medical Systems) has been shown in the laboratory to accept the



according to operating instructions for said IBP nonitor; 5 sending said
zero signal to said IBP nonitor through said output; zeroing on said |IBP
nonitor, according to operating instructions for said |IBP nonitor; and
preparing said IBP nonitor to receive said N BP nmeasurenent signal through
said output, according to operating ins8?uctions for said IBP nonitor. 10
61. An interface configured to connect between a noni nvasive bl ood pressure
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the m dpoint voltage of said excitation signal; at |east one processors)

conf i gur athang otherchagacteristiosetoschaskdint pripgn finciioningoGthei IBPetrannduger. vol t age
and enul ate an output signal indicative of the |IBP of a subject 20
accor dl ng to predeterm ned instructions; an output configured to receive

said m dgint . val n nfigured to provide said output signal in a
forn1sui5§BP£anﬁﬁﬁﬁﬁbﬁn$8&§HmfBP nonitor; and such that the m dpoint of
said output signal is substantially simlar to that of said m dpoint

vol tage; said processors) and output are configured to provide an out put

differential 26isvkhéwgehatnlBRmaonitors tuse she dnpretaimpeelarce, citpnimpedanceoom
suitable for input to an IBP nonitor; and said _output js configured to, add
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i ndi cative t he B a subject; a second 1 nput configured to receive

a transdehsficesxfipretilems ificonahugicavordbetween ahe 1t faceraridIBP awififogur ed to
determne the differential voltage of said excitation signal; and
configured to determ ne the m dpoint voltage of said excitation signal; at

| east one..pracessor.s onf i gur 0 receive said neasurenent signal and
said di f%e'?%'”&ya or\)B}"trjﬁﬂngﬁﬁltﬁgrﬁﬁ)a?‘@“éﬁqrout put signal indicative of the

| BP ofs a subject 10 according to predeterm ned instructions; an output
configured to receive said m dpoint voltage and configured to provide said

?EE} put signal AmelecfriRalMmchenialt) dafeim ofayropesedrcitddeydor imerfacing veitle the hat
IBP monitor is presented in FIGURE 11. This circuitry provides for interfacing with
the excitation and input terminals of the IBP monitor. It implements the approximate
emulation discussed above. The circuitry includes unity-gain voltage followers 608 or

20 buffers at various places to minimize loading and to ensure that any malfunctioning of
the interface will not compromise the electrical safety and electrical performance of the

IBP monitor.
Referring to FIGURE 11, a voltage divider consisting of four resistors R1 600,
R2 602 , R3 604 and R4 606 of predetermined values and in series is placed across the
25 excitation terminals such that R1 600 equals R4 606 and R2 602 equals R3 604. This
means that the sum of R1 600 and R2 602 is equal to the sum of R3 604 and R4 606, so
that the connection point between R2 602 and R3 604 gives the midpoint voltage 630
between the excitation terminals. The voltage across R2 602 and R3 604 represents a

scaled version of the voltage across the excitation terminals, the scaling factor being



m dpoi nt of said output signal is substantially simlar to that of said

m dpoi nt voltage; said processors) and output are configured to provide an

output differential 15 voltage in relation to said neasurenent signal in a
formsuitable for input to an IBP nonitgr; and said output is configured to
add said m dpoint voltage to the voltagé3at either termnal for said output
differential voltage. 20 63. An interface configured to connect between a
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receive a transducer ‘excitation si provi ded by an | BP nonitor;
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10 6410A } '@rof ace configured to connect between a noninvasive bl ood
pressurer}stlir{ﬁcl )""sensor and an invasive bl ood pressure (IBP) nonitor
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| east on r sQr iLgured to receiye said, neasurenent . si gnal ai d
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i ndi cad i vatRf Volggé BP 1 DAG MﬁE%cﬂE&%&%%st&f PUFHGERAT d’fﬁﬁliﬁ&sﬂé&h'é)m;
20 an output confrgured to provide said output signal 1n a formsuitable
for i nputwayothahthaBEheroutpubwoltagedissthe Bambads thédifferdptialnvoltdgesthatiwouidphive

signal is substantiall ¥1 simlar to that of said m dpoint voltage; said
pr ocessoP§sn Prdusge pttthe teansduearuptpet {5 the pamestransdugen sensitivity gt same

voltage across the excitation terminals, and the same measured blood pressure. This

scaled differential voltage is then superimposed on the midpoint voltage 630 between

20 the excitation terminals by means of a summing amplifier 624. The final output is

supplied to the IBP monitor. A resistor RS 626 is placed across the output terminals

such that RS 626 is within the output impedance range of the IBP transducer which the

IBP monitor is configured to work with — this is to emulate the output impedance of

the transducer. Additionally, the DAC 620 and scaling factor for the DAC output

25 voltage are selected in such a way that the DAC full-scale output voltage range

includes the DAC output voltage range corresponding to the full range of the blood
pressure which the interface is designed to measure.

Alternatives for various parts of the circuitry are available. First, the above

circuitry uses the analog midpoint voltage 630 for the summing amplifier 624. One



voltage in relation to said neasurenent signal in a formsuitable for input
to an IBP 25 nonitor; and said output is configured to add said m dpoint
voltage to the voltage at either termnal for said output differential
voltage. 65. An interface configured to_connect between a noninvasive bl ood
pressure (N BP) 57 sensor and an inva3%ve bl ood pressure (I1BP) nonitor
conprising a first input configured to receive a neasurenent signal
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a subj eclyiacs flodé AecurdteRtheskat&hBht $IAht BREAtRIN Wilgagean out put configured to
receive said mdpoint voltage and configured to provide 25 said out put
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voltage across the excitation terminals and the controller to compute the actual

differential voltage based on the scaling factor. One alternative method of obtaining the

actual differential voltage is to use a single-ended-input ADC to receive the actual

voltage of each of the excitation terminals E+ 270 and E- 275 or a scaled version of it,
20 and have the controller compute the actual differential voltage.

Fourth, the midpoint voltage 630 between the excitation terminals in the above
circuitry is sensed through a voltage divider. This midpoint voltage can also be sensed
through a combination of a voltage divider and a differential amplifier.

Fifth, the above circuitry uses a differential amplifier 622 to scale the DAC

25 output voltage. An alternative method to scale the DAC output is to use a voltage
divider or a combination of a voltage divider and a differential amplifier.

It is recognized that the scaling factor for the DAC output voltage will differ
from circuit assembly to circuit assembly because of variations in the components and

that these variations will ultimately affect the accuracy of the voltage across the output



output differential voltage. 67. An interface configured to connect between
a noni nvasi ve bl ood pressure (NIBP) 5 sensor and an invasive bl ood pressure
(I'BP) nonitor conprising a first input configured to receive a nmeasurenent
signal indicative of the NIBP of a subjgit; a second input configured to
receive the differential voltage of an citation signal provided by an | BP
noni tor; and configured to determ ne the m dpoint voltage of said 10
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i ndi cative of the IBP of a subject according to predeterm ned instructions;
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interfac i d .. bet ween a noni nvasi ve bl ood pressure (N BP)
sensor a gﬁg‘{:{nilt%\%\c%f S‘i‘?‘ﬁaﬁggﬁl?ﬁ‘é@&?ﬁg (I'BP) nonitor conprising 10 a first
i nputigonfigured to receive a neasurenent signal indicative of the N BP of
a subject; a second input configured to receive the differential voltage of
t he exci CGlibmationgfaXIRP anedadeimentinighBP noni tor; and configured to
determ ne the m dpoint voltage
For an NIBP monitor, calibration establishes the absolute reference blood
pressure corresponding to the NIBP measurement signal. For an NIBP monitor that
20 does not have built-in calibration capability, its NIBP measurement signal must be
calibrated against blood pressure measurements made by another device. One such
NIBP monitor is described in U.S. Pat. No. 6,443,906 entitted METHOD AND
DEVICE FOR MONITORING BLOOD PRESSURE, the contents of which are
incorporated herein by reference. An embodiment of this monitor comprises a
25 tonometric NIBP sensor, a watch head that houses a microprocessor, and a strap. In this
embodiment, the monitor is strapped to the wrist, with the NIBP sensor being placed
over the radial artery to detect blood pressure in the artery. Wrist movement and

changes in the properties of compressed tissue between the monitor and the wrist can

cause the sensor to displace from its original position and the strap tension to change.



of said excitation signal; 15 at |east one processors) configured to
recei ve said neasurenent signal, and said differential voltage and said

m dpoi nt vol tage and enul ate an output signal indicative of the IBP of a
subj ect according to predeterm ned instégctions; an out put configured to
provi de said output signal in a formsuPtable for input to an I BP nonitor;
and such that the mdpoint of said output signal is substantially simlar
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15 It should be noted that the choice of a calibrator for an NIBP monitor that
provides continuous beat-to-beat blood pressure measurement is not restricted to those
that use an occlusive cuff. Any blood pressure measurement device that is capable of

providing accurate blood pressure measurement can potentially be used as a calibrator.
20 Zeroing of IBP transducer with IBP monitor

The output voltage of an IBP transducer at zero mmHg is usually not zero. This
output voltage is called the zero offset or zero balance. This offset voltage is sometimes
augmented by hydrostatic pressure caused by a column of fluid above the level of the

25 sensing area of the transducer. For accurate IBP measurement, the IBP transducer must
be zeroed with the IBP monitor before monitoring begins. During the zeroing, the IBP
monitor effectively reads the total offset voltage and associates it with zero mmHg, or
strictly speaking, zero gage pressure, and in doing so, establishes a zero-mmHg

reference level for the IBP monitor.
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value corresponding to zero mmHg. The sending of this signal can be initiated
automatically by the interface, or by the user pressing a button on the interface or
on the computer screen. This step is equivalent to opening the IBP transducer to
the atmosphere, as described in step (c¢) of the transducer zeroing procedure. This

10 digital value can be a zero or a non-zero value, as long as the zero-mmHg signal
that is sent to the IBP monitor is within the range corresponding to the range of
the zero balance for which the IBP monitor is configured to work with. Although
the AAMI standard stipulates a zero balance within £75 mmHg, as mentioned
above, most IBP monitors are designed to accept a larger range of zero balance.

15 d) Zero the interface with the IBP monitor, by pressing the appropriate key or button
on the IBP monitor. This step is equivalent to zeroing the IBP transducer, as
described in step (d) of the transducer zeroing procedure.

e) Send equivalent IBP transducer output voltage to the IBP monitor by pressing a
button on the interface or clicking on a button on the computer screen. The

20 interface will send the equivalent IBP transducer output voltage to the IBP
monitor. This step is equivalent to turning the stopcock handle of the BP
transducer OFF to the zeroing side port to re-admit the patient’s pressure, as

described in step (e) of the transducer zeroing procedure.

25 It should be noted that the above NIBP monitoring system has no equivalent
step for step (f) of the transducer zeroing procedure.

The above procedure indicates that zeroing is performed after calibration.

Calibration can actually be performed before the zeroing, meaning the above steps for

the NIBP monitoring system can proceed in the order of a, ¢, d, b, and e¢. Any
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zeroing and calibration should be performed only after sufficient time has been given
for the NIBP monitoring system to warm up after its initial power-up.

5 If a re-calibration is performed while the equivalent IBP transducer output
signal is still being sent to the IBP monitor, the blood pressure waveform will appear
distorted if the occlusive cuff of the calibrator is applied to the same arm as the NIBP
sensor. This is because the occlusion of the brachial artery by the cuff will alter the
normal transmission of arterial pressure to the radial artery. Although the distorted

10 waveform can actually be used to indicate that calibration is in progress, it may
inadvertently confuse the clinician. The software or firmware of the NIBP monitoring
system can be designed to provide the option of temporarily not displaying the
distorted waveform on the IBP monitor whenever calibration is in progress. This can
be achieved by sending a zero-mmHg signal to the IBP monitor to display a zero-

15 mmHg line and at the same time displaying a “calibration in progress” message on the
monitor to inform the clinician.

If the calibrator cuff is applied to the opposite arm, the blood pressure waveform
will not be distorted during calibration, so it will not be necessary to prevent the
waveform from being displayed on the IBP monitor unless there is reason to do so.

20 This means that the waveform can continue to be displayed on the IBP monitor
whether or not calibration is in progress. However, because the clinician may apply the
occlusive cuff to the same arm or a different arm, it may be advisable to design the
interface in such a way that a zero-mmHg signal is always sent to the IBP monitor
when calibration is in progress.

25 Depending on the stability of the interface output signal at zero mmHg, it may
be necessary to perform zeroing at regular or preprogrammed intervals. The zeroing
can be followed, though not necessarily, by a calibration. For example, if the ambient
temperature fluctuates too much after the NIBP monitoring system has been zeroed and

calibrated for the first time at the start of a measurement period, a re-calibration
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5 can be configured in such a way that by default, a zero-mmHg signal is always
automatically sent to the IBP monitor whenever the interface is powered up.
Additionally, the buttons that are used by the user to send a zero-mmHg signal and the
equivalent IBP transducer output voltage to the IBP monitor can be designed to be the
same button that toggles between the two functions.

10

Operating procedure for interface

A flowchart for an operating procedure that includes calibration and zeroing is
illustrated in FIGURES 12 and 13. It involves the following:

15 a) Upon power-up of the interface in step 650, a zero-mmHg signal is sent by the
interface to the IBP monitor through step 652.

b) The excitation voltage is read through step 654.
c¢) The NIBP measurement signal is received through step 656 and processed
through step 658.

20 d) Ifcalibration has not been performed before or if it is required for other reasons, it
is performed through step 664, after which the controller returns to step 656 to
continue receiving the NIBP measurement signal.

e) Ifzeroing has not been performed before or if it is required for other reasons, it is
performed through steps 670, 672, 674 and 676, after which the controller returns

25 to step 656 to continue receiving the NIBP measurement signal.

f) If calibration and zeroing is not required, the measured blood pressure is
determined through step 678.
g) The equivalent differential IBP transducer output voltage for the measured blood

pressure is computed through step 680.
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continuation of the NIBP measurement is required, the controller returns to step

5 656 to continue receiving the NIBP measurement signal.

k) If continuation of the NIBP measurement is not required, the procedure ends.

Input, intermediate and output signals

10 An illustration of the input, intermediate and output signals for an interface
using the tonometric NIBP sensor mentioned above and a transducer sensitivity of 5
uV/V/mmHg is presented in FIGURE 14. The NIBP measurement signal 700 and
excitation voltage 705 are the input signals. The calibrated NIBP measurement signal
710 is the intermediate signal, which is generated by the controller. The equivalent

15 differential IBP transducer output voltage 715 is the same as the voltage across the
output terminals S+ 280 and S— 285 of the interface (FIGURE 11).

FIGURE 14 shows a calibrated signal with a systolic pressure of 120 mmHg and
a diastolic pressure of 80 mmHg for the first beat of the waveform. The corresponding
equivalent differential IBP transducer output voltage for the systolic pressure is given

20 by (120 mmHg x 5 V x § pV/V/mmHg), or 3,000 pV. Similarly, the corresponding
equivalent differential IBP transducer output voltage for the diastolic pressure is given
by (80 mmHg x 5 V x 5§ pV/V/mmHg), or 2,000 uV. These output voltages are
indicated in the output signal block 715.
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sensor and an invasive blood pressure (IBP) monitor comprising
5 a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
a second input configured to receive a transducer excitation signal provided by an
IBP monitor;
at least one processor(s) configured to receive said measurement signal and said
10 excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said first input is connected to an NIBP sensor and said second input and

15 said output are both connected to an IBP monitor.

2. An interface as claimed in claim 1 wherein said second input and said output are
configured to connect to an IBP monitor by means of a detachable or configurable
connection between said interface and an IBP interface cable for an IBP monitor.

20
3. An interface as claimed in claim 2 wherein said connection includes an adapter
with a first connector configured to connect to said interface and a second connector

configured to connect to the transducer end of an IBP interface cable.

25 4. An interface as claimed in claim 3 wherein said adapter includes a cable between

said first and second connectors.

5. An interface as claimed in claim 3 wherein said adapter does not include a cable

between said first and second connectors.
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a first input configured to receive a measurement signal indicative of the NIBP of
5 asubject;
a second input configured to receive a transducer excitation signal provided by an
IBP monitor;
at least one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
10 according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said processor(s) is configured such that a user can select from a
predetermined range of processing options.
15

7. An interface as claimed in claim 6 wherein said processor(s) comprises an

embedded microprocessor system, a personal computer, or a combination of the two.

8. An interface as claimed in claim 7 wherein said processing options include an

20 embedded microprocessor system, a personal computer, and a combination of the two.

9. An interface as claimed in claim 7 wherein said combination is configured such
that said embedded microprocessor system and said personal computer work
independently such that said interface can receive said measurement signal and said
25 excitation signal and can generate an output signal indicative of the IBP of a subject
according to predetermined instructions without said personal computer being used,
and said personal computer forms an optional part of said interface and is used for

additional signal and data processing.
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9s* z#10%gofnputer cooperate to receive said measurement signal and said excitation signal and
to generate an output signal indicative of the IBP of a subject according to

5 predetermined instructions.

11. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
10 asubject;
a second input configured to receive a transducer excitation signal provided by an
IBP monitor;
at least one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
15 according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said processor(s) is configured such that a user can select the sensitivity
of said output signal in relation to said measurement signal from a predetermined range

20 of choices.

12. An interface as claimed in claim 11 wherein said sensitivity can be selected or

specified by a user.

25 13. An interface as claimed in claim 12 wherein said range includes 5 pV/V/mmHg
and 40 uV/V/mmHg,

14. An interface configured to connect between a noninvasive blood pressure (NIBP)

sensor and an invasive blood pressure (IBP) monitor comprising
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IBP monitor; configured to determine the differential voltage of said excitation signal;
and configured to determine the midpoint voltage of said excitation signal;

5 at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and

an output configured to receive said midpoint voltage and configured to provide
said output signal in a form suitable for input to an IBP monitor; and such that the

10 midpoint of said output signal is substantially similar to that of said midpoint voltage.

15. An interface as claimed in claim 14 wherein said second input includes a voltage
divider, a differential amplifier, or a combination of the two configured to sense and
condition said differential voltage.

15
16. An interface as claimed in claim 15 wherein said processor(s) is configured to
receive both positive and negative ranges of said conditioned differential voltage

through a circuit that includes an analog-to-digital converter (ADC).

20 17. An interface as claimed in claim 16 wherein said analog-to-digital converter
(ADC) is a bipolar ADC.

18. An interface as claimed in any one of claims 14 to 17 wherein said second input
includes a voltage divider or a combination of a voltage divider and a differential

25 amplifier, configured to sense and condition said midpoint voltage.

19. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising

a first input configured to receive a measurement signal indicative of the NIBP of
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and configured to determine the midpoint voltage of said excitation signal;
5 at least one processor(s) configured to receive said measurement signal, said
differential voltage and said midpoint voltage and emulate an output signal indicative
of the IBP of a subject according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
an IBP monitor; and such that the midpoint of said output signal is substantially similar

10 to that of said midpoint voltage.

20. An interface as claimed in claim 19 wherein said second input includes a voltage
divider, a differential amplifier, or a combination of the two, configured to sense and
condition said differential voltage.

15
21. An interface as claimed in claim 20 wherein said processor(s) is configured to
receive both positive and negative ranges of said conditioned differential voltage

through a circuit that includes an analog-to-digital converter (ADC).

20 22. An interface as claimed in claim 21 wherein said analog-to-digital converter
(ADC) is a bipolar ADC.

23. An interface as claimed in any one of claims 19 to 22 wherein said second input
includes a voltage divider or a combination of a voltage divider and a differential

25 amplifier, configured to sense and condition said midpoint voltage.

24. An interface as claimed in claim 23 wherein said processor(s) is configured to
receive both positive and negative ranges of said conditioned midpoint voltage through

a circuit that includes an analog-to-digital converter (ADC).
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27. Aninterface as claimed in claim 26 wherein said output includes a voltage divider
or a combination of a voltage divider and a differential amplifier, configured to scale
10 and condition the output signal of said digital-to-analog converter (DAC) such that the
midpoint voltage of the scaled and conditioned signal is substantially similar to said

midpoint voltage.

28. An interface configured to connect between a noninvasive blood pressure (NIBP)

15 sensor and an invasive blood pressure (IBP) monitor comprising

a first input configured to receive a measurement signal indicative of the NIBP of
a subject;

a second input configured to receive a transducer excitation signal provided by an
IBP monitor;

20 at least one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and where the differential voltage of said
output signal depends on said excitation signal, a predetermined or selectable
transducer sensitivity, and said measurement signal; and

25 an output configured to provide said output signal in a form suitable for input to
said IBP monitors, including a digital-to-analog converter (DAC) to receive output
signal from said processor(s), and said DAC is configured according to predetermined
instructions such that its full-scale output voltage range includes the voltage range

corresponding to a predetermined maximum pressure range of the NIBP of a subject.
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5 said DAC is further configured to optimize the resolution of said full-scale output

voltage range.

30. An interface as claimed in claim 29 wherein said full-scale voltage range is
proportional to the result of the following mathematical expression:

10 VEexc X SENS x (Pmax — Pymiv)

31. An interface as claimed in claim 29 or 30 wherein said output includes a circuit
configured to scale and condition said output signal such that the differential voltage of
said output signal is equal to the result of the following mathematical expression:

15 Vexc X SENS x P

32. An interface as claimed in claim 31 wherein said circuit includes a voltage

divider, a differential amplifier, or a combination of the two.

20 33. An interface as claimed in any one of claims 28 to 32 wherein said processor(s) is
further configured to increase the number of digital values for said output signal by
interpolation so as to improve the smoothness of the signal that is input to an IBP

monitor.,

25 34. An interface as claimed in claim 33 wherein said interpolation includes linear

interpolation, nonlinear interpolation, or a combination of the two.

35. An interface configured to connect between a noninvasive blood pressure (NIBP)

sensor and an invasive blood pressure (IBP) monitor comprising
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Sug%%& (;' #g% ﬁ%oﬁieg &g@g%%éﬁ-c&ﬁgﬁ%tg/r@écéi)ve said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and

an output configured to determine the output differential voltage for said output
signal; and having at least two terminals configured to provide said output signal in a
10 form suitable for input to an IBP monitor;
wherein said second input, said processor(s) and said output are configured such
that the voltage level of each of said two terminals is substantially similar to that

produced by an IBP transducer for the same pressure variations in a subject.

15 36. An interface as claimed in claim 35 configured such that the output signal at said
terminals is obtained by adding the midpoint voltage of said excitation signal with
respect to the electrical ground of said interface, to the midpoint of said output
differential voltage, this output differential voltage being the result of the following
mathematical expression:

20 Vexc x SENS x P

37. An interface as claimed in claim 36 wherein said output includes a summing

amplifier to add the midpoint voltages.

25 38. An interface as claimed in claim 35 configured such that the output signal at said
terminals is obtained by adding the midpoint voltage of said excitation signal with
respect to the electrical ground of said interface, to the voltage at either terminal for
said output differential voltage, this output differential voltage being the result of the

following mathematical expression:
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said midpoint voltage of said excitation signal is added to the voltage at either terminal

5 for said output differential voltage by a summing amplifier.

40. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
10 asubject;
a second input configured to receive a transducer excitation signal provided by an
IBP monitor;
at least one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
15 according to predetermined instructions; and
an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said second input is configured to provide an input impedance that is
within a predetermined range.
20
41. An interface as claimed in claim 40 wherein said predetermined range is greater

than 200 ohms.

42. An interface as claimed in claim 40 wherein said processor(s) and said second

25 input are configured such that a user can select the input impedance.

43. An interface as claimed in claim 40 wherein said second input includes one or

more resistors between the input terminals corresponding to said input impedance.
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5 a second input configured to receive a transducer excitation signal provided by an
IBP monitor;
at least one processor(s) configured to receive said measurement signal and said
excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and
10 an output configured to provide said output signal in a form suitable for input to
an IBP monitor;
wherein said output means is configured to provide an output impedance that is

within a predetermined range.

15 45. An interface as claimed in claim 44 wherein said predetermined range is smaller

than 3,000 ohms.

46. An interface as claimed in claim 44 wherein said processor(s) and said output are
configured such that a user can select the output impedance.

20
47. An interface as claimed in claim 44 wherein said output includes one or more

resistors placed across the output terminals corresponding to said output impedance.

48. An interface configured to connect between a noninvasive blood pressure (NIBP)
25 sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
a second input configured to receive a transducer excitation signal provided by an

IBP monitor;
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wherein said processor(s) is configured to calibrate said measurement signal

according to predetermined instructions.

10 49. An interface as claimed in claim 48 wherein calibration of said measurement

signal can be initiated and aborted by a user.

50. An interface as claimed in claim 48 wherein calibration of said measurement
signal is automatically initiated and aborted by said processor(s) according to

15 predetermined instructions.

51. An interface as claimed in claim 50 wherein calibration of said measurement
signal is automatically initiated at predetermined intervals, at intervals that depend on
deviations of said measurement signal from physiologically realistic signals, or at a

20 combination of both groups of intervals.

52. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
25 asubject;
a second input configured to receive a transducer excitation signal provided by an
IBP monitor;
at least one processor(s) configured to receive said measurement signal and said

excitation signal and emulate an output signal indicative of the IBP of a subject
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TYy#10%&' (B: Amsintél¥éce( as clal®ed ifi)elaim 52 wherein said processor(s) is configured to
supply said zero signal to said output when calibration of said measurement signal is in
progress or when said measurement signal is distorted as a result of the calibration.

10
54. An interface as claimed in claim 52 wherein said processor(s) is configured to

supply either said zero signal or said output signal to said output at any one time.

55. An interface as claimed in claim 54 wherein the sending of said zero signal and

15 said output signal can be initiated and aborted by a user.

56. An interface as claimed in claim 55 wherein the sending of said zero signal and

said output signal can be alternated by a user.

20 57. An interface as claimed in claim 52 wherein said zero signal is supplied to said

output upon power-up of said interface.

58. An interface as claimed in claim 52 wherein said zero signal is always supplied to
said output whenever no other signal is supplied to said output.

25
59. An interface as claimed in claim 52 wherein the output signal for said zero signal,

is within +£75 mmHg.

60. A method of zeroing an interface configured to connect between a noninvasive
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zeroing on said IBP monitor, according to operating instructions for said IBP

monitor; and

preparing said IBP monitor to receive said NIBP measurement signal through said

output, according to operating instructions for said IBP monitor.

10
61. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
15 a second input configured to receive a transducer excitation signal provided by an

IBP monitor; configured to determine the differential voltage of said excitation signal;
and configured to determine the midpoint voltage of said excitation signal;
at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
20 according to predetermined instructions;
an output configured to receive said midpoint voltage and configured to provide
said output signal in a form suitable for input to an IBP monitor; and such that the
midpoint of said output signal is substantially similar to that of said midpoint voltage;
said processor(s) and output are configured to provide an output differential
25 voltage in relation to said measurement signal in a form suitable for input to an IBP
monitor; and
said output is configured to add said midpoint voltage to the midpoint of said

output differential voltage.
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1%} vg} Fhb) aa second input configured to receive a transducer excitation signal provided by an

IBP monitor; configured to determine the differential voltage of said excitation signal;
and configured to determine the midpoint voltage of said excitation signal;
at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
10 according to predetermined instructions;
an output configured to receive said midpoint voltage and configured to provide
said output signal in a form suitable for input to an IBP monitor; and such that the
midpoint of said output signal is substantially similar to that of said midpoint voltage;
said processor(s) and output are configured to provide an output differential
15 wvoltage in relation to said measurement signal in a form suitable for input to an IBP
monitor; and
said output is configured to add said midpoint voltage to the voltage at either

terminal for said output differential voltage.

20 63. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
a second input configured to receive a transducer excitation signal provided by an
25 IBP monitor; configured to determine the differential voltage of said excitation signal;
and configured to determine the midpoint voltage of said excitation signal;
at least one processor(s) configured to receive said measurement signal, said
differential voltage and said midpoint voltage and emulate an output signal indicative

of the IBP of a subject according to predetermined instructions;
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monitor; and
said output is configured to add said midpoint voltage to the midpoint of said

output differential voltage.

10 64. An interface configured to connect between a noninvasive blood pressure (NIBP)

sensor and an invasive blood pressure (IBP) monitor comprising

a first input configured to receive a measurement signal indicative of the NIBP of
a subject;

a second input configured to receive a transducer excitation signal provided by an

15 IBP monitor; configured to determine the differential voltage of said excitation signal;
and configured to determine the midpoint voltage of said excitation signal;

at least one processor(s) configured to receive said measurement signal, said
differential voltage and said midpoint voltage and emulate an output signal indicative
of the IBP of a subject according to predetermined instructions;

20 an output configured to provide said output signal in a form suitable for input to
an IBP monitor; and such that the midpoint of said output signal is substantially similar
to that of said midpoint voltage;

said processor(s) and output are configured to provide an output differential
voltage in relation to said measurement signal in a form suitable for input to an IBP

25 monitor; and

said output is configured to add said midpoint voltage to the voltage at either

terminal for said output differential voltage.

65. An interface configured to connect between a noninvasive blood pressure (NIBP)
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5 provided by an IBP monitor; and configured to determine the midpoint voltage of said
excitation signal;
at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and
10 an output configured to receive said midpoint voltage and configured to provide
said output signal in a form suitable for input to an IBP monitor; and such that the

midpoint of said output signal is substantially similar to that of said midpoint voltage.

66. An interface configured to connect between a noninvasive blood pressure (NIBP)
15 sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
a second input configured to receive the differential voltage of an excitation signal
provided by an IBP monitor; and configured to determine the midpoint voltage of said
20 excitation signal;
at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions;
an output configured to receive said midpoint voltage and configured to provide
25 said output signal in a form suitable for input to an IBP monitor; and such that the
midpoint of said output signal is substantially similar to that of said midpoint voltage;
said processor(s) and output are configured to provide an output differential
voltage in relation to said measurement signal in a form suitable for input to an IBP

monitor; and
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67. An interface configured to connect between a noninvasive blood pressure (NIBP)
5 sensor and an invasive blood pressure (IBP) monitor comprising
a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
a second input configured to receive the differential voltage of an excitation signal
provided by an IBP monitor; and configured to determine the midpoint voltage of said
10 excitation signal;
at least one processor(s) configured to receive said measurement signal and said
differential voltage and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions;
an output configured to receive said midpoint voltage and configured to provide
15 said output signal in a form suitable for input to an IBP monitor; and such that the
midpoint of said output signal is substantially similar to that of said midpoint voltage;
said processor(s) and output are configured to provide an output differential
voltage in relation to said measurement signal in a form suitable for input to an IBP
monitor; and
20 said output is configured to add said midpoint voltage to the voltage at either

terminal for said output differential voltage.

68. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising
25 a first input configured to receive a measurement signal indicative of the NIBP of
a subject;
a second input configured to receive the differential voltage of the excitation
signal provided by an IBP monitor; and configured to determine the midpoint voltage

of said excitation signal;
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an output configured to provide said output signal in a form suitable for input to
5 an IBP monitor; and such that the midpoint of said output signal is substantially similar

to that of said midpoint voltage.

69. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising

10 a first input configured to receive a measurement signal indicative of the NIBP of
a subject;

a second input configured to receive the differential voltage of the excitation
signal provided by an IBP monitor; and configured to determine the midpoint voitage
of said excitation signal;

15 at least one processor(s) configured to receive said measurement signal, and said
differential voltage and said midpoint voltage and emulate an output signal indicative
of the IBP of a subject according to predetermined instructions;

an output configured to provide said output signal in a form suitable for input to
an IBP monitor; and such that the midpoint of said output signal is substantially similar

20 to that of said midpoint voltage;

said processor(s) and output are configured to provide an output differential
voltage in relation to said measurement signal in a form suitable for input to an IBP
monitor; and

said output is configured to add said midpoint voltage to the midpoint of said

25 output differential voltage.

70. An interface configured to connect between a noninvasive blood pressure (NIBP)
sensor and an invasive blood pressure (IBP) monitor comprising

a first input configured to receive a measurement signal indicative of the NIBP of
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an output configured to provide said output signal in a form suitable for input to
an IBP monitor; and such that the midpoint of said output signal is substantially similar
10 to that of said midpoint voltage;
said processor(s) and output are configured to provide an output differential
voltage in relation to said measurement signal in a form suitable for input to an IBP
monitor; and

said output is configured to add said midpoint voltage to the voltage at either

15 terminal for said output differential voltage.



