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5 The present invention relates to blood pressure nonitoring,
particularly but not solely to an interface between a noni nvasive

bl ood pressure sensor and an invasive Bblood pressure nonitor.
BACKGROUND ART 10 Bl ood pressure is one of the nost inportant vital
signs used in the assessnent of a patient's cardiovascul ar heal th.
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invasive fluid-filled nonitoring line, also called an arterial I|ine,
in which a catheter is inserted into an artery and bl ood pressure
fromthe artery is transmtted to a 15 bl ood pressure transducer

t hr ough FIEI@%/]EIPGWEMBIQB: 12 to 84 inches long. The arterial
pressure as neasured by the transducer is displayed on an invasive

bl ood pressure (IBP) nonitor. A schematic diagram of such a system

| s depicted i T piteRh %nve}iﬁbﬁ re & ProAb o iptbssiied Rashitveingophsticillarbyvbut not
arterial, preSsure to be nonitored continuously on a beat-to-beat .
basi s, b!;léle%J &0 28! ihetfacarbetwicah dhomidvasivedleadpiressure gensor Aiighal Havasive
fluid-filled systemw thout the need to cannul ate another arteri al
site. | nblomdyprassepe mengtor] BP nonitors form part of a central
nmonitoring systemin which arterial pressure neasurenents from
patients at various |ocations in the hospital can be nonitored from
a central, | i ot her locations in the hospital. However,
this in@ﬁggggh%et 0 '% nonitoring blood pressure is associated with
ri skggof conplications 25 such as infection, thronbosis and air

enbol i sm Noni nvasi ve nmeasurenent nethods that pyrqvide continuous ¢
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2 netho gﬁgg‘}r{l @%gilsvgdﬂ@g msas&?oe 0 dﬁ%gesgure in situations that

do not j pghifey id HRcHE® intBfan Aagiand biead pressspefronl thy ditery patrapsmited to a
who do not al ready have an arterial line in place and who al so

not requbleadaresniratrapsdugr ghnopeh flid-filled tubing 12 to 84 mches long. Tﬁg arterial
pressure as measured by the transducer is displayed on an invasive blood pressure

(IBP) monitor. A schematic diagram of such a system is depicted in F IGURE 1.
This intra-arterial method not only allows arterial. pressure to be ‘monitored
continuously on a beat-to-beat basis, but also allows arterial blood to be sampled
20 through the fluid-filled system without the need to cannulate another arterial site. In
* many hospitals, IBP monitors form part of a central monitoring system in which
arterial pressure measurements from patients at various locations in the hospital can be
monitored from a central location or from other locations in the hospital. However, this
invasive method of monitoring blood pressure is associated with risks of complications

25  such as infection, thrombosis and air embolism.

Noninvasive measurement methods that provide continuous beat-to-beat blood
pressure offers an alternative to invasive blood pressure monitoring because they do
not carry with them the risk of complications associated with invasive monitoring. The

arterial tonometry and vascular unloading methods are two such methods. These



Commer ci al noni nvasi ve bl ood pressure (NIBP) nonitors that provide 5
continuous beat-to-beat neasurenment are nostly standal one nonitors

that not only cannot or cannot be easily connected to a central
nonitoring system but also require a -separate nonitor to display
their waveforms. For exanple, the Mddel 7000/ CBM 7000 NI BP nonitor

and the Pilot/BP-508 nultiparanmeter nonitor by Colin (Komaki, Jatg[an),
bot h of Waihehs BAPWE d8ed e aTBaklNchlbb® pessuresisusivlations thas Wernotgustifyethe use
radi al artery, are 10 standal one nonitors with their, own displ a}/.s nd .
cannot hef iesasiivy noanscespedially for pabients whadla et alreadyy Ravenen #HE igL fige in
applies to the Finapres(r) 2300 N BP nonitor and 2350 NI BP/ SpQ2
noni t or Plese shwha %%&@ﬁ%ﬁﬁ%ﬂ?@@&ﬁé&ﬁﬁp X: U s A) and the

USM 803 NI BP itor. . : i , , | ebvid
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mai n el ement's such monitors is presented in FI GURE 2. Anotlher .
coner ci@hndl BPcamot bereasilsheoMastad tcd cyntENnonEA iRy SKEeHRaPEt also require a
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decreasing pressure are applied to the radial artery over a period
of 1%) heasddagaiesmonnersbiiobtheir ewaulispligs ared carst b reasily hennected to a central

R o ogitatng System. The sattozn e dinaprseLaid SHBERoh e §hg 2350
as those j |QURE 2. 25 T V. t i

e ol 1oy Nk Sp0k Homtors by Ofyeds thh BRARN SRR MAIRAN A, 108 A ) and the
the NIA tt\f(s)irvtgg3 eNn‘faEb *e?mt&ﬂ%}esytr Utha Yasalidnas WARN 2064d, Japangxdlh bof nghich

| BP noni e pressure waveformto be displayed on the

| BP nonifessurd &irdclaods agearodfeanrblapd! preasiren abfa t fingeri msing dbe vascular
presented in FIGJURE 3. This interface is associated with U S Pat. .
No. 65 47léadng méthbddAsblosRTHrReam shawimvihieamatn esracnis sfiFHch mpnitors is
this interface jm requires the wuse of the Vasotrac itself in
order fdresanigd ‘a hospital that only wishes to display the

et o MGG SO R A e Ao S0 AP Bk
adds to (Mi#@neapolis, MN, U.S.A.), measures blood pressure cdntinuaﬂy 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



5 procurenment costs for the hospital. SUMVARY OF INVENTION It is an
obj ect of the present invention to provide a device that goes sone
way ,10 toward overcom ng the above di sadvantages, or which will at

| east provide the public wth a usefulschoice. In a first aspect the
present invention consists in an interface configured to connect

bet ween a noni nvasi ve bl ood pressure (N BP) sensor and an invasive

bl ood piRSEWIAL( 1 BRE RRNILATORMAE Siawbadk of thiy stterfageuis theinftirgguices the
to receive a nmeasurenent signal indicative of the N BP (%{1 a sub{a(e(ht;
a secondisenplthecVinbotgar iself anraxdet fer & tor wieskuse e bospitahihanorlyghaihes to

rovided b an | BP nonitor; aj |east _one processor(.s) ¢ j
Iroecei ve dia%/lay rtha N HRRenevepHRaiorh 1% 2 3&‘”56 c@k(’:tistggl %Iﬁg gggjngwrgﬁéé Tnust
enul at e an out put si.gnal indi cafi. f e f ubj
accor di iJTERASHr gbeets%%rﬁ%’r?@d 13 nasﬁ’@fi %nsd;-’lgalrﬁ%égan&bu?%%t Qiégﬁt}?% ue}dedg E[ r the
provi de ﬁ%&eﬁ%@%s@ifwle H'og%ﬁapf ormsuitable for input to an IBP

; irst i

noni tor ereirn sard put is connected to an NI BP sensor and
said second input 25 and said output are both connected to an |IBP
nonitor. Preferably said second i nput and said output are configured
to connei:UMMA:—iiﬁYléF INYBNIXONy neans of a detachabl e or
configurabl e connection between said interface and an IBP interface
cable for an IBP nonitor. Preferably said connection includes an

adapter wt hdl?ig hi %%ﬁé? ehE QfeseRN{dveHIiBA t4 prbvide anaedte tieatS@ied some way

interface and a séco connector configured to connect to the

t r ansglucgtvapdvefcodiing BRe hbbes izadvasbpes, oPvafieh aiillyatdaast prduisieethe public
includes a cable between said first and second connectors. 5
Pr ef er abkith saisdfiddhptagr does not include a cable between said first

2225?55 gn?n ;[%ng ?ﬁrtéf %ﬁ@t%ﬁ@rﬁ%ﬁr&ﬁr&%&%ﬁ HiGisR 5 GHintdrRR! E&{ﬁgured to
connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
pressure (IBP) monitor comprising

15 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
én IBP monitor;
at least one 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



connect between a noni nvasive bl ood pressure (NI BP) sensor and an

i nvasi ve blood pressure (IBP) nonitor conprising 10 a first input
configured to receive a neasurenent signal indicative of the NIBP of
a subject; a second input configured tosreceive a transducer
excitation signal provided by an IBP nonitor; at |east one
processor(s) configured to receive said neasurenent signal and said

15 exCi LBt Aedi 45 %idt el AR anscuhdWorkiegtial confiwed itvecatncchso the
| BP of a subject according to predeterm ned instructions; and an

out put qaistaesresdtof aprl®R teerdadeccablt.put signal in a formsuitable

for input to an IBP nonitor; wherein said ocessor(s).issconfjigu

such that a Uyeferahdp §@1Ide@@aﬂeéninéfu‘%§ Br é’&g eﬁ%ﬁ"?‘ﬁ%ﬂl r%ﬁ%eﬁﬁg bh8"5&%bnd
processi ng options. Preferably said processor(s) conprises an
enbeddeFOREF 8P ocessor system a personal computer, or a

Conbidgc]at hon %efeta&lg%d Eagét&r AbLy ndRk IO @851 BetoRieh atd ifinel arbsawnd
enbedded m croprocessor system a personal conputer, and a

conbi natdspRe&@brd he two. 25 Preferably said conbination is configured
such that said enbedded m croprocessor system and said %ei\,r sonal dt
conput er wor Kni meemaddespert theuprsseianverion congisls fincan uriacs spyfigured to

sai d neasurenent signal and sai d.excitation.si gangrat

an out proNBEEnItWCRR A RPTNRYAYY S gﬂ‘éo‘f@ﬁaséyrea@@géﬁﬁggggra&}nng to{‘% blood
predet erm ned ~-RStL .0 ik -hout said personal conputer being

used, aﬂﬁe§¥%(1§g§§%§r§%drc%§éﬁg5 forms an optional part of said

i ntefface and, fisstysod dopfigagdeti id esvelvesa arakuantbndaignal udicatbes nfjthe NIBP
Preferably said conbination is configured such that both said
enbeddedf agubjapr ocessor system and said personal conputer cooperate

to receive said 5 _measurenent signal .and said excitation si

to generate a@#hSeSQPHIRPYES W&fgur?‘i&?g Eefe{Roa Jfans %cqrggcﬁﬁl%n gl%-i%gﬁ-mﬁﬂgd by
di i ned i nst ti o third t th
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pr esent onsists in an interface configured to connect _
bet ween a nonjNuAS bie phdResorN)asaficarddNBRLcisenatt nrasiramentsigsial end said

° 00(115 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 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



pressure (I BP) nmonitor conprising 10 a first input configured to

recei ve a neasurenent signal indicative of the NIBP of a subject; a
second input configured to receive a transducer excitation signal
provided by an IBP nonitor; at |east opne processor(s) configured to
recei ve said neasurenent signal and said 15 excitation signal and

enul ate an output signal indicative of the IBP of a subject

accor di Bgh© aRr Bl e bfi gasd rintetfaon sindaisdused Gurt pdditiooak sigmabantodata
provi de sald output signal in a formsuitable for input to an IBP
moni t or ;pradessigign sai d processor(s) is configured such that a user can

select the sensitivity K 20 of,said output. sigpal in | atho i
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said sensjtivity can be sel egt or, ec ) a efretcatd Ysaid
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bet ween "a noni nvasi ve bl ood pressure (N BP) sensor and an invasive

bl ood pr@sstiveof {HBAB MM bubjectarpoiding tp predetasmingthinstrielPigur ed to

recei ve a neasurenent signal indicative,of the NI BP af a.subject;
a second i nput @ dhird pepeet the PreskntVIBVENEOM FOBNISEr Mo 28, PIE FA5H é‘?ﬁ’%}rg‘i to

provi ded by an | BP nonitar: confiqure d ' [ BRkieahlood
vol t age Q?P}/‘g%ﬁ Taeen taa’fl?l?)lﬂv@%l&%ﬂ(?oc{ gﬁe(i;g]groenc i guﬁe%sépggt&ee{l{mﬁ%e the

m dpoi nt f ; takdon signal; at |east one processor(s)
confi gurpé%(i%ltlﬂc‘)@egc i%%ﬁgda}iogé%asﬁenent signal and said 5

di ffegential vt ageutasfignddicereasivewt menssiegreat signal duticativeoef theeNIBP
| BP of a subject according to predeterm ned instructions; and an

out put cxfrafsudpieedd to receive said mdpoint voltage and configured to
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subst antj i.ml.ar to that of said mdpoint voltage. 10 Preferably
sai d secdéln Iiyrrlllfg)t&}p:b|anI udes a voltage divider, a differential ]
anplifier, at least one processor(s) configured to receive said measurement signal and said

15 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 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;



or a conbination of the two configured to sense and condition said
differential voltage. Preferably said processor(s) is configured to
receive both positive and negative ranges of said conditioned
differential voltage through a circuit Fhat i ncl udes an anal og-
to-digital converter (ADC). 15 Preferably said anal og-to-digital
converter (ADC) is a bipolar ADC. Preferably said second input

I ncludes a Vao%etcﬁﬂﬁ iﬁgmi&%ﬁgafe@toc&aawe at fraydotemexoitatibagegil profddediy an
a differential anpliftier, configured to sense and condition said )

m dpoi nt IBPkicager; tonfeevred té datpmine theedifiesersial volege of spidcwidiptien signal;
an interface conf%&ured to, 20 cqgnect bftme noni,nvasi.ve_bl ood
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recei %? &’iff&%[}fa‘ﬂ L{};ozfafggxdgidt SiuPite Singﬂé‘%uf’rsfgﬂa@quﬂéﬁtiﬁ@ of2he | TP of a subject

noni t or; —confi1gur etermne the differential voltage of said

excitati beoﬁdiﬁ?% predefeingasd irpuruetiohy addt er ni ne the midpoint vol tage

of said excitation signal; at |east one processor(Ss) canfi ured to d
recei ve sai d areasiputpenfigeiediaireceiws spid qnidpeidioliage 3a tCQngHF?di ogprgvide
m dpoi nt vol tage and .enul ate an.o t Si | _i.ng§ i . t I

of a subjae U HEHGD B?@&é?téﬁiﬁpfpédnpﬁgﬁ 38@%@6%%5’ %d a%%h that the
out put conf - ' i ' itRatoff Qidhfghsiabheltage.
for inpu 1@0&}3[;1&1{15@@%@{#?%(% ,agﬁd&guc Hﬁ%ﬁirﬁ\%t& d?)oi nt of g%il_d a.g
out pyp si gnal pjeFerablisiadsbedid/irpurindndest o vohage dividei d diffapmitial amplifier,

voltage. Preferably said second input includes a voltage diyvider al(t
di  f er enti atombiatibher the Bvoconfigaredita sengnanst canddatiensaid shHeregtiabyoliage.

d diti i.d diff tial | t . Pref bl y..sai .
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anal og-t@;@ﬂgghp@én@%y@m)_ (ADC) is a bipolar ADC. 10 Preferably
sai d second i nput includes a voltage divider or a conbination of a

vol t age di vi dBrefemblyasaid fhalogrividigitalmeniverter (Aenfis abirddat 6 ense and
condition sa lgreferably 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



m dpoi nt voltage. Preferably said processor(s) is configured to
receive both positive and negative ranges of said conditioned

m dpoi nt voltage through a circuit that includes an anal og- 15
to-digital converter (ADC). Preferably -said anal og-to-digital
converter (ADC) is a bipolar ADC. Preferably said processor(s)

i ncludes a bipolar digital-to-anal og converter (DAC) to provide said

m dpoi nt vol gﬁ%ttﬂt é&}if%@éﬂ RybroviiEsad abtputsigmhl dutfotmisuitebigefor anput to
vol tage divider of a combination of a voltage 20 divider and a .
di ff er entn @P awpitof; ard suchrthaighe enidpoint ofsaidaerprlbyianalils subsianigabptimilar
signal of said digital-to-analog converter (DAC) such that the

ni dpoi nttovbattafgeibmidprinkvelfag§: and conditioned signal is

substanti al | mrfsg mg@%@;(g?%%}@g 1§h9t|°frf]1'[cﬂ¥dfe\é%l 1Q8e diViderSh HifferRBAACAMplifer,

present inve erface configured to connect

bet gl é‘@&hﬁi\ﬁ%ﬁ&{ ﬁg%@%,&bﬁﬁgﬂf@ toNeBR) aseosmditiondaidndifferarial soltage.

bl oo pressure moni tor “conprising a first input configured,
to receive a preasuignaid psicgssr(s) isiconfipweddp reheivaitmith P@ﬁlt?é[esﬂr!’%j gRgative
a second input configured to receive a transducer .excitatio i gnal |
pr ovi dedrahyes affsaidspomditipnet differential| oliage gioug @c?é’é?é‘grt%‘@s m(‘fgﬁ%ﬁ %Hraé]& og-
to receive said measurégﬁﬁa signal and said excitation signal and

emul at e @rdigidlsRpnvertgh di cative of the IBP of a subject

according to ﬁ}g?&g@ &%d‘g%ggﬁ&ge td198aveRd ADE) & 4 Bipolinf ABXCENL i al

vol tage of sai ends on said excitation signal, a
pr edgg er ni nedprefersislyest@keonditpuriadudes asesitigei divider caral combination of a
nal ;

measur enent sig and an output configured to provide said out

' . : ut .
si gnal i voltgbodinideni analbh ediffsrentiap amplificrs goaligpred i Seicsan r?@PGﬁf%sald
a digital-to-anal og converter (DAC) to receive output signal from
sai d prd@éh@éﬁt(@)lt,agﬁnd said DAC is configured according to

predet er m negpsre%eﬁgﬁlézgﬁ%%% gﬂ?ce%&@)tfg%%nﬁkgréduﬂo' reS SRk AN tpRuitivedidgesative

range includ e rang corresponding to a predeterm ned
Maxi MUM 6 BSSHF §ail F0AEitRInet aidioBR wiltageshiyuahta cirBuie fleatalklndsaiad analog-

digital -to-anal og converter (DAC) is a configurable bipolar DAC
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;



sai d processor(s) is further configured to configure said DAC, and
said DAC is further configured to optim ze the resolution of said
full-scale 15 output voltage range. Preferably said full-scale
voltage range is proportional to the regult of the follow ng

mat hemati cal expression: VEXC x SENS X (PMAX - PMN) Preferably said
output includes a circuit configured to scale and condition said 20

out put si gnal atslé'zfsg opg g}?%égg?@é)f%@fgﬁ%é@iﬂ Mebiegaidieasirdmeat signal and said

signal is equal the fol | owi ng mat henati cal .
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voltage divider, a differential anplifi L i .
two. 25 @nﬁfcﬁngubypmmrrpmﬁdem ngs)rllﬁ;lsgﬁrf% tlicas thgcrﬁ}?%?@’éi? % agh"SF said
i ncrease the nunber .of digital..val ues. for..said i I
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the two. 9 Iz gutpavesificiases brdide paidwrmputi sigrendtin arfocmrmiiteble for iaput to
interface configured to connect between a noninvasive_bl god pressure
(NI BP) ssaidh ABPannitors, inekidig bl digital-fr-avalog econvgrpr &Qrﬁ‘fbﬁo receive output

conprising a first_jinput configured,to, receive a as i :
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Si gngh ?&ﬁre%?bﬂding%é itk d@Brifingtd ahadnthre prdssiue range of thet NEBBdla subject.
indicative of the | BP of a subject '10 according to predeterni ned

i nstructi ons;Prefitably saidpdigitabté-egalogdcenyedsr e@fgﬁé isha ¢anfpgurable bipolar
differential voltage for said output signal; and having at |east two

t er mi nalldA&éenfi gured to provide said output signal ina form

suitable for sia?cP B%octegso%&) lisBﬁlrﬁ}%?icBﬁfigured to configure said DAC; and
said DAC is further configured to optimize 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:
Vixc X SENS X (Ppax — Py
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:

Vexe 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.



wherein said second input, said processor(s) and said output are
configured such 15 that the voltage | evel of each of said two
termnals is substantially simlar to that produced by an |IBP
transducer for the sane pressure variatjpons in a subject. Preferably
said interface configured such that con?igured such that the out put
signal at said terninals i s obtained by adding the mdpoint voltage

of said excit t
caid interfa Clgl e;[rﬁl'l %ﬁﬁéa;t‘(‘)ﬁlni {Ibrés%ﬁpﬂ%nh@ntd&sﬁtseﬁi s GRkrfgcogodfighred to

of said 20 output differential

vol tage, cdntlest Betwaéh adnbﬁmmeaﬁlomlpra@arda@m@m kensoe suikdt anpfinyasive blood
foll owi ng mat hemati cal expression: VEXC x SENS x P Preferably said

out put |p1e’5311ﬂeslm3)smnmtmgc<anpﬁl$lﬂger to add the m dpoint voltages. 25

Card 2?  nal & Drit U ISRy ARG EREea Gyt O PR B i NI

excit at é)fn ngfﬁ with respect to the electrical ground of said
interfac 'Y e voltage at either termnal for said output

differential ?ééo%ﬁempﬁhb&x@%‘r@ﬂﬂto dieddies antimtiuval dxajatibrisignal peovided by
result of the 'owi ng mathenatical expression: 10 VERC x SENS x P

Pr ef er abdsyIBRintbmdtorput is configured such that said mdpoint voltage

of said excitation signal |s add to.the volta at _eith t .
for said out p@tle%ﬁtpﬁérﬁﬂ?qsépr (shenn 3%90 ?C&Wﬁrﬁﬁ@%&lﬁf’f‘?eﬁ Sl%g{arﬁﬂgﬁald

ei ghth a %1 theﬁlﬁfgg?&geﬁr‘l‘ﬂ YENGLH Ofyt p8{1§i§% B? gvé HiefHeAEBP of a subject

confi gur Ween a nontnva pressure (Nl BP)

sensgp %o?dln%@é/ sdaegeriliROd inshruesnd; @ndl BP) noni tor conpr i SI ng a
first input co ured to receive a measurenent signal indicative of

the NIBP of @ sulppeconfigired teei@tmmmmphct owtpnt ﬁéfﬂf@@tlaldfql@éélf%s%td output
transducer excitation signal provide an | BP non

one pr oc@saais ¢sd hewim gueay W tesas %celaﬁatm&?ééglnre csadd QHH?I‘R&}%IE‘I i a
said ex tatlqu naI BPBGI%J I?%&t N out put signal indicative of

the |1 BP édet erm ned instructions; and
wherein said second input, said processor(s) and said output 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:

Vexe 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:



15 an output configured to provide said output signal in a form
suitable for input to an IBP nonitor; wherein said second input is
configured to provide an input inpedance that is wthin a

predeterm ned range. Preferably said prgdeternmned range is greater
than 200 ohns. '20 Preferably said processor(s) and said second input
are configured such that a wuser can select the input inpedance.
Preferably sajd S;??EBF‘S {mput includes one or nore resistors between

the input ter al's corresponding to said input inpedance. In a .
ninth aspect plagriplgsedt éutpenis configursidssushi thagsal feifdpgi voltage of said

configured to 25 connect between a noninvasive bl r.essuyr .
sensor asxitation sigsi ve adlebio U weliagecal pitst tﬁgmr{ag (r)ng g??ﬁr PEP ﬁb ﬁgk&gﬁtxal
first input cg}nfi ured to ri,lg.ei ve a neasurenent signal indicative of
the NI BP/oligedyA etyne g0PdM5hd i nput configured to receive a

trans gucer exl?lis%rﬁ%{g‘ri]ﬁp? gglgégglth@b%gﬂﬁﬁﬁéﬁtiéﬁ conBistsBR ammiterface abnfigast to

one processor to receive said neasurenent signal and

said  exgidnabi BitweANahoanmasivy| Moed anessute (NIBPY aensor ridcan iweassye blood
the I BP of a subject according to predetermned instructions; and 5
an out pupressuné (IR )edonopemnpdengai d out put signal in a formsuitable

for input to an I.BP npnitor: B wherei i d t 7 bs. contl
o provi de. ard Bt nRUt AUt 4 Freerved Rigashele TRl dnlfat00 bl 1 SBP

Pr ef er abl SLﬂai' tpredet ermned range is smaller than 3,000 ohns. 10
Pr ef erab‘?ﬁ//ag L processor(s) and said output are configured such that

a usgp can sgkeehdtinpuoséiidurtdnedeciiee aRrafsdnadr excitatidn signaltprovided by
i ncl udes one or nore resistors placed across the output termnals
corr espondiBlymomitoaj d out put i npedance. In a tenth aspect the present

o o oo e Pl BBl LS G PR gt i
excitation signal and emulate an output signal indicative of the IBP of a subject
according to predetermined instructions; and

15 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.
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



pressure (IBP) nonitor conprising a first input configured to receive
a nmeasurenent signal indicative of the NNBP of a subject; a second

i nput configured to receive a transducer excitation signal provided

by 20 an IBP nonitor; at |east one prggessor(s) configured to

recei ve said neasurenent signal and said excitation signal and

enmul ate an output signal indicative of the IBP of a subject

accordin .ermned instructions; an output configured to
provideaggpglgé§g§% signal in a formsuitable for input to 25 an IBP,
moni tor; and 4818l biks pidcessatayicoafigordd toueecive saidrmeasieemenasignplandospid
signal to said processor(s); wherein said proqessorgz) izgﬁfnf' ur%d
to cal i kxeiteticmisiznakasdr emalite sirg akputagienaldindicatyye, PEJbe rﬁgld subject
instructions, 12 Preferably. calibratiq? of said neasurenent signal

can be iasreidingt RIRACRERMEIINSEYCUPN B Preferably calibration of

sai d measurenent .si | \Lalik Yt | mahfabledobinput to
sai d rocess(SLP(Oél)t51<;a11:(%'r(g)g¢fi('ﬁ”n'c'g‘;;dauEbt pre(%fgtédéérﬂré‘iuwétsg sfg}g?igrons. 5 P
Pref er ablyypealbRitak:i on of said measurenent signal is automatically
initiated at predetermned intervals, at intervals that depend on .
devi ati ons ofwigatid smdsutpenentans 35 gondigined i prgeids|apgewapt ynp githat is
signals, or at a_conbination of both groups of intervals. In an

el event Wlé@p@dlreﬂﬁéﬂm@éﬁﬂg‘?-nventi on consists in an interface

configured t 0 .connect twee | [ igssure (NI BP)
sensor and a%r?%f}%tg?’?@%&?%g%ﬂrgwgg?&ﬁ g@ls{%leﬁ%% g’;%gorrlgl?slssi ng a

firspo | DUt g0k Qlid BrooB8kiey aRd BRRBUIGPRIe Cirghiaired bubls diat wensat can
t he BP of a subject; a second input configured to receive a

t r ansdugelecethei duaputdmsidgned. provi ded by 15 an IBP nonitor; at |east

one processor(s) configured tqQ receive said neasur errerlt sd' gnal ?ﬂld
sai d Preferably said output includes one or more resistors placed dcross ihe output

terminals corresponding to said output impedance.
In a tenth aspect the present invention consists in an interface configured to
15 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
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.



excitation signal and enul ate an output signal indicative of the IBP
of a subject according to predeterm ned instructions; and an out put
configured to provide said output signal in a formsuitable for input
to '20 an IBP nonitor; wherein said prigcessor(s) is further
configured to supply a zero signal to said output according to
predeterm ned instructions. Preferably said processor(s) is

configured t%éfb%(}y SRS 8f shidnRleagiPeseht! signat pan behieitiated and aborted
calibration of sald nmeasurenent signal is in progress or when said

25 nmeasusyerasdr. signal is distorted as a result of the calibration.
Preferably said processor(s) is cqnfigured to.suppl it i Gl
signal or sdirafesablyalibrainn o %algdpﬁf%blfﬁrﬁﬁ‘i‘t s&gnﬁgwy %n%]ﬂraég’ain%&%a nd
Preferably t sendi ng of id zet i ' t signal can
be i ni ti@@é@geﬁa “g%%%%ﬂ”%@ ageqrdite %11%%{?}F§?g“re§%?’§tr?ﬁ§e&§éndi ng of

said zero si ghakeand Sfifail] RBY'saki aRALucatbsigal ermasmatiaghainiterd at
Preferably said zero signal 1s supplied to said output upon power-up

?f sai g prb?ét@{rﬁgfhféd-inﬁerﬁ’alej at ?ﬁjeyvmmmzclmppnéi@ndrﬁaﬁotas vy aﬂpfﬁsuf%nent
0 said outpu enever no_other signal is suppli Q0 said o ut .

Pr ef er abdignal Eomuplysioloigipadly restisdaistgnads, d)rsafgaaqqn%?@am mfﬁbefﬁ g‘iﬂﬂ&? of
In a twelfth aspect the present invention consists in a nethod of

zeroi ng atervlat er f ace confi gured to connect between a noninvasive

bl ood pressur ' indBnii Gty 85haiss th aadniRes otfigured to
(1 BP) noni torl%caglnhgbl??%qtﬁggﬁﬁé ﬂ%? é%s?élggmpr%pl)ari ng sgi d 1 BP nonitor tgg

recejye &indcZBéiweshanabninkasivgtblasd guessute (NHSBDsetisog and arpéreasivggblood
instructions for said | BP nonitor; sending said zero signal to said
| BP noni gressurd (IBR)memitel euwepuising15 zer oi ng on said | BP nonitor,

according to operating instructions.for said |BP.  _monitokg. ﬁl@g

preparing sai%ﬁr%lj’nﬂ‘ﬁn?oc Irgulr%&%‘%ﬁeé\ie\ll‘ée & S BRI rléﬁrélﬁ? ST Sﬁztalile NIBP

t hr ough —
of a subject;

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

15 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
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.



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 noninvasive bl ood
pressure (N BP) sensor and an invasive hl ood pressure (IBP) nonitor
conprising a first input configured to receive a neasurenent signal
indicative of the NIBP of a subject; a second input configured to

receive a transducer excitakion_ si I Ldad ienal can be
noni t or; con?]?rﬁﬁ?rr@ﬁlyt @“%é?‘éﬁa%%né’?t%z‘?a%e?‘?gér{ nti g dIV%&IEI(% a(ggpg?gsgeﬁ d

exci tatizﬁ{krﬁé@@’{’ag;auﬁﬂd configured to determ ne the m dpoint voltage

of said excitation signal; at |east one processor(s) configured to )
recei ve sai d préaubsneil zirgrnagnard siapted do fsaed outpw| UR) payerandof said
enul ate an output signal indicative of the IBP of a subject

accor di nigtearacer edet ermi ned instructions; 14 an output configured to

receive said mdpojnt voltage and confi . I I

signaf in a f]g%eggrg Yt Séb‘?é%%%@ & Wsysggﬁﬁgﬁhontg%a? %Ircgﬁ)éﬁsﬂge&% h}%ﬂtolggtother
the m dpoint:_ of j tgnal is substantially simlar to that

of said p&?g?p@g%d?té’%?dw‘?&h processor(s) and output are

configured t opRESubEehamugsitRiknad ifé @il ntroaigialyis widlie +15 menldgi on to
sai d neasurenent signal in a formsuitable for input to an IBP .

moni tor; and Bakdvwelfipuspes thenpiesenteimvertion¢onsisg W apaethod,of geyang an
to the m dpqint of, sai

output differential voltage.. |
aspect tMETHRESONIURSDH CORNG MSIWe A OMNYAH 5%83 %r%ﬁ%rémg?ﬁ% Hsor
i 0 copnect. bet ) ' ' ; @il BP) sensor and an
i nvag{)]vean(ﬂ %Hl\% lr%gzbslﬁ(?@eb %%@)e\(ﬁ%ﬂ ?%glt(%rgr%’fﬁggig%}(ggl\l a first input
confi gurgd stpsigfcei ve a measurenent signal indicative of the NIBP of
a subject; a'second input configured to receive a transagﬁr
excitation sipephripg caidldBPoynemtor1® rerivbspid Zere GHgn Qughy an output,

determne the differential voltage of .sald excitation signal; and
conf i guragorgngée @pﬁﬁaﬁégﬂﬁ%mﬁf@ﬁg%ﬂl{ S%@?f?gd‘%"%"%ai d excitation

signal; at |east,one. e (-8) i j s i
reasur emant Sy e G PSERIB0NP paf LY HRREr RGEE VBT
out pyt si gnal zdrBicCaH iRl HEP thenitddP abbordirgity eptrating 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.
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;



according to predeterm ned instructions; 20 an output configured to
recei ve said m dpoint voltage and configured to provide said output
signal in a formsuitable for input to an IBP nonitor; and such that
the mdpoint of said output signal isj gubstantially simlar to that
of said m dpoint voltage; said processor(s) and output are configured
to provide an output differential voltage in relation to said

measur enent sjanald b fok e HickARl Rid Bfidpsiauiolegeannd Bfhfigifred to provide
moni tor; and Sald output”is configured to add sai d m dpoint voltage

to the \gld agguiisigial he'a forer siialeffor ismitdtooan ABP mionfter;eand auch that the

voltage. In a'fifteenth aspect the present invention .consisfs.i n‘éog@]g
i nt er f aqnidpoiritiofsaiekbutput gnalas subsenieadly rilsnite i of s2ig BEPOYe &
(NI'BP) sensor and an invasive bl ood 15 ess | - tial
conpri sing a A% §¥0qeﬁ§fﬁ'¥§c@1f Pﬁh?’goar‘?ocopg@ﬁﬁert‘g p&é‘gis@ﬁrégprre@hltw%i %rt]‘t;efen e
i ndi cative of .fhe NBR FeEdnt s?%ﬁ?%’lﬁfdrﬁpklﬁitﬂﬂ@ffbﬂm tooan IBP
recei eVé&ttag&]@&g@EPEJQCSl%Eda??%EQ%%%\HaI rovided by an 5 IBP Iﬁrrgni tor;
confi gurggdns-dggermne the differential voltage of said excitation
signal; and ¢onfigured to deternine the nidpoint voltage of . said £ said
excitation sisgitabutpat i4 easfigened tprasiesaid midlposyntalipgeda e PEHOIRLO! sai
sai d neasurenent signal, said differential voltage and said m dpoint
vol t age autpuicdiffesnéiaholiagSut signal indicative of the IBP of a

subj ect accordi n@y}tgg?tl%%ﬁé%{}ﬁ% gf%ehpﬁlé{%ﬂﬁéﬁ 96‘$éist§9n 3R iReHRBE configured to

configuredtolﬁr sign inaformsulitable for input
to 'c%%nmét%;m%Hoﬁﬂ%ﬂgiwqﬂoémgréﬁsaﬂ@mmf saBbel andtapuinwsisiyeablood
is substantially simlar to that of "said m dpoint voltage; said

pr ocessgirtsura (B R uhitoraroenmisiiggur ed to provi de an out put

differential voltage in relation tp said neasurenent.signal in

form sui t abl e figst ippigurondiguses japrecels ?rH%ﬁatS‘b‘iﬁfneéﬁél@élil chgﬁ%b‘{ﬁ of gle NIBP
confi gur%d %&.a d said mdpoint voltage to the m dpoint of said

out put FJ08Hti al voltage. In a sixteenth aspect the present

e SRS S e o chates i punsay

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 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 egither
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



20 pressure (IBP) nonitor conprising a first input configured to
recei ve a neasurenent signal indicative of the NIBP of a subject; a
second input configured to receive a transducer excitation signal
provi ded by an |BP nonitor; configureq5to determ ne the differenti al
vol tage of said excitation signal; 25and configured to determ ne
the m dpoint voltage of said excitation signal; at |east one
processqr J ~ehye said neasurenent signal, said
differeﬁ?%%%wggﬁﬁgggééﬁb éggmi%ﬁ?%point vol tage and enul ate an out put
si gnal indi caf fiie infift doEiguBRI 0f reveiveh emnsaeowntisignal indicaitiet of HendiBP
instructions; an output configured to provide said output signal in a
f or m suidfadubjdady i nput to 16 an IBP nonitor; and such that the

i dpoi nt of id t ' |, i b i all i . :
i 0 m dpoi Atsevond gt coBliangrdedeSHry enramlest b sishl e by an
provi de g ShBdt: S BN BlrerniRle! RO SlifierenBh AL RALd OF §A Excitation signal;

neasu orm sul l'e for 1nput to an I noni t or;

and sai ufucpiffontél @AIbGHTHRANE Sridgoins aoNags olhaid txoititiomgegnal; t he
voltage at either termnal for said output differential voltage. In

a sevent eent hatdspstcinet hopsses)tcanfigared tm recive seisl measyremepé Sigad. said

configured to 10 connect between. a ngoni nvasjve bl ood pressure (N,BP).
sensor afiffeesntinhyaliageand said m&f&%w@’fa(aeﬁ% W?qt%[anc i ey gdlca)uve

first in figured to regeiv f i | indicative of
the NI BF‘Bﬁ%”3 ﬁgﬁéﬁ%js g’iefc &C%"&@%%ipﬁsgﬁ co]r?glﬁgﬁgrte tg)g@? ecei ve the

di ffg5enti al HobipaecHlRRe@XEbicidosiaicunalt sidhl i a\foredubblenfol Biput to
moni tor; and conffgured to determ ne the midpoint voltage of said
exci t at i rIB¥ gralitor;adnd aahtthatrthe pridpets of ¢s)d ewnil gjgnalds subyteridalipesimilar
sai d nmeasurenent signal and said differential voltage and emul ate an
out put dodhati ofisail madnpaint ¥oltagee | BP of a subject according to

redet erm ned i pst ti X d,' 20 i t i :
Er o dpor niaib PrgSSIt ndf Pimif B iR 36 HrbORfeoth (b @C Btk ential
in a forymsuktinhefifod ol SRE indRuAnddRigRNihof foramdunslld fohdtpithe an IBP

15 monitor; and

said output is configured to add said midpoint voltage to the midpoint of said
output differential voltage.
In a sixteenth aspect the present invention consists in an interface configured to
connect between a noninvasive blood pressure (NIBP) sensor and an invasive blood
20 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; configured to determine the differential voltage of said excitation signal;
25 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;

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



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

said mdpoint voltage. In a eighteenth aspect the present invention
consists in an interface configured to 25 connect between a

noni nvasi ve bl ood pressure (N BP) sensqp and an invasive bl ood

pressure (I BP) nonitor conprising a fi rét i nput configured to receive

a measurenent signal indicative of the NIBP of a subject; a second

i nput configured.to recej ) i fis@0bexeiiAldt siaxilar
signal R f%]m?iﬂa‘é?& @gﬁﬁ&%ﬂﬁgﬂﬁd@??ﬁ%&ﬁ@oﬁ gﬁ?%ﬂt o determ %te

the m dpgi Hét df%h%c?ﬂﬁdﬁginﬁ%@age?mi tation signal; at |east one
processor(ts configured to receive said neasurenent sjignal and aafj d .
differential gl pagessords)eand autpunareutqnitgused el Prowisiecar japep s diiffgential
| BP of a subject 5 according to predeterni.ned instrﬁ%gli 8,[?])3;. an IBP
out put cenitaigg un aelationrtecedied aneASPEERSTHBER! D0t fAF SUHEPIRJOF iKed ¥
provide sajd output signal in a formsuitable for input to an |IBP

noni tor ;MR ARR that the nidpoint of said output signal is

substanti al | y..si gi}A% it Qohfghredf tosadd saiddpedptint obliageto #ai doliage at either
processor(s) and output are~configured to provide an out put

di f f er eneirainal 168 seid bageat differehdliaitage. sai d neasurement signal in a
formsuitable for input to an IBP nonitor; and said output is
configured to add said m dpoint voltage to the m dpoint of said

Tnvent i on cdndrisveniernarprane aedeBu bR HPE ROty A A bR R SRR red v
noni gas&o\({,jﬁggl) 8&%&{1% ﬁHﬁﬁvgﬁbg@]oéﬁ{ﬁ%su?@@\lﬂP]' Bk \WRdbAD @vasive blood
e nprising a fi

pressur nonitor co rst i1 nput configured to receive

a measurgeRfike SR ahonhitéh eatprsingf the NI BP of a subject; 20 a
second i'nput configured to receive the differential \vol tage of. an

excitation sifyshinpubconfigareddyp rapeiver merrepentanad dadicgtiveqt the NIBP of

determ ne the midpoint voltage of said excitation signal; at |east
one pr ocfé%l%‘?‘(ts) configured to receive said neasurenent signal and

Sald o1 ereBbhAl ik LORRERRA (6 TR R UIRRIAilal FoRAZ of B bRadNich dfnal
15 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

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.

In a eighteenth 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 the differential voltage of an excitation signal



25 according to predeterm ned instructions; an output configured to
recei ve said m dpoint voltage and configured to provide said output
signal in a formsuitable for input to an IBP nonitor; and such that
the midpoint of said output signal isjysubstantially simlar to that
of said m dpoint voltage; said processor(s) and output are configured
to provide an output differential 18 voltage in relation to said

Teasur emERtiasd §93k 1P AdiioR s badtiqurbatto demitetRmidvintoitags of said
(0] |

and sai utput-is configured to add said m dpoint voltage to the

vol t age egtit@idhgienalt er mi nal for said output differential voltage. 5

In a twentieth aspect the present.  invention,consists in an_internf Gsai
ﬁﬂ%ﬁ?l said

confi gured ableasbomeprodsasakkss reoalighrthinEIcel nide MEASBEIN Y §

d ebleasbommprodstedis TY DI A _
it | apueeasnr vouen ans wedal 8% Bkt TRl ARG IBESE  sypieet

t he BP of ,.10, a j ' i nput configured to receive the
R R

diff € excitation signal provided by an |BP

moni tor;  angy, GRMIGHETLE] detakiiasil hridpoitpoiaitage cindaepnigired & grovide
excitation signal; at I|'east one pr ocess,or(s‘)p configured to r ceihv%-h h
sai d neasid entpat signghah a faimdsuitablaifpr et foadn Bt AGBIGR sigeh that the

m dpoi nt vol tage and enul gt e .an aut put ,si gnal__ingdi LV: : P..
o 5 subpéBpassrt ngpYc Erd e s SR sk 2 R polfit it
configured to .provide i i.0 i 0 L tablbather diffepettial
to an IBP ﬁ%lfjri P{)Orcfagsé)ﬁgﬁs%}:cﬁ%{uﬁg‘{t %Jﬁe@‘?nﬂ%%dgfﬁttfoop fﬂsvg?% Eglgt pttjl{ si gnal

'S SHPpsLyabalih YefhiBh! @rsaid dabmentint saghl h dpfirmt swioitlador iBfitlin IBP
twenty-first aspect the present invention consists in an interface
conf i gungénitar; andnnect bet ween a noni nvasi ve bl ood pressure (N BP)
sensor and an invasive bl

d . (1 BP) . ' i.Sdnd. :
ISt | nput seidrugat iove el poad AedsT AR Vel G P TR AR o said
the N B%u%;ut d%ﬁ“e?en%ilémgﬁge.

15 In a nineteenth aspect the present invention consists in 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;

20 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
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

25 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



a second input configured to receive the differential voltage of the

excitation signal provided by an IBP nonitor; and configured to

determ ne the m dpoint voltage of said excitation signal; at |east

one processor(s) configured to receive 1%ai d nmeasurenent signal, and

said 19 differential voltage and said mdpoint voltage and emul ate

an output signal indicative of the IBP of a subject according to

predet er m il TP A1l @U4 €6t Guitablei fbe iapuidto an IBP

out put SY%}%%Q lbrr}%ggt#bglr%oé%igtlgg?sg%frg?ﬁti %gﬂt to an | BP noni tor:p and

such t hat,ohfi6r;Wndpoi nt of said output signal is substantially simlar

5 to that of said m dpoint voltage; said processor(s) an ou{)ﬁut a{e.th

configured tsaidoutpindds mendigups talafd saithmidpomnf Jalags POntheey Qfdasnal Fithcr

sai d nmeasurenent signal in.a formsyjtable for input to an |IBP

noni t or ; teamtnad 4018 pﬁwtgéﬁ@%@%‘ﬁﬂ ®to add said midpoint voltage

to the mdpoint of said 10 output differential voltage. In a

twenty-second aspect the present invention consists in an interface

configured 1o, GAKRSH 2BEENERE pleseanimxasionecdaksedipar ssterfac NbBfgured to

sensor and an 1 nvasive blood pressure (I1BP) nonitor conprising 15

first i nguineepbéivgrenesl nboimasivevidoad mrassure RYRBE b iseifor E}r#ﬁ]dﬂ%éflﬁ’ﬁﬁéveoglo"d

the NIBP of a subject; a secand input configured to receive the

di f f er enpieasurg GIBRkjBOBKOE RMBYENEAt i on  si gnal provided by an | BP

noni tor; and gonfiqured.to determ.ne t ] LNt F vef ' of

excitation & ﬁﬁé@ﬁ%fﬁngﬁu¥eé€§t{e%1§g&r%gaegysrgﬁa?{sl?él?c{)%fIitnggzr%ggetog%é RIBP

recei ye sSahlepeasurenent signal, said differential voltage and said

m dpdi'nt” vol'tage and enul ate an output signal indicative of the |BP

of a subj ecta aesarddinput tanfircadat ¢o meoade ithe tdifferansiab ;vodiage ipthe excitation

configured to provide said output signal jn a formsuitaple f.gr I‘ﬂ‘z &

to an |senakprovaied tihan JBPHmERKeT;aRd GRMIEISE 1 fCteRMiNG e IR ‘1%11 age

is substa ti.&ﬂl ..siml.ar . 25 to that of said mdpoint voltage; said

pr ocessoﬁ”?%%l Sﬁ%{]t 899 e confi gured to provide an out put

differentialy Kol He prBcd:Sbitt) Gnfiguedl @ FERSH eaRINmeaberAlent signal, said

formsuitable tor 1npdt to an’I BP ) o
15 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
to that of said midpoint voltage.
20
In a twenty-first aspect the present invention consists in 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 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



nonitor; and said output is configured to add said m dpoint voltage
to the voltage at either 20 termnal for said output differential
vol tage. To those skilled in the art to which the invention rel ates,
many changes in construction and wﬁdel§ di ffering enbodi nrents and
applications of the invention will 5 éuggest t henmsel ves wi t hout
departing fromthe scope of the invention as defined in the appended

clainms. T di.s¢l osure . ot Lt d i r gllbyal indicati
st dlingeeiah e i Sid AfGHARCIORIIONR BALAD aAr dupue ighal Indlcative

i nventig ' ibiddacésraanionsededraled iasivictagss construct i ons
of 10 ﬁ%ﬁ@ﬁ?@fﬁ %wi na gi g%’gﬂc'}ganpl es. BRI EF DESCRI PTI ON OF. .
DRAW NGS Onenpmeper cafiguednioprotide saisseuipui sigank inom 5 sufgjep@r input to

described with reference to th 15 acconpanyi r.aw ,n i T RT 4 SR
FI GURE lan EBR mosniersandsughdgat @ld&oﬁ}tiogir%a‘éﬁ/?‘ﬂgﬂe%@%‘g%P%%%Wé}ghmmﬂar
pressure (tjﬂgq? ggni. or.i gg $ stem FIGURE 2 is a block diagramof a
prior3ar® s PN E 4 e s sur e moni t or i ng (NI BP) system
conprising ap; r At ebnAperedi &plpayvidenirt eutpOdifferential
FIGURE 3 i s%gldglh}g(gﬁ(eg%}ggr g@n&%@%&gri or gr NI BP nonitorin s_lg/stem
conpri siyvigtz@ inNeBRosensetid measardmantt sigaaldinspfeyn suitablerfor apputale an IBP

interface. FIGURE 4 is an electrical schematic diagramof a prior art
i nvasi vembhitod apdessure transducer with a sensitivity of 5 V/ V/ nmrHg.

FIGURE 5 is a plock di f, an_ N BP. moni i ori s .
an N8P 25 SaiheBiput dh oRpepredc R add said Billpdt “BIBKT G e RIS said

interface : monitor. FIGURE 6 is a bl ock di agram of
an eﬁr@o L}Féﬁf&g%r%ﬁgﬂ%agé’gﬁoni toring systemof FIGJRE 5 in V\Ilgli ch the

interface uses a personal conputer as the controller. FIGURE 7 is a
bl ock di agram of an enbodi ment of the N BP nonitoring Sésteg;éof Zlf d
FI GURE 5 i n Inhi twrentrecdonderspacidha peeseat mventien APRYFE dp agdniepiace conligure

O cppesbareen 3 nonsie R R R N ASBPSE hn b fastt HRlood
pressure (IBP) monitor comprising
15 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;

20 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;

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

25  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



FIGURE 5 in which the interface works with both a personal conputer
and a mcrocontroller to acconplish the essential functions and
nore. 5 FIGURE 9 is a block diagramfor the N BP nonitoring systens
of FIGURES 6, 7 and 8 showi ng the mai @Oel enents of the interface and
the general flow of signals. FIGURE 10°1s a flowhart illustrating

t he general operation of an interface designed in accordance with
the present..i E @R i | ock di agram of a proposed
circuitr HF%]raP?Oﬁr{%;c?g%tlpr% W tﬁ&thle‘ﬁ%gg' 10 monitor. FIGURE 12 is a
flowchart illustrating an operating procedure for an interface

designed in accordance with the present invention. FI.GURE 13 isha .
conti nuati on B6 thexe &kibadhiar theofrt FloGRECh the ppvsnRion relflgs o fiany changes in

illustration of the_ inpuf, .inptermedjate and _output. siana f: . :
i nt er f ace¥ngByslERTRand Wféété’oﬁhé%ﬁ% W‘Pﬂ %@%PQ@@%PEIP%\% t(;”f)tr?%dlg%gﬂi will
DESCRL PTI ON THE L NVEN] LA A" ' Hi&ntfdn APRefined in the
noni t ri%%%?%‘ﬁﬁ?@ﬁ gﬁﬁﬁc’@géé}%{rl?gggmg t??é? _e %ﬁ?ﬁ | ed r?onil'ltérli ng .
line (Al a8 TIRPARBRkiRE ah@he dssalptiondhetspiace purdly ilfisBtafFe an
1. The f%ﬂgéga?cﬁﬂl%e%gmm toring line typi calplty conprises a catheter

105, t ubirsaol iflende tollBAntanyreedse Bmiting. (al so referred to sinply as

bl ood pressure transducer), an intravenous (1V) bag 120, and a
pressure infusion cuff 125 for the 1V bag 120. Mst |BP transducers

[ | 1. it her di. | i =i . ; .
o sposan! & - onbatids b B4R RASeTRE afl AREREHSh, oy ons of
cComegy | nwﬁf&ﬂttﬁg'folﬁ\&ﬁlg %ilvélé gxdrﬂplgg_e system and a reusabl e transducer

t hat “does not cone incontact with the fluid. An electrical
schematic of an IBP transducer is presented in FIGURE 4. An |IBP

interface cable is used to connect theq)éransducer to the | BP nonitor.
The | BFBRIEFIRESCHIREEIRAN QFIBRAWIN a standal one nonitor, as

part of an integrated 22 nmultiparanmeter patient nonitor, or as a
plug-in nodule or cartridge of a nodular nultiparaneter nonitor. The

present hpy ?F@fﬁﬂ@? TSI bEthd Srebdif iheRlREEREDhoRTbel dcibed erittf tdftredce to the

nmonitoring Fine of an existing intra-arterial pressure nonitoring

syst e Vadcbnpanig didasngeinsykickm t hat is designed to work with the
exi sting IBP nonitor. The 5 noninvasive system conpri seg argi NI BP
sensor, BIGURErY d8ey sghemptic rdiagrape®f @ prior art mvasive blood pressure (IBP)

monitoring system.

FIGURE 2 is a block diagram of a prior art noninvasive blood pressure monitoring
(NIBP) system comprising an NIBP sensor and a control and display monitor.
20 FIGURE 3 is a block diagram of a prior art NIBP monitoring system comprising an
NIBP sensor, a control and display monitor, and an interface.
FIGURE 4 is an electrical schematic diagram of a prior art invasive blood pressure
transducer with a sensitivity of 5 pV/V/mmHg.
FIGURE 5 is a block diagram of an NIBP monitoring system comprising an NIBP
25 sensor, an interface, a calibrator, an adapter, an IBP interface cable, and an IBP
monitor.
FIGURE 6 is a block diagram of an embodiment of the NIBP monitoring system of
FIGURE 5 in which the interface uses a personal computer as the controller.

FIGURE 7 is a block diagram of an embodiment of the NIBP monitoring system of



calibrator to calibrate the N BP neasurenent signal. The interface
connects between the NI BP sensor and the IBP nonitor. The preferred
enbodi nent of the present invention conprises a single

m croprocessor-based interface that conpects a noni nvasi ve bl ood
pressure (NIBP) 10 sensor to an invasive blood pressure (1BP)

nmoni tor or nodule. The interface effectively enulates an |IBP

transdu ' ; : bé@folEees thdeontndldef ace as

it it 5@@%@?@%@@%&%@%@%&%F&D?E%Em% fluid-filled pressure

moni t or i EGURIES ikta BRRKedikgrant bé abl @nbodinens of sherdHBR swdnikoring wistem of

NI BP sensor into an equival ent |BP transduc‘g &t put 80!{1% al fort d
i nput t FIGURBPSnimiwloich ther antefaes worksi weidr PaHe awPeR qoggputer and a

L S I A T L
i S i f . ha-
't er hacFSORE FHE 81 GiK diaRlain £6; B P8 RASiRAEGRerf OB RICURES 6,7 and

accor di @sﬁ&vihg%@hfasﬁ RlerhdnEDT itRNineRticatsad thagenkrahflawkofmignal 8P
transducer senSitivity, accepts the excitation vol tagfe provi ded, by

the | BP PIGURE 10 and fioc2@:haridlusieatingthecgeneral eperatipe afranisderéase dsigned in
signal corresponding to the peasured bl ood pressure. The interface

al so emacsprlaneg@ithibgorassat SUEHHPN npedances of the I BP transducer
whi ch t itor.js.,centiagur | i 1BP
itself %ﬁmgnﬁ&{)@&l& 1a§xla%rgr?? %ab ‘%r‘?\é’ﬁ.é‘%c‘i?‘f’%rysg&gﬁ g&r??%dtﬁgtﬁ\@s the
connfgtirﬁgn y not be essential. 25 This interface offers the

advant age of enabling continuous beat-to-beat bl ood ressure to be,
moni t or eEIGYRP ML hy asioveharstisstratitid &n apérating grodedurtirea insgrigoe designed
continue to use existing IBP nonitqrs which they are already famliar
with. | tingiccondencersdibchp psesgpt INVENESRt i nue to benefit from

mul ti par nitorin ffe pat.l.e Htor s that provide
moni t or imﬁﬁgcg ﬁ?&cﬁﬁ%%&ﬁ%&x@é@n sa ul%;lti on, 23

respi r at FReyRINA LN dhAFSHERM (ofi theafipiut, Blteinfedif®. and ctp sighalesof an
themto continue to benefit fromthe use of the central nonitoring
syst e tigterice etipaed BPaccorpaidesnith thopresentsinvemicgonnect ed. 5

Characteristics of IBP transducers intended for fluid-filled blood
pressure nonitoring The sensor in nost |BP transducers for

Fhuid-fijbed T ESCRIPAOR SF Y HEINVENTION

An intra-arterial pressure or IBP monitoring system typically comprises a fluid-

20  filled monitoring line (A-line) and an IBP monitor 100, as already depicted in FIGURE

1. The fluid-filled monitoring line typically comprises a catheter 103, tubing 110, an

IBP transducer 115 (also referred to simply as blood pressure transducer), an

intravenous (IV) bag 120, and a pressure infusion cuff 125 for the IV bag 120. Most

IBP transducers in use are usually either disposable or semi-disposable. A semi-

25  disposable transducer typically comprises a disposable dome that comes in contact with

fluid in the system, and a reusable transducer that does not come in contact with the
fluid. An electrical schematic of an IBP transducer is presented in FIGURE 4.

An IBP interface cable is used to connect the transducer to the IBP monitor. The

IBP monitor can come in the form of a standalone monitor, as part of an integrated



sensing el enents 250 255 260 265 of the same nom nal resistance
arranged in a full- 10 bridge circuit, as illustrated in FI GURE 4.

The bridge has four termnals: E+ 270 and E- 275 for the input
excitation voltage, and S+ 280 and S- 5 for the output signal.

These four termnals are connected to tte | BP nonitor through a
transducer cable and an IBP interface cable. The two excitation
voltage termnal s receiv [ .nput Chit@t:n0 eartkRiceuUpPla atbdular
by the |I§Ié[t}?&ﬁ?f{18ﬁﬁ}‘ llepgr{l%gtqr\’/\g)lfo%sf)éuf?hgiIgngdd?leér?f)?nal s pg;éesent to
the | BP mﬁﬁgjafraﬁeﬁﬁkl?n&ﬁ%&utrhsquémge imemtieserldtegid the fptrdmene of the fluid-
bei ng neasured. The nom nal m dpoint voltage of the output signal | S

t he sanefifad nfenitdrtigoling of Gint exgjsting dnine-apicrifk PESSERICAMIOPHOTIBE rﬁyrgﬁﬁﬂn% with a

this condition being the result .of {he sensing elenents j .
same nomomEnvasee sysieEe thatnisoffdsn rtas‘,’voﬁﬁé"’ ﬁ]i‘ cbei Fsigpe ?ﬁ? WortiflE. The

differential 20 output voltage i t W S ‘ReE i
exci t at i’é‘)‘l”f‘”ﬁ%”ﬁ’ﬁ’%aﬁyg@m b‘i?%? 5t ?i%oﬁ\&/%ﬁ zsaééﬁestogc'régsgﬁt f%éééx%l:[iﬁfal? i%ﬁhlr‘éé, .

term nal sy l00. eXa0Rbeie e NIBPVRIchageneht s1@ahOBhd inmerfate conmaits Between
270 with'respect to the negative termnal E-1s 5V, the voltage

acr oss timne NIBI gdiisot efidritheclBP ondtiod. S- wil | be such that the m dpoint
of this output voltage with respect to E- is 2.5 V. .25 Most |

. BP .
transducers i fhesprefadhrembedineat ARE) heamressed 2IV65HOR « SRERFISES 13, single
VRVE af | BCPPRSGERESPaSRe onteetiee gl CARACHS S R AL EEE bR Ry he! ANEBP)

VIV m:ieﬁq?orvtoo it pili}t%lsiﬁ% "blod’cP%xteaﬁjre R1EP} AohfBr ¥Phicaee. e iRtdithcefeffectively

pres an’i edance greater than 200 ohns, an output o
| npedancgmamedd £f B aandhRepiniuch, a onyl thatzhe tBBahamiter ssies Hiqminte faee as if it
mMHg. At | east one sem -di sposabl e transducer, the HP 1290A b

Hewl ett Warkaresulgt H3R trangducsntfroma fnidafibled messprs Mopaloppg;lug. It converts

T
0od pr @f’ﬁé flg{g%og?ﬂéhﬂ Q(r)] ai[ EEP%SFIE , Zeﬁﬁﬁﬁ%tdeHe [RbFQSwitA tB8 IBP monitor

interfac s a transducer | such a way that that

the hBP gmnbé %sﬁﬁ?}%rﬁoh@eﬂﬂh% fagetlas i lsimilanves ¢ha foeguilaid-fifled system. A
transducer froma fluid-filled pressure nonitoring system gq sen\s}lg%
the excihatinvasidd Systemt cogeprisipgla stitable NABPrasmsebrnd Hes ipferkigy @ninused

S gnal 18 EhE ROl T T L PORUPIBEIAg the same
The interface according to the present invention operates based on a known IBP
transducer sensitivity, accepts the excitation voltage provided by the IBP monitor, and
20 produces an equivalent IBP transducer output signal corresponding to the measured
blood pressure. The interface also emulates the input and output impedances of the IBP
transducer which the IBP monitor is configured to work with. The IBP monitor itself
may be connected to a central monitoring system, but this connection may not be

essential.

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,



as the signal that would have been produced for that pressure by a
transducer which the |[IBP nonitor is configured to work with. For
exanpl e, for a transducer sensitivity of 5 VN nmHg, an excitation
voltage of 5 V and a pressure of 100 , a I BP 15 transducer will
output a differential voltage of (5 VI ) x (5 V) x (100 nmHg),

or 2.5 nV. For the sane conbination of sensitivity, excitation

vol tage and pressure, t.he jnterf | SR8 continue to
di ffereﬁ?sipé’ia%\%% f"é@é? a%?é@&/. {nr%:fcgtlﬁfllft#)e@lg?l? i gﬁbpé\}%ﬁ‘%d;gle can be
expressed atoghr.ai; é%se\éﬁxﬂlexcéﬁﬁé‘ﬁ offit@fn phetenVEXGvhisht the IBP or patient
r oot - nean-square ( differential voltage across the excitation

t er m nalpsoniENGrd sortrieeted: ansducer sensitivity which the | BP nonitor

is configured to work with, and P is the pressure neasurenent. The
interface also enulates the input and output inpedances of the

s, T8 SRRSO, B0 T tan s

m cropr 'Eéﬁ&[ih based interface that connects between an N BP sensor
and an | noni gor. A bl ock diagramof an NIBP nonitoring system
t hat conprises an NI BP sensor 302, an 25 interface 300, a calibrator

304, an adapter 306, an IBP_interface cable %é and an |.BP rmnﬁ' 'Itg%rf

318 i s preserthedsansorircuret SBPtrnsAness ffae dusbdilied Reriring cOpsisgy four

nonitor 318 through the r..306.follo t I : .

cabl e 3@91_13@5@1%@8@ @tslas%%sd 3§¢1§6|5ncf etlhpgg e\(l:\gtg?l? aéfgﬁgﬂggﬁe E%@g%(gg?ﬂ full

Wires, t ' ' gl deChas foe térdmihalseBF 270 and

E+, %é‘tﬁggmﬁt’ tg??lthﬁsetﬁﬁ't%gﬁi[ rﬁgﬁs ucgfmghﬂg egr?d of the adapter 306

has a cqnness gsr R8inbhakxsenRaCIsltdge, hhé SH280 hnd&-3285 douiheheutptrhsignal.

end has a connector 310 that connects to the IBP interface cable

312. Thdlmsafoer temmjnads areagonnestedi tache dBPameaipe threbgh @riransduegipeable and

connectors. In pract%ﬁf, the calibrator 304 nay or may not be

r equi r edn IBIHBEITHS BGRIS-10 whet her the noni nvasive method that is

used for nea i bl e r E ; S Bk SRR Y: It
slg'([iel i Pateg(gxgatfbrn %?%g? O%gﬂiﬁ% feB&ve NIBP iiRRS ekEif@in vg)y age

signal to be agal ns pressure nmeasurenents nade

anot fier ¢ B ii@@by"_ﬂ@é [BRafBhor, tidleatHeaitc@butpat eiganl terminie preseqoito dse IBP
t he NI BP asurenent signal to be calibrated against bl ood pressure
measur emeoisornétte ongputavioltdger reresendingnfhe ddeod HwessyEe eARS URFEAESHg The

met hod does not. This is because the . . oy
nominal midpoint voltage o t?le output signal is the same as the midpoint voltage

between the excitation terminals, this condition being the result of the sensing elements
having the same nominal resistance. In other words, the midpoint of the differential

20 output voltage is offset with respect to the negative excitation terminal E— by half the
voltage across the excitation terminals. For example, if the voltage of the positive
terminal E+ 270 with respect to the negative terminal E-is 5 V, the voltage across the
output terminals S+ and S— will be such that the midpoint of this output voltage with
respect to E—is 2.5 V.

25 Most IBP transducers in use conform to the ANSI/AAMI BP22—1994 standard
for blood pressure transducers, accepting an excitation voltage of 4 to 8 Vpys at a
frequency of 0 to 5 kIiz, and having a sensitivity of 5 pV/V/mmHg (5 pV output per
volt of excitation voltage per mmHg of pressure), an input impedance greater than 200

ohms, an output impedance smaller than 3,000 ohms, and a zero balance within £75



15 arterial tononetry nethod is not capabl e of establishing an
absol ute reference pressure |level for its N BP neasurenent signal
wher eas the vascul ar unl oadi ng nethod has built-in calibration
capability. IBP interface cables are usyally transducer-specific at
the transducer end and nonitor-specific at the IBP nonitor's end,
because different IBP transducers usually 20 have different

connect q i i I len@aiddaes:, theHeXaspheby diiewRft Packard
i nt erfagén%gglgpﬁ?gﬁﬁggﬁﬁg%t%%ﬁ%%& on Di ckinson (BD) (Fr%{mkl in

Lakes, %tep%ﬁm Heilgpesabhewt Philgduddedical SysiewisetAndristands; H)S.A.),
| BP nonitor (Philips Medical Systens) cannot be used to connect a

Ut ah MedicvedveRrimd actessigivitphefi4), L VWIYV/oynglgn ) di sposabl e transducer to
the sanme nonitor. The sane IBP interface cable will not 25 connect to
a Dat ex- Chneda (Madi son, W, U S. A ) nonitor. Al though nost |BP

transgdu SELG BF PBP (AR c%gé‘nﬂ‘éhﬂé& gmt Ngid-HIRANSI06d ressuRé kikonitoping

(mal e p 'i“)“ Incireasingly being used as a standard Connector for

di sposabl e I BP transducers that are intended for fluid-filled,

i nvasi ve bl ood pressure nonitoring systems. In order to copnnect tge .
i nterface 300THeoptehent|iBPemtior talates 18 antinterfage dhataprauigkas) an B8P teapgdgger in

t he adapter 306 must be desigped i.n such wa hat it..can co

the travshrcBrychat Eha’fttglé RO 3068 tﬁ%ﬂP‘éréﬁ.”fﬁ Wert A Ef1at PP
interface-cable gn f > : i dyqt s-aketi
on the §£ﬁ?§8'é%eﬁn§8&or% Qénfﬁ@? &%I%E%uéggg%ﬁggg?gﬁ? S%?rlatng%%gg?ﬁ%hat i
used; y t\rbifag@ sh ié@&dﬁfﬁeaﬁ@nﬁ@bhﬁd féx hinsgivealmédsatedisiosd pressore, auitputs an
5 brand of I'BP transducers and a particular brand of |BP nonjtors

woul d nasquivdlynt IBP ankducey eutpBPsignakic e BRamanitor ghicgignalbeing thesame

transducers to the nonitors. The interface 300 can be desi gned. to.
o ovi do ddhe sigsaliet BT BB DIguEH [ aapesie By 4 EakaeR ich the

haospj tal ..t hat ' , e
ot hat T Seioe o oo afE B bt i TATRRNGRE, fth EAAhER: pRRRIVLof
| nt er f acey ADRuhfreC ANBLLitdioreYbRELAOI1D VB bl Brdsaee sanbesnahFieady IBP

el i mnatihg t

in use, e need for hospitals to purchase a different

i nt e[ § aGeakalbe wil Slithal a BIRGesEAING1thSe BIES e aVBmanHEpags Wwo (100 mmHg),
approaches to the interface circuitry: the digital approach, and the
anal og ap® dachi. Fdinhe dagictambippionohsensisvity, caottation epltags gk prgpsyre, the

Ejrgr;?? g|h ig?%%?ﬁbé@gi&f@%h& s;rrr}g ﬂ%fxéiré:n%ia OVQ) tra(éla’ofd E%am&{?.q’%lssi Elﬁ?e?*éntial
voltage can be expressed algebraicly:
Vexe 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



data processing, leaving the analog circuitry to perform signa
conditioning. As a result of this, mninmal analog circuitry is
required, so that the cunul ative anal og signal |evel '20 uncertainty
caused by tenperature changes is reduced. Al though sonme 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 si @pgrg%é%%l ¥ Caggirvgég{ 3@413%} éc{aﬁfteri 04, @suBFintéfadeacapie $12natdan IBP

circuitr naj or nt age e digital approach is that it

of fers 1 Bgith! x4 i pretanted i FIGWRE Sc Thageterfaoe 380icoanednte dhe IR meonitor
acquisition, and signal and 25 data processing to

b i
il elrrerﬁmmmgmgn bterdis fllowednm phe, TR, éntaHAPaE ol dadhe fdapter 306
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of | hi 3, andiatetFarghls § L rActpipeien dovifer B BRI e Biab S BEERUAR to
that ggﬁ&% o%%%{g\égalgg—ar:, | géﬁl;%‘ﬁﬁl S| EVEl THICRASIUBEY CHécerddof the adapter 306

t enpe to be significantly greater than i

the di gifal ,anRiRR&R 368 UaEd coMhddroughthehimntarfadeo 0@ 7andithe withey endyhas a
not experience nmuch error associated w th anal ogto- digital or

di gi t al -¢@mespal3dg hanvensiamio the BRdvsnfaggsable 31kelke adanier may or may
over shadowed by the_ |ar g{;@si gnal uncertainly in the anal og
ci r cui t ryot intledp aeabla betwgenits sWoi SONPREOF ef er r ed enbodi ment uses t he

digital approach. At | ea hr diffe i X i

alr gl pOSSi Eloeoﬁﬁ PG5S egicgﬁf;ra;%rpﬁggcﬁa T{%lg%?fﬁgt q%o%?@g%ﬁ[ f@éc;j e?laglsg o

|| ughr abfofufd iy RivaaRoAl Mef £00Rd foempedsering BDodpfesamre repeires the
oller. Int

only“contr I's configuration, the PC 355 fornms an essenti al
part of NIBP reesugmearicigie tb eeral hcaed BQainst bloodduessuie teasHicnets Made

controller. The PC 355 is used _to perform through sgftware,.
ext ensi viey singther davicaidfer pramplssithe, arfsstah tpﬂomggg wekhod; fedfigps the NIBP

offline, as well . St th iqi .

Pl R emesnemenh Sigehes B FufihEh "R chiBbA (RS M Aurdhbig talde by
interfac : ' iHesi does hveThisels b th
cal i brat%}&g%f%)gﬁeﬁﬁ&g?%ggféﬁﬁ %&?ﬁé@%ﬂéﬁ%%&?ggt eaé. The Segonegause ©

conf ij gur @tdri tolsmelry uséthad ésinotcaprBldRET dstablishin@amiabsautentafercnes pegssure

the only controller. The mcrocontroller for the central part_of
enbeddedlesgls fasmts NIBPTResgyiemant igiad, Whersas, ¥gr yasc ‘%ﬁ%ﬁ%rﬂi‘%‘%ﬁghas

as those for. the PC but ip.,a limted way because of its | ower
processi%ﬁb‘&ﬁ@ﬁb ‘r%‘a‘?‘aé’agltl%y'a PC. The calibrator 304 connects to

gheuisgtse;f ?nP (;elr]%gg%ttefrl%ﬁ? tgrﬁﬁfgg £OMsh A HdrQBucdSspebifiesit BlcefahdthickSRE 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 comnect 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



well as a PC 355. The m crocontroller and PC 355 work together to
acconplish the '20 essential functions and nore. Depending on the

har dware, software and firmware configurations, there are many ways

in which the mcrocontroller and PC 355.can work together to
acconplish these functions. For exanplé, the mcrocontroller and PC
355 could work independently in such a way that the mcrocontroller "
perforns_the I-0, i spcoansh deshgnhgonfdaucatnamh,to the
whi |l e tI"PéldP%f g‘%ﬁg%é@g?’?é @%’?gﬁgi%&eﬂ%dsiﬁbnal and %at a processing to
provi de {pBubdH QB LHRNIRIb atterfabe cablecdil hrBesinterfaceecahle eadrf. therpdapter
this exanple, the PC 355 is not an essential part of thhe dea{ﬁgn iln th
that, viculdbt ddséeree B58ccephéakianonrthe sameoponnertastds thaf o g e3ble pl the

| BP nonitor 318. As. anof he X e, the ni,crogo :

per f or mtransduesyuihat {5 BWdoWni'lh@eaﬁletﬁﬁ%% F2 h?‘ E%}%ﬁ%{l %féar;[g]?%ggddp %rgtlcmar
of digital val t.o t i.al - : r itofsDAGLId Warinall
The  Fe. J3a0d P Pt fiads Yl s pRURIRL MrAETVIBINE mfitots OMC werirelly

processi dlﬂ:adk /B IR EC BRI albilenforheirmetiieg dic transhicens! toetheandnieas. The
355 are essenhtial parts of the design. Wiether the calibratqr 304 is .

connect egtdrfack 300 anelrd desiga@Dioopravide firehpase s tapaigs-sprcifigaadapters, in
functions performed by the mcrocontroller and the PC 355 5 i

conf i gurthei éor avery hespited thik usese aoélf%é%&tu?r%s@ﬁ% Wb ARG l‘?pgﬁ'g%P@ that
355, such a nmenory .gn a I . hnt: i ttin
o mmice EHSOBreTRguav ARt ot DR Ao bt AELRIHRRE 19000 BEnART 10 tine
user. ¢° lisig FrﬁErfﬁ@é’ OIS Qlirch¢ Th WiRE Ol iRati@NtHeOheqdafial hespitaleto purchase a
interface. I'n general, other” user 1nput, such as user-initiated

cal i br at digfarerg Gresfase calsle, be , 10 effected through a control panel on
the interface or though the PC. General operation of interface A

bl ock di agram of an NI BP nonitoring system show ng the nain el enents

of 15 &3 i,{},telerface.that uses the digital approach is presented in

FI GURE 9Vt PJRAESHIE operation of the interface involves the

followi ng steps, which are also illustrated in FIGJURE 10: a) Step

551. The controller 500 reads the excitation voltage supplied by the

| BP 15oNitor Bide ardinpleght tavo sxmoheltdsan the griatfacoeigtnitryhdre dgiahappraach,

anal og-to-digital '20 converter., (ADC) 508. b) Step 552. The
cont r ol | &d BEoanadegiapproache TﬂQFBb%ﬁ%’a%Pﬁ’ré’ﬁﬁthﬂlséﬁ Qr%ntrpflﬁht? fgrform, through

software or firmware, the device control, data acquisition, digital signal processing and
data processing, leaving the analog circuitry to perform signal conditioning. As a result
of this, minimal analog circuitry is required, so that the cumulative analog signal level
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 significanily 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



NI BP sensor 302 through a sensor signal conditioner 502 and an ADC
504. c) Step 553. The controller 500 processes the N BP neasurement
signal. d) Step 554. The controller 500 calibrates the processed N BP
nmeasurenent signal 25 if necessary. eb78tep 555. The controller 500
determ nes the neasured bl ood pressure”in mmHg. f) Step 556. The
controll er conputes the equivalent differential |BP transducer

out put vl { ﬂgﬁﬁ‘fg&&[ I}&J{é‘grxygﬁéﬁé& SR ARE aRIRIAHA Svilts aﬁzﬂ@g-ﬁ@laﬁl%i@ztl @fdighel-to-

cireu
t r ansducer excltation voltage and neasured bl ood

Pressur ema2 c&lvepbion, B¢ adlagtagonisriiidlprioS6s overshad@acarbyar et signal
digital value that is proportional to this equivalent differential
vol t age.urkeprtSnépirbthe.anfleg connityl | er 500 sends the digital value to a

DAC 510. i) St 559. . Th [ I L G

O on a3 e S SO 00 e o
equi v nt |BP tr. ducer.. : f o
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be able g ﬁ(‘éﬁf?%}gaﬁo&ﬁ,i e%égirlﬁﬁﬁhteQCIﬁiF/{Q}@RE 6, BRes tar persoiad aronsptten(PC) 355 as

signal tot for any measured bl oo ressure, the
cont r ol Itk daéedsntrollndw fhis advhgaativhether BOs3de dpremsi essontial pat of the

the | BP nonitor i fi d t kK with, I .
exci tat :dmidgnoartda@; isispiacp B 0pgRck aosrutt CoPtin A8y CRREPlEs [0F 1153l sed
I's supplie t | B itor _and . t I ;
12 PP Bt R B AT RIS R ik B GRPLE o4l ime
Sensg ! Vdéfdy?ﬁﬁﬁe',saé QvdIP as REGHE gedotiginkh@ninprecéaee dutat Adthvagh FIGTIRE 6
it niust be e same as that of the Transducer sensitivity which the

| BP nonighetvsi thac o ¢aibradr B04vanmkevistdirectlyi to theristerfaget3p0; she waerfass y350
specified in the nonitor's manual .

such a way hendesigned te Mﬁgﬂlﬁt‘é&ﬁ@é%gfq \?IPS}Qeecirtf llgéﬁg%géﬁeggggﬁsgﬁg%abﬂe
Gt M ATONG LB TR SR et RISy o
?gwmngggchl? Z)gﬂ/bf%rggtﬁ%)érr{a gg% ?’r(naicfcfzcgﬂﬁfoﬁ&l fsthisofeicenffalBart B @h teah beddef wystem.
15 Through firmware, it performs the same functions as those for the PC but in a limited
way 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
V0 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



For the same pressure neasurenent range and the sane excitation
voltage, a larger transducer sensitivity will give a |arger range of
out put voltage. For exanple, for a pressure neasurenent range of O
to 300 mmHg and an excitation voltage 5V, a40 V/V/ImHg
transducer will give a full output vol tage range of 60 nmv (40 30
VNNmHg x 5 V x 300 nmHg), whereas a 5 VNNm | g transducer will give

an  out gﬁpéféfl%aﬁg t[}@rﬂ@ s %ﬂé? 71R5béﬂﬂéeeﬂ1ftot & TENE Xedridive vidnahgmdi data

to be s °d y ‘a factor o 00, the DAC nust be able to output

a vol tagﬁo&‘%@ﬁl%. of, Bils LeBurtivhf Both theemd@ovdiitmolier amcdPEH366raranessential
0.75 V ffor the™5 VNNmmHg transducer. This 5 output voltage rafn eégsg)rto

be expr gagedbfathgalesianc WhethvERe oalibEater R0¢4 Asmrnnesisg kg th syer
t he root-nmean-square (RVMS) differential vagltage acr t [ '
t er mi nalthe PéE:ﬂ\@qfl@em(é oyt ﬁg’a@:@é}mé@ﬁ&me&% Eﬁgioiit?q\%égﬁ%&??gfﬁs'
is configured Lo rk . w i pel
maxi mi mjg'Hﬁi Cﬂpﬁg'ﬁ@%B 100N %ﬁ%vsv? Q%&) B\%:%(g #%%Il%%ﬂ t%]?%(??éasgﬂi? gﬁécgﬁf ?Sgslj Fglgh ®
to work ﬁ%[tﬂpr)g !il{l]d BatAtorsbese resolution in LSBN (least significant

t

bits per“vo as been "maxim zed for a 40 VNNmrillg transducer )
sensitivity iBhcusedriioe eand beNdesigined densiakevall yof wheve ebspatqosdiggrations

the DAC out put vol tage and hence the nunber%of dat a 1abgoi n{s wi | | be,{h
r educed availableamditaallovotie yhcs e select @V ol hsabireughp&od rgbpfukeé Qg the
| ess smpot h_th t hat .obtai ned with _a .DAC whose. ot I

opt 1 m 2GR BEC. GNP SaHBle SO o iHan TuEs SyttiyeBn FERu RS Ran be
wavef or mg ' $6RSe ifi@€a@Codbugiyef BCM To inprove

t he m)(r)gtf e%tees@ﬂg?dﬁécﬁ%%lﬂn%essurel vvav%form at g\?he | BP 120

monitor's end, the resolution of the DAC output voltage in LSBN

shoul d be maximzed in such a way that the DACis still able to
produce GemenakgperatioiDplindertsge vol t age range, which, as indicated

above, depends on the transducer sensitivity, excitation voltage,
pressure neasurenent range, and the scaling factor for the DAC

out put vol t age. | ' ' {RE QEAiAEIREESs of
DAC hat 25 SR RIGRE el SR DRIBP SRR HIE Ly Al iHobéing (RE A0 :

conf i gur.edifyrthdie teenises| therdighaldapyroacions ipgesantgl imdTOARECY. dhe general
full -scale output voltage range that is slightly | aglg rartehglgotiﬂlelstrated .
requi r ecbpBACicupihe vtetfage ineelges the following steps, whiC
FIGURE 10:
a) Step 551. The controller 500 reads the excitation voltage supplied by the IBP
monitor 318, through an excitation signal conditioner 506 and an analog-to-digital
20 converter (ADC) 508.
b) Step 552. The controller 500 receives the NIBP measurement signal from the
NIBP sensor 302 through a sensor signal conditioner 502 and an ADC 504.
c) Step 553. The controller 500 processes the NIBP measurement signal.
d) Step 554. The controller 500 calibrates the processed NIBP measurement signal
25 ifnecessary.
e) Step 555. The controller 500 determines the measured blood pressure in mmHg.
) 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.



To further inprove the snoothness of the blood pressure waveformthat
is displayed on the IBP nonitor, the nunber of the digital values
for the waveformcan be 31 increased by interpolation. A sinple
method is to performlinear interpolahégn bet ween every two adjacent
data points. Nonlinear interpolation hods such as quadratic
interpolation and cubic spline interpol ation can al so be used. 5

Emul ation of | BP ducer S] 0 iREWligithORWaRfc the is
out put &l tag%eﬂ’ eﬁgﬁnﬁ}?e tcﬁgtrggéplﬁpgn&s:%g{elﬁg %Ihgdpﬂé% Ut val eI%t | BP

t ransdu S’Jﬁcﬂ V] PeRCisReMA] WaRtap@it er f ace shoul d be such

t hat tﬁ%%o agfetolﬂel\hlste%ﬁg}r each of the two_gt_erm' nals for this

equi val et vibpgse8i The bentsalier 9 sbads Hee digitel valnato adh e D). pr oduced
at the correspondi ng output term pal ‘gf, t he ransduce
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sanme as the m dpoi 0 e betvween the .exci | ] BSltage for
ment | dneliags ,tﬁe ﬁﬁ‘\é %ltrf;ﬁg%‘ilf’ #ﬁ%&%g@%@%@gﬁ%&ﬁ gé&c:rgﬁ%tgﬁ ng e
di fferentj tQge @bout  the mdpoint voltage between the
exci tati%h t@&#%?éﬁ&:u% ot Sgr wor ds, the m dpoint of 15 the
differential output voltage rides on the m dpoint voltage between the
excitation termnals, or the mdpoint of the differential output
vol t age Tmmsfluser sensitivitespect to the negative excitation term nal
E- by half the voltage across the excitation termnals. An
approxi mate enul ati on of the IBP transducer output voltage |evel can
be achi eved by maki € B8 Sof Qitphihendi ddRicedduivalent IBP
outp vol tag}g f’g%g f:)bg @%elxﬁérg&%eé%?lérna%\géol ?agepbet ween thergc1

exci t at i {prhsHRESH GQCEﬁt sTia$ t3PMecKPrahenieoi fat any measuneth ddodd fressure, the
adequat e because the differential output voltage is re| 'cﬁqitéaé smal |, .
bei ng  usmalollgr heedste kmosein advanice the/sansduger seasiiivaly wiioh; thelBE monitor is
conpared to the m dpqint voltage etween.t he excitati.on.tern :

whi ch i scopfiguegshio Yorknwithe awc?glrﬂsége Fapiation %ﬂ@@ﬁleﬁj%ﬁ?&@%@%@ . The
to the negatj.ve itati 1.8r07 aal |t : ' i irouch
for 26 1unatihe Pk B LBRYSAER ABIBF mofih shaRGiachvy IR, Gifiler tiroug

si npher hatkifbn f QEndlheodditibnereMbatl@). thet trassduosisisbhgtivitpt needs to be
wi thout emulating this offset, the output voltage of the interface

wi Il stiprovidedadotkpimdrage hpshe uBR, andiit must bedhe samenps éhattaichppnangdacer

: Egor g:) %&;&ﬁgg@'@ﬁl 2}?}2&@%' mS n?‘go(rargg)cor}tl 1gu?g§ r‘ltosxr?]v%r witn! At sensitivity is
normally specified in the monitor's manual.

The interface can be designed in such a way that the transducer sensitivity is

20 selectable by the user from among two or more sensitivities. Additionally, it can be

designed to operate on a default sensitivity of 5 pV/V/mmHg, the most commonly used

sensitivity, if no selection is made.

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 5V, a 40

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



out put voltage fromthe interface when the negative output termna
S- is connected to the electrical ground of the interface. To be
conservative, however, the voltage |level of the output termnals
shoul d be emul ated in case the |IBP non?&or uses this voltage |evel,-
anong ot her characteristics, to check for proper functioning of the
| BP transducer. 5 Input and out put inpedances It is known that |BP

noni tors the in ' 'm&gwﬂ trafi@ubed will give an
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actual gyt udict@nofhob, b DAG mestubeabledo @ipuiceyoliagpragigeettstilpast 6 V for
comuni cati on between the interface and | BP nonitar Crcuitry for .
i nt er f achagOwLVAVIBRHp tiansduces and @/78cVr farathesy hef/ a@?%gauﬁ?r'aThls
proposed circuitry for interfacin Lth the |1BP nonitor is presented

i n FlIioUREtpUE voltREs f@&%@ﬁﬁbeye’ﬁ}rwge&gqb@mﬁht erfacing with the

excitation a in bnal spof sthe IBP nmonitor. It inplenents the
appr oxi mat e %I’Q@W%@%sggﬂ bove. The circuitry i ggl udes _
uni ty- 93 olLa0R thel loprRicntdBary (ROISUdifRrentill vodtaize usrqrsathesextodtation
mnimze [oading and to ensure that any mal functioning of the

i nt er f agerminkls, BEINS infircomansdutéresenbiity whichssaié dBPanenipe st porfigured to

performance of the _IBP monitor. Referri o FIGURE 11, a.voltage
di vi der veerkswithi aied Biuak 0 Ihewiase 6@@‘3%1"%861“3 TRGXIgHA ?n%én’é’é‘ﬁ‘ughgreﬁiures

606 :0f predeterm ned val ues.and .l i is placed across the 25

exci ttt i%mcﬁé?lﬂil %rgacgd%ﬁoqiﬂ%qrgﬁwg\ggkéﬁﬁgl s R4 606 and R2 602 equal s
R3 604. This means that the sumof R 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 6Q# aghnes whuse restjoiion iv dISBYe (1839 sipaifiseehbith @eeyeoit) des dgen
termnals. The voltage across R2 602 and R3 604, repres r%ts /@ ed
ver i on mixittiged, G ad6 RYYGABmElE tiaReiucsr SeRSEITInARET Toha ey WgmHS

ot el g, %, wiLLS Bl e b HC o SN s P i of et
e S e R A BBtk bl ot st o
i Nput  jess smooth than that obtained with a DAC whose resolution has been optimized for
the 5 pV/V/mmIg 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



differential voltages. Fromthis ratio, the controller 500 derives

the voltage across the 5 excitation termnals. The four resistors are
selected in such a way that their sumis wthin the input inpedance
range of the IBP transducer which the LBP nonitor is configured to
work with - this is to enulate the inp i npedance of the transducer.
Additionally, R2 602, R3 604 and the ADC 610 are configured in such a
way that, the | tage qckoss i itk MnteRfolation between
full - scépﬁrqaﬁﬁfﬁgy%a[gf%géé&gn%gﬁgﬁ f%tzfﬁgﬂg)fﬁg ,&%%%%ffgmv%éég% t hgﬁ)vol tage
across t %GJdt glifa88ntt &A1 ?@Eh%. Whansek Cigterpensiohi miethodanshichmesasjuadeatic
bl ood pressure, the controller 500 generates an appropriate digital

val ue riﬁﬁfrgﬁla&bhfagdtcklbidmﬁmriﬁtbrpmlaﬁdnpﬂ@@b@rb@ @§9d- sends the digital
value to a bipolar DAC 620. The bi polar DAC 620 provi des for

positive and negative output voltages. The 15 output voltage of the

DAC 620 is scal ed means,of a dif ial anplifier in such a way
that #hakm %t‘%loiggiépv%ﬂ‘ﬁ%‘écﬁrsoqqﬁé&gigile%as the differential voltage

t hat woul d have been produced at the transducer output for the sane
transducer sensitivity, the sane voltage across the excitation
termnals, angoft BefisbeRulaasUEdh oaguprvetiage deveindE the dBPeéransducer, the
differential voltage is then superinposed, on we m,dpol nt vol.t.age GEth
bet ween &MivalenichiF transdneer enipuh APEags Praskissd by the 4 ﬁ%S]&‘ﬁ"HFli fen tha

07t 1" cpbiloag o b U S RO s gt 300 s
the - g? pﬁlﬁ[g lt%%f dane e'wfn?igg%g(rjérédiﬁek BB thanssisponMiioC lbutfig tdrBiinal of the

noni nt i gur ed wWwth - this 1s to enmulrate 't he out put

i mpedancggpfiucth Sihdenetusainal Addpbimnaliage ofthe BE téatdanct eeipll pignal is
factor for the DAC out put 25 voltage are selected in, sych a Wa{ﬁnteg%tbove

t he DAC thelshmecal the mitlpoint voltaggbetasgdhe preifaiipasteriaii@s FugH

vol tage range correspondi ng to.the full ran of .

Whi ch T Hel el Ee A g agrgRBSE b asuFEne At G EnbaC8fipre yERAK Sbom
parts of ;the. citcuit i B F hfae idE Cthiet t¥dpoint of
uses thethgﬂg}(%’alrﬁlw&pl)%éﬁ? e\ﬁ/g?‘%ég{gﬂg%gqlofrl tt emg%h#? Eg@%ﬁ? [ teHre 62£F.(.)m_ ?
One 34 @t @irRedite dBpROdoledgeotiias Pinnthet gdpoidpodliage btvag ile excitation
have the controller read the " mdpoint excitation vol tgée t hrough a

si gnal cenditalgrerthanddpeinhbEthegéiitarential putpntgialisge v pliscapghderpect i the
digital value to a DAC, and Ve i gnal,.conditioner ondi 1.0 e
DA out pukeabioP eagas el e P alt B TpHSEe trorBe ep oo e

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



5 voltage. Another alternative nmethod is to have the controller read
the voltages at the excitation termnals E+ 270 and E- 275 and

conpute the mdpoint excitation voltage, instead of reading the

m dpoi nt voltage directly. In both alééﬁnative nmet hods, the

circuitry can be designed to use an ADC*with a fixed full-scal e input
vol tage range, or one whose full-scale input voltage range can be
configured thraugh s9 - fehh ' wayaltdals doidected to
neasuredﬁﬁ?”?%@ﬁ%ﬁéﬁ%ﬁgﬁg5@Fﬁ§§;9?ﬁﬁé§¥ﬁ?§@ﬁﬁ?@Mﬁg?33 a nore accurate

measur enppikriddl %r&%rfd bRiHedRtetfickAT8 beSemeadativhchorotteagtheanitgs leval of
excitation termnals in the above circuitry is _sensed thrqug

) h
vol t age b vutrit terfilihsls\shbtkigee emnlatédin ¢ase 4o\ EBR mcpmm;dwegathls voﬁage level,
differential anplifier or a copbination of.a vol.tage diw,gder
di f f er eraheilg athst FharapterisBosy o ngc g PagRRrSuRFHOInE t%%ié%ﬁ Sraﬂ%’ce?

differential -input ADC to receive the scaled voltage across the
excitation termnals and the controller to conpute the actual

di ffererﬁpg;g e ‘5‘?,‘3?‘Eqaﬁeest he scaling factor. One alternative

met hod o talni actual differential voltage is to use a
si ngl e-ended-i nput ADC to receive the actual voltage of each of the
excitation termnals E+ 270 _and E- 275 &% a scal ed,versio

f, it,, 20

and have t he ltonknownethat ShBumenitars e the i 1BPEdRICE © ﬁ%“?d&t’.edanc@ or

Fourth, the m i | t 630, bet t ' ' ' ' .

o ool 8 0% e FSLLBAE aBITHREAUR L o B S bRl Dl

m dppj ”tféﬁﬂf?éi{)jf’ﬁﬁg g@beﬁgs%ob%&%ﬂﬁﬁﬁed&d&@%um qehinndhicdn Bhudating these
i'vider=a a differentia

vol t age anplifier. Fifth, the above

ci rcui t riyppésigfiod #ill hesrentdcatatelypdblaes t1e2actual sitadteont med DAlp teseduce the
out put vol'tage. An alternative nethod to scaleg the DAC 3ﬁgput s to

use a vothaages ofprobtiens Brcamagmsatan bshvesn ﬁleﬂﬁteﬂ'gﬁé agfJPEapogiar- o
differential anplifier. It is recognized that the scaling factor for
the DAC output voltage will differ fromcircuit assenbly to circuit

assenbl vy, i Rr?l?x rl.lﬁg.h-@mponents and that these
vari ati o(r%g%\%ﬂﬁ?ﬂﬂ]}t}émagﬁ}ﬁa eIc]%Pt e la‘ccuracy of the voltage across

the pytput 35 termnals S+ 280 and S- 285. One way to resolve this
problemis to determne the actual DAC output voltage scali ng,fact,%r
for every i ntAnfelmtricalischematic disgrameot;hprapgsed cireBHryc Biguteafacynwith the

O S 3 IR A B ARG o R i
t 2?,;“ tngﬁglg %}_;rcg%org %ﬂ’%ggﬂhﬁﬁg&eoﬁ R AP GRGhiAGT 96 fnpRene Y 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



It should be noted that the negative excitation termnal E- 275
shoul d not be connected to the electrical ground of the interface,
because E- 275 in general does not share the sane electric potenti al
as the electrical ground of the interfage. Connecting themcan |ead
to a ground | oop that can danage both ?ﬁe interface and the IBP
nonitor, 10 conprom sing the electrical safety and electrica

ipgr L gre gaé,]hggmgfé ﬁﬁ?%gg%quR?E/?ﬁl CRIPARFARAWIGHS 3hléBRolthgnEdsigplied to

1
't or e E- termnal 275 of the transducer

takes on }i"gﬁ’]sxﬁv@f‘a 1a0eiftsreanilingdi KD C G, badrthaautpyt ofthel BRC 610 is
noni t or .- Using E- 275 as it is, that is, by not connecting it to

the el eqnd &8 thgrooundllen500hEhe ipolandd)C &l adcspts PRsitivG aRd1ICEALvY saput

Cal i bration of N BP neasurenment sjgnal For an P noni tor
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corresponding to the N asurenen I Far I i :
Chat 5 DOAYBoRETREID. Bt L oA bRy g bt fih o Wiy JRf, g sum s
nmeasur e Sign | Pnghndtheed vltiels she €BP monitor is
measur errn{gﬁ g %n%dg{%gqgﬁggﬁ%é@gﬁeggf%dﬁnguch NI BP m;ni tor is

descri begriffrukéSto Rakk Weth —6, #ik3jsO6emntate e inyET Hopedape ofthecizapsgrcer.

MONI TORI NG BLOOD PRESSURE, the contents of which 1?re i.ncorgorat ed[h ¢ th
herei n bydditibaakdndl? 608, RAnki aeththeoADGod 0 maicoaheuisAin Lsh away that the

tonometric NI BP se I onmd h ad_that ho '

and a. styAisEe o B2 ORBH Rantor tna Pni PofaFSede ThinCR AR Rl of the
W i si A NI BP sensor being placed over the radial artery to
dete? bl'ood pressure in the artery. Wist novenent and changes in

the properti ggroff tBORIRESeabrbsss shie ceitatien teineinabsnittansdaeat sensitiviis tand
can cause the sensor to displace fromits original position and.the
strap t ensisomed bledhpyessuss theheantgliop Wi geReratetdaR éiﬁgfemlaéﬁa‘ﬂgﬁai value

wi Il change the fgrces acti on _the contact ;anea,. het :

And t ho TPTesET s BRaGE PIPROMESUTaAN P Ll ghE) BT dipoRE Hac
signal e j f the%n : &ha ki rdedati SYbRagdsOMTh
an N BP @ﬂ: ot Hr%ﬂ%y??‘?m t aP Hﬁlgg‘% ?ﬁgp(%sﬁttl%{fﬁ ggeﬁ%ﬁ:}a‘% hdew%%ove & ©
tonopet réﬁput%@ﬂa%@ STaRs WACCHI0 R fhledrbys hihel olfe diffefantiabdmgtifiehén such a

begi nni ng of an BP neasurenent period and whenever there is reasgn
to suspewty thethatithe autmratoliage o thensamappihendidbanentied voltape tat W@ﬁtha"e
not havebe%%e};]roﬁgggdegt e ’g‘ar(}:;shd%%gf oiuH)utt r%81‘ ?ﬂé gzru%léaltransducer sensitivity, the 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 R5 626 is placed across the output terminals
such that R5 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



pressure. The interface can be designed to activate a calibrator
whenever calibration is required. For exanple, the interface can be
designed to allow the user to initiate and =10 abort a calibration,
either by pressing a button on the interface or clicking on a button
on the conputer screen. It can also be desi gned to automatically
:jnltl 3te adcal I bration at predetermned intervals, at intervals that
epend on evi ations ,of. t.he. N ' I th
physi ol %@@E&\tﬂvﬁérg:l%@fjfls‘ﬁ %b%linbrféﬁlg , H%@%g@?g&g& Og%fﬁ%gﬁ agfﬁ ﬂgf@cgg‘%rﬁller read the
groups of. ryalSti lkcatiraiEh | £ aldra] alditidree @al abr AD@n gehegate a
necessaryl.dp_?salﬁlt 51%018 d eégnot ed[@?\at the choice of a calibrator for
an NI BP dipifdlt oalut hatd sedvheeligicanvalnaocos abBAC.t subdave StENabr eanglitiener
measurement is not restricted to those that use an ocg# sive cuff., .
Any bl oaﬂg?ﬂmﬂm%ﬁﬁ%ﬁ@ﬁ%ﬁﬂlﬂt@ﬁ [§AR1E; lsevegﬁ%.ﬁh%t epPB‘iHaEifW&POlm
accurate ood pressure neasure t. can hot.ent |
cal i br atvitageofng Biaifﬁ“gwleépe n@cfﬁg?ea& ev&%t%hdqwiﬁgg?#%r ﬁélto e%spew&t the
vol tage of . ar : U eh05 G dnipie YA hYidpeint z8chatidibiveltage
out put \F&F{tgtg%ﬁ Fesprmtéféﬁgﬁ ?22 a?gr% g??set orlﬁgero bal aEce. Thi s offsetg’
vol t age jheS@Bt iddling @ mBidpetht byoltwer divtedy.cliprbesls urlternativee andihods, the

colum of fluid above the level of the 25 sensing area,of th?
t r ansducgrcuitFprambe desigacd BPuse a8 YWlafevwith a fized Bpl-s¢ain SR OIRGE rang OF

zeroed with the | BP nopitor befgre nonitoring begins. ' t

ze(r:I oi ng,oneh&hosp fuflpysateo Aty ¥eNARR FPNE% £G8 ﬁﬁecﬁ%edg#%@%hvoﬁﬁggge o
an sqociates it wht , j ' 4 i

o esTlr SR ' ol B Bl m e b o bpAS T SBHOmaRHIzed to

for the giﬁg’a!}!%}é_ta@&uray medfigeARhObNhepixetaton @oftage.a fluid-filled
pressure nonitoring systemrequires the clinician to_nmanually trigger .

the | BP noni tSecohd, ter Foltage heraserthe rexcitption fermimnads imdhe f@hqumiﬁgnﬁy 18

steps: a) Prepare the | BP nonitor . to receive the, trans er out .
vol t age S@ﬂsezcbfgléowﬁhﬁ voltagy dpadste TBIS YRS &0 f’ﬁ%}’ E%F'fr‘n%a Lfﬁ’i?é‘g?’@pgﬁferem‘ai
transducer .so that if..S.: ' ) | Pz gi¥eatht i Turn

t he han&l%plbf?ert%@ % r%iinﬁtgl&ép g%ﬁ?@%@&“? %r zﬁ]cga gat | e%?&lan lllfgcejl)éen or
renoye the dagaenderabpel @euithe vses al c&i@fe@érﬁﬁﬂ-ﬁ@]?mt.m$os:'ee¢.ivblthelssaied
the transducer from the patient's intra-arteria ressure and opens

t he tranadageradross hiee atwitafibiertermineds Sawe the wontraller tpl eompute dhe tagual

side port as a result. . . "
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



d) Zero the transducer with the IBP nonitor by pressing the
appropriate key or button on the IBP nonitor. This zeroing has to be
activated nmanual |y because there is no autonmated feedback to check
whet her or not the fluid-filled system,.s ready to be zeroed. 15 e)
Turn the stopcock handle OFF to the zeééing side port (closing the
port to atnosphere) to re-admt patient's pressure. The patient's

|mr;';"r ? ;)?_rt%%lina?:lsgﬁ%ﬁ%?q] %ﬁdd%\g 85 0T Wk, tH%f&Q@Wh}?Op%lérﬁeiﬁ@Pdetgromine the

ender cap’to close the side port.

Zer oi ng é%ftueﬂ'ﬁﬁfjf&ﬁ?uw&{h BRalime Ficest foplevery MtdPacenniit and tignsyssttbervalue
that uses the interface, the tononetric NIBP sensor as nentioned .
above, afod cangaltitiomal purpdsas indles saftwere pudiwevares Fach pucifasq pait will then

i d | d i nclude the_fol i t - 25 P
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as dﬁzc rdo%‘foﬁﬁ%ii?&egpietcgf%aﬁlgh%lféégaﬁfdj!é@@dtriéﬁr perferRaeedhrie deviges. For

Send Zer ign nonitor, by sending to the DAC a

di gital compariooivhesRanBmgahwiuzer 3 usetgvitd he IBPrmongonfthe Bi-stesmgrad275
can be initiated automatically by the interface, or by the, user
pr essi ngofatheutransduser takesi on avfiadeesroyoltags ishaprlindpin &dtsterpingl byhite IBP

step is equjval e t.0 eni t he | BP. transducer to .the,.at

as descrigBHos lgt&éangg%o— g#éq gfhg 1§,rt§ﬁ€1&0@gpogg%z?q%mgr%g% %réefgé%lgfsgﬁo&n d
digital y or:a-mon-zero value, as long as the

zer o- mﬁ%fadsllggrﬁtg C‘%)’ﬁeg?lll %rsgfél(rg\tsntﬁ% the IBP nonitor is within the range
corresponding to the range of the zero balance for which the |BP

monitor is configured to work with. Although the AAM standard
st i pul at@slibratérmobNIBPomeasurtememtFigidlg, as nenti oned

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 entitled METHOD AND
DEVICE FOR MONITORING BLOOD PRESSURE, the contents of which are
incorporated herein by reference. An embodiment of this meonitor 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.



above, nost IBP nonitors are designed to accept a |arger range of
zero balance. 15 d) Zero the interface with the IBP nonitor, by
pressing the appropriate key or button on the IBP nonitor. This step
is equivalent to zeroing the IBP transggc as described in step
(d) of the transducer zeroing procedur e) Send equival ent |BP
transducer output voltage to the IBP nonitor by pressing a button on

t he integf.ace o cI| Kin acElrea
i nt er  acdisgrprisshtef AR Byt ErBlde P e (RE TR Rettfd SR CORteg

the I'BP Wh@rprt eTEén%oistﬁﬁl itfe gty alTend dhanper i rfgrdebewst opltarckhe NIBP
handl e o transducer OFF to the zeroing side port to re-admt
the pat iBgdsuserperissigia evas if theschdstadnino ctage (e theotrtend pressH&iucer
zeroing procedure. 25 It should be noted that .the abov
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t d bov d t hat
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calibrator is applied to the same armas the NIBP sensor. This is
because pirbdetenninedi dutenfals, het binderviald that edepeng ©he degations | IOfaIﬂ%%rNIBP

the normal transm.ssion of arterial e re.to.the radial y
At houg AmemrameTig Rl Hentvetargcelf rea e s emalt Gubd panpRlfPf both
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can pe desi gnednbRldPpevicied the ot tiesicefoft erplibarod Yomah NIBPlmyphitgr that
the distorted waveformon the | BP nonitor whenever calibration is in

||orB ggr es qntro{ﬁlalies cgaﬁinmlldxfs tmahﬁ@abeilt lmlybodq:r.tldisnge megélﬂrfntﬁmﬂéﬁ E@’gﬁ;ﬁ?}riqt@d ig those
nmonitor to display a zero ine and a e,sane_tine
di spl ayithef wse' %PP‘HP%HV Fd’h‘ ggﬂgﬁs%&%@a&w&qm?ﬁedevwe that 15 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 JBP 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.



nonitor to informthe clinician. If the calibrator cuff is applied to
t he opposite arm the blood pressure waveform wll not be distorted
during calibration, so it will not be necessary to prevent the
wavef orm from bei ng di spl ayed on the IBP nonitor unless there is
reason to do so. 20 This neans that the’waveform can continue to be
di spl ayed on the IBP nonitor whether or not calibration is in

progress. However, because.the.clini.ci I he. [ ires th
cuff to the shieZ&HoMSPracediiesiof é‘rﬁu@F%ﬁ]ecl{rﬁ%rsr%@% br}eﬁ)ltél1 (\?;rll% %ﬁeté&tioﬁéﬁmres ©
design the . Joteriace hRtioR 18 8fepfofHhesi@oilg. 16 indludgssthe
sent to @ﬁgcﬁaﬁﬁ%n{'}r 1?‘%&@/\%2 tﬁ;g}@;ﬁ%’r ati or? i s%irn progress. 2g5

Dependi ngyiRvih @,t@gabi lity of the interface output signal at zero

nHg, it may e necessary to performzeroing at requl ar or

pr epr ogr ammPdepare ¢he/EBR monier te regeive thedransaued Q%Dxlgtd‘f(ﬁ‘%@& geroopmEe.
necessarily, by a calibration. E le,.1f th 3 T -y
t enpef at B e Posli BIC L1058 Pﬁf{‘:ﬁf%‘? iﬁ??%]ﬁ%nsﬂpgg %ﬂ)ﬁﬁ%g{? ilig& ghfsPaéthg tassmld

been zeroed an&1 cqlibrated for the first tinme at the start of a

measur enent hﬁ@ I8 a re-calibration 40 followed by a re-zeroing is
advi sabl gy, H¢RE hahdle HIMRY 9Eroilg SRipcbtiaORIMt®the batidt BRA loosent ar temgove
system ether Initiated by the user or automatically by the syste
need not akhaysademdenkhpwadhbyemingrsidmporinibisssiepdieckssthedeansuegy from

do so. To ensure that no unwanted signal,is digplayed, on the |BP

moni tor, t héh¢ petentay intrasaggralpresHe; Pish eaeq%aﬁﬁﬁﬂ%d%ﬁft? g afposphere.

defaylt, a r O- { gn 1,S 2 i.gally sent to the | BP

noni 'tf r wherrdet Mt ﬁLﬁgﬂ‘%LgeOfﬁié%roggésa%%hgddi tionally, the

but tons éli‘afzg%é GheSEhsaMcdNeits 8l TBPSRdItar 267 Brewtig diecoappropridtd ey or
e

equi val transducer output voltage to the |BP nonitor can be
desi gned t o baetohhen tixaiBPbmbhior.t Fleis zevgigigelsashtst heeactivated: manually because

functions. 110 Operating procedure for inteyface A flawchar or an .
oporat i ng. plbgedame auaRelodcieaaEAs Kok Fiseke Y BFIgHar 2ot ShénaldsflI8h s9Btem is
illustrated in Ftl (?#RES 12 and 13. It involves the follow ng: 15 a)
Upon pomer-ﬁf)a%’f e RY%r face in step 650, a zero-mHg signal is

sent 1by phe 1At @k @66cdk HaRAILBBFIOMS tiBe *dtbRiggRidt pprt6elosihy fheeport to
excitation voltage 1s read through step 654.

atmosphere) to re-admit patient’s pressure. The patient’s intra-arterial pressure

waveform will now show up on the IBP monitor.

f)  Tighten the deadender cap to close the side port.
20 Zeroing of interface with IBP monitor

For an NIBP monitoring system that uses the interface, the tonometric NIBP
sensor as mentioned above, and a calibrator that uses an occlusive cuff, the initial
zeroing procedure could include the following steps:

25 a) Prepare the IBP monitor to receive the transducer output voltage at zero mmHg.
b) Calibrate the NIBP measurement signal using the calibrator, with the applied cuff
at the patient’s mid-heart level. From the reference blood pressures measured by
the calibrator and the NIBP measurement signal received, the controller will

establish a calibration relationship that relates the NIBP measurement signal to



c) The NI BP neasurenent signal is received through step 656 and
processed through step 658. 20 d) If calibration has not been
performed before or if it is required for other reasons, it 1is
performed through step 664, after mhicg the controller returns to
step 656 to continue receiving the N B neasur ement signal. e) If
zeroing has not been perfornmed before or if it is required for other

reasons, it. |s erforned through ste 0] L4 n ;
whi ch the cBlﬂO@dﬁﬁéﬁm?é’Ed’P g %oggseﬁ@&ﬁ&%ﬁt?%i%g%lﬁﬁ ﬁﬁy?gég?sv?{)lg%mre
the NIBP megsur iofl! it #5)in!fseCali Biept taNbarEnZiaeRdng be onbt partially
required, t%ﬁeyﬁegg@éﬁlgg Vg?%gl 1Srlgslfssg’r ghi S e%det erm ned through step

678. g) Thecg@vhiat eptpoditidmengnhé abrdiBP poraos dbe &P crnpducey ot thgepatisnt’s
t he measured bl ood pressure is conputed through sterp 680. 41 The
appr opri at endildieart|level} axdessribediiz sigpi(bephiie HNSIYPTAFEONE R BFFﬁEirE'd
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measur ement :adﬁt%rrﬂz@ﬁ:aﬂgCHXi thedntek-fiee P06 chr eseepaisssing ajbuttoniant dentkirfice or
and output signals 1 nillustration of the input, internedjiate and

out put si gnahshé eomgpmitémsceedraddis steprig agvevalenrideenanengfispliz fggsducer to
mentioned above and a transducer .sensitivi f 5. VLV i .
presented i MeRIRRheLE, as H@S‘N’r lﬁﬁ%ﬁ@rfﬁ%egf@ﬁﬂﬁmef@@% procedure. This
excitation wol. 70 t ' Sl T | A 8fh- ienal
roashf enont ST HRNER e o bR HorE ¥ iatus, iiToR@ ax LD Mg signa

gener at ed by he s&anior @kl 18P mbhgtoe G mitinhe tangh Edrecspontialg tBke range of
transducer output voltage 715 is the sane as the voltage across the

out put t er nitakeyo HalsRe fandviteh ABSIRIP ndmstarris ephfigeredrPGYREK with. Although
FI GURE 14 shows a cali brated siagnal Wi t S stogic#?ress e of 120Q. d
mHg and athf aAMIlj tansiaed stipylages 803%2251 WHE1S étmﬂﬂgg’ gt ppLone
waveform The corre di.ng: ' . | j 8k
o WS B PR Lspenlialr ki et
V X 95 PV PRFBihe ifferfacBORitl theSBP hidilidor, by @réseinzedpengtagiate 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 (¢) 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, c, d, b, and e. Any



equi val ent differential IBP transducer output voltage for the

di astolic pressure is given by (80 mHg x 5V x 5 pV/V/nmmHg), or
2,000 V. These output voltages are indicated in the output signal
block 715. 42 1. An interface for an ijvasive blood pressure nonitor
conprising: first comunication means é@r receiving a nmeasurenent
signal indicative of the non-invasive blood pressure of a subject
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An i nt er {38 GertGRI9T sinfasd thecdiitiiotah, Thesbfitemrs oc fdiwege f the NIBP monitoring
digital -to-anal ogue converter to receive the qutput signal fromthe
at | eastsysteen comy be t esigundt itgupresideudhe wapsion; o5 tempprardy apet &aipg]%&mg the
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bi poligr PAEIg #AE 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



the DAC is further configured to optim se the resolution of the
full-scale output voltage range. 8. An interface as clainmed in claim
7, where the full-scale voltage range is proportional to the result

of the follow ng mat hemati cal expressi of: VEXC X SENS X (PM 4X -
PMN) where: VExc represents the excitation signal; SENS represents
the transducer sensitivity; PM Ax represents the maxi num pressure
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configure 0 Increase the nunber of digital values for the output

si gnal by qiliioRERY) tkibutone ti dre usehbpde tsw torsond hreese-numHgheigalpng the
that is input to an invasive bl ood pressure nonitor

. : or. 11. An.

interf armpmsalcﬁ%ﬁﬂfétt&lﬁl@ﬁ&bh’&pll@ voitage & th@B%ﬂ@%W&@Pgh‘? fesigneg o be the
interpolation; non-linear. interpolatign; .or a conbination of the

two. 12.Samﬁblﬂﬁ(§¥ﬁ’§5@%i Wﬁ&“ﬁﬁ@f%gmcilpnﬁ'avi ng output neans for
receggl ng the output signal and to determne the differenti al

vol t age of the output signal, the output neans further operable to

conmuni ceper4tie prbcidureifgndteifacet | east one invasive bl ood
pressure nonitor through two term nals having a voltage |evel
substantially simlar to

A flowchart for an operating procedure that includes calibration and zeroing 1s
illustrated in FIGURES 12 and 13. It involves the following:

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

b) The excitation voltage is read through step 654.
¢) 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.

) 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.



t hat produced by an invasive blood transducer for the same pressure
variation in the subject, where the output signal at the term nals
is obtained by adding the mdpoint voltage of the excitation signal
with respect to the electrical ground %f the interface, to the

m dpoi nt of the output differential volgage, the output differential
vol tage being the result of the follow ng mathemati cal expression:

VEXCXSENSXP . wher e:  VEXq: I is di hiaf vt geli9 e8mputddNBrough ste
represeh’ﬁs tTﬂ?S@Pa%mﬁég}é@iﬁ’gﬁ‘?%?%@%é%&hﬁ% repreggeints tphe press%re P
measured. 13g-An interface as claimed in claim1, having output neans
for receiving the output signal and to determine the differential

vol t age ipf tIihe couipued digitdbaluctiesend puthedRARShrugh siep 68per abl e to

communi cat e t he out put si |t t | t i. i bl ood

or essur &) nolf eariniation gt thoDIBE A RIFSIRR,F AEIUTSFb o Gentr it returns to step
substantially simlar to that..pr i ifve bl ood

trans%ucgar 16515 t%’ﬁ@“ %‘r‘ﬁareﬁfgé%ﬂgeggglﬁa_ ?%ﬁrﬂer{tﬁié@ﬁgxbj ect, where the
output 5hongh o diistfafioh SHTRSRIBY!fieabrahamds b Adglised, Heprotethat nds.

vol t age e excitation signal wth respect to the electrical
ground of the interface, to the voltage at either termnal for the
output differential voltage, the output differential voltage being

t he r esdnpudfintéramédiakoan g’uﬁﬁﬂh@gﬂﬂ‘%cal expression: 44 VExc x SENS
x P where: VExc represents the excitation signal; SENS represents the
transducer sensitivity; and P represents the pressure neasured. 14.

An i &er face ﬁ‘fciﬁgg%egcﬂ)ﬁf 8r Gheliflpdt, iﬁ%?ﬁﬁﬁfaté %ﬁﬁl’&'lltﬁﬁt Qi%@lsi Bsrabh dRterface

devi confi'gure rovide a calibration signal to the at |east

one pr Oc'd%ﬁ'?%’fhe whekaitic NIBRendoe asénttvmedpalmvessat aitmnsduddrgiensidivity of 5
calibrate the neasurenent signal based on the calibration signal
15. An ipWEHfmoHgaicprademigdtio EIGURELA4. s SIBRI mspsiegtenyrsignad 700 and

reasur ergcg%tat%lg letage? 985 %?e Itﬁ]e! Eﬂp%tt es?gn% sq ﬁl%oéélﬁ)gatgﬁ NIBP Hieasurement 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 5 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 pV. These output voltages are
indicated in the output signal block 715.



16. An interface according to claim 14, where calibration of the
measurenent signal is automatically initiated and aborted by the
processor according to predetermned instructions. 17. An interface
according to claim 14, where the calibration device is operable to
automatically provide a calibration sidi2al to the at |east one
processor Aaty. - V. : a neasurerrent
si gnal that el\??gé?dgg% r?r#&qﬂ)e (%l'doﬁ 13Qm‘leq‘HO %gl@lﬁfg%ﬁbﬂgl gnal s; or
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signal to the iAGaRIVEVETBodlqeBEsTES BNt 159 eafc Phidngot-givasive blood
predet er mi ned |iMS¥SHECEP¥As. 19. An interface as clained in claiml18,
where the at | east one processor is configured to supply the zero
signal to the iswasicerbimoatiopresssfa mumnvingk twhehicendxchatan vgnapfrom
t he nmeasur enentarmsingasite blsod prefruegmesisorpr when t he measur enent si gnal
is distorted as a result of the calibration. 20. An interface as
clainmed in claiddi odhisb8esbdieontighass g@teathR e85uPEichs if@BLtVEWresk
to supply eithepyidig gEs» 1%'59.9@[)1”9%1.115]9& b%l%d%ﬁ el H8RbrehRnt HEndIRUAThY ©
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in claim 20, qu e'ct enasvqu TEs remomtor out put
signal can be i AP AT Ed ARy Ah8T %8 Soy a user. 22 An interface as
clainmed in claim?2l, where the sending of the zero signal and ut put
signal cart-Bed diterdicRAceRTdmg 13 clamy I, where she ploleastoge pragessor 4y B
clai m 18, shiefhat thedisergiag el gtrﬁam@sar@dﬁﬂm@d TR0 H ProGeRRIRG PRAONS) ood
pressure nonitor upon power-up of the interface. 24. An interface as
cl ai med i r.cAminerf®e asbadmgtthelzer b sheyndhe atsleadt way preaepgsl iie dontfiguredhe
out put whesuely ehatrtbe aérecans sederdlthe sersitpyityi @ftheootig Ogiabuh .reldbon 25 theAn
i nterface aéastlediciBdghdl fhdh BreliStermihed earfcb@f ohdipast signal for the
zero signal is wthin 75 mMHg. 26. A nethod of zeroing an interface
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preparing The | nvasi ve essure nDnl or 16 receive a zero
si gnal

5. An interface according to claim 1, where the output signal has a differential voltage
based on the excitation signal, a predetermined or selectable transducer sensitivity and
the measurement signal.

6. An interface according to claim 5, further including a digital-to-analogue converter
to receive the output signal from the at least one converter configures such that its
full-scale output voltage range includes the voltage range corresponding to a
predetermined maximum pressure range of the non-invasive blood pressure of the
subject.

7. An interface according to claim 6, where:
the digital-to-analogue convertor (DAC) is a configurable bipolar DAC; and
the DAC is further configured to optimise the resolution of the full-scale
output voltage range.

8. An interface as claimed in claim 7, where the full-scale voltage range is
proportional to the result of the following mathematical expression:

VEXC x SENS x (PMAX - PMEN)

where:
VEexc represents the excitation signal;
SENS represents the transducer sensitivity;
Pmax represents the maximum pressure that the interface is configured to work
with; and



according to the operating instructions for the invasive bl ood
pressure nonitor; sending the zero signal to the invasive bl ood
pressure nonitor; zeroing the invasive bl ood pressure nonitor,
according to the operating instructions for the invasive bl ood
pressure nonitor; and preparing the inw#asive bl ood pressure nonitor

to receive the E“h?r{,‘%ég?éé@&tis‘t’}?e mi 906 REEERUNE tﬂfﬁf&fa%%nﬁgg{égg%work
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pressure nonitor. '27. An interface for an invasive blood pressure
nmoni tor copprising: first, communi cati on neans fqr receiving a . .
measur emert At GGGt dameanRY ‘i‘]?eoﬂﬂﬁlﬂ?%gé%i%véul?}?eédadﬁ%égsau?iémbtf
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comuni cattheautppiangna sreqpaldeiths teglbot the fdpyvdeg mefematical erpehyeRil from
an invasive blood pressure nonitor, the second conmunicati on neans
operabl e to deténgixsENPe Pdi fferential voltage and m dpoi nt vol tage
of the excitation signal therefrom at |east one processor

confi gur edyfiepe:gener at e an out put signal indicative of the invasive
bl ood pressure \gf, .3¢3ubh&Ghe Bas@loPRhdle Measurenent signal and the
differential vqf erélg%eﬁt?ﬂwﬁ L &gi&gsﬁivg 3],q the output signal so

produced havi qgre%r Jt?ﬁ*}epﬁéé'sﬁr% Es rg& input to the invasive bl ood
pressure nonitor. ere, theé " m dpoint voltage val ue of the output

signal is substanti.all imlar to the .mdpoint voltage value of the
exci tat i orl s diiertisg. & xclaimadoiy %yeoa%eé%lﬁgf lp 8 SO RE e e
at | east oheFepIbivEyder panfryradienncresssthciraberted digited valves fon threpnt
si gnal i ndignat byatespolatien soasds iimproyp dischmrotnesy ef tae signaldhtjismpubpsad
on the neastasyedlnodgirgssate metitordi fferential vol tage of the excitation
signal and the m dpoint voltage of the excitation signal. 29. An
i nter f ace 1asAali@erfeet dsrelaiinad n Adinol0,cl e chanteipobitiontihknae doagolation;
communi catibfNineffEiaRSpdlRiInt 65 candiahdiaosr tHe wigler, a differential
anplifier or a conbination of the two, configured to sense and
condi tion 1bha dhifGEe Qédo?din%‘&i LROR 1, A8ving QutphP nledh £F 36&iARe BlAb RS
tnoclaim ol IR 6 delfmtle thE Afer QR PEREETT Me bitp T NS I UhE Futput means
further operable to communicate the output signal to at least one invasive blood
pressure monitor through two terminals having a voltage level substantially similar to
that produced by an invasive blood transducer for the same pressure variation in the
subject, where the output signal at the terminals is obtained by adding the midpoint
voltage of the excitation signal with respect to the electrical ground of the interface, to
the midpoint of the output differential voltage, the output differential voltage being
the result of the following mathematical expression:

VEXC X SENSxP

where:
VExc represents the excitation signal;
SENS represents the transducer sensitivity; and
P represents the pressure measured.

13. An interface as claimed in claim 1, having output means for receiving the output
signal and to determine the differential voltage of the output signal, the output means
further operable to communicate the output signal to at least one invasive blood
pressure monitor through two terminals having a voltage level substantially similar to
that produced by an invasive blood transducer for the same pressure vanation in the
subject, where the output signal at the terminals is obtained by adding the midpoint
voltage of the excitation signal with respect to the electrical ground of the interface, to
the voltage at either terminal for the output differential voltage, the output differential
voltage being the result of the following mathematical expression:



to receive both positive and negative ranges of said conditioned
differential voltage through a circuit that includes an

anal ogue-to-digital converter. 31. An interface as clained in claim
28, where the second comruni cation nmeans includes a voltage divider,
adifferential anplifier or a conbi nat #6n of the two, configured to
sense and COI’ldI\}I 89&% gipdpoi nt voltage. 32. An interface as clained
in claim31, whers the at | east one processor is configured to

recei ve bot.h positive and negative ranges of said conditioned
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anal ogue-t o- di %Etxﬁlreﬂf st rxcitaon #gnali e face as claimed in claim
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19. An interface as claimed in claim 18, where the at least one processor is configured
to supply the zero signal to the invasive blood pressure monitor when calibration of
the measurement signal is in progress or when the measurement signal is distorted as
a result of the calibration.

20. An interface as claimed in claim 18, where the at least one processor is configured
to supply either the zero signal or the output signal to the invasive blood pressure
monitor at any one time.

21. An interface as claimed in claim 20, where the sending of the zero signal and the
output signal can be initiated and aborted by a user.

22. An interface as claimed in claim 21, where the sending of the zero signal and
output signal can be alternated by a user.

23. An interface as claimed in claim 18, where the zero signal is supplied to the
invasive blood pressure monitor upon power-up of the interface.

24. An interface as claimed in claim 18, where the zero signal is always supplied to
the output whenever no other signal is supplied to the output.



provi de the output signal in a formsuitable for input to an invasive
bl ood pressure nonitor, such that the m dpoint of the output signal

is substantially simlar to that of the m dpoint voltage; where the
at | east one processor and output are configured to provide an out put
differential voltage in relation to thdSneasurement signal in a form
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second communication means for receiving a transducer excitation signal from
an invasive blood pressure monitor, the second communication means
operable to determine the differential voltage and midpoint voltage of the
excitation signal therefrom;

at least one processor configured to generate an output signal indicative of the
invasive blood pressure of a subject based on the measurement signal and the
differential voltage of the excitation signal, the output signal so produced
having a format suitable for input to the invasive blood pressure monitor.

where, the midpoint voltage value of the output signal is substantially similar to the
midpoint voltage value of the excitation signal.

28. An imterface according o claim 27, where the at least one processor is further
configured to generate an output signal indicative of the invasive blood pressure of a
subject based on the measurement signal, the differential voltage of the excitation
signal and the midpoint voltage of the excitation signal.

29. An interface as claimed in claim 27 or claim 28, where the second communication
means includes a voltage divider, a differential amplifier or a combination of the two,
configured to sense and condition the differential voltage.
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36. An interface configured to connect between a non-invasive blood pressure sensor
and an invasive blood pressure monitor comprising:

first communication means for receiving a measurement signal indicative of
the non-invasive blood pressure of a subject from a non-invasive blood
pressure sensor;

second communication means for receiving a transducer excitation signal from
an invasive blood pressure monitor, the second communication means
operable to determine the differential voltage and midpoint voltage of the
excitation signal therefrom;

at least one processor configured to receive the measurement signal and the
differential voltage from the first and second communication means,
respectively, and emulate an output signal indicative of the invasive blood
pressure of a subject according to predetermined instructions;

an output configured to receive the midpoint voltage and configured to
provide the output signal in a form suitable for input to an invasive blood
pressure monitor, such that the midpoint of the output signal is substantially
similar to that of the midpoint voltage;

where the at least one processor and output are configured te provide an output
differential voltage in relation to the measurement signal in a form suitable for input



respectively, and enul ate an out put signal indicative of the invasive
bl ood pressure of a subject according to predeterm ned instructions;
an out put configured to receive the mdpoint voltage and confi gured
to provide the output signal in a formsuitable for input to an
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where the at least one processor and output are configured to provide an output
differential voltage in relation to the measurement signal in a form suitable for input
to an invasive blood pressure monitor; and the output is configured to add the
midpoint voltage to the voltage at either terminal for the output differential voltage.

38. An interface configured to connect between a non-invasive blood pressure sensor
and an invasive blood pressure monitor comprising:

first communication means for receiving a measurement signal indicative of
the non-invasive blood pressure of a subject from a non-invasive blood
pressure sensor;

second communication means for receiving a differential voltage of an
excitation signal provided by an invasive blood pressure monitor, and
configured to determine the midpoint voltage of the excitation signal
therefrom.

at least one processor configured to receive the measurement signal and the
differential voltage from the first and second communication means,
respectively, and emulate an output signal indicative of the invasive blood
pressure of a subject according to predetermined instructions;

an output configured to receive the midpoint voltage and configured to
provide the output signal in a form suitable for input to an invasive blood
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an output configured to receive the midpoint voltage and configured to
provide the output signal in a form suitable for input to an invasive blood
pressure monitor, such that the midpoint of the output signal is substantially
similar to that of the midpoint voltage;

where the at least one processor and output are configured to provide an output
differential voltage in relation to the measurement signal in a form suitable for input
to an invasive blood pressure monitor; and the output is configured to add the
midpoint voltage to the voltage at either terminal for the output differential voltage.

40. An interface configured to connect between a non-invasive blood pressure sensor
and an invasive blood pressure monitor comprising:

first communication means for receiving a measurement signal indicative of
the non-invasive blood pressure of a subject from a non-invasive blood
pressure sensor;

second communication means for receiving a transducer excitation signal from
an invasive blood pressure monitor, the second communication means
operable to determine the differential voltage and midpoint voltage of the
excitation signal therefrom,;

at least one processor configured to receive the measurement signal, the
midpoint voltage and the differential voltage from the first and second
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at least one processor configured to receive the measurement signal, the
midpoint voltage and the differential voltage from the first and second
communication means, respectively, and emulate an output signal indicative
of the invasive blood pressure of a subject according to predetermined
Instructions;

an output configured to receive the midpoint voltage and configured to
provide the output signal in a form suitable for input to an invasive blood
pressure monitor, such that the midpoint of the output signal is substantially
similar to that of the midpoint voltage.

42. An interface configured to connect between a non-invasive blood pressure sensor
and an invasive blood pressure monitor comprising:

first communication means for receiving a measurement signal indicative of
the non-invasive blood pressure of a subject;

second communication means for receiving a differential voltage of an
excitation signal provided by an invasive blood pressure monitor, the second
communication means configured to determine the midpoint voltage of the
excitation signal from the differential voltage;

at least one processor configured to receive the measurement signal, the
differential voltage and the midpoint voltage and emulate an output signal
indicative of the invasive blood pressure of the subject according to
predetermined instructions;



50

an output configured to provide the output signal in a form suitable for input to
an invasive blood pressure monitor, such that the midpoint of the output signal
is substantially similar to that of the midpoint voltage;

where the at least one processor and output are configured to provide an output
differential voltage in relation to the measurement signal in a form suitable for input
to an invasive blood pressure monitor and the output is configured to add the midpoint
voltage to the midpoint of the output differential voltage.

43. An interface configured fo connect between a non-invasive blood pressure sensor
and an invasive blood pressure monitor comprising:

first communication means for receiving a measurement signal indicative of
the non-invasive blood pressure of a subject;

second communication means for receiving a differential voltage of an
excitation signal provided by an invasive blood pressure monitor, the second
communication means configured to determine the midpoint voltage of the
excitation signal from the differential voltage;

at least one processor configured to receive the measurement signal, the
differential voltage and the midpoint voltage and emulate an output signal
indicative of the invasive blood pressure of the subject according to
predetermined instructions;

an output configured to provide the output signal in a form suitable for input to
an invasive blood pressure monitor, such that the midpoint of the output signal
1s substantially similar to that of the midpoint voltage;

where the at least one processor and output are configured to provide an output
differential voltage in relation to the measurement signal in a form suitable for input
to an invasive blood pressure monitor and the output is configured to add the midpoint
voltage to the voltage at either terminal for the output differential voltage.



