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NON- | NVASI VE BLOOD PRESSURE METHOD BACKGROUND OF THE
WONGEKPOOtI® Current net hods for measurenent of HRQIHES2004/020767

pressure and other vital signs are inefficient. Many

measurenents of patient vital signs are invasive

procedures that are unconfortable or inconvenient for

the patient. Typically, the asurenent of bl ood
pressuy.e [ f ff _around the arm of ‘
b € oot RABESHION stiggidstnv infla ¥l Bloniy Pitis§ure
does not reflect the true pati ent

physi ol ogy. Needs exist for d met hods of

conti nuous non-i NBAVNERVIS OITHEINVENTERNI enent s.
SUMVARY OF,  THE | NVENT] ON The present invention is a

t 0 .
syst em t h&tUispbwstheds faRessyrpaent,af blqod pressyrgand other vital signs
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patient to determne the current condition of the
pat i dhat arepgsomfariableror incomiepienifor e patiest. pFwmicalnithey t o

the HRASUMBARRHIRH pRisQRErRIREIH Ge oFRicir IRARS IR LS 2
i ncl udes the average, nean, systolic an iastollc

ar t erfelent BRd @ nepwaniugus spriehedk’ thahdogsmetreflect the true state of
I nvenLigh phsiolt limted to the neasurenent of bl ood
pressrygre; pofsﬁ)e%ital signs can be neasured and

pr ocessed Nggdsygxist for fpropedemethedsrof comshuaiswngnawivel bood

for ‘PélE‘JriaﬂiégHﬁ‘gn& -invasi ve nonitoring of

hypertension and other related nmedical conditions.
The present invention uses acoustic, electronechani cal

or other related % ﬁ‘!ﬁﬁ'ﬁ#’a‘ﬁw | ected from
a patient. To operate , the
pati ent - efyapesent insaitioh iszesgtsterl s priviles aapRAKNaivedreal-time,
sensqrs.in on r nore discrete sing array .
ot apisoy oo B Frocrsige Sligaliien <ol Rlfterrig e
t he patrérobndiiidn of thesieitienth #he plekebinvériidg rél Qv prefrabith the
on, stands on, fﬁlﬁ &)t herw se . engg&%s the discritized
sensMGUAPPEY of 2R0C BTG S Uy BeaBiimeBiadudss de axeragm gigan,
of f gReplieasid GRstlic arterial blood pressure. However, the present invention is
not limited to the measurement of blood pressure; other vital signs can be
measured and processed as well. The present method also provides for
continuous, non-invasive monitoring of hypertension and other related medical
conditions.
The present invention uses acoustic, electromechanical or other related
physiological signals collected from a patient. To operate the monitoring device,
the patient engages discritized, discrete, separated sensors in one or more discrete
sensing arrays installed in a bed, chair or any other equipment that the patient will
use, The patient lies down on, sits on, stands on, or otherwise engages the
discritized sensing array, and signals are monitored over a range of frequencies or

at a specific frequency. Data is collected as a time series or another similar




at a specific frequency. Data is collected as a tine
series or another simlar W 2005/000108
WOCPPIRB4/ 020767 2 nethod. Data is transfer rREE/UER084/020767
conputing device in the formof a voltage signal via
wre, fiber optics or wireless technology. The energy
spectra of each array point are_determ ned and then
are used to determine the variance of each array.
Conput ati onal anal ysis of the data collected is used.
to delethpinPaedeirgiemshian eammting dgcedn Ssdomm efg ypjtege signal
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Figure 1 i i . Ihe . ,monitoring systemwith a
di scr(retwljc%g’glﬁg?rrga@e.qg&gu%l%oéb]%&geﬁﬁu?gr am of ener gy
spectra cdhescind durflienand @batobjeots ind featuked ©f the drivenition are
Figure 3 is g schematic, .representation of a person
[ yi ngPBentin e dilogyre. whifitpiidesiheaond ang ogelng waifen
schenpedification rvdthahé elbingaad db dpawingsons of sheets with
sensor arrays. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention is a systemthat

provi des real - t BREEF DESICRIFTION GRITEECHRARVENGS
processi n%_ of signals froma patient to determ ne the
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pressure. measur enent s | ude the average, mean,
syst dPGaEomAd di astolic

Figure 3 is a schematic representation of a person lying on an array of

Sensors.

Figures 4 and 5 are schematic representations of portions of sheets with

Sensor arrays.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is a system that provides real-time, coniinuous
. colection and processing of signals from a patient to determine the condition of
the patient. The present invention relates preferably to the measurement of blood
pressure. The measurements include the average, mean, systolic and diastolic
arterial blood pressure, The present invention is not limited to the measurement of

blood pressure; other vital functions, for example, heart rate and pulses and



arterial blood pressure. The present invention is not
limted to the neasurenent of bl ood pressure; other

WO 20880001P8ct i ons, for exanple, heart rate and PGTEEZ004/020767

and WD 2005/ 000108 PCT/ US2004/ 020767 3 electrica
signals, can be nmeasured and processed as well. The
present method provides for cqgntinuous, non-invasive
noni tori ng of hypertension and ot her rel ated nedica
conditions, Figure 1 shows a diagram of a nonitoring
syst eslgetricalienalS ren bp mrepstsed idrpggeessed gy welb pBhegresent method
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produce_ energy spectra at [ocations 1 to_n, as _shown
i n Firgylag opiregwlar contighrationss Bigurerdoand digyerd plovy dhigferent

vari aReseRbnib BEIndARaASEAsORD S IP@ish offRYRHidcARA sensing
analysis of data collected is used to determ ne
nonmed@m f | ux of energy through the patient. Bl ood '
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data collected is used to determine momentum flux of energy through the patient. |

Blood pressure is related to the momentum flux through a mathematical
model. The following relationship relates the incoming data to blood pressure:
Pa=K*(El — En) = Average pressure due to excess flow of momentum
Pa = Average biood pressure
K. = Constant
El = Summation of energy spéctra (area under the curve — variance
of time series) at location 1 x Pulse wave velocily

En = Summation of energy spectra {(area under the curve — variance



Pa = Average bl ood pressure K = Constant El =

Summati on of energy spectra (area under the curve -
WoeR0p3enoe08 of tine series) at |location | x Pul SE€TWE82004/020767
velocity En = Summation of energy spectra (area under

the curve - variance WO 2005/ 000108 PCT/ US2004/ 020767

4 of time series) at location n x Pul se wave vel ocity

A conputing device perforns thetconputation of blood
pressure. The results of conmputation are output to

the user. The mdtmatserns) sitlocgen n ndnisé wewsvelasitp| ood

pressure dgyi ' 1.0 '
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PCT/ uszoo%%‘?%‘?"e@_‘m EX%QW% esgribey W@dﬁ%{qnswosgp%@s,
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engaghifigut dpasing figm the peopg pEthe ivpntiog, whiplsisdesgribed i the
rreas%ﬂ(ﬁgn%am_ol | ecting discretized acoustic,

el ectromechani cal or other physiological signals wth
the discretized sensing array, : :




transm tting discretized signals to a receiving and
conputi ng device, producing tine series data from

WY1 screti zed sensor array signals, calRONIBI20Mg20767

energy spectrumfromthe tine series data, determ ning
vari ance of each discretized sensor array,

cal culating a value for vital signs of a patient. 2.
The nethod of claim 1, whereinhe vital signs are
average, nean, systolic and diastolic arterial blood
press jams: 3. The method of claim1, wherein the vital
si gns are fyper .

condi ti onsﬂq 4. Arﬁag%%?]mgyg?ﬁ ﬁ'{val m iﬁpq%f neﬂfomg method
conpr ¢Sy i ng on, standing on, or otherw se
contactin . di I 5. The
method of iy aeng oAb SRaB SR ARNE. 7 e

di scr et i zetigagingihs oeoor lmirediscurdimdhanonmfays)r ot her

Pyt o100y LS ER U i LR r oo
col | ect i ngphydidogica cigadls w&hdthedrsoneﬁzadcsensmg anay,
per 1 o nea oy e BRlEh St o Griing oo
claim1, heiueing maﬂ@dlaﬁ(ﬂdnngarﬁo@dﬁérb?zed sensmlr array signals,
el ect ronec ical or other ol.ogi cal sjignals
further cc‘f‘%’ﬁﬁﬂ'f‘% i F@&F&“ﬂ@mﬁh‘h‘ fertesdele domai n or
I rhequercylddlaﬁﬁumgv%anEQGfdia{ J.ﬁﬁtsﬂet&fad SdnSdr Brrhy, vvhe][ ein ;

e cal cu a v Vi ns is performe
wi th non- Pa %@rﬁyé@' W&?aaﬁe@?m ni ng energy at
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WO
met hS¥iic 2 diastokic agigrial Blpod prR®sUter ansmi tti ng of

di scretizegd Sm%o&mmqe%héfeﬁqﬁ%iaﬁ 596k are hypertension
di scretl zed signals via wre, fiber optics or

wi r el slated medicafgendiionpod of claim' 1, further
conpri si ng pr ophnBlod SMidiRUOH S ther comprising lying on, standing on, or

otherwise contacting the discretized sensor arrays.

5. The method of claim 1, wherein the collecting the discretized
acoustic, electromechanical or other physiological signals is performed over a
range of frequencies.

6. The method of claim 1, wherein the collecting the discretized
acoustic, electromechanical or other physiological signals is performed over a
single frequency.

7. The method of claim 1, wherein the collecting acoustic,
electromechanical or other physiological signals further comprises collecting data

. in a time domain or frequency domain.

8. The method of claim 1, wherein the calculating a value for vital

signs is performed with non-time series methods for determining energy at various

array points or a combination of array points.



real -tinme nonitoring of a patient's vital signs. 11.
The nmethod of claim 1, further conprising cal cul ating
WORES/WENt um f | ux from data gat hered from t h&CT/US2004/020767
di scretized signal arrays. 12. The nmethod of claim 11,
further conprising calculating a patient's vital
signs fromthe nmonentum flux. 13. The nethod of claim
1, wherein the one or nore diécretized sensor arrays
are not attached to the patient. 14. A radiation
stress, fon-i Ahemethed of dlaim Is whereinghé transiniitinglefidisceetized
co bk AGh di i . for
roas o SR A SRR LRI RRE e bhdty 8
el egtt hani cal , or other physiol ogical signals
froma pagien n one or nore,. .
di screti ?g'd sg%esrg?tﬁ%{fr ét}gagqu OP{@E@%{)&? prsing proyiding goptinyous,
t r amsiriizeinamiteying efia fatient's vidadsighd. t i ng data col | ected by

t he one N i scretl.zed.sensor _arra .
recei vi ng['dew ceem%iéor ?%?:aélln\ii’ ?%%%W%@P‘E@Hg&% a
f r omopteetuomBuofronrdnie gatiersd fein thedisaenskigail hays, and a

conput i ng, devj,ce con ed.to.the recei.ving device for
cal cul at ?%19 yﬁellﬁeggc’d;&%mélﬁ’ FLoBPrifingC %’?ﬁt‘@ﬁflpﬁ‘%ms
pr ot sigas fromehesasmesud@ug from vari ous di screti zed
sensor arjay ..Si | s,. cal cul ati.ng energy spectrum
fromt he{‘{t'i m%ﬁﬁ?@fﬁafaﬁl}iawﬁef% eé?“ﬁi"% PREF Qisgrstigert gensor
of e@sh athi e afichered fggEait. array. 15. The device of
claim 14I wherein the vital signs are average, nean,
syst ol i cltand ‘4 sigess Mppsinvagive vighsigpmenitosing device 16,

Thecadaptisgg: of claim 14, wherein the vital signs are

hypert ensi on angi rel ated nedi cal conditions. )
: - one or more discretized sensor arrays for measuring and collecting

discretized acoustic, electromechanical, or other physiological signals
from a patient,
a surface on the one or more discretized sensor arrays for engaging a
- patient, ‘
a transmission system for transmitting data collected by the one or more
discretized sensor arrays, l
a receiving device for receiving the transmitted data from the one or more
discretized sensor arrays, and
a computing device connected to the receiving device for calculating
values of vital signs of the patient by
producing time series data from various discretized sensor array
signals,
calculating energy spectrum from the time series data, and
determining variance of each discretized sensor array.
15.  The device of claim 14, wherein the vital signs are average, mean,
systolic and diastolic arterial blood pressure.



17. The device of claim 14, wherein the patient lies

on, stands on, or otherw se cpntacts the discretized

sensor arrays. 18. The device ‘of claim 14, wherein the

di screti zed sensor arrays collect the discretized

acoustic, electronmechanical or other physiol ogical

si%nals over a range of frequencies. 19. The device
él a| rhhg devigher dpitn 1 hevigirgo e Yié dicgemsdypentengips

coII 1£@Smﬁw%ﬁmnﬁnmgg acoustic, electronechanical or
% siological 'signals is perforned over a

S|ngle frequency 20. The device of claim 14, wherein

t ha7di sdhetleviecloSenianl4,artictsia ticopdtieat lidshva, sthisdsrodt bzeterwise
acoustic rfJectgﬁgechamcal or other physiol ogica

si GAERYS theliscreiz6d SSARITFAYST frequency domain. 21. The
device of claim 14, wherein the conputing device

calgul atrgs davi¥@hQainf M, Wit @h 1sd @88 el RetBPalkAy¥E collect
series nethods for detérnm ning energy at various

ar tfa’ydrmﬁmeé acrrusac cheetriomethaomcabbr atheiaghyswilagisal sizRals Dher a
m 14, wherein the transm ssion system

devilce-ofgre Nt
t r SHEM q'ﬁﬁ&??etlzed signals via wire, fiber optics
or wrelessly. 23. The device of claim 14, wherein the

di sor et Thededensilaial IayheRiotiedBscrabrl isélté;@U&rrays
real-tinme pnonitoring of a Eatlent s vital signs.

ThéOIB’é‘ﬂh@éhS@eréP%P‘Fﬁumc clgsEpeiephanial %?fb@rmhﬁ@loh@wb gignals is

th ux fromdata gathered from
Iﬁ%ﬁé%?%% ign P&g&iays. 25. The device of claim

24, wherein the conputing device further conputes a
pak.ent The dévied ofSilgms] 4, mdwrcim thendbsveettzadnsérisuxarr®d8. The

devi f claim 14, wherein th ne or re . .. .
o SRt s gt pioulit alrerameS gt o oAb Hatveig gl sienals
pafy £iihe domain or frequency domain.

21.  The device of claim 14, wherein the computing device calculates a value

for vital signs with non-time series methods for determining energy at various

array points or a combination of array points.

22. The device of claim 14, wherein the transmission system transmits

discretized signals via wire, fiber optics or wirelessly.

23.  The device of claim 14, wherein the discretized sensor arrays provide

continuous, real-time monitoring of a patient's vital signs.

24.  The device of claim 14, wherein the computing device computes the

momentum flux from data gathered from the discretized signal arrays.

25.  The device of claim 24, wherein the computing device further

computes a patient's vital signs from the momentum flux.

26. The device of claim 14, wherein the one or more discretized

sensor arrays are not attached to the patient.



