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WD 2004/ 045407 PCT/ US2003/ 037067 DEVI CE AND METHOD
FOR PASSI VE PATI ENT MONI TORI NG BACKGROUND OF THE

WO MERHI4CN The present invention rel ates genered1/yS1003/037067
medi cal devices, systens and nethods. More
specifically, the invention relates to devices,
systens and nethods 5 for passive patient nonitoring.
Moni t OPEVRfEpAND MBTECN SORIPABAPOY PATTENZSWRIETorIfiNGpat i ent
care in many different settings. In a general care
floor or ward of a hospital, for exanple, nonitoring
vital physiolLogical, si0 5 espi.ratory rate,
heart rate and“Btool f_b.i_:’_l_ LELN IO onponent of
patient care. Monitoring the presence or absence of a
patient in a 10 hospital bed or in a chair in the

patjent's hospital r?om and rﬁ)ni torin at.i ent
oVEHRORTESEH (R HERU B b erillnte marisa! Bevisenaysiemgiand
meijlhﬁdgeg/fd}g rsﬁ%cifi@ﬁlﬁr,‘é’ﬁ% %\%ﬁltioﬂtrgﬁfeggtégﬁv%é ssﬁ%ﬁé 51’?& g}?thods

arntpatie “Teave therr run-a i
for 95531‘1@& patght nﬁﬁﬁ{&fngl. njuring thensel ves. |f a patient
stops noving in bed, it may nean that the patient is

dyiMgnitosng pagemts npamimpartanifaspedtrg pationt careealinealy different
conpl.ication _that _nakes 15 npvenent djffi cul } or . . )
settingsodBiagieack §aretarT esWaid ¢ Newitak o §51 Rl CmiitioRing vital

o g 5B 5h88 8 N SO0 o B A a s

con('i%ﬁ'ﬂeh@ bEFatit Yard, nM%thbﬁhg Mhd YresO® SOaREAEL bfabatient in a

ifficulties such as |ack of staff and resources.
hosyithibed @i igresclefir m fhatpadnht' Omospitgereemabnd atenifdrogy patfent
exanple, are typically taken every 3-4 20 hours by a
moyiginert g thabbied ar chae Riycalembe henefdalsiarmgencnsl, cage Waké or

onBORYE 3 90s398 a7 20dhosRlt Ao AL SR 008 REF RORR Y atiing
andi6t 5ok BenBORRL! B o PR A Rtohaft}inelth R MinA  GIEARER the

patieasy dyahg Hobw bk abiens: i @uffhfiu? fitcan hnaédasleccanplidyompi thal makes
patients typically require closer nmonitoring than they

mow¢mienirdiffieilpastmpossdilgand reqnres aptentpe. Expessiyengovement may
nur sin shortag% however, nakes increased direct

indlfygfq & llzulﬁ’dﬂ"icltt i Qfﬁldfqﬁ?rbugh i ncreased staffing

| OEBERLER syt LIROIEL L S R Sl ol
integtggggitgg rﬁi\ggieg ggacg%gg t@iifgﬁl?ﬂﬁég E@SIESs RcR Wf §iERhnPFRORELE  Vital
signs of a patient on a general care floor, for example, are typically taken every 3-4
hours by a nurse or medical technician. At the same time, as the population ages
and hospital admissions are postponed by HMOs and other managed care providers,
the severity of hospital patient health problems increases and the number of patients
overall increases. Thus, hospital populations continue to increase and hospital
patients typically require closer monitoring than they did in the past. A significant
and expanding nursing shortage, however, makes increased direct patient
monitoring through increased staffing impractical, if not impossible.

Physiological monitoring is equally important in other settings. For

example, when a patient undergoes a surgical procedure under conscious sedation,
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WO 2004/ 045407 PCT/ US2003/ 037067 such as in an

out patient operating suite in a hospital or o
w@ongi4saenter, or in a procedure room of a phRGT/URZN3/E37067

private clinic, the patient's respiratory and heart

rates shoul d be continuously nonitored. Standards set

Y.t Joint. Comm tt.ee for. Accreditation of .
suchs f Ru BB TR AP ARG sule s ARG Pl clishEiaper. or in a

EOdirk YOS idigh's Reivale dGRP! fidht
P ates. 10 d%gcst an Eré'\gxgntlﬁgd\}é? gle?ggg?@?%?fyandhem

ratesestatiidnipe o@timatusbhnsionitofdt | Statdards Q@rthﬂhag oﬁft@(ﬁﬁﬂﬁﬁ@e for
under consci ous sedation. Oher contexts in which

Acgryipignmel Hgplthene Quenmigatiens AT reqte suctl ngndhﬁnuous

i nf ant nitorin o0 detect early signs of sudden
moflpife of SERPH By e e ER S8 Cssest a0 e Yemb 3 gt ReiRets of

. o : . - . : e y _

sedffl, R o phENS pflr BBid BBk Wil SRR K eaation
OtHeacbhiekys ipavhiehtphybiold giéédrlﬁoniw!i@g ﬁﬁ@'ﬂeﬁ&ﬂﬁ%ﬁta@i@ Shelbdeinfant

like. Failing to adequately nonitor patients nmay have
mogitereg todeiequenbesginofsyddenfinfant dedtbrsyodrosed (SIS, operating

a hospital, elderly patients who should remain in bed
roog} P%tiﬁpné SEYHIOT IS JHATRIOrEG, Of| RAsigRIS: Heing gaeKEenay gransport,

Ssustal n. L Nk W D fractured 15 hips, arnms ar .
i Pt ufY PEES Bl R GRS L foiblofr Shah o fgping and
theflikgcture patients may never |eave the hospital after

receiving treatment for such a fracture. Another

patFahng tegdajuataynedilisoripatiants aspy have graoscdusdqugnées in any

4- hour period between _nonitoring checks by a nurse.

of appampeit ofesettings dmia ospiipl sideslygpatienipwbe sh@ulderalrrrain in bed

; i.gh b ted . t t
o A B SR B RIERSSH, 2 L st
hipiQ,taii‘ﬁfs o‘%’(ﬂ‘mk.egtatl‘é{iés?‘éhcgbﬂﬂt@a/%???ol of éiﬁ&g* glgﬁ{frlﬁgtglg? ﬁ%tients

ung or heart function nmay deteriorate

maynevautavtethedioispital aftee réceivingufdabgbetior sOEWh FRICENE: Another
Thus, the opportunities for adverse nedical events and
patigpgmay|die gulepyasta aspithlasion dyring e %b@mam;mel atwaen
neral, care ward of hospi and in_other settings
moliIE thiiks huguarse The #tCiiateaily ok e drehly urset to fearn
g i . " .
it ABEREHG0U B5 BOEDE R o BB GHBLEN b enoveh o

themmoibeqsresegt ddn bofer gﬁmpﬁis! Vitdl s o ies] fuseAYSNERM as lung or
constant, around-the-clock nonitoring. On a general

heardnactieir tagfdeseridrotepiigriflicany withamptetectiomiduertorigsufficient
moﬁi%l(?rln?ga.ll Jfl‘\fus(f (t)}rlles E)SthoSrtI?rIitigs %0?%rcrllvgrfse rll’lElJerdSi(eiaﬁ e%leglgsueln%t rlnggical
malpractice liability are pervasive on a general care ward of a hospital and in other
settings where continuous, accurate patient monitoring is impractical or impossible
using currently available systems.

Current systems for patient monitoring do not generally provide for
convenient, constant, around-the-clock monitoring. On a general care ward of a
hospital, for example, monitoring typically consists of a team of nurses circulating
from patient to patient, at three- or four-hour intervals, to take vital signs such as

respiratory rate and heart rate. In some hospitals, this monitoring may be
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frompatient to patient, at three- or four-hour
intervals, to take vital signs such as 30 respiratory

WO 2108/083307 heart rate. In sonme hospitals, this PCT/US2003/037067
noni toring may be WO 2004/ 045407 PCT/ US2003/ 037067 -3
augnented by one or nore devices, such as a bedside

' nd oxyge .
oo 2R 05 T8 Rl ihes TR LB B0 RIYORE i,
mopRbisgillsésarid 8@@Sen shRG-aRbh 981 & XinARIES &e%v‘?@esét%ﬁgd toa
to sound an alarm if a certain pul s or oxy

patient'eSingbd Thwpilse®ximateh mhy m&eﬁgmmﬂo%o@hd%lmcd’la@n if a certain
he 5 Oxinet(r) Central Station Network,

o5 ST iSO AEL e Gl S 2t on Netur e

Ox{elSTL iRt S Fiol thlor i atibfie FaR Nellodr Y fghsorgom
PlubbkBRtef &3 ﬁ@tslﬁeasmglé%ﬁllaﬁ?}y e, AGQSWL %ﬂﬁfspéifté}lt Qb of the

rate that is nost typi used in a genera

earliess pignalof patitnngisirsssd I’[flﬁ;cxhem@ﬂ%v alcaoiiiy 1@pnﬁtﬁl§%te that is
certified nursing assistant or the |ike, which

mogj yricglly Haed iy agenerglieare cbxosmalls@ttmgls idgugict yb:m‘lvatxon by a
ching a patient's

B Bl RYPRE or LR Ty Ui ek hoebiabeidlop oo the
diffiRAS U1 &ﬁmﬁﬁg Qsﬁfaﬁiro}’ls R érQl%/l \H n%pq gz?tnesrg 5 ChESS i de

pneunogr aphy I's conp bl ex an

mowdméite Otthepa@ﬁ@htly Wzﬁfafbllé/ﬁleﬁﬁfcﬁ f@f‘trfeaﬁﬁ‘iﬁ ka; irane rate
capnography, which is also difficult and gw re

1ncl|uég$mp@¢hzmcetp1r@upmgrmy, twehich tsazdmeplek and rw&skﬁ hse:thmﬂsﬁle of the
r currently 15 avail able nonitoring syste

neoﬁ?@ﬁ}%?ﬂ%‘éﬁ (IS S S o 2APBAZTABRY aHBiCBrS Alspriticult and
oL ATy S\ RO BB )L PO 91
avajable @ﬁ@rﬁtorﬁ@@sﬁk&ﬁi Loslapt & Bealrashed gghgﬁ\%e{rﬁmte%@ These

patient's skin and a transmtter cou
inclgfle ctept:;de@dl(graphy (EAGhyrankmitpat, et isa tél&ﬁietry unit to monitor
ogical data related to the patient's heart
heaﬁ ?110 SerPasients: A elegodes age aﬂﬂﬁhﬁérﬁhr@ﬂﬂy to a patient's skin

and'ﬁD[F s 1391?008&6)2 (#gwihst lg% dct pggfur Frisd he pguent so that
phybidt 1&@1tda92[11té1é/ted 't it e‘ﬁ@k h¥ark tﬁ)’n ?1 %rt?g‘r?%ﬁﬁted toa
readi ngs. These curre avai | abl e systens an

centrelt honigorfing syatbhedlood plds@dhieﬂ@xff@&ﬁ@y bsaweatladd to patients and
characteristics in common. Virtually all require a

prog;afrmﬂ tor g tegE BeRidy, @amwlpatl@eéwrt@kc btbadopressvoaireastings.
S T TR R T -
seve? Qb’(ﬁia%éteﬁﬁ{b@‘?ﬁtcbﬁﬂn&ﬁ’. RIthAIR At Gequire a patient to be physically
connected to a monitor apparatus. Many, such as automatic blood pressure cuffs,
provide only for intermittent monitoring. Physical connection to monitoring
apparatus can be cumbersome and inconvenient for patients, sometimes leading to
patient noncompliance, such as when a patient removes a device due to discomfort.
Attached devices may also loosen, change position, fall partially off the patient and

the like, leading to inaccurate monitoring data. Intermittent monitoring can lead to
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apparatus can be cunbersone and inconvenient for
patients, sonetines |leading to patient nonconpliance,

WG omh/0&80When a patient renoves a devi ce due tBCT/US2003/037067
di sconfort. Attached devices may al so | oosen, change
position, fall partially off the patient and the

- ded ' +.Q i rate nonitoring dat. . .
g B o PP AR Gl e MRl b shBipy e sick
patRely WhBR0H RIS maythahgsegiQy, | ate diagnosis and

adverse patient outcomes; espectially in very sick
patCemert syheses dondbtriod noonimy petiamgaovaneat ot pdsitidieAg, such
systens al so do not nonitor patient novement or
as %{)% PRIGHIDSY orshan. Asdessrihepaboentpalient moveimant candse an
rj hed above atient .novenen an be an 5
ess R A for OBl P TEontE. SSRD Blessieacs oBRpiantanovement on
b&bssNE ' RIRRE e LA, iindji¢ai&
o PR PIRETR p tae B R By e, «
signifivementyctéon B 1govéineAndr thediketdoand indlidHy el Mhe PAtidIgs
l.ike could indicate that the patient is sufficiently
sufid¢ipnily s ihajsamenmalisal piobiish emmght binte deoveredc Signiitant
. Signi.fi c?nt i ncreases in &.ati ent .nmovenent .mght
lncﬁeﬁgﬁséatpé” niggoygmenpmightdndlicaiegseigheios stenifcant patient
dis@dnseefort. Therefore, it would be advantageous to
have devi ces, systens and met hods for passively
o MTHepsforg iDRSURT béRd wanPaidos ¢ hawru8EiPES Iy MBms ng methods
moni toring would ideally be continuous, t - would not
for pesginely mandioningrinenor morecpatisatss dSrehdpassive mahitatheoiuld
4 ag{y a device t aﬁgati ent. |t would be advantageous i f
1deally be cRdmuoUs 1B FRoRIE R0t FepiisUngoRNSERAt Crsundhersarag ditect
Lid onj : .1.ent ur fac such.as. a .
ouaRBLRr A 3668 Tp BT PP BRI PR R &t Setispive
mori&irthg @dd detcet RRytioRMnl @ RB1 i
al_l sfo gbe noni t or ed.1 | deal | yﬂﬂ%rtoﬁﬁilutl%re?%%ﬁr%j ?%gﬂlfg%% such as
a padient bett dnchaigrndlifirespivheny oate, lgarmene, dndf @sdthédshywesl8gical
met or when a predefined negative trend occurred, an
parapagtes) «oulq Alse beampnisetedi Adeallt manitogingswpuldninoluderactivating
] h 20 as for,display on a nmonitor. Lt would.
on TR IBE oF 12 GRSpOGS P ol o aliehrardtinedaeedive
tren@RRELQEA, HhdHhY | ' idfi othbr t
o can s AP I P M P ERUE o b LR suen
as fomdiepiny on. a BRhEET. SIMWRY aBfo HeedifWEND $Rvide devices and

methods for monitoring multiple patients simultaneously. At least some of these

objectives will be met by the present invention.

BRIEF SUMMARY OF THE INVENTION

Devices, systems and methods of the present invention provide for passive
monitoring of one or more patients, infants, nursing home patients, home health
care patient or any other person or people for whom monitoring may be beneficial.
"Passive monitoring” generally refers to the fact that monitoring according to the
invention does not require direct attachment of a device to a patient. Generally, a

patient is coupled with a device of the invention by simply allowing the patient lie,
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Devi ces, systens and nethods of the present invention
provi de for passive 25 nonitoring of one or nore
w@aaouei487 i nfants, nursing home patients, honeCTEsion$037067
care patient or any other pegson or people for whom
nonitoring may be beneficial. "Passive nonitoring"
: I 0 . t i.toring accordin
sit EAEAHIr LIS APt Nyl Al A0S oTOLRTA DG ACE0T A B8 o
in macH®vtifei® (6w h @ice CRREF Abtite tRe sBAdr®er bie or more
coupled with a device of the invention E)y st mply
layats dvdlodringheThas,itbateri Epasihle 2004(RBFHAQE it is used herein
PCT/ US2003/ 037067 -5 sit, |ean, stand or the like on
gengrallyrefpesitodhe faqgt slagt denicgmiof the preserbinvention ipigadlyetd, not
. I iment.s to wear devi ce either next
qut%')l({)lr etc%% CEE‘:{%@?@%&%PR niio %P%?faﬁh&ge?%%f. cl ot hi ng.
Thugy sdhe et meRs Sd é’é?lsHPHé\Hﬁé b?Ehe iﬂ%ﬁhtﬁoﬂ FctSRe ar Jeast two
~herein generally refers to the fact that devices 0
piezb@eqtriesensors moepledonith j flac slulfyceder fial, whitlg @ity & positioned on

direct attachnment to a patient to nonitor that
a bphtahantseat, shaishacknybeslpkair, operatingroom thble, clendst's dimir or the

Iiki nE ntion i.ncl udes gt Jﬂ%a‘it Wwo pi ezoel ectric, sensors
to _@i’ RIS VISRt D Biaced andir ot AR YRR fRedding and
PR RIRS ey A 3y R B uins, agacn

gowheor the kike. The ssasGdeviavivilet 1BEbPERGHED WABES pRIGssor,
.or nore |ayers of bedding and 10 nay nonitor the

eithsgbyenired hr Blirghess ronunumoa@on. a¥be prafespatrcesives sensed data

clothing,,a patient gown, or the |ike. The sensor )
frogdp SFAEI9CuES BTSAT YREOREES Bl wPRIedla e dorm that is

i Wi e i cemuni.cation. The

ussSAEE SRS MEEARE o 535, AL LR Dy be
moRRGRA! Suchil Mk tiated BalatisaNeRYARhA aﬁEHtlgosfiﬁéﬁ[‘respiratory

that 1s wusable by a physician, nurse or other user.
rateahyars vate abloedgatisant apboathetlde. riychhdeviCesmaay beeed for one

such as but not |imted to patient novenent, patient
PaluSEERIONGSUChES 5 Paitesf Yndergpig mprpcedyigtundepcopstious sedation, or

Lor t | i ke. Such devices may be used for,
maf RETSHL s ARG phlfo e fionS ERp T Rl go iy e patients
in PERERH Wt HBGCH: GAREGE PHSspiggati on, or - may be used to

nonitor multiple patients  simnmultaneously, such as

mulIniopleeaspadti dfrths préseneingemisala 8@ dfdfqRksieelabfitefing at

a hospital. 20 In one aspect of the present invention,
leasffg Oﬁﬁlpﬁﬁgmdﬂcb@% Preiifingrniensel deyiee on lasasiace the patsoedevice
havirgg%tgggsz égll[)o(p\éézdolel?&:u%c SENSOLS. ep\gti(égt i%nthgn ?:gﬂpf)lggi %&'/itﬁ Qteleast a
portion of the sensor device by allowing the patient to lie, sit, lean, stand on or wear
the surface. A first mechanical signal is sensed with a first piezoelectric sensor of
the sensor device, a second mechanical signal is sensed with a second piezoelectric
sensor of the sensor device, the first and second mechanical signals are converted
into first and second digital signals, and the first and second digital signals are
compared. Finally, patient data is provided to a user based on the comparison of

the digital signals.
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having at |east two piezoelectric sensors. A patient
is then coupled with at least a portion of the sensor
waelewitoes4by al |l owing the patient to lie, sit, |Bemps2003/037067
stand on or wear the surfagg. A first mechanical
signal is sensed with a first piezoel ectlrr c sensor of
25 na
sern O g i e Fod SRS, MRE LS U Ty & 2
hospaalstord, deébeidc gn opbreuhg r8bmaables 86 eREMIMAD %18 a 1[31%09 eXhair
are converted 1nto first and second digital gnal s
or tag, & Hendstsshagng hespital ¢hdirgh tladir séagnathaiaback, a wheelchalr a

[ t t data is provided to a user
bab§ TR, § el E R Rt Bty olbfestnTaget dh Semgrammasdivonts, the

o BB IO OR0 31 AT S

leadnwolpﬁ@doeﬁﬁtdac derRBfh, 11 scRREF @éﬁé‘&fﬁlﬂ%?‘cb?xg:iﬁses AHat surface
exam ning table, a procedure chair or t e, a

havugnmegms 1@baphng thehpispodledtric Bangors avithaerflg@atfac@ Thus,
P back, elchair, a baby's crib, a stretcher,
coug %Fl’r?e@aueé‘rt “QHX/ %Gtsﬁﬁﬁf‘)léi‘?ﬁ’fc@cr@ay IWC&WII@MU@@IONE% ghe patient

to 11%2)\?1 azlééc? %hlglf C&e 1& CHI{)%&{%& in gpoﬁqeé gr\é%ar Wgent coupling
the PAEHRD! Q&hﬁ?ﬂfe' s‘én§@r”c¥éi/'icse mtap%% A P?} QIIO%Y oédffe‘hp? it gna chair

conprises a flat surface cou

on whieh phedeele it piovideehsither oM the dhfa& sfehﬁtthé} ellﬁzilﬁﬁﬁck 8'1hb’§th
coupling the patient with the sensor devi ce may
Oftqriipagsy HlespaHsny “dlllhﬁ\/ﬂ%‘@letdh‘ﬁltb ah¢ egnsor tloohgle ableast dredayer of

h
clotfgbBkling BF cciglif” e paci ent w'ch e sensor
deys 9§r18i?syeﬂn%@ﬂ rﬁﬁé" C#n?f%f%ﬁrﬁﬁerp&trgggﬁanﬁg agsnmtaﬂ be

chair whi ch t evice 1S provi
senseddiyrths @aftz,oetelttem@ baisors) dakorelerlifd imenEX b Ef(érﬁﬁﬁv strbR
patient will be coupled with the sensor through at

mgnp@amer@ﬁbsuggglérandfm agpustii signalbentdi gsarsedt Bech signals may
I n various .enmhodi nents, any of a nunber of

be se%s(eﬁéﬂ agatiegf arng(p% Pﬁﬂ?“%@ anyset g &prkey(agrﬁge the patient may a
patleﬂiter‘ﬁ‘a efietd] cﬁréﬁ@? E)fﬁ hollsﬁtalqgﬁlaﬁl g‘b ?reépctag%&%]tr xanpl.e:

signal’s erna

nursﬁlglﬁlﬁhs TR Ynbties 8RHedimetCiheSiagieat ﬁla?f%e rgﬁﬂg%dsluk cal

a patient or non-patient in any sett orex
Plooﬁﬁ'érepmdeemnmqusasedpabnent in a general care area of a

t al n alon termcarefacrlrtyorrna
iisﬁl HS%%%CG PRYARGEHB AN Sl lpaymber 196 pirgoetsstrinsgnsors.

In v%dﬁ%&ﬁh@ts@ tl’?éjge%s&a device may include two, four, six, eight,

sixteen, eighteen, thirty-two or thirty-six piezoelectric sensors. Any number,
combination, pattern, size, shape or type of piezoelectric sensors is contemplated.
Where more than two sensors are included in the sensor device, any combination of
sensors may be used to sense mechanical signals and any combination of signals
from various sensors may be compared to provide patient data to a user. For
example, a method may include sensing third and fourth mechanical signals into
third and fourth digital signals, and comparing the first, second, third and fourth

digital signals.
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20 procedure under conscious sedation. A sensor device
may i nclude any suitabl e nunber of piezoelectric
w@esnsR07 | n vari ous enbodi nents, the sensor BEWUSM03/037067
may include two, four, six, gight, sixteen, eighteen,
thirty-two or thirty-six piezoelectric sensors. Any

. | Aat.l tt j h ) t f
oi 2 oapuife R GRNENen P Belbied Bum ot R e othanee or
abst@oft M §eASOKEh ?E@ehé@b#é’&@nbé"of E&%tﬁ%ntﬁgﬁzélg %;’dé“e%ample, if

any conbi nation of sensors may be use
thetggs haruisitale wiegirealisal afghahinyonosdrsontndno @fgrii gnahdther sensor,
. fronkvari ous sensors may be conpared to provide
thisgpay bausediaprayide idermaticsy regascing Reatiantrepdssidomay a sensor
tnclude sensiong third and fourth mechanical signals |
devidl RS Liedal fa78F Gl TG AAMPTISE AEMPSHBEGUARLLY,
tifeadd/bBInfoRRED ' ik QY LR quali :
e eIy R8RS AR AEROREH 0 auatiyancro
infoCompianicogtdnbef dicgidcahd sigaab! Bom@wanhle] 48 cRMRAT 4iBfhl from a

ei t her presence or gbsence of one signal with
sengii PoSHamedmeah 8 @at entst chepiothheeorstspoatls (o heant depd signdlfmay

ha 0 Gtr BB D Rl Sehacom § Fnsonage Benckarihe
i i J | ' ant ' i tion
patiBh e 0Bl ST AT, R Bt b AR e

sigrfall by BesthepsiBhAS 20 pRoTIaE b @aﬁ%@'&tﬂs%i/,’baslgél‘ @hi\ﬁmcﬁ%@'@% signals
y

i nformati on content of the first signal wth quantity,

has ghealighgstapalioy or infoomaiin contemtnt@piiorodlly, hens@odnshy also
. 1si%aal. Far exanpl e, a mechanical signal froma
include defermyung; ased ondhe campatisame! twe Restore Rigmals, presence or
r i gnal _may, ave i gher . .
obs G R RE Bilor S hede Th BIRSY i tarEy Gigfode iSimining
a poRRf 6OMePafieadd of R shiPfaeatient’ s right foot. In one
enbodi ment, a nmethod further includes selecting one
si gmahe ewdodanber, tisd medlos! invojvesgrsleping tidadiaithDsidnals into at
user, based on which of the signals has the highest
leashiyap SYQURSICOTHEEBPRAENE & akleAstemo, patisnt parantafersa Fosehauiple

parffle fTgy s B k! Fisddh afEft mafion fBefE Fomes devie,
pr R A 858, RO g
rate s (iftmnally) theanethedimi ivehide doneparaigadedsnvak WEshe digital
signglrsotg Fa)llt ?egas% Igr?e g{‘e%e%i?lled %ﬁl‘gghaollg. IS?JE:I? t}?rtesholds may involve any
patient parameter or combination of parameters. For example, one or more patient
body motion digital signals may be compared with at least one of a minimum
amount of body motion and a maximum amount of body motion. In another
embodiment, one or more respiratory rate digital signals may be compared with at
least one of a minimum respiratory rate and a maximum respiratory rate. In still
another embodiment, one or more heart rate digital signals may be compared with
at least one of a minimum heart rate. In other embodiments, other signals or a
combination of signals may be compared with multiple thresholds. Where

thresholds are used, providing patient data to a user may comprise activating an
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| east two groups corresponding to at | east two patient
paraneters. For exanple paraneters nmay include but
w@e@4nei40t imted to patient notion on the sensPCT/US2003/037067
device, patient position orgthe sensor device,
patient respiratory rate and/or patient heart 20 rate.
| I ' LN t, Least
oo R ast b I P oc (S e S TR s R c

thrdshoks hiol stheSeiabodintie i) AncSariR ynay DO ARy atdlif aHfégiaﬁ% trend is
parameter or conbi nation of paraneters. For exanple,

detesiied 8t one pemeae petient facaiyeters, i or akiagitlel a ségnbéa simal may
b be col ar.gﬂ with at |east one of a mninmum anount of
© HYRRATRD M Oh CAhGT BeFrh Reshirg kb and 2 6¢SDHGRT Y rbgnad may be
. . ' y or. NMore respiratory ra .
corfIBLASiu 2o RUPRULIERLy RO TBY Bol 3Rl BLOLN AL & e s o
negatine Rkt Beiesdid, Atk MtiV@feﬁsgﬁfﬁgbﬁg tFERY Y BHeSIhbiRh Q6 fhereof.
rate. In still —~anotCher enbodinent, one or nore hear
r atRatigngdatalmsy beatevided tdencomparedsans ihan@tuitas form. For

one of a mninmumheart rate. |n other enbodi nents,

exapgiierPreyigiag Batpnt datacmalcamprisn astivatingan slammybased on the
W Lh.multiple thresholds. Wiere 30.threshol ds

confiRERER kT HahRlsSin S BRLGimeris, gy g padent data may
furthONEBrh 8 sEptdvi@hb AR - :

BCT USB083/ 037065 " B4 a}arﬁgvﬁ@%yaa%ﬁég@h%sﬁéfa&fe'glunt gper
emixidgmahtsdpesvidint patient ddta keasiseomayphadet pR®dding a respiratory

threshol d. In other enbodi nents, an alarm may Dbe
ratepdithg patdent f haarisgigtafvke pateand or bothidhsomeembodinents; such as

nopr.e_ patient E)?r net . For exanpl e, .a heart beat

in ageoFRal Chtg Arep ot @ Aing {omealshPiGaré faciity Qsda nursing home,
P R SR A AT, TR e

congeisey ptaddinfy ddt@hea témeonNeeXid FdreRbpReahe E6SRthn Reation
negative respiratory trend or sone conbination

mayt iekuslst but iatoit dimpitathitos mergingestptioniadéisplhy nometar a digiel
users. i.n an uitabl.e form [For exanple, providing o
Pagi A BheCEh sl GoHiEs A RnBAATF G HleP B Ol demoBiforing
roomne conparison of the digital signals. In sone
enbodi nents, providing patient data may 10 further

C oM bhS@®eP APHcHiaNBlethodAFidaka0e9 mb bRR; t i
surface. | r]spc?t her enbodi r?ent S, 9/pnrlo§i|%| n bpgthe dgg?%mple
patienss analsdes sy provatiimgempltiple simsgr deviesPo ﬁiulﬁ%le duafaeeffeach
t hﬁée.at ient, a heart rate of the patient or both. In
sensgp HeVichpHIHeHtIgast Syepiegoelachiasepsae: Hack af shapaiienss isa
I in.along-termcare facility or ipn a.nursing .
coupl8aRitP fendt o BT S sesirt e Sbwallo i ptent
to lidngt, BERY sBinBGbPGH WesH orfé®fahe surfaces. At least one mechanical signal
is sensed with at least two of the piezoelectric sensors on each sensor device, and
the sensed mechanical signals are converted into digital signals. Digital signals
corresponding to at least two of the piezoelectric sensors are then compared for
each patient; and patient data corresponding to the multiple patients is provided to a
user at a central location, based on the comparison of the digital signals.
In yet another aspect, apparatus for passively monitoring a patient includes a

surface for coupling with the patient and at least two piezoelectric sensors coupled
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15 conprises providing data at a conmmon | ocation. For
exanpl e, the common |ocation may include, but is not

wo pevsnedor o a nursing station, a display nonitPCT/US2003/037067
digital pager, a wireless handhel d device, an
exi sting nurse call station and/or a nonitoring room

: r : ri:n

A R R L R e L

progasevt Wicdaplad withliee pRpselectEiR\Wefisists 95 FatlvekidhEthe at least one
surfaces, each sensor device having at |east two

megiaaicgd Fignat ingo selessirane digithl Bgnalhaddat cempsring digitahlsiaghals

Wi th cft | east a t|i>ort :lon of one of the sensor devices

corigspqIBGi Gadneh s & 152t tWQ Blezpglecicsenserado peevide datp
. the. | east _.one chani cal .

Pertg!{%}rggﬁcg t}fég&?a_st%ﬁge ?1\}"“ t{{g)frlgit%&?}g 8@%1)1? 6&16%%eéﬁrlc sensors with the
pro@¥ise&oal B8 tédondRNEeESr %%1%@?&%%9%8&%1 { %gn-o@&%@é«ith

the sensed nechani cal signals are converted into
appaliagyist falr psogdalgsthe Pagentadats t@aaksr. correspondi ng to at

| east two of the piezoelectric sensors are then

co?jrBéP@& qrppodigeaks, Ha suskace comprisas pdhat padt Bor example, the flat

ndi th | td pl e. Lents is. i ded t :

pad 4 EIRBOEE BPlchlh ey kPR LG el Bhpiraceliouic
e e B U P K P8 o Shile PARER! for epablin
momtorBig sfla patbentfs Surfagphiaynbawd ity fabpadingstisicRd@bne

| east two piezoelectric sensors coupled WO 2004/ 045407
embodiness sy wirsdns digensions ihallew thasefiosrtodermisitipmrd on at
el FEC SRRREU i B b B LB hinea suica

. _ . . I

Do e gh S Plioh T o B e BRGNS BBl o e

surfAcegic @llos ilgnalreaceao begmpRiticd Bt LcEBROR a MedfBEnnitosidgtan
two piezoel ectric sensors to provide data 5 pertaining

infapp In gellpapthenembadinest dovemsensoof theuptfase timy allow the surface
i ezoelectric sensors wth the  processor and a second
to bR RS

Pef opd  RYUIBIELHE PRfiEg Hfehespdabes BRI rome.

ap far L. Cli ient data.to a user.. In

SOeREAT A BRRAALAT PR AL By B3 Heas
a port®6n 6K eHENuefack 18 ptdalle a PRGkeFBYe | béSReedlthé SAThc M the

| ayer of a resilient foammaterial. The piezoelectric
patigrg. $gpicolly, sveh dshedihswdd be valtangsistaat. Sofadaes, thaslyeath
. .Suitahle pattern for_enabling nonitoring of a patient.
incluglgsrat deast RRG CABRRSIRIHPT SonReASING the FRerth origh thersustase, and the

surface must be connected with the connector in order to monitor the at least one
mechanical signal of the patient. In some embodiments, the sheath is disposable
after being used to monitor one patient.

The piezoelectric sensors may be fabricated from any suitable material. In 5

some embodiments, for example, the sensors comprise one or more of
polyvinylidene fluoride film, polyvinylidene cable, piezoelectric ceramic discs and
piezoelectric foam. The sensor device may be provided on a flat surface of a bed,
and at least one mechanical signal of the patient may be monitored when the patient

lies on the surface. The mechanical signal may include any suitable signal or
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enbodi ment, the surface has dinmensions to allow the
surface to be positioned on at [east one of a chair
Wwaemt/0exd7 a chair back for nonitoring the patiBeit/US2003/037067
during a surgical procedurgyunder conscious sedation.
I n other embodinents, dinensions of the 15 Eurfacebtg
; : fage ; i1 crib or e
o P SHA B i np LB AR Srkl hoflls ndifn

sigreadi/oeatousdc igigsisons of the surface may allow the
surface to be positioned on a bed for nonitoring the

patfhenfirst pornassindaecond pommsictay, haryenclodtiaanatityblet he
i f t
confPBE 1Y Soe e Hde CRRIRAREE st WReVIOMBEaiors, ih Some
[ rfac nd the 20
emRIGEAL! ey bRV SRLEED b Bl 2iboRMheh § nponnectors

contpeRk 3t cibinSQEE bf WBRd dndeyFhRaY E’oane@fdrE.dﬁ\;ms(%r%t ?ljﬁg&?ﬁnent, the

one connector for connecting the sheat _
firstseomingeior naaydinchele msearfsdoe dewstinpeithanngpead sehidt ddvece

nnector in order to nonitor the at |east one
attaﬂsﬂﬁe@;@ﬁ%e RIOGESEaN1a Hre fiFsé CRRRGCEPR OF 3 AURbAROLHNe itestrsor has

el DT P P LI WSS T T (0
the fildpcbRRERSY, ftlﬁ@&@rﬁi%ﬁtcﬁ’%ﬁéﬁ&%lﬁcmh%bﬂhe del C%I is%‘fo'ﬁﬁtgp% that is

Vi
enbodi nents, for exanp e sensors conprise of
comypatibleowith plod prdceysor dedr hlowomade tinhdsthe RIRY I A% IHe8B M8ed. In
cabl e, piezoelectric ceramc discs and piezoel ectric
somg gaRodimentse tedirst eqnnestorayay theprapvivdtedthe semsdridaice, based

rface of.a.bed, . ,and, at | east one nechani cal signal
on oglfg Otrﬁléorﬁaqr}t%?%ﬂrtl}?é dr?g?ﬁt?‘gr ed when the Ipati ent 3|O .
[i I I s | may Ji.ncl ude .
CRSEE RO ASSr B, DEER R 451 908k, Tad ST i
mul e/ TOSA0.0RXaaple, pati@ncaindat bOPrfid&d Eﬂﬁ&t@vatﬁiﬁt ad flarm.
one enbodi nent includes stress signals, thernal
In ong gmbpdiment/ the proesser actbiatgsadrsalaithef fhiercmimmoisoacifahe digital

i | ud i tabl
signfHEERr thet P St i mr e e R danane @Stsie@tris noti
i ' QIe. nhodi ats th ar 0
conif G PAPRGFLAL 3 (TP o GROd IRl LSk 218501

anoth@ng@hibs&ingent oMfbiphddds Sl Rfivitds s ARd, ¥1‘ 4 RlsBB8tory rate of the
connectors. I n one enbodi nent, the i rst  connector

patianjalineslowen prsdnfinédmidienentiesgradtyhete ar tiygeoie a

predE R EBT I tSRHBY 115 1 ybanbiner Sabedimes he processor
activates an alarm if a heart rate of the patient falls below a predefined minimum
heart rate or rises above a predefined maximum heart rate. In other embodiments,
an alarm may be activated if any combination of the above occurs. Some
embodiments alert an alarm if a negative trend occurs, such as a negative heart rate,
respiratory rate, patient movement or other trend or combination of trends. In some
embodiments, the processor further provides the patient data in the form of a patient
respiratory rate, heart rate or both.

In another aspect, a disposable sheath for containing at least a portion of a

sensor device for passively monitoring a patient includes a flat surface for coupling
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been used. For exanple, when the sensor device is
connected to the processor via 10 the first connector,

w0 b@4oeraoect or may detect whet her the devi ce i BCDUS®03/037067
type that is conpatible wi{fr the processor and/or how
many tines the device has been used. In sone

w1t1?fﬁ€gﬁ't1€§f‘£ﬁd att l@gstfo'ng %tougﬁl%%‘f E8ﬁtaﬂﬁég %{] fen azf tg(l)li fﬁ)téxte of: LF

sen evi ce, ne oOr nor
senshaglediet eThe theale Rewalel Yosidthe: iRrsaRSSAPo TR QM 'sg e
patient data in any suitable formor in 15 multiple
embpdiments A sbrathphendemati leadt cdatcanmegtobforpemovebly ddhnecting
ctivat P an alarm In one enbodinment, the processor
the g@?ﬂ\/‘éﬂ@ 18 APRATARNIPF PRssvedp UL RiWStqi@gjduagudtcmnnectmg
[ he patient .is not Vi ng on
the eEtoSnE UHRAINE s G ePBla ool gt fafor he®
phy$idl fg@(‘cﬂ’th@baﬁé}ﬁ patient is noving excessively on the
sur In another enbodi nent, the processor
acin wasther aspeal, arsiystiefn ﬂ)rrmsawelqtmbmt@ﬁﬁgnﬁﬂtlpléq)a2i@nts
patient falls below a predefined m ninmumrespiratory
Comp’éﬁ%9 ppluyr ﬁ%@éDfaS@aw deviges eershi seasondovicrira ieg pistafiace for
odi ment, the 5pr ocessor

couyfelyisbdnd BhiGRanda 1580 R Prevb st FoRa S apiss with the
surf R ORI P LA OO LSDAN (RREE bl Bl W8P0

inchetds adbloritg of Pﬁﬂ:e@éo’tﬁ BB roCesa6it ¢t &Dwith cﬁfi@:Ysensor device
conbi nati on of the above occurs. Sonme 25 enbodi nents

for cgmy ﬁlttif)@nthalaéhﬁlﬁﬁ ¢neamnejmucalesl gag koGt teast ones drgltadi81 gmal and
. ne atJve .h spiratory r patien
for o ink AR EorRpoBr iR Aral obe af loerdgspicpeelectric

sensé&% rSU@g %ﬁéﬁaﬁnfn%op%ﬁg tzéxg; In%?il&h%'@esgs V' d vﬁes at least

one é@tr%ctdi&;@ﬁblefd&bﬁh @hcpidtesddr f@f‘@érﬁﬁ"cuﬁg RE&H pr (ﬁtessm with a
di sposabl e sheath for containing at |east a portion o

common3ppaeaisdfordevvicend tre puieat dathformiri holtiphg pati@at ieatser.
I ncl udes flat surface for coupling WO 2004/ 045407

In vastops saRRsameatso 7S systemgay HICH%E any ene opmreof theakeatures of

r nt ai ni ng at Ieast a portion of the

the a?@ﬁraﬁ?&(gées@ﬁgé&’ tl"%\ge sheath is -water resistant in sone
enbodi nents. I n sone enbodi nents, the sheath includes
at |east OBRIBFIESCRIPTOON OFCMARIYRAIINGES Nt he
sheath with the apparatus Tor passSively nonitoring
physi ol ogy, and connecting 5 the sheath to the
apparatus allows the apparatus to be activated to

NORiigt Qs h REhematic diagram of a system for passive patient monitoring,

according to an embodiment of the present invention.

Fig. 1A is a schematic diagram of a system for passive monitoring of
multiple patients according to an embodiment of the present invention.

Fig. 2 is a frontal view of a sensor device, according to an embodiment of
the present invention.

Figs. 2A-F are schematic frontal views of various embodiments of a sensor
device according to various embodiments of the present invention.

Fig. 3A is a frontal view of piezoelectric sensor and transmitter for use in a

sensor device, according to an embodiment of the present invention.
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physi ol ogy of the patient. In another aspect, a system

for passively monitoring multiple patients conprises
waphssabT ty of sensor devices, each sensor deRCTES2003/037067

having a surface for couplijng with the patient and at

| east two piezoelectric sensors coupled w It h the I10

su i I C a )

rore et DRROT R asBRke MR Pe G e segoors o
in Fed. Jov,aressiing to emembplaaessanthe prkadinvehiopne sensor

device for converting the at |east one nechani cal

si &l 3C in ofrantal ez oga@ommeteabnmrgjeaiceamtluding a sheath for

onparing digital signals corresponding to _each of the

holdjgle MK eyt thcrsig miseiedis ?%nslgﬁ,b’eﬁl%lﬁkgé- fz% %@ﬁl&ﬁ:-de dat a
s Al i t - n e sys :

e oS ibfc R g KBRlY of 4 BB TR peasepsine
signplspa&sHaingf toranCBeEi ieRd of e hiBEaR §8Rionl th a conmon

apparatus for providing the patient data for t he

rru%ig-psl i oW ehagranostwwisgra. method\far pessivedyrirasimeitesa

IS system may include an%@one or nore of the

th _more
patigilaRroEdinglo apanbysibment oktheayesans ényveabione. BRI EF
DESCRI PTI ON OF THE DRAWNGS 20 Fig. 1 is a schematic

di35AM £ BESYSUPTION ORoPRE 5k BREREY PRALL A BNTs

Fig. 1Ais a schematic diagramof a systemfor passive
moni toring of multiple patients according to an
enbodi nent of the present invention. Fig. 2 is a
frontal view of a sensor device, according to an
e ] ] ' 5 .
oo o hant g o o Bofer g PR UL et rmd e gds fo
passa esmnsisering eV bne onomwe gatignts Oindarts, aussiaphoaeRRIEe or any
the present invention. Fig. 3Ais a frontal view of
othep PeLsgR |08 RF YRR OLRSTSORS B avharameonitarerg S slesiied Deviaes generally

. ' i ' f.the |

nel GRSk R B e cne o
. . ; . | .

mors A2 s bt S0tk AP R o

for processingdheernicl sighalsnbggenideipavient dA8. arfd Igﬁleal%(:fdr%oﬁgling

frontal view of a conplete sensor device, including
the pypessser wah a device for providing the data to the user. In some systems,

IV

multiple sensor devices and processors may be used to monitor multiple patients
simultaneously and each processor may be coupled with a common apparatus for
providing the patient data to the user.

Methods generally include providing a sensor device on a surface, coupling a
patient with the device by allowing the patient to lie, sit, lean, stand on or wear the
surface, sensing at least one mechanical signal with a first piezoelectric sensor,
processing the signal and providing data to a user based on the processed signal.
The phrase "passive patient monitoring" or simply "passive monitoring" generally
refers to the idea that methods and devices of the present invention generally
provide for monitoring a patient by allowing the patient to lie, sit, lean, stand or the
like against a surface on which a sensor device is disposed, or possibly to

comfortably wear a sensor device. Such monitoring is "passive" because it does not
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hol ding the surface and piezoelectric sensors of Figs.

3A and 3B. 5 Fig. 4 is a block diagram show ng
web@mesg7 of a processor for processing si gnaPGI/US2003/037067

according to an enbodi ment _pf the present invention.

Fig. 5is a flow diagram showi ng a nethod for

' ' ' i rding to_an
req RSB EL! pIPHEARE niitne BAL b6 Hore BESRREl e i 1n essence
a palESGRL P D N HeFm diitoRRESs 1EABHINENTRd/dCs y58ns of the
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Presgatinyenthon svithout epassialieingothat Dniomgtooh gakkeideris i peace.
hone residents or any

TyofEHr Sospeivion g apretorpimesnon oty bpiecdnndor omgor more
' ' ' |1y includ evi ce

layel 2o AR Loy SIS RS LR seher Rt Befulies Teheh

bedding afwelbad®h iR Qo 6:2bthsf SBaiSe f TR gléi?%(gseéﬁd d&ices of

processor coupled with the sensor~devi ¢ _
the ipvewtéesimy soemwhiansded reférgedhicsas dnpisiie Ugs walliagPasdlas aince
and neans for coupling the processor with a device
theyrrgay e SiddenRenend begidang, ovithia auscet cushiors cméfég j/lkee(rjrs,
mupt | pl e sensor devi.ces .and processors .may be used to
ol EBIUERRT BF a ShbE e PRt G g o pnelers
- ' r or
1elatﬁ2)r[d§3ﬁﬁa$ PRfierlTRY olﬂ%rcrﬁbllﬁlt&gd\g‘gfﬁn%gf EQe %ubsagﬁ&%]\@% ﬁg%ls

provi ding the patient tato _
embgéimecrd| for exagipls pafenvpehitien an@ensRtiodeH £Boftd bed is
surface, coupling a patient with the device by
mongpresiyQpiionaly ppatieas resparaldry ratei and/drdeeart siteamd y ailscolbe
S | east one mechani cal

f ' t
monlfifg, 0er Rrtamefers s S Hlndoreine GRS Siplbdedst ng
' i di wser e e

BB O RS S RS s

[ . n . H . n . | n
T ar s ot b da T R i Paametehpy v
mongpeslaptanyrsugableqrerspmer petdgk_: ixpmwvmdra_bﬂ@set_t'r?gj Ii*’@f %}ﬁ@n[ﬂe,

i i tt . SIt, ean,
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roonf] Qﬁﬁésiﬁ?hoﬂ@ &Q@ﬂéfi?ﬁﬂ@&'ep KatcHR2 Qgﬁegrﬂgi?g&ant’ i')?’e{}éﬂéﬂpéﬁ‘w

directly, physically attaching one re devices

healthhereypatieeniay lbe mesiemred, Similarly, a person may be monitored while
lying on a hospital bed, a conventional bed, an operating table or a stretcher or
gurney, while sitting on a chair or wheelchair, or while lying, leaning or standing on
any other suitable surface. Therefore, although the following description often
focuses on the exemplary embodiment of monitoring multiple patients on a general
care floor or ward of a hospital, this description is used for exemplary purposes
only and should not be interpreted to limit the scope of the invention as set forth in
the claims.

Patient monitoring data may be provided to a user in any suitable form. In
some embodiments, data is used to activate an alarm. For example, an alarm may be

activated if a sensed signal from a patient goes above or below a predetermined
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a patient may often be nonitored using devices,

nmet hods and/or systens of the present invention
wowRhoit40even real i zing that a nonitoring devi PEr/US20031037067

place. Typically, sensor dgyices of the present

i nvention may be placed under one or nore 5 | ayers of

¢ ' Lent .
e S R R RO LA o e
(suchawregpirabhyerats lhebhira@ anthiisly mBHbRIMeaRt HRUESRSI Qfinition
the invention may sonetinmes be referred to as
of anegeiive eed, arghedike. bisothassinbedinxints; elatd ey bepyrobiied on a
within a seat cushion, or the

m hj dden lﬁe at h beddi ng, (

01}1{0& or g e@ %W,Of%fﬁprdfth%r wehbeieadt Ipathsrembodinents, data
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motion on a hospital bed i's nonitored.
patigritdrebout esipiplapatiynts aFer aaafisle, ealatmraatitornmyisplaginbitor
itored. O her paraneters such as bl ood pressure,
may W@F%@ddﬂt&ﬁ&’@m%wmﬂé RiéEPatonrewarHothhaspitali to provide one

o BB B O o P GRS EB e S
war@Ua bRt drRPd diRRnATRIL S %&2@% Igﬁ’@vidg@ 2l %ggﬁgnﬂsn?e?ilg%dge orapay be

sui tabl e person or peo | any sul e se
provedehioth,at tiraibédsideambil £odiral o@ti@aANALY oth& Siimbga Of

a hospital, a patient undergoing a surgical procedure
configigation MS@DML@QH% ebFsipngicad alataciotamei or morcemergsnontemplated,

room or..operat.ing. room .nursing hong or long-term
such g} REORIGRE ROESioloki¢al 451y 096 4 nots, o gibal Pagerforiaraless

ijgnt i.taored. Sionmlar.l a

B e o DB I FOF PP MR pBiao Rl the phrace
"datbeibplay donoedr ‘aivplapaevic@nmerey @ty ABahldiSrBliding

stretcher or gurney, while sitting on a chair or
physiplegicehdata to @rusahisueh lay anglarhp amhonitor, astadarei mgd aonitor, or

a ot.her suitable surface. Therefore, although the
any ‘Pfg]f%f Bwaﬁ?ée G¥EBF ption often focuses on the exenplary

e j : itoring multiple patients aon a .
qenaray Bticgs, ST e B AR e Spetteynay be usedin
any Sl8&®Id §¥tii 09 fhiSpHRad 5@ rBXS0R! i i -
i shoul d ncl)tg]belslia ntergrletfed fﬁg% ?érﬁxrtlﬂéiﬁgﬂé(?gbngoﬁcy?ﬁ@g like. In
one ¢mbeditmant, msltgBe phtentk onr gdrieealaiags fisor Ko hegyital are

mopitoring data may be provided to a user in any
PaSS@GBﬁ BOREOFesk sHnUltancaushi e pisydiereontinuoya meonitorugewithout

T L N N DL EEY. T R
monR6riRE s e MhFBELSEIMMES suitable floor, ward or area of a hospital or
clinic. In another embodiment, the physiology of a patient undergoing a surgical
procedure under conscious sedation is monitored. Apparatus, systems and methods
of the invention may be used to monitor sleeping infants who may be susceptible to
sudden infant death syndrome, residents in a nursing home, long-term care facility
or skilled nursing facility, patients being transported in an emergency medical
setting, home health care patients or any other suitable patients or non-patients.

Additionally, various embodiments of the invention may be added to existing
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WD 2004/ 045407 PCT/ US2003/ 037067 -14 threshold or
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suitdbéy produdesedseasondpdte €02 havingdsiaat bvo phyzobRctriy @rserd02,

J;go(ﬁ]h _%tsadt he bedsi de and at a central |ocation. Any _
CouRieth BihshPiogBser 106n ety iatin dwnfesmpiadowithiandpta display device

ySi | cal .data t ne or NnopLe USEers is
106 RIRFa0URS: BYsi0RsRn QaBilB strsar g Sostp Y creboro o> mav e
. i ol

cou%é@\nﬁ’t'hepr%es@@f ?P@ heH & O?Lﬁ?%% Sonnllctdr ﬁo%fs(og %Iﬁgﬂgfé éjon[nectors),

evices or the |ike. € purposes aten

suchagspl ¢abid,ivine, Wwirelephasgmitfer b dieslilh. SahaMrlde wh ¢ Suitaile
"di spl ay device" means any neans for providing
conngrips 198 gaRY: B vaed fonapualing erocesswhl Gdswith datadisplay device
106711 % 3BT 80 TR0 SR B Tt oSessor
= . _ . v S i
104 PASSEBIGRNLRP B S0USRY AL BTSSR

monitbeed sik@ltaheoust a0k paibadioRpondiH tb BlsepRAAtd &Mksr @Vice
general care floor of a hospital are passively

a
102. dp spmeresdbadimentsavedusdngot deyicotD2és cantleduattsits own,
nmoni torin ithout . requiring the presence of a
sepapie Pigeats Lo MBalsiip eaeram b bmepEURBIDIS stiggs dgeices 102
j [ t b d.in a ui tabl e
may FE a7 ARR KGRI £ Vil ol

portidAf pesceshoriaBaY inél08e BEP-Thel 99X 8F e PRIk twhile another
undergoi ng a surgical 25 procedure under consci ous

portisaddipreresser Hihinagriecudéppanablumit, sysh asa cantahedrhpater.
. .of the invgnt,i on nmay be used to nonitor sleeping.
Simifaghya iplhecviag 10 mRareanPpiish ena, omnen displaif moniten alarm or

the liﬁtégﬁl]ﬁt?e{fgem{t%eil}g ?nr]zfyscdmnpr?senrlﬂ{lﬁ}pqg a acr)rrrrg,’ dilsgpa%/_s,t (%rgﬁ]a Sarg%rs,
wireless devices or the like. Thus, various embodiments of system 100 may include
one sensor device 102, one processor 104 and one display device 106, but may
alternatively comprise a plurality of one or more of these components. Connectors
108, 110 may similarly be provided as single or multiple components in various
embodiments.

Some embodiments of the invention are provided as portions of system 100
shown in Figure 1. In some embodiments, for example, sensor device 102 alone is

provided to a user, for example if the user already owns processor 104 and display
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or skilled nursing facility, patients being

transported in an enmergency nedi cal setting, hone
wheakbsseare patients or any other suitabl e papCBEOSRID37067

non-patients. 30 Additionaldy, various embodi nents of

the invention may be added to existing WO 2004/ 045407

i £06 - | | tQring, syste
RO e T
embbyishentofafe o vaitionl inERdEP§&Rbr BBNEE 20b %aran]%&aﬁ?fﬁ pFdBRssor

For exanpl e, one enbodinent may include multiple
104s Ansdd-atepiccesscari d4nfortexphplomaessmpsse sbfewhat dieiard@hire
h_\/\@i ch all_ connect to an existing nurse call station
\%% 1%

81Y RS aslded g \Andixagingagqrapites; bedside meomikn aarthedike, to
. CO locatipn. Referring n tQ Fi e
provltt 363 Bheii Ot Fale paRu (lomensi Adiine 1 Ty, ithSugn
systel tORPIN¥IUdRE kEglRs RvRENSD! Bﬁﬁ%b&ﬁ 1bgf2d§§}’dﬂge\%e t6&8hd
two piezoelectric sensors 202, couple wth a
conprodbas S8y 1104n onbienfbodiment, bihen eadodiraeninidy mcladefewer
di spl ay device 106 for providing physiological data
elementgopadditiomtdements, wiskow slepanmgrfagmpbe s0opoobihednvention.
Wi rocessor 104 via any suitable.copnector 110 (or,
Bacliof e BN ER Tt el of e Eentae A0 A4 S0 ok disedbetia
mork 'densmditer or the like. Simlarly, any suitable
connector 108 may be used for coupling processor 104
wi Wil edfareics ploay tlBiguee1 A 19 aulArpati@hy BbnebiRdi sy8Rtn 101
. may include nultiple sensors 102, multiple procéssors
sultatdy izgladesr anyumurnpéerofiespdrade viensi Id2e-11,Gfy onbeafmbesssors
15 nonitored sinultaneously,

[tipl tient S| Y
104455 cBinen S Bl AR o ot s B e giah St edae and any
[ t.s S of._device 102 is
nomf§2or b8 7RIS, 803, 13960 ORI §5410F Ao
oV DR LRI WL Ok AEDSRE Ay o
turnembydierrenpled withphsplaydevdte pO6ckmssidl othed embydimedtsidsne or

separate units for each sensor, while another 20
muli3pleira¢EssprsRaL HaBHRIL R iespultinde diplay devicesasueingg to
by nt rial. ter., Sim]larl di spl ay devi.ce
mul B B et SRR AT G S Elint itniBrd GEHGT Any
comblitibh g seR4lr I R% _rl@_ch-\ffj Yo B8Yor€ Q0RA IS %ofi‘ﬁ’éc&bﬁ! 1®8a-n, 110a-
al arns, displays, digital "pagers, wreless devices 0r
n antl ésplak devideu$06 acomerapridideithinge sebps v tieindBRtioRY
include one sensor device 102, one processor 104 and
onEoanegiprsyl Afavin.cld Orasmagy pompgise any suitable means for coupling

sensor devices 102a-n with processors 104a-n and for coupling processors 104a-n
with display device 106. In some embodiments, for example, connectors comprise
wired connection means, while in other embodiments one or more connectors are
wireless. For example, connectors 110a-n between sensor devices 102a-n and
processors 104a-n may be wireless, while other connectors 108a-n may include
wires. In one embodiment, connectors 110a-n include a "smart connector" device.
A smart connector may comprises a microchip or any other suitable data carrying or
processing means and may be used to assure compatibility between a sensor device

and a processor. For example, when a sensor 102 is coupled with a processor 104
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25 alternatively conprise a plurality of one or nore
of these conponents. Connectors 108, 110 may
wa@Rewlhauby be provided as single or multiple cRCpU®NI/E37067
in various enbodinents. Sope enbodi nents of the
invention are provided as portions of sy?tem 100 I
i ' LU I or, ex
via £ 30 coRabo 981 10 mg Tt PR RRE AT Bt § o TE el e of

sensex davice 10D Haleus @buglet SAGY tHRWS cdNsBE $65 Ho v ig/'ﬁjmes the
di spl ay WO 2004/ 045407 PCT/ US%OS/ 037067 - 12[43 VI ce

senspp device d102dvas deen esed; ovdhértthe sensoc elssioe 1@2ds @bﬁqila&gle with
devi ces. Anot her. epbodi nent of the invention includes
the RAESSPT 489 10F dhey e-a‘i@%ﬁﬁ%&%ﬂﬂ%@c@%mcluma.wm

o 5 BRI o B AT B BAAEPERAGTe 1 bt
und@¥iodtl] RGwE PE th any RBASEFHR N RGtsAhaPbe gllggd kéﬂ‘ceougglgx g Rarious

provide for procesSing of data received fromse

elengeid efetheqresemihisyensibhhough  system 100 i ncl udes sensor
deyi ce .102, processor 104, display device 106 and
coﬁrﬁ%&ﬂ@g 010 Figyre 2rseaper daviesdl O penerallpencludes two or more

: i i diti |
o T B R S D e
content s s, Sl ey B0 o o

size,chdbanpé,| condigavatidl, tateitdlerrehe Hke.0Behdralty O3HA seAsor02
mul ti-patient nmonitoring system 101 suitably includes
compisesipaalewric seaienal. beviang snigrbmentsathe matebial uedd is the

poly e? BB Iert i i SNITRE Bl e mivposisgtrimatssial of
. . - - . nbhodi .
comPRAIRE b2 R Ry Uty e PR BERRGUTR i,

PVDEF cabie1gric fycd&R66 Qbraafid dﬁﬁébnﬂfd?%%zﬁﬁ[ectﬂi@ foafﬂ.rl?iﬁéé@&tric

be co ed with display device Instill o

mate@r&lﬁo@fﬂ%ﬁ resend iy eption midyt haplesaryr ni@bkostmpepgize aadsm t
con B0 TN SR ot eoS: s Ebh BT one
or T8 1 Ei G O o OIS oL 8200 i
b g S o ETIGER, B8 LRUCAET) ity 2 may
compri@ecircuary treangmlars equany os bny aties shagnsf PUDICALA] ¢ifdilar or
any other suitable shape of flat piezo-ceramic materials, or any other suitable
materials. In one embodiment, for example, each sensor 202 is paper thin or thinner
and has a width of about 6 inches and a length of about 9 inches. In other
embodiments, each sensor may be larger, may be only millimeters in width and
length or may even be on a nanometer scale. |
Referring to Figures 2A-F, several embodiments of sensor devices 102a-f are
shown, each having a different configuration of sensors. In Figure 2A, two, flat,
rectangular PVDF film sensors 218 are included. In Figure 2B, three PVDF film
sensors 218 are used in combination with PVDF cable 220. In Figure 2C, PVDF

cable 220 is used alone in a zigzag configuration which may comprise one cable or
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sensor devices 102a-n with processors 104a-n and for
coupling processors 104a-n wth display device 106.
wo poogonoenbodi ments, for exanple, connectors PONP$1088037067
wired connection neans, whi{g in other enbodinents one
or nore connectors are 25 wreless. For exag‘gl e, ;
r : - Vi ce a- n :
e I i 2 AR S S lan G 28 2P w8 IR Figure

2E, PV filorseni®8 218, DBY ate\@etds a phittetis wit'hrlgigﬂgr concentration of
enbodi nent, connectors 11Ca-n i nclude a mart
sensepnAdt tropne aaiafdhe deviserand lawemanicontramyncoigensse 18 in

ot R Bh e S b S 2 cohdoning igher
i biki ; . r device 30 and a. ..
con Rt Lo R o R R (Bloasisedds iy o be
. / 3/
ok lagsenprulots Ao e REIAEROI g
respiyatogpirelatas denast FinaHy, inyfiguef217 ews pie AWt 10 Bassors

been coupled with the processor 104, how many tinmes
240 ﬂ'f?eusegeigkw 1Hedn elsanppeaen Bweany seidablosenthenatidneand

confi%ﬁlgfggr;n gﬁé&fs?’};%g‘%%b’%ﬁl%ggpaﬂ ble with the processor

smart connector may include a

o T A0S 1O SRR 1 ST L B

straih gueges to senad changes om BigessiexBrteB apaindBtheRen €300 OPetected
coupling various elenents of the present invention.

stresRehaRgssigay S ke eunyerted 20 dsiartbat isdsefud éon paiaye nesrtdring
' ) [ | ectric sensors 202
purpliG, BB B RBl roafid E5nE G semser W emises ressyg o
. ' [ ea W a .
oS, SROAARLENA KoBR5EAaST s SUOLEE e or o
othecemkogUIGR dwthe sMiesdnabr @svitd 80D, thQietdFRNRE %JHeIY% th;@%iem is

sensor 202 conprises piezoelectric material.
positignsdarme desice: Whetner 8 paitiens sdmbsinged/qothy fike. Expansion of

[ ' [ b [ | ectric
a pafiR KRS i istoa anics e beasieopl eipaiangh oot auetsxert stress

agaidsP6h¥ QF Roh;D thle{b%iecltﬂgl%Sg{:sgfbaig?%%g%%? é)g:léteDgEt agaléﬁi;ent's

pi ezoel ectri'c ceramc

chesPTazeehasit 20g sefRd ﬁfch%kr%ssoéhatn%%s,?n%lstﬁg eﬁgéﬁedﬁtahg& l?lﬁy be

have any suitabl e shape, size an configuratiof.
proceseerd tedtiednimentespirdtory exa hphe,rage, bbin niMBdnt] B8dySposition
S one  or in_conbination with PVDF cable. I'n
and tﬁgﬁg’e i R Rossiblg, Bwsasuro RNy fpiicsd which are described

further below, may be derived from information gathered from sensors 202. For
further description of pressure-sensing capabilities of piezoelectric materials,
reference may be made to U.S. Patent Application Serial No. 09/662,006 entitled
"Passive Physiological Monitoring Systems and Methods," filed by the inventors of
the present invention on September 9, 2000, the full disclosure of which is hereby
incorporated by reference.

As described above, devices of the present invention generally include a
surface 212 and two or more piezoelectric sensors 202. Both surface 212 and

sensors 202 may have any suitable configuration. For example, in some
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rectangul ar, flat, thin pieces of PVDF film In other
enbodi nents, sensors 202 nmay 20 conprise circular,
wWa pdoalg4bar, square or any ot her shape of PVDFPET/U83003/037067

circular or any other suitpaple shape of flat
pi ezo-ceram c materials, or ‘any other suitable

i al ' tr,, f l.e, h.
emRYEh L3y 2205 R 50 il AR SRS R0 Rl
matérialp phetic Afhed ot BRPbHMpkuRMNY tIﬂE&Fliiﬂ(.: B Sthek 3&@tg%grﬁ?r§ts,

enbodi ment's, each sensor may be |arger, nma
surfagq 212reompsisemtwo bityhrsaofdfo2m metglah coupleayoestest WEh @dhesive
Referring to Figures 2A-F, several

nanorreﬁ%r SC ;ee.
or bY ARy At rﬁ%tag BeHo PCHWSS 263 maybe toupled vatiosufacesR by
' i fferent configuration of. sensars. In_Figure,
adh 0, B el 1hE s p o0 o s an suitaco 262 pé via
dhdsivd, : L0 ' 218 .
e b e TR RLpAapE dnellt RBalEe. iy BSERe el hmis
provadid RVDPp13i medmb@RMhens ofigRdnab®ish i shRilg ﬁ@g\%a interpreted

.configuration which may conprise one cable or
to lipgighe 52500t PeTnVEREEisoRT 68T in R appenied elacabl es. | n

Fi gure 2D ltiple piezo-ceran ¢ discs 230 are used.
| nﬂ]:f’og‘HP gm }méﬁiépsegl?? %Véﬁ%iﬁi nefgdesspplage & 1gswhighphas a
h A Wi hahe tFat f ..sensors 2 i
U 21D S0 P R SRR bR RRg 20750 As
shovere s Bigir@ 28eddh piekdigéctat 8@Ssor SOQRIA | ind
ad,vantgglgeous, _f%r exacn'pl e, iorll posi t ilsgﬁ(ih%}éﬂi g earp@sor
trangpitiee Abfathi sheclomayensyrseian degqrisal lead onheres a8 shown, or
alt Eatltl%%nt rrea](s?urerrent. is likely to be stronger, such as
CTHFHECY 1AV RGeS TANTRIEE optheglifn diteaity, dp sewmeicnghodiments-
j = 4@ ignals. .Einally, in Figure
s Rk o0 h 8oL BT il D3bhoky 0 S
connébtes 206t Sefddr tH@shiYerROnHe&Br Qb@?eﬁ‘éﬁillg YetBR! £common
conbi nation and configuration of sensors may be Used.
connggtonfohcougflangethe @iergalentrotrmguiter2204H-B 2@l 8&icki®r 104. In
sensors 202 generally act as strain gauges to sense

othel-¢raRgdungIHs anyeeressitableamagyas fos coupling pregoelec@i2sensors

: d. ~sLress change t hen be converted to data
with RORSNEOEK “f%?lg’ﬁ%?% SHEE e e Y COpRtSswigeless

Batidie0ia Aty gl RE&D N, 418 (B

connbe ryeasaur ed é?@l‘lﬁg{@ ess agg‘?ﬁ’gl?l ?Ilg E%& (sng%gé?&lgf} gﬁ%%oﬁ%éﬁl]é%ess
transpussaos inmsainay mag aiswolesraul tileonired) enf invBlv d Bo@hltey wire

. .sensors 202 on the same sensor device 102, to
origiping Horba lpratientwithip sirfape 212 at which the separate transmitters

204a-h are connected, or the like.

Any suitable size, shape, thickness and overall configuration of surface 212,
housing 210, pockets 208a-h and sensors 202a-h maybe used. For example, some
embodiments have only two piezoelectric sensors 202 with two accompanying
pockets 208, while others have four, eight (as in Figure 2), sixteen, thirty-two or
any other suitable number of sensors 202 and pockets 208. One arrangement of
sensor 202 on surface 212 may be referred to as "an array" or "a passive sensor
array (PSA)". Such a PSA generally comprises a grid-like pattern of sensors 202 on

surface. Such a grid may comprise rectangular PVDF film sensors 202, as shown in
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posi tioned on a device, whether the patient is noving
and/ or the |like. Expansion of a patient's |ungs
walewoisigs4dnhal ati on or the beating of a patientPGI/OEZNI/037067
may exert stress against opg_or nore piezoelectric
sensors 202 positioned under or near the patient's

Fi t S ress.change and.
U s e g S R e P R
2A XS (TTHeAR DA Y Plrludeeaiyt sui@bR mkasy, STRORIEE NG JeE
osition anc;@t he i kg Many I(I)t herr possi bl e ¢ s of sensors
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bel ow, maégbe derived frominformation gathered from

for gxpaple; togove paly tviosempets 2fRsat sfacer 1@ in an embodiment of
eSS K nsing capabilities, of piezoelegtrjc
senBEIMLE 1O OPLAR, SARSPIL 84 2581 BLEZORLESLEL U anoter
. t‘. . - I . e [1] H
R R ol A T A
foubyertshes, ipevieaps dosus in 4 fumspr ésdoé 10D ¢enfiz@RAFOr a baby's crib. In

Sept enber 9, 2000, the full disclosure of which is
yet gapidisy embedynpes Hireeicolimmstafraglisensers 262@ach enhyaboussd for a

o 558 L BBy DL S BEBERR) e e
sy 20800 1y SRR, g ascons

use FO0BFQABH) By RSEI 520 @31 48 ¢A6H withl BVEITPARh "BHL Sxa3M51E 8%€one
212 cogErlses sinmply one or nore pieces of resilient
embeshimentBVEF anblephaysbe usedrmpend arpeaimyetert dlesurfuce ARl fer

terial. In other enbodi nents, = surface 212 conpri ses
detg gl%?i&PEHWeF’&QHP%Pégg%P éil?él ed together with
ad ' : r bt neans. Sensors 20
o ko MRy 305801 5 RATR o B5030 500 205,
but $&e o0 tiHRR 988 SoRDZ RRINVGEE cdNRANEs SEQS xsaﬂ{'{gé‘,cs%nsors
212 and via adhesive, or by any other swtabﬁe ans.
202Thay bt simeplyt sedivitHedvietgeeteseo lpterool §iafaderX@ 4rimh be
' e enbodj nent of the invention and shoul d not

explaipn o
coup IEJii ‘thg sprasedl? vi adhgsiver Heusiaszd Ognay knclude/emitipla paskets
: in th ended cl ai In sone odi nent s,
20839 of 8L B ARRERES e SL A0 BRI R e
. . : - C, .
g L Rt I RC SO 22 ALY ik filly be used. in
onceadfodpinenvad icFiguce 3 eniglorseB0@8-abe dispossiliabag awuifacd having

. _sensor _transmitter 204a-h, which nmay conprise an
dimgnyeny pEaboytsddnehesiy 24 inghesHaviich@n embodiment, each sensor

may have dimensions of about 9 inches by 6 inches. It should be emphasized that

—

any configuration, pattern, dimension and the like of sensors 202 and surface 212 is
contemplated within the scope of the invention.

Surface 212, housing 210 and pockets 208a-h may be comprised of any
suitable material or combination of materials, such as but not limited to neoprene,
plastics, polypropylene, natural or manmade fibers, Poron, Scappa, PVC, foam,
Tyvek and the like. In one embodiment, surface 212, housing 210 and pockets
208a-h comprise a resilient foam material such as neoprene. For example, one layer

of neoprene may be used as surface 212 and an additional layer may be used to
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alternatively a wireless transmtter or the I|ike.
Finally, in sonme enbodinents nultiple sensor
W e@nseidvt ers 204 may be coupled with a sensorPCT/US2003/037067
transmtter 15 connector 2Q6,.Sensor transmtter
connector 206 generally acts as a conmobn connect or
. ¢ , . e 04a-
R M R e S
sandwii¢leeldl te gathan svitlosersotidini igwee € Z0d RBkEive i$ §§&Ptroscorlrlgle the
with processor 104 is contenplated. Such coupling nmay

layerg pEgther aud o eosple hersansars o the meapaetico Stck queopyene surface
her suitable wirel ess 20
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shape, thickness and overall configuration of surface
embprhmentso gwifage 210mapatdceinslieisacit muldig of aespR@2ar RAny other
. F some 25 enbodi nents have

. b se or exanpl e, ne ) S i
Sultgﬁhyeyﬁﬁ”ﬁaaﬁit% EB@?@@tqu%fogf&fs%%ﬂ@@kwmgm ofhgwise applying

: ' 208 i ot hers have four
e e Ry Sty LRy ey st e referred
to agbh'@ﬁdsgf t'@lgls@flggmber of sensars 202 and pockets 208.

One arrangenent” of sensor 202 on surface 212 may be

r efRecketd 208adsmagrbeagivay Anpeuitabl@alsgieve HANSPCon@ld fhsors

Such a_PSA generally conprises a grid-Ilike

202%-?@@;@? RRCkEENEQ, ¢s showarin Foguser, ey, bescng;ﬁgalrgd iaﬁ arfayer of
e R A B BIER R g
allo¥iyg Qtseﬁior%t@@%%e_piégeﬁswﬁgiﬁ %ﬁ@&ﬁggogggﬁ%ég ﬁiqyuzggo allow

denonstrated in Firgures

sensa yragisini iadrs 208 yabiehs Gfirds Oflx 30A&ebrd MR $hOfiks &N pMsSthrough
202 and certain patterns nmay have advantages in

hougag Zd 0o dstadquplpsl with semspr iesndesiteremnnettor 266ahpdcene tases, as
. I 202 face 212 in an
in FUEHEE 37 Rach bk E 0SBl P emeoproan lguinaprsnzosts
' . N nat her. . enbodi t
en 200580 S0 b0 OSLIGE - SERRLI 1 on

embodimuem, tevwilh of aHlopsRMEas Jess RBAN ARSI of $énsol 282, so that
sensor device 102 configured for a baby's crib. I'n

senspe203meashiee bemtxodotdedttp fithwitltincopankes 208 asd dién Senset o

202 .each may _be ed for a hospital bed o
FlateE i TG PrkeT AT SRBLEeRsFaG BEISOE APonvill ramainsimploss
with?? Eo@i?éf 708, Openings may allow sensors 202 to be reused while disposing of

surface 212, in some embodiments. Alternatively, and more preferably, openings
are used to place sensors 202 in pockets 208 during fabrication but are permanently
sealed after sensor 202 placement. In other embodiments, no openings are included.
Any other suitable configuration of pockets 208 may be used.

In some embodiments, multiple sensor transmitters 204 may be connected to
or coupled with one or more sensor transmitter connectors 206. Sensor transmitter
connector 206 may be located anywhere on or around surface 212 and will

generally provide for more convenient coupling of sensor transmitters 204 to
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an shegth 42 ey ﬁﬁma@rbclfo}sgéwve@enow) Vit appaned?dB albngone edge,
iment, surface 212

© RG50S e 07 bRt SRt o BB Aroiver
embﬁ@ﬁﬁérﬁ%§§ Rudys ang?arréﬁggﬂl% wii B §)i§3i S 8}‘] alcg:ﬁ J0BY %Y that

neoprene nay pe used as Ssur

are cadrduetﬂednﬂ?d)ng BYEOr ﬂﬁ&e ads ﬁﬂcﬂé@t V&&Q&ﬂb@ﬁl@éﬁg into which
PCT/ US2003/ 037067 -" form pockets 202a

surfwmllcbm@@isrﬁé}ﬁmay\ha plagedr s of neoprene are

d t wi.th sensors in between, and
ad%‘i@o @ng ?alaé%la # & qomebinptige pE maggerls evayaedused in

r ih opr & Such a. neppr.ene

G 3P0 PGSR i PR o
degrde vt omtérassishaht & Far e&éﬁml@%ﬁeétﬁ rgé)}?ﬁﬁ %a%@ﬁ#}di @%%a‘i&?&l

neoprene material may provide pa e confor
plasté@psper, ngdei, B G plEbriosis mmﬁemalo aayi comb@iat@nbie®ft orhyeother

k[a)? chair or ﬁjhe like., In sone
suitable matenal or combination of materials. In many patient care settings, it may
be advantageous to have a water resistant sheath 302 to protect surface 212 and
sensors 202 from urine, water, blood, or any other liquids that may be spilled on a
patient bed or chair and which may cause damage to an unprotected surface 212 or
sensor 202. Thus, sheath 302 generally protects surface 212 and sensors 202, to
allow them to be reused for multiple patients and to increase their usable lives.
Some surfaces 212 and sensors 202, for example, may be used for up to six months
or more. On the other hand, in some embodiments sheath 302 may be disposable

and used for only one patient, for only one day, or the like.



10

15

20

25

30

enbodi ments, surface 212 may al so include extra
paddi ng, of neoprene or any other suitable naterial,
wa eoogikmpte confort of a patient |ying or otheP@u/B82003/037067
appl yi ng wei ght agai nst su_ance 212. Thus, surface
212 may sonetinmes generally be referred 10 to as a

" pagt %%ﬁlré' Pﬁs@%g(?/ér Epﬁllé%ﬁt 20826 K ﬁh g%%g)\ﬁﬁen any

sul tabl e shape to orrcontain sens

emizsiimepackiheath0in2 arl shoae 117 inkREodplSR¥nRe connactors (not
configured as a | ayer of neoprene or other nmateria

shoxtn) deherdating 8 ¢ohaewionlikteren Kiaadtin @Oﬁlanﬂ parfaog 2ﬂ:ErSuch a
i b I d withi et
cords? o 85 S8l o TronEa Sunce e anetetar ol
4,sHch. as W e I onnectors or the like to pass
me o SHED A FeS bl BRONACHR e iCod o bR
parfls! &N il hn€ QRN Qﬁii@ﬁll%@é cohflg$RAR0 CRATER sefsor dedVice 102.
Figure 2, each pocket 208 nay~ have one opening for
Thual irowimg epasdanentoit may de nsqurirel) Befurd ueing REGY AG/iEO102 to
al | owi ng passage of a sensor transmtter 204. In one
MO P FHERL, LotoRBPIg e face 2 12rwidh sheatly 308. ISbestht mg@ctwate
i f or 202, so that 6 20 sensgr.202 may be bhent
or i TRt i Bk 00 Tl
reqﬁl%méﬁt%%yg B{Mé’%/:elhf‘féﬂlsé BE SROFK ?52 %Q&Ne%ompaﬁfég%s X %\2{?8@ %yy help

sensor 2 remaln In place w

prevgme spregd offtyfeatibovbaarsnpatidits, heves mhRusedr WHsoe device 102
di sposing of surface 212, in sone enbodi nents.

and gnhapgeathewsable lifp of sonsor dewicerl®Bl y, openi ngs bar e used
) . cati
e R TN R
. W=t . peni n re
R o iRl ST REe FCHE LIRS S OF JBRSE e nhatr
exadPt, aR¥h&en W EurkbH 3BAHR] RODLEHATE M55 hd0d! 4 lﬁﬁgﬁl SERERL 16
transmtters 204 nay be connected td or coupled wt

inchgaandre wisktle of epagrl 2 inahsniHawingdHheaty drave 20615608 @f about

. itt t .206 nay be | ocated anywhere on
10 i S Bty Ghebom 34 dighes Dhe Fockaiaisaian 2 (obovhyibave a

Veni |.i nsor, transmitters
leng O B ol Rk o5 b BT of 38 e h05 T e sor
confl@draBbn WbrtedendSV2 08 oM HPIAS ha$ 'dhﬁ@llls‘?oﬁ@gpaogﬁ '6 inches by
coupling one or nore sensor transmtters 204 to a
aborbuebso Theay armd oyrakeinpdry dimeusieds, HRaferer 4g1 Aopsdifible
. Figure 3A, a sensor 202 is shown separately with a
d1m%1és%%13§rfor surface 212, sensors 202, housing 210, pockets 208 and the like are
contemplated.

Referring again to Figure 1, sensor device 102 may generally be coupled
with processor 104. Processor 104 includes any suitable means for receiving
mechanical signals, sensed by piezoelectric sensors 202 of sensor device 102 (or
any other suitable sensor device) and processing those signals to provide patient
data to one or more users. In some embodiments, processor 104 comprises a bed-
side unit, couplable with sensor device 102 via one or more wired connections,

wireless connections or the like. In other embodiments, processor may comprises a

circuit board, a computer chip, a software program and/or any other suitable
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transmtter 204. As shown in Figure 313, two or nore

sensors 202a-b and 5 transmitters 204a-b may be
weowphedow th a surface 212 having a housing 2BOr/WE2003/037067

two or nore pockets 208a-b. yWth reference to Figure

3C, sone enbodi nents of sensor device 102 further

ol ' contai ning.all or
probdiShiRodh TR pPateb01 0 B bl ufloatORR Bl s 3ine.

1 ey avisioll nedyi Ealle wianddngor P2 &Y pdRBssSdigRaleadd WeYvide dat
am:iﬁra]zg? ude any s&lﬁﬁaﬁﬁe rraterinal or gj;pnbi nsat ilgn of 1@“ ©daa
to ampenrwhilesin othepembedimetitsrprdcessorr] Odxampréses shealdroB82vice

nprises an envel ope-like structure having a first

Whigﬁ dRAY3POHS CondEchion with danbypare provigad sepdrailyrdor example

o e A S 1% (5
andvsifeRisncediow & Bk ac |§19| eh%hﬁﬁeﬁtftﬁ%&&@?;% piesssor 104,

Anot her enbodi nent may include a simlar eat

for wset Withvmrdwyersichras si tebelsiddQRenivoriim@atinit b5 agy etigennashed
along two or _three edges, to create a pocket or sleeve

harg i 1hahetin. Sererally, progessen 104 iedndesmny sriabbemphos .
prod A T AL RSHE A B BP0 i gapion of
g R s PRRE TR 3R LR 0y,

ApptideonfSesial NanOoms6e (008, pré&@otﬁﬁl‘l%@ﬂdo@po@ﬁﬁﬁ‘iereﬂ]yﬂ))(afbference. In
PVC, fibrous material, any conbination thereof,” or any
somgtgrebodimgintsa precessarel(4aduiablcimehideatnn aequisitiet modalest02

| tient care settings, it may _be advantageous
RS o A R T S
. £ LOm: Ul wat er I :
e HELRES, R maIORS, AREBGIRAN PR:e U Syl 0
progeghredble Ratihblantinifedte By aﬁgﬂ%l%%% 419, 8fd EMLfiltexh
unprot ected surface 212 or 25 sensor 202. Thus, sheat
modide 4g2naer aidlyg fillererbdubut faee a2dRgandliger(AIs) aRierteo

N themto be reused for nultiple patients and to
modie flsach 18 3] M08 poRericr sapile di paltsBopltbbpmphasized

SRR o R SRR ) R R
conpeRes RS NSRSy I 88, 8 RAEE o 86Ty o
condbietl 045408 [BCE 152003/ 37AaTNy, a’@isinoasssthete FO2REHuIres
anal%é%lgc%%/nioc%l tsi%nglrs%\lfgnqtsegseolisd%\/?ge ISOh.’f ?ﬁt@rss 8120’86 2iogrrrlils with one or
more filtering means and converts the filtered signals to digital signals. Any means
for acquiring, filtering and converting may be used.

Processor 104 may also include processing module 404. Processing module
404 may include a digital signal processor/central processing unit (DSP/CPU)
module 418, a flash memory module 420, a static RAM module 422, a non-volatile
memory module 424, a real time clock module 426, a joint test action group
(JTAG) emulator module 428, a digital input/output module 430, a AD
synchronous serial communication module 432, and input/output asynchronous

serial communication module 434 and a glue logic field programmable gate array
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enbodi nents of sheath 302 and surface 212 incl ude
conpl enentary connectors (not shown) for creating a
w@omaeedon bet ween sheath 302 and surface 212PCBuUS1003037067

connector may be any suitabbe coupling mechani sm such
as an electronic coupling 5 nmeans, a circuit which is

- ed r tion qf conple tar
(FPERTRAGRAG Y A TR B e RSl Pirastor added
witlicut @BpRi@ o SeRSQhe d8YPLE the PresehlHSentifn SOME

enbodi nents it may be required, before using sensor

deHoseer 50@plyot4 (hisriouptedawjth b quibitionanodulpl 40 2satdl @roeessing

(ﬁéz ith sheath 302. Sheath 302 may activate or allow
modjl At in eome SIRhnckimentstt nipvide rsouies glaeniesgy formpriosessor 104,

o RoN IRy (e et LS R Rne ) PR ch of 8wy,

comgn]gtrtﬁﬁQO%fn dxdRal b@\gér Qg&: ﬁﬁ‘%/gﬂﬂeel' & In @Bg‘t\égéhtﬂla%ﬁ%é?x?s;

sensor device 102 enhance the usa

poveeuspplydediic aol DR ludsl. PoevkQupley irexdthaknfbdibhidka€guisition
212, housing 210, sensors 202 and the |like may have
modihg 447 and precessing medidp & 04maay ba prayided faruselwitivaristing

GRS oSS o S o e
s By S LRI

prodessiig snodiie 4pekat p2OBde@in ARABrmRS dRAVGE Bord GRALNH3RM:s,
of about 10 inches and a width 306 of about 7 1 nches.

chipsrpréhe hke to bonfliglifcaa campuenebesisiteanofdGuonsth2dghtiemy
have ;chirrens;r ns of ablout 6 inches by 20 about 9
MOTINERELCVited Uar & SHOHIY a8RENRA aiphesi schdiabAEOCeprEddrshown

- S g di ' for surface 212 ensor

ond 0GR 81180 B HleTRARIIg e Bhabat PRI 2 REMG be
intepoeemliatiethe SRBbEIOF MIindeAHc LiPady g4 e 1, sensor

evice 102 may generally be coupled wth processor

104As reegoessidrielDAabovel priesssaomyl 0d yiehabilly meeivss baE or more

ecei vi.ng 25 nmechani cal  signals, sensed by .

meCE?@%leﬂlwlﬁ fION3 8e16F devige 108 andimseeesges/ihesigiods foprovide
and proc those

e T s = R T
o 1 SRS s ITSERIAUCIRY OOTROLRER M P pqprany
recetmedebyvprioeessoo nites trivdtischaniélrodlcais e Qi diRehEPESTpohBRg to

i ke.. I'n other enbodi nents, processor may conprises a
one pryze¢legiictsensei 202 of smspuderice P, Fiiesog means, probgrsdivil
filtef rrﬁ%/dgfe M a%?a oegrfil%elzjris tn?c?ciu?e 414, filtering software, processing
software, smart algorithms and/or the like then filters the signals, for example to
remove background noise and the like. Signals are then converted into digital
signals by AD converter module 416. Digital signals may then be processed by
various means. In some embodiments, as described further in U.S. Patent
Application Serial No. 09/662,006, fast Fourier transform (FFT) methods may be
used. In other embodiments, time-domain analysis may be used. Still other
embodiments may use a combination of the two methods. At some point during the

processing of signals, at least one type of signal is compared between multiple
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WO 2004/ 045407 PCT/ US2003/ 037067 -24 processing
nmeans. Thus, processor 104 in sonme enbodi nents
w@eopoises a stand- al one device, which nmay coR@I/BSM0$/687067
sensor 102 to process signahg. and provide data to a
user, ‘while in other enbodi ments processor 104
ie i < C u n
D B h oh vk e ice 102 oy ey MRS fleg! pressure

chargasighelsimiy basoaipagidisdtweas niTBple seAse@MNas ¥5& sor device
With reference now to Figure 4, an enbodi nent of an

1025 d8e sAmpesiser 9bsignels, mayallovs pragessor HAM doareviss ahisas wath
bedsi de nonit ri_ng uni t .or any other suitable

At} GRigPucl & et peiivit s pry iopchersemior towicendi2undsther the
ARy Sibd:abl ' hani cal si I

P S R o TR, L2 e BRG0P e snsor

devide K02g Ralethdr tlesesicnd it \onaes s ce
may be made t oqﬁis. Pat ent Ap%egg%?%ﬁ%ggé ;%g{%fvﬁg

predrge s ncd b/el mnelorths llikei ncor por at ed herein by
reference. In. sonme enbodi nents, processor 104
suilP 3By Gqdipeatss sigaalsunay be sampeerd © v poenessard 04 to

i th - |l e 404 and | y_ 440.
slel B P SRR MR TR BT BB GE  PRb e,
. I’A H H H 1. L .
e ALt P i e 2chi0R R AR o dFetectearom
a sened W02 heiing drechiBhestiquatisr respiostidresi4al. Sanilandl @@ highest

., [.ilters nodul e 414, an analog to digital (AD)
flde@ahkmr'i Rsat syl maysaechasan feondagensar 208 thatiscgnsing the

GO g S o BB SRS s 20
sl VR GOTRORE S S O TREREL i o

any cweat mdre@pes%ﬁﬂi%@s) feanekahé ﬁm@@r@#ﬁv‘i&é’ﬂlo@g n8ls as data
402 acqui res anal og nechani cal signals from sensor

to a yesnr EemIBRison jbetwean semoers 212gnay slswi dllovopepoessoriodetermine
h gi I tteri r%gz1 rreaﬂs .and.converts the filtered signals to
WHALPYIOR Ot G @.w%@gm tesfig a2 Aveuphysiglogiqal paramsjer. For
APk & rt . rocessor . 104 | s
e OSSNl RESSRE Bt P tancers
patieHd4 ciieyt wiliclypitalis Hiveial fdonSkORAbirRio? @éﬁﬁ)bfn Eti:ﬂh
rocessin gﬁu t ?DSP/ CPU) %m)du e 41%, af gs ?rgérmr y
mechaiiodlesizd from stsetond RANONDOR l@adRPundernhe putdatsilkR foot.
menor y nodul e 424, a real time clock nodul e 426, a
Thesjeoq%q $ g&y&@qrgaar@fiég gegregate or define a respiratory signal. Again,
such methods for processing signals, any of which may suitably be used by
processor 104, are described more fully in U.S. Patent Application Serial No.
09/662,006, previously incorporated by reference.

In addition to filtering signals and comparing signals between sensors 202,
processor 104 may process mechanical, analog signals received from sensor device
102 in any suitable way. For example, in some embodiments processor 104
compares a given signal or signals to one or more threshold levels and provides data

to activate an alarm if the given signal is above or below a threshold. For example,

thresholds of minimum and maximum amounts of patient movement in a hospital



10

15

30

(JTAG emul ator nodule 428, a digital input/output

nmodul e 430, a AD synchronous serial comunication
woroauhes4d482, and i nput/out put asynchronous 30 BEF/U82003/037067

conmmuni cation nodul e 434 andsa glue logic field

programmuabl e gate array WO 2004/ 045407

t N P ' 436. Agai,n, .
bedy B PR R R mid de Tt ot BB o0 9B Ry heart
ratesiaht/utthel @RamidyBe §1oed tnfos6RBL104. I‘fgf‘g _ %s‘ﬁs%‘ﬁ@éd from a patient

i nvention. Power supply 440 is coupled™w

fall giypide bo¢ ore wore bE thedhreashdldsy poessiond 04 makupevidddita to a
nbodi.nents to provide a _source of energy for

user {ifig JGBR of 64, aldg) peEAio pIY). IpRBgmborimee, compbinations
[ I h. tt , g a
of AR P 4 PR P D riBRn B el Brshomey be
define SucH tha® A RiIEFRQYUABO LBrm RAVRE ﬁi&fﬁﬁitﬁ i aﬂi&t‘@?{:spiratory
i ncl uded. For exafmple, In sone en%o i ment's acqui sitrron

raterfollsibelog0theathceshohicasbihepativoty leeAO¢hte Bl lsRe ] OF QVhsheOrate
for use with existing hardware, and the hardware may

thregholda AyyiGeanbiaation phéksh thugspplds, Flaim astivhtompradessit® and the
: [ 16X e, i.n enbodi nents Jin i.ch acquisition

ke Eon e Rlpa R yfinelRa e 87 RE T dies i wuea sout vedu be
ixel 1@ ,Cl ' [ ofy -

o PR O DRIBA AR BT Po i

for all periempatiranty beadjuseble By denirss phidsan ortotBBOWeS for each

. _.again be enphasi zed that processor 104 shown and

indiyiskiia} ppieant; ¥re; ganeealsajsilomeofox bogital vr dreblols. nent

Y |d not. be 15 interpreted to limt the
sco e BRicpanar srooesaur by ingludsAracsrae signals to
- j . 10 a receives.onge or
ploﬁgé gésb%eggﬁg\g?%a@dgl gnai slage r %‘%?.?éﬁcgho(l}elté é’?ﬂ%’gl%e 74 1§ as
resphpdors pesmimee shanebsatd pelﬂhﬁiﬂt&ewa@ﬁgﬁﬂtda‘%‘@%l%\kﬁlgaa line or
user. For exanple, processor may recerve nechani cal
wavgrgprabenting telpirafi@rsyhodrt peassidra thh dikgeosagnather fhittble

sor device 102, Such signals are generally 20
fomf-?]&é]ie%@%vn&fd?@éétm may alsg b providadanmaly seitable form, such as

I ing to ne piezoelectric )
an o0 SPRORTY, EICERRALDR 2ot Podfhgtedion abgspica
bed a8 clet, orfthé like. RRGUL %eé‘ﬁlﬁwenﬁBﬁé@grefvﬁéﬂs?ﬂ?,sotﬂﬁgﬁﬂtrgmét"ef‘s may

filtering software, processing of tware, snar
alsodegoedsurersamhpfoidedsuth kebloodprédste cardibe oip@inaisod

I renove background noi se and the |ike.
volugy FERSTARY HOR HOBBRO b de PTE A gied e mpesatre change. and/or

the like.

Again referring to Figure 1, once sensor device 102 has sensed one or more
signals from a patient and processor 104 has processed those signals to provide
patient data, the data is typically provided to a user in some usable form. In many
embodiments, processor 104 simply provides the data to a pre-existing system of
the user. In one embodiment, for example, processor 104 is coupled with an intranet
or the Internet via an Ethernet connection. A user may then access data via any
computer or other device having intranet or Internet access. In various

embodiments, processor 104 may also provide for storage, display and/or
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25 signals by AD converter nodule 416. Digital signals

may then be processed by various neans. |In sone
wepdvemisrent s, as described further in U S PatBeI/US2003/037067

Application Serial No. 09/662, 006, fast Fourier

transform (FFT) nmethods may be used. In other "
d. Sti

T AT T
the TRE,NARS a A o%i%'ﬂ”se’?@fa‘i‘ﬁagsg rs!':ﬂ%af &seﬁﬁ%r%g?&% ?gré&i 30Stored

i 8
signals, at |east one type of signal is - conpa

datemnyberdovu bagd et AAPEEAhMIToRElih 52 PO34K13 Aaf storagé
pi ezoel ectric sensors 202 of sensor device 102. For
devicg gmpny othescHaiableahargwasseir softvedrargeatising fa hsotimay einbodiment,

proGR o w5 A fo o Ga it 3R Wfgh v as Alisey ot pigopisting
: | de. j ti t
alarRf REIEVuchi d QoINS 6o cH Shothl BucB AEln Aty 1ogated

at bdd¥2de, whedibe eadthBodpi Pk @A} atlaScOMMOATUPSE SANGAtioNaNI/SS the
102, whether the patient is present on the sensor

like denstdbothgp embledithents addta peetyi enprovidedoviatvms cstmgyeadigioal pager
ha ne below a predeterm ned |l evel, and/or the
or Wlfai%sg%aﬁdgweéfﬁ%dﬂ%‘ﬁf eSSITPsENSI0my be conpar eg to
I legt; a signal . wth the .best
71 SRR FRe ey e aud Bufs BofhelRy 18 feh gotBiin
prod@X¥&spll 0 withQ BEaafos a08ssiG &%?%%eﬁ%r%&ﬁm?l@, Nhnector

relating to respiration may be selected froma sensor
108 20y ¢rawprige & vardd ghmettioual winglasesphniationna sbgneédtion to a
Simlarly, the highest fidelity heart beat signal nmay
Compyler MEERAT: a8 plectd e connegon 9an 3larm spsenyon 4y other suitable

oS 0 L) vy PR
shoul@ e L’lﬁﬂ‘épsrtdoé hignaysiend, deitanest mgﬂll%ldk by Iﬁ]eenlgxlreg ?ﬁgﬁ{/?rﬁi&n

signal (or 15 any"two or nore types of Sig S

mayssatably melateseps@vdelgcd hisend paitatsdrasvidati®4 4l @ay provide
user. Conparison between sensors 202 may al so allow
datafp 9me s GROKCPTaEET AL ESP Ay deviser alaun, pigea ometiearsystams.

S SshB SRDER SR ST
o sef AR 208 ARt Do el 7 TR L

exarBplee bbdsitle doxslilgait E6@ied (S somdr A8 0Rer 0203a} A5t &
under the patient's left foot. These signals may be
procggnsdilérndalisplgy dguice 166 ideluiding an alespiandtosoreai fpraliewing
phys'%‘gl%ig{]c’al data. Alternatively, in other embodiments processor 104 may and
display device 106 may be separate pieces. For example, processor 104 may be a
bedside unit and may transmit physiological data to one or more central and/or
remote display devices 106. As discussed briefly above, display device 106 may
include one or more devices for providing physiological data pertaining to one or
more patients to a user. In one embodiment, display device 106 comprises a bedside
alarm which sounds when a patient reaches a predefined physiological threshold. In

another embodiment, display device 106 comprises an alarm and a display monitor

or screen for viewing physiological data pertaining to one or multiple patients.
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such nmethods for processing signals, any of which may

sui tably be used by processor 104, are described nore
wo eokp4d4o7 U. S, Patent Application Serial No. PCT/US2003/037067

09/ 662, 006, previously incorpprated by reference. 25

In addition to filtering signals and conparing signals

moc Rt AEFEET08 My bPIRARRERand iR IBERE Fonsvrmate
sorh®igplaypfyvised | @O YRationka at @4AMRhEs b ki &OHEIn a patient's room.

enbodi nents processor 104 conpares a given sign

In sihgneaimbotioments, displagrdevicerie fvatedl dtevedmmandopation, desh as at a
data to activate an alarmif the given signal is

NUISHE, Halben B Feiid monitarig datignen ahaspital flowr, ima dobpitalsvard,

f {m.nioum a max{ mim anount.s of patient novenent in
or Qe Ren THl R0 pOHEa dstvrydons) b8 ToT compropeat or
pluldliti oFi FYHN AR raBY JRVRdsE SR Al cﬂfgﬁalr }?efg‘K%?s oPbirl ek g{aﬂah 1d
and” maxi mum heart rates and/or e 11 ke nmay be s ored”

devicespmdaels sy dllbdv aliurss, ghgdisiag @nrseiteriusemdardeatvieqiitient
fall outside one ore nore of the-thresholds, processor
physpojogigp! grigvemetelst kb tdl etheusmboiiments, Jasient dfitaamay be

o 5B W st s GoribRREdinon ey Grorcbe Meons eare,
5 eshpfds o
cofieEHioh B M RGne{ 10T BICRAR Ruffé B olBlA:ER, i ey

deviedsi K08 ar® doasanplatl Withinahe stapd 6f el RWdnhenidatigahol d
and the patient’'s heart rate falls below a heart rate

t hr BgHotederenny newrtbiliguiedn achethodd00rcesttihgso oaé ambodiment
¢ ctivatioq%PrggfssiQ%%and the 1like are contenpl ated.
OT TR AR WL, BlLIAGHEING I drs CRUP IS8 RaTeR! Wil asensriemiceed(2,

' . f..pr ssor 104 uch .
sengfig st Bfle BB AR ERAhe R BT BRlcghyin (3¢ ERchanical
sigRatih@batien? HatBS0 P PHlioYEHAD R Biticht BHfaSB a WY SLS! BBnerally,

or other user for eac i ndrvi dual patient, for a
befgenengllingar patidno evitlofheachasplevide 302, shesdride@iceSt02! ik provided

further functions of processor 104 may include
on 3 sy igdescehad abeve. the suiare max oladoayy suitablasafare, such

rt..rate data. Su ata _may..be .nrqvi ded as. 15
as Y08 1tle 674 Bosoiéf e ¥ halBifed af Sfedfing Togmyable, an
i R SAMbAGofide HERIS L BRER) -
exar esgi@rtgti olnsz,ﬁ hea?%oﬁgaefggﬁ /ecc)hr1 t el{%;g or gr%y OorhE 2
proseditrabinder EmtseiouRakdstivn, Aaienast' OEhaQ 3 HospitalEhaiBbSehbechair,

provided in any suitable form such as an amount of
a clipak saqh and/or gBairibeak.of Wheelchair, aabaut'y emb, geisdtchasror gurney or

the TieP ﬁldot%gr gm %31%&%'& the surface may be wearable, in the form of a gown,
sleeveless jacket, strap or the like. Providing sensor device 102 on the surface may
comprise simply placing sensor device 102 on the surface or may involve
integrating sensor device 102 into the surface. For example, sensor device 102 may
be built into a hospital bed surface or a chair seat or back. In some embodiments,
sensor device 102 may be provided under one or more layers of material, such as
when a sensor device is placed under one or more sheets on a bed, is placed within

an envelope- or duvet-like cover on a bed, is placed below a cushion on a seat or the
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bed or chair, or the like. As has been nentioned
previously, other paraneters may 20 al so be neasured
w@ea4/04307 ded, such as bl ood pressure, cardi acPCUUR2D3/037067
bl ood volune, respiratory gpdal vol une, body _
tenperature and tenperature change, and/or the |ike.
: [ gy | 1. Qnce senso evice 102
ke I8 (e AR, 167 e YGRS sl iy
suitRbleaRsaR! wilrbuhaspRfifs eone thd 8 of it AlventiOn Pr ovi de
25 patient data, the data is typically provided to a
us érouplingdire patiend with thensensor deviye 56Prigedénatiptisyolved allowing
rocessor 104 sinply provides the data to a _
the E?%Q%%P g’tei, pig 1891 PR AtheFWise Pl welght AT pressereasmings the surface

on {PeE ARG R0 RSB Bath S g
likeldoRprites BhISAEA o Dadite nfARNE! HcPhRHaURVERS not even

havi'ng I'ntranet or Internet acce§s. In variou
realenetihdi thersessorpievi@sHIY is dsemayn@bise B i ‘o eedulfed to attach

storage, display and/ or WO 2004/ 045407 _ _
sengoeHeyszolds) vFrtent. Thigisdowhteshdomgasoto datranthy apaitabde devices

I ntervals, such every .30 seconds, every min or
such i BldRtes s S SO simeBUenap gl chaviandrCroard the
likeOA11 BPWHLN RLquRRr dcpide, HD %[tﬁ&mgﬁtt(?f c{@{)?xqﬁatdeod\gm?e%dtgda

to a conrputeqr, nonitor, printer, portable data storade
patié@tvi ce or any other suitable hardware or software

| ocati on. I n another enbodi nent, 5 processor 104

pr Sensiag rdechanical sigmalsdy(dh gemerallyad emprisast sensinigan lefst ane

re-exi.sting.. alarmsystem such as a hospital's nurse

m“@%}lwaﬁwfleﬂ‘%ﬂé@é %aét %%%P@ﬁ?ﬂﬁgtrlséen&re&féae sefsop dg¥icgd 02.

' : ' h t C n nurse call.
GerBIE, S5SNI 100 el eCOBTRLY RAfBSa AL e, an
aco@hdicasi gl dpenproiNdrdeetaliean&dinial nﬁl.@eﬂk&%b@qgﬁfcall?rsense

wi rel ess handhel d devices via w réeless transm ssfon.

charigesPn eoggs'oen d@¢harsyalipacdmeler,dny rsay $emst absslnremtolianical
) 1@8, for coupling processor 104 with a neans for
signg E

dBSOMMCTHRPAIRALE Sigrals seused dyaiepsars 298rneax tnpdude eigher
R e T S—
UGBTI ANCH T ORI N B
charfgeguigeal iis daktedein atoteh aynsde 202 k8fsoridevide EIM M @abheignify
that Eﬁ%ﬁ&f&n‘%ﬁgpt@%ﬁms gsleerr{ﬁé fgr%/ei:rcaisd ri)rgctiherrﬁltttg? ggns%]; 2t0g,e that
respirations or heart rate of the patient are being sensed over the formed and not the
latter sensor 202, and/or the like. Thus, in some embodiments a first sensor may
sense at least one mechanical signal, a second sensor may sense at least one
mechanical signal, and the sensed signals may be compared. If the first sensor, the
second sensor or both actually sense no signal, than this lack of signal may be
compared between sensors to provide data to a user.

Processing mechanical signals 506 has been described in detail above.

Generally, such processing 506 involves at least converting mechanical signals to

digital signals and comparing signals between at least two piezoelectric sensors 202
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may suitably include sensor device 102 and processor

device 104 and may provide data to one or nore
w@e@40x3481 i ng di spl ay device, alarm pager or BCTE82003/037067

systenms. In other enbodi mengp, display device 106 may

be provided, either housed In a separate device or in

ot SRR o TR BRI e
intosk#s ahicleiagelidvimy tb AGlsef @ro?fd?&g §tgénné Jdgfja & Wuser S08 has

di spl ay device 106 including an alad screen r
alsovheswi degeripdr shaleo Patamag dteprotidedrinalid fehyof amaRimelctivation

%gbo i ments processor 104 may and display device 106
baseghon Hueshqld CE{aiq3Ucheas PaHght Bosiap! wspishiote taieandivg heast rate

critgifa. D B f% Wbk RlR IR dRBEE or DR Pagiht mitich or
posiﬁi@ﬁirﬁgeéatgc,ol@spi@ﬁo%i ?&ﬁ@ggﬁghg{ri rald & @R 21“1’(@ di spl ay

evice 106 may i'nclude one or nore devices for

pr Vhile tig: pleysitahogitioal had dtean PeN  desurit@dtado98en lation to
.hore patients to a user. |In one enbodi nent, display
varigesy, exeEnniosy embpdimens.dt praidid de understondithiat thesdasadption of

el REbtfited R EREmPEIS T esst %%prg%f Q?Atﬁg WPeke 106
e ey SPEIT T ChPn B TRk 1y 0 el Bhaims

Additidrs gl opEtdaeibhsto WY 200R/ D4R RETIAISA0ABANS Z@@%ilonal

-29 Display device 106 may be |ocated at any suitable
embpguaentsare Fontempiaipd withis dreesodps pif dye presentaavafiomr e
positioned at a patient's bedside or in a patient's
room In other enbodi nents, display device is |ocated
at a common | ocation, such as at a nursing station or
central nonitoring station on a hospital floor, in a
hospital ward, 5 or the like. | yet another
enbodi nent, display device 106 nmay conprise one or a
plurality of nobile, wreless devices, such as digital
pagers or wreless handheld devices, which may all ow
a nurse, physician or other user to receive patient
physi ol ogi cal data renotely. In still other
enbodi nents, patient data may be available on a
personal conputer, handheld device or the |like via a
secure 10 connection to the Internet. Thus, any form
nunber or conbination of display devices 106 are
contenplated wthin the scope of the present
invention. Wth reference nowto Figure 5 a nethod
500 according to one enbodi nent



of the invention suitably includes coupling a patient

Wi th a sensor device 502, sensing at |east one
worehasi4eal signal of the patient 504, processP@yUs1ve3/037067

mechani cal 15 signal into pgbient data 506 and

providing the patient data to a user 508. Generally,

W}Bgfrqgec%glfﬂéﬁ?%a patient with the sensor device 502,
is provided on a surface. As
descri bed above, the surface may include any suitable
surface, such as but not limted to a hospital bed, a

cgnventy ting roomtable, .a
ctarm nifn g agst B pal P BB oletap 1t Bk Bl eanetnod
compifyig: or table for performing a 20 procedure under
consci ous sedation, a dentist's chair, a hospital
chgpmovalingtenscrhiaivice onea sindiade, dradensmdd®ricehaving hatdast two
. a Wheelchair, a baby's crib, a stretcher or gurney or
S5 piezqedeqlig §en30iSiot her enbodi ments, the surface may be

wearabl.e, in.the formof a _gown | eevel ess .| acket,, .
ot vl el ut aluHen R nir e et e geTuatib oh Shpying the
patieHt {Age s'ﬁ‘?Yean?QtHH&'oﬁ%r%izéH?:tHe g9 sensor device 102

on the surface or nmay involve i Nt egrating sensor
desenging @Tisoireching cslwied avitl-o firesR ectHEREMor of the
device 102 may be built into a hospital bed surface
sengr devidfai r seat or back. In sone enmbodiments, sensor
10 device 102 mm dbe Brovi ded ynder one or nore | ayers of
rmatSEPTI4E 2 SeGeRd Rechpeal sigalwidh 2 devanekpipgogipeteisgensor of the
sendBidRs e or nore sheets on a bed, is placed within
an envel ope- or duvet-like cover on a bed, is placed

belcowvartizigsihe $itstihdases6ad n@ichhfieaV@: 4194 18484Pdnd second
PCT/ US2003/ 037067 -30 like. Thus, Sensor device 102

digitadysigalgr ovi ded on any suitable surface by any
sui tabl e ne Esﬂr wi t hout (gepart ing fromthe scope of

td h& OTRAERIE; @oﬁ!ﬁlgl SeRGD ﬁ@g‘éﬂlg@ﬁls} and h L he sensor
s PRGN DES S DRt soR tbe Bl

sigid@ai nst the surface 5 on which sensor device 102 has
been provided. Such lying, sitting, |eaning or the
i ke conprises an el enent of "passive nonitoring,"
since the patient may not even realize that the
sénsor Adegilsl a0 alainpl, eteneinghd seisor eeiiceiis protided on a

a5, D30 b X oo Be Slbirgbhg oom
vlo S0 PP g B TP SR i

20 a chafg%@&lﬂ, ﬁ%htaﬁ‘tb'a\éﬁ,, a theelehaid! 4 BEWYSEb Of stA8h&Q and Surney.
evices to a

3. A method as in claim 1, wherein the sensor device further comprises a
flat surface having means for coupling the at least two piezoelectric sensors with the

flat 3 surface.

4, A method as in claim 1, wherein coupling the patient with the sensor

25 device comprises allowing the patient to lie on a bed on which the device is provided.



pati ent. Sensing mechani cal signals 504 generally

conprises sensing at | east one nechanical signhal with
W@rookeerd7 one pi ezoel ectric sensor of the sensPCT/UBDTE37067

102. Cenerally, a sensed skgnal may include a

pressure signal, a tenperature signal, an 15 acoustic

sizgnal el Ssuiktahle. nical signal ..

Snaor B S RSN, SRFTEERBIAS e BiGREI e sonsor
deviceroh@ised lalIpaidTRIeSaticht fo sTRYN 23RNSR APRAlAK Be device is

nechani cal signals in sone enbodi nents. Signals
providethsed by sensors 202 may include either positive

signals or the absence of a signal. For exanple, if a

positive pressure- change signal is detected in one

sensor 202 of. sensqr. device 102 and no pressure 20
c%ange AisHnd asinglpige e?ff%?’f?l%ﬁ% g CURBBFESXPAPANG the

: I ' j Y. Shani atie S
5 patieRADRREHISEE U OF b 1cRor Gk of o bite 10O Ry
matez2, that respirations or heart rate of the patient
are being sensed over the forned and not the Ilatter
sensor 202, and/or the like. Thus, in sonme enbodi nments
a_first sensor may sense at |east one nechanica
si’gnal A Begasbifdingdaisol, yhgreie pesing thedirst anhee@hd
mechani cal signal, and the sensed .signals. may b .
mechggigACHgiEls cPnitREes elsing Sleat.one s & SebRgnab sbprras! signal
andaquguﬁﬁ;g h%y sense no signal, than this l[ack of
si gna nag e conpared between sensors to provide
data to a user. Processing nechanical signals 506 has
been described in detail above. Generally, such
10 pBoces# mytiElbas invddives, wheletrasdénsopnherfirsngndesioadi cal
signals to 30 digital signals _and conparing signals
mechpRCHEEANS cpaREises snsplethesignals inca pelierdis aZRedbcare area of
ahoség 4{04g§02 PCT/ US O%ﬁ 037067 -31 of sensor device
15} SUEs SR B0 Y L IR e e sk s si ng
mechani cal signals into data which may be provided to
a user. Providing patient data to a user 508 has also

boen dasgkitiichsaR@¥Am DafRerBY sdiRid @¥irdeOaddsddagdl or m
of an alarm activation based on threshold criteria

mechsauichl agnglatomprisensdnsing thespiimadd ior y patédre vadd/@inheantgical
rate 5 criteria. Data may al so be provided as
15 procegueerindes coREcions w@alipRat i ve patient notion or
positioning data, respiratory rate data, hear rate or
the like. Wiile the present invention has been fully

degeri BeQleARAVE 1hR1difil AlAuLMet Comprising:
sensing third and fourth mechanical signals with third and fourth
piezoelectric 3 sensors;
converting the third and fourth mechanical signals into third and fourth
20  digital signals; and

comparing the first, second, third and fourth digital signals.

11. A method as in claim 1, wherein comparing the digital signals
comprises comparing presence or absence of the first signal with presence or absence

of the second signal.
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15

various exenpl ary enbodi nents, it shoul d be understood
that the description of enbodinents is provided for

wez@apsany purposes only and shoul d not be 10 PCT/US2003/037067
interpreted to limt the scaepe of the invention as
described in the appended clains. Additions or

i ficati . . of .t he enbaodi nents descr.j bed and
Rt aaetBE O RS 1, W heFR RO B ARG AL ol Sfawdl Turther
compieRPRofpati | ibRA- i
B B bsE PBas o s M AN AR (e eoopa sigmal
nmet hod of passively nonitoring at |east one patient,
the nethod conprising: providing a sensor device on a
sul? ace) mdtkod enoelatteile furtteer iinguding| sebestinpwitheb the first
. Qi@ oel ectric s?nsors; coupling a patient with at _
signgl or the secppdl siggal iy prowades ? tQjayisele bBsedon Bihielyof the signals
i .Q lie, sit, lean, stand on or wear the
lumt@%b%ﬁ@@?hgénsing a first nmechanical signal with a
first piezoelectric sensor of the sensor device; 10
sensing a second nechani cal signal with a second

pildzoel/eatathed seiselnimfl 1t NEthes @ORMLisHEYdGmERNY Qakéd8n the
the first and second nechanical signals into fitst and
compssison @f th Gist aigng] ynthl the secomplarigmay, pleserider atabsance of the
.. second digital signals; and 15 providing patient data
paue?%mhaﬁ§%¥gﬁﬁsed on the conparison of the digita
signals. 2. A nmethod as in claim1, wherein.the sensor
device is provided on a surface selected fromthe

gngup : ; S ) . . "
par At oSk Ml ARy R ristha Rderrifhine s pasition of
the pathaitronahe taffhes. a dentist's chair, a hospital chair
20 a chair seat, a chair back, a wheelchair, a baby's
crib, a stretcher and a gurney. 3. A nethod as in
cHgin11, wher ei n t he sensor device further conprises a
fl

t sy Psehodhasinqdaige dnBirther cemppisingyeonping theahigital signals

into att 10hsPHTSE %%u%%tcrolrr%sg&? 1?1§ %0 \allv{ felglstttli)]v% patient parameters.

17. A method as in claim 16, wherein the at least two parameters are
selected from the group consisting of patient motion on the sensor device, patient

position on the sensor device, patient respiratory rate and patient heart rate.

18. A method as in claim 1, further comprising comparing at least one of

the digital signals to at least one predefined threshold.

19. A method as in claim 18, wherein comparing at least one of the digital
signals to the predefined threshold comprises comparing at least one body motion
digital signal with at least one of a minimum amount of body motion and a maximum

amount of body motion.



flat 3 surface. 4. A nmethod as in claim1, wherein

coupling the patient wwth the sensor 25 device
weompoises al |l owing the patient to |ie on a beRCDNS2003/037067

whi ch the device is provi ded3 WO 2004/ 045407

PCT/ US2003/ 037067 -33 5. A rret hod as in cl a| m 1

e SRR B Sl B A SR i
s1gnéﬂ‘§ it& bhet [Bl‘édgﬁﬂé&ﬁué%ol@ EoMmpHsek ¢ ﬁu‘@ b tﬂﬁ%n@@m grfa[%:l @?{E\l

1, wherein coupling conprises cou ling t
signali with ehieaseorsoof 4 hrinugimatspieasty @tealdy elax@fum respiratory
cl ot hing, bedding or other material. 7. A nethod as
rate.in claim31, wherein sensing the first and second
mechani cal signals conprises sensing at | east one of a
stress signal, a thernmal signal and an acoustic

si gpal A nclaimi,. rein sen
s el ahelue TR S B D LB PR st
sign#lSBé tH&aféﬂ@ﬁﬁécgﬂﬁés&ho'ld‘ cé‘mBﬁ"sé@@Hm?aﬁu?g S8B& "i“l;lt]ec‘cﬂ il signal
area of a hospital, in a long-termcare faci or
withiat leashomes ofg nfioireumtheaét et Aot amximual Béar datewher ei n
sensing the first and second nechanical signals
conprises sensing the signals in a patient undergoing

a theth a groc%lurle% der, COI’]SCI ous sedatl on. 10.
A th QthpR a8 fIy e OYRSHRIR REGSiR & Pafdent<la F?s‘ionfguser
th. th r.d and
comp éésq‘ﬁaogtl‘iéi i PR RBRNER 60 T i FRePoh et e at
10 least&ﬁn@ lg@gﬁﬁédrmgémald:al signals into third and fourth

igital signals; and conparing the first, second,
th| rd and fourth digital signals. 11. A met hod as in
claim1l, wherein conparing the digital signals
cobbr i shaneibagas nmglapmelsémbermommmnge of the first

al
Si gggrlnpa%rtlgh aplregssteoql%eofotﬁe %Pgsi‘?arll %{sgna S to a %as?teocnoenedaﬂslelzrgd1g1tal
signal; and
recognizing a trend in a patient parameter based on the comparison of the

15  digital signal to the earlier digital signal.

24. A method as in claim 23, further comprising activating alarm when the

trend in the patient parameter matches a predefined negative trend.

25. A method as in claim 24, wherein comparing at least one of the digital
signals comprises:
20 comparing at least one heart beat signal to at least one earlier heart beat
signal; and
comparing at least one respiratory signal to at least one earlier respiratory 6
signal;
wherein the negative trend comprises a combination of a negative heart beat

25 trend and a negative respiratory trend.
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WD 2004/ 045407 PCT/ US2003/ 037067 -34 12. A nethod as
in claim1l, wherein conparing the digital signals

WO e0ottloex407 conpri ses conparing quality of the fPECBUS2003/037067
signal with quality of the sgcond signal. 13. A method
as in claim112, further incl'uding selecting either the
figst [ r.the.second signal.to provide as data
16 i Bba s bR S R Pt Rl

c .y t |k

O PP an M IBL S n e SorRafind O oAl HE .
the first signal wwth the second signal, presence or
absence of the patient on the surface. 15. A nethod
as2i.n ch amethdd as inuckher26c erprdisipngvidatgepariont dgtadto a user
positiqn of 10 the patient on the surface. 16. A

furthgpeoBarises RRVIdIag mppsitianaiibe Padaransibegusiesepi ng t he
digital signals into at |east two groups
corresponding to at |east two patient paranmeters. 17.

A th i j . O] - at t

o amoc srp 8 aiet et 26, WASKSh Rib Ul B et g wer
furthpe¢drRptisd¥qiroONi 0 atrBei HENTHhtedsMhe Patibad i ent 15

position on the sensor device, patient respiratory

rate and patient heart rate. 18. A nethod as in claim

1, further conprising conparing at |east one of the

diZdh t alA sieihed as ipclatm 26avthernie pprdisry prstent Hashal wher

19. A nethod as in.claim18§, wherein conparing at
furthPie¢Qpiisgs FEPV’t‘ﬁ%g AR Apte Ogiﬂé?lBP'%eI{to the predefined

t hreshol d conprises conparing at |east one body notion

20 digital signal with at |east one of a m ni num

agaunt ofy | NG/ IR IR - :
o on 2 s 4 B B A B o Bl g Bhy Blrices

multips paditnasandwhlesdimpidyididegyaiont dampaiipieapré @aiis @Rgat a
of the digital signals to the predefined threshold

comIBeRalPeHIconparing a respiratory rate digital signal
with at | east one of a mninumrespiratory rate and a
maxi mum respiratory rate.

31. A method as in claim 30, wherein the multiple patients comprise
multiple patients in a general care area of a hospital, in a long-term care facility or in

a nursing home.

32. A method as in claim 30, wherein the common location is selected from
the group consisting of a nursing station, a display monitor, a digital pager, a wireless

handheld device, a call station and a monitoring room.

33. A method of passively monitoring physiology of multiple patients, the
method comprising:
providing multiple sensor devices on multiple surfaces, each sensor device

having at least two piezoelectric sensors;



5 21. Anethod as in claim18, wherein conparing at
| east one of the digital signals to the predefined
wao booedkab™ conpri ses conparing a heart rate di BCT/EE2003/037067
signal wth at |east one ok,a mninumheart rate and
a maxi rum heart rate. 22. A Zﬁet hod as in claim18,

wher ei rovi di atient.data to a user _conprises

c i UREPB g oL Bk G vicha e Bertiarief Gt e sensor
devided t:ng: .ate:. | fi
oK Ol RaRg b BRtnr g s, ik, S3RY oFE PR G e
surfaosqri si ng: conparing at |east one of the digita

signals to a |least one earlier digital signal; and

r ecepsingiahieast onenmgchanicalpagniad witlpatr lansitteo dfahe picyoelectric

5 t he congﬁrison of . the 15 digital signal to the
SenLs PP&ACY PERYe41de¥iCnal . 24. A method as in clai m 23,

e R R e

aranet er na i ati ve

t I @dehpading dgltEld %12@1@60&83}5'311&1@ 1%4allt 1ML E%h bf QR@B%%E&Qctric

at | east one of t digita signal s conpri ses:

sengosrperéach patiechgastl one heart beat signal to at | east
one earlier heart beat signal; and conparing at | east

on@PREHIE BRLsT) dalagipirespnding te das muhiéple paripeis to a user at a
10 cenfrBEBLRE B8 pRIRE RO ot afs B YAl beat 25

trend and a negative respiratory trend. WO 2004/ 045407
PCT/ US2003/ 037067 -36 26. A nethod as in claiml,

wBgr ei AppamtidlfdipaBalEBthofRédng @ patiBs€the ﬁﬁﬁﬁ?ﬁthﬁ €8mprising:
activating an al arm based on the conparison of the

di gisuaface fgnedupling2vith thenpdttemtt as in cl ai m 26, wherein
providing patient data to a user further conprises,

pr 891%?%@“2131&69&@?% $nseip Soppledanith die surkacefpr sensingat least

one e o, P ok B b S e T oes providing & o
15 r e3rb@dseby chipfled Wit 8 pRokRRtric sensors for converting the at least
one mechanical signal into at least one digital signal and for comparing digital
signals corresponding to the at least two piezoelectric sensors to provide data
pertaining to the patient;
at least a first connector for coupling the piezoelectric sensors with the
20 processor; and

at least a second connector for coupling the processor with apparatus for

providing the patient data to a user.
35.  Apparatus as in claim 34, wherein the surface comprises a flat pad.

36.  Apparatus as in claim 35, wherein the flat pad comprises at least one

25 layer of a resilient foam material.



29. A nethod as in claim26, wherein providing patient
data to a user further conprises providing a heart

WO 2108/0¢f401 he patient. 30. A nmethod as in cl ai nPAT/US2003/037067
wherein the at |east one patjgent conprises 10
mul tiple pat| ents and wher e| n pr ovi di ng patient dat a

d |
A TEt nogoae R GBRELH Sdein mr{)‘ienchorﬁf TBAES i s
dlsp&@ﬂmﬂérﬁgethe%h ftaic® |u? a ﬁ)%ﬁbﬁl%sfabl'i‘ltﬁ &ﬁfcﬂ gg(?fr &t lggsg%ng

a hospital, in a termcare
patienubsdygositios, pzﬂtEenB ﬂqovémmt edieasrdspire %B&t@ QndWABESI Reart
the conmon location is selected from e group
Iate. consi sti ng of a nursing station, a display nonitor, a
digital pager, a wreless handheld device, a call
station and a rmnitoring room 33. A nethod of

p ive r. | e patients,
S PRE R SRS o B mdtivin fageE s uRgh more
adjacday it pic¥delBetid fBosur f aces, each sensor device
havi ng at | east two piezoelectric sensors; WO
2004/ 045407 PCT/ US2003/ 037067 -37 coupling each of
the patients with at |least a portion of one of the
seéfsor Appariigess by chiim@8, mdreesialihg ahitemtcongpriies a g@id pattern
tand on or wear one_ of the surfaces; sensing
compyfft b i s $idAelea o GalumBaof pragclstitic
sensdrbi© piezoelectric 5 sensors on each sensor device;
converting sensed nechanical signals into digital
signals; conparing digital signals corresponding to at
| east two of the piezoelectric sensors for each

10 pd0i entApramstupasin diang JatileRiin datangehs swm%&%e bow the
the multiple patients to a user at a 10 central

surfaggiodpg pesitipagkan ehleapteonsoofiractils and afbetifer diagiitoaing an infant.
signals. 34. Apparatus for passively nonitoring a
patient, the apparatus conprising: a surface for

Cgflfpl ' rllg)p\'g'rétus EP o gl%}rln%gff i)vherein dimensions of the surface allow the
surface to be positioned on a bed for monitoring a patient in a hospital, long-term

care facility or nursing home.

’
15 42.  Apparatus as in claim 34, wherein dimensions of the surface allow the

surface to be positioned on a chair for monitoring a patient undergoing a procedure

under conscious sedation.

43.  Apparatus as in claim 34, further comprising a sheath for containing at
least a portion of the surface to provide a protective layer between the surface and the

20 patient.
44.  Apparatus as in claim 43, wherein the sheath is water resistant.

45.  Apparatus as in claim 43, wherein the sheath includes at least one



at least two piezoelectric sensors coupled with the
surface for sensing at | east one nechanical signal

w0 e@a0sdae7 pati ent; 15 a processor coupl ed w t hP€T1ES2003/037067
pi ezoel ectric sensors for cggverting the at |east one
mechani cal signal into at |east one digital signal and
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for coupling the piezoelectric sensors w e

mediraniea$ sipnal afthegiatieaast a second connector for
coupling the processor with apparatus for providing
the patient data to a user. 35. Apparatus as in claim
34, wherein the surface conprises a flat pad.

. . t pad. 36.
AfBar at\RPasa{us gs # elahn 95, Whieainithe sheatlt isadisprsable after being
onpr i at _l.east one 25 layer of a resilient foam
5 used {HRPIEF SnGpatieily) 045407 PCT/ US2003/ 037067  -38 37.
Apparatus as in claim34, wherein the piezoelectric
sensors are disposed along the surface in a pattern

t a7f acidpgagdias BOM &1aith 3¢, Ghedin Rapiez0818c@fc seRRk 8/ selected
body position, patient novenent, patient respiratory

from thet groapdopsistieg of pefninylidene flunrRE. filAppal ptinglidend fluoride
claim37, wherejn the pattern conprises two or nore

cable gpiezeelaetricrqezamys disereanskpiereeledisdpam. 39. Apparat us as
in claim38, wherein the pattern conprises a grid
pattern conprising at |east two adjacent rows and at

| gast : Pihgz ol O o1 S (S, 0.
P ol St TR IR haidf g e
10 surfaceusf @bed alndowhéres thewl l@eeoh®nieehashltdi ONAGI e Bhtient may be
least one of a crib and a bed for nonitoring an
monifor¢chwhen thd patigpdieatonghasuifaces| ai m 34, wherein

di nensi ons of the surface allow the surface to be
positioned on a bed for nonitoring a patient in a

hogpital , long-term. care facili.t r nursing ho
5P %ppara‘%usg as 1 claim 34, wLereln the’ at Jeas? one megchamré%l signal

comprises at least one of a stress signal, a thermal signal and an acoustic signal.

50.  Apparatus as in claim 34, wherein the first connector comprises means
15 for detecting at least one of a type of sensor device coupled with the processor and a

number of times the sensor device has been used.

51.  Apparatus as in claim 50, wherein the first connector further comprises

means for activating the sensor device.

52.  Apparatus as in claim 34, wherein at least one of the first connector

20  and the second connector comprises a wireless transmitter.

53.  Apparatus as in claim 34, wherein the processor provides the patient

data by activating an alarm.



r 15 42. Apparatus as in claim 34, wherein dinensions

of the surface allow the surface to be positioned on
w@2@haixof or nmonitoring a patient undergoi ng aPCT/US2003/037067

procedure under conscious ggdation. 43. Apparatus as

in claim34, further conprising a sheath for

cqent ai nj.n t least.aportion of the surface to )
ooty e eths at i cTait e BT MO PRRESOh AF RECR e 4lhEm if
the ¢ ' ] : [ im:43,. i.n the
FHpBHOER the Wit ARBHN UibeRSRaFhObiditis HOPENd Pl ne
surfadk3 thevbatieitis hbeinsdodaddn wittcthedasfass, dr&ﬁé?aﬁ‘é}ﬁ i¥oving
2004/ 045407 PCT/ US2003/ 037067 -39 sheat h-surface
excessiyigheeR dre Suffewher ei n t he surface nust be connect ed
wth the sheath via the sheath-surface connector in
order to nonitor the at | east one nechanical signal
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wherein the piezoelectric sensors are seléct
rises abievegr pregdefined mkimgmofespiodtpyy ret.i dene fluoride film
pol yvi nyl i dene fluoride cable, piezoelectric ceramc
di scs and piezoelectric foam 48. Apparatus as in
ngl m 34, wherein the surface is provided on a flat 10
soPf acEPEATAUHEUIN R wheVBRISIR HiE Rrocessas actbvases the alarm if a

' . S I t.h atient .nmay b nj tored
heart FREGPMER i 80P bty DB el Bt RaaABlst s shgve o
10 predefifle@ hitixitndth h¥efpe.nN the at | east one nmechanical
signal conprises at |east one of a stress signal, a
thermal signal and an acoustic signal. 50. Apparatus
as in claim34, wherein the first connector conprises
neans Apparadus adinedainng3 avhtreastheqnecassonfitriipe podvides the -
. gnso.r Ee ice coupl.ed with the processor and a nunber
patle“g a3 1pgac Qgﬁ§8Fle’&lté\?§I%1éatﬁ5)él’%%en used. 51.
Apparatus as in claimb50, wherein the first connector
further conprises neans for activating the sensor

dey i C€Apparatus as in claim 53, wherein the processor further provides the

patient data in the form of a patient heart rate.

15 59.  Apparatus as in claim 53, wherein the processor further provides the

patient data in the form of a patient position on the surface.

60. A disposable sheath for containing at least a portion of a sensor device
for passively monitoring a patient, the sheath comprising:
a flat surface for coupling with the patient; and

20 at least one housing for containing at least a portion of the sensor device.

61. A disposable sheath as in claim 60, wherein the sheath is water 2

resistant.



52. Apparatus as in claim34, wherein at |east one of
the first connector 20 and the second connect or
wWEeowpniEes a wireless transmtter. 53. Appar atBGI/HS20051037067
clai m 34, wherein the pr ocesg% provi des the patient
data by activating an alarm 2004/ 045407
P uSs200 : atus_as_i:n.cl aim53,
whopei n 1 RevaraRd sttt JARRBOT T RplaRie kbt one
conf&PEfdrs@moRhblyt@ndb&id @theShand! Witk ﬁ%@@ﬁaﬁlg #br }%&‘?ively
patient is not noving on the surface, the patient 1Is
momtringplosntlagy, wherkint tenreatifigcles steath ethpapperitud sllows the
novi ng excessively on the surface. 5 55. Apparatus as
appauatys) tihe astivalgddp anonitarehp prsiskgy ofdhe vaties!. t he al arm
if a respiratory rate of the patient falls below a
predefined mninmumrespiratory rate or rises above a
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comipkisthg:heart rate of the patient falls bel ow a
predefined m ni rum heart rate or rises above a 10
pr edeflureddy whsemomdhe@es, aaah sendd? dedjppaoaiprisiag: i n
cl ai m 53, vthrei n the processor further_ provides the
pati ent datUafach foneoundng with shepatieaiandespi r at ory

rate. 58. Apparatus as in claimb53, wherein the
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claim53, wherein the processor further provides the

10 at paki e n@ahanical difieal ffRyinagfati@npat i ent position on the
surface. 60. A disposable sheath for containing at

| east a portion of a sensor device for passively
nonidtIErabigy @f peadeasars, aakb psbeeasdr eoopped withgmeasehbatdevice for
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15 at least one connector coupled with each processor for connecting each
processor with a common apparatus for providing the patient data for the multiple

patients to a user.
04. A system as in claim 63, wherein the surface comprises a flat pad.

65. A system as in claim 64, wherein the flat pad comprises at least one

20 layer of a resilient foam material.

06. A system as in claim 63, wherein the piezoelectric sensors are disposed
along the surface in a pattern to facilitate monitoring of at least one of patient body

position, patient movement, patient respiratory rate and patient heart rate.
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-41 62. A disposable sheath as in claim®60, further

i ncluding at | east one connector for renovably
we@omwetiddhg the sheath with the apparatus for PEEES2003/§37067

moni toring physiol ogy, wherejp_connecting the sheath

to the apparatus allows the ‘apparatus to be activated

to nitor sholo f the,patient. 5 63. A
sy Fom Err SRR RIS skl Rk coptptiin Gvo ermore
adjR¥at, E pEIOBlec /i EnsrsP! Ural ity of sensor devices,
each sensor device conprising: a surface for coupling
wth the patient; and at |east two piezoelectric
sensors coupled with the surface for sensing 10 at
| et orfesysemasiioalaisi Ghavhdrentha paieirecdmpeses a grid pattern
lurality of processors, each processor coupled with
Coﬂgﬁ@%ﬁfslsw&%@i agagest rokp ave At eay eecodpmns 6 piggeslectric
Sengﬁghanical signal into at |east one digital signal and
or' conparing digital signals corresponding to each
of the at |east two piezoelectric sensors to provide
data pertaining to the patient; and 15 at |east one
comect QY sgsreral8dn \Mdith GRGHhdIERCHSFERKIondlof ¢RO BBEE W low the
each rocessor with a common apparatus for providing
surfage page positigacd ohait ladseomudt & ptib andat heehfios monisorirsean infant.
64. A systemas in claim®63, wherein the surface
conprises a flat pad. 65. A systemas in claim 64,
wherein the flat pad conprises at |east one 20 |ayer
of 78. r es\ byseerh ok aARIABL 63, vilhereOdinfdnSionk MRS surfac AldW the
63, wherein the piezoelectric sensors are di sposed
surfateitgbe pesitdondchor aibeddopatongonnga fadient it ahespital, long-term
nitoring of at | east one of patient body position,
Ca“%@?ﬂ@ﬁpr {ReAPMChat j ent respiratory rate and pati ent
heart rate. WD 2004/ 045407 PCT/ US2003/ 037067 -42 67.
A systemas in claim®66, wherein the pattern conprises
tWg10r 1Dk G e Adk 3 %%1&63,%116%'1%2& eﬁgitoElF Of SR e Aw the
A systemas in claimé67, erein the pattern conprises
surfac@td ot paditieind on a chair for monitoring a patient undergoing a procedure

under conscious sedation.

72. A system as in claim 63, further comprising a sheath for containing at
least a portion of the surface to provide a protective layer between the surface and the

patient.
73. A system as in claim 72, wherein the sheath is water resistant.

74. A system as in claim 72, wherein the sheath includes at least one
sheath-surface connector, and wherein the surface must be connected with the sheath
via the sheath-surface connector in order to monitor the at least one mechanical signal

of the patient.



conprising at |east tw adjacent rows and at | east two
columms of piezoelectric 5 sensors. 69. A systemas in
web@it¥B887 wherein di nensions of the surface aPdDUS100E037067
surface to be positioned on ah_ | east one of a crib and
a bed for nmoni toring an infan

70. A system as i n
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| ong-term care facility or
nursing home. /1. Asystem as in claim®63, wherein

di nrensi ons of the surface allow the surface to be
positioned on a chair for nonitoring a patient
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72. A systemas in claim63,

further conprising a .
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rovide .a ro ective bet ween t he
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vvherel n the sheath is water resistant. 74. A system
as in claim72, wherein the sheath includes at | east
ong720 shemtbmsdsihatanten n@ﬁé@fn th@%ﬂrﬂélﬁ@'iselbx%v'i&% on a flat
surface must be connected wi the sheath " via the
surfehe af h-bedy drabwheremm gt aIrleasm ouc dmchnmcabmgna} oft 1ﬂne ;muent may be
| eas chani cal si of the patient. WO
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'ﬁ@Bf?‘-C"/ 43 75. A systemas in
claim 72, wherein the sheath is disposable after being

used to nonitor one patient. 76. A systemas in claim

63, 78‘“‘“9%&?3&1%%%%&&
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in claim63, wherein the surface is provided on a fl at
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| east one
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80. A system as in claim 63, wherein the at least one connector connects
each of the processors to at least one of a common alarm, a common display device
15 atleast one digital pager, at least one handheld wireless device, an Ethernet

connection, an Internet connection and an intranet connection

81. A system as in claim 63, wherein each of the plurality of processors
provides the patient data by activating an alarm

82. A system as in claim 81, wherein each of the plurality of processors

20 activates the alarm if the comparison of the digital signals suggests that the patient is

not moving on the surface, the patient is not in contact with the surface, or the patient
is moving excessively on the surface.
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10 conprises at |east one of a stress signal, a

thermal signal and an acoustic signal. 79. A system as
WO pooglei4nt 63, wherein each of the sensor devi cBGI/US2003/037067

coupled wth one of the proggssors via a wireless

connection. 80. A systemas in claim®63, wherein the
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connection. 81. A systemas In claim®63, whereln each

of the plurality of processors provides the patient

dat %\Aﬁy activating an alarm 82. A systemas in claim
81,5%herbsteBas 151c1aipes bl wherein sachiol fhe plysbipsof processors
. Lvates. th I i f e_Cco [hS of th i gi,tal.
acti@fih U A3urh A o e o i pERTR T80 bR ine afnimmurn
heatth@teSiH iR AboV '8 pREIRRH thexiBRim hBaseRtact with the
surface, or the patient is noving excessively on the
surface. WO 2004/ 045407 PCT/ US2003/ 037067 -44 83. A
systemas in claim81l, wherein each of the plurality
of 89 ocessptem asdniclaies] twieerainagachidf the phgplityadfoprpcessors
l;late of , the pati e(rhtz1 falls below a predefined m ninum
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respiratory rate. 84. A systemas in claima8l, wherein
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further provides the patient data in the formof a

patient respiratory rate. 86. A systemas in _claim 81,
whé¥ei n Aediticarastin€lamud biwhsreinf eash s dbe phusalityoof processors

rther. provides .t ient data i.n the.formof a
furtydf ordFfaeR e by AR B PR baliCp i P he Surtace
wherein each of the plurality of processors further
provides the patient data in the formof a patient

position on the surface.



