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of the Invention The ”“mﬂmmmumlml ates to a systemwhich facilitates
nonitoring, treatnent ' tion of a living body. More particularly,
this systemrelies upon tdhgeise of el ectromagnetic waves 5 as the neans of
transm ssi on of energy and signals between a device inpl ant abl 47 lansargl@0t3he
|l iving body and an external control device. The invention, in a separate
enbodi nent, also relates to ei i ge wt WWI anted inside the
cardi ovascul ar system so thdﬂﬁ’réﬁéﬂ 3—‘4}? ronnment within the body
at which it is inplanted nay be nonitored and a blood flow passage can be
enl ar ged.Figideof tho Inneptioa i s el ectrically powered and controlled by an
external source of electromagnetic radiation. Background to the Invention
Whi | st t Iehefigbdrpion Relade 36 & sysiér Which famliu&emomiormr trieament anpgimchtionos eg.

muscl e stimulati on and the use of stents, is to be understood t hat the
i nvent i or® lheise kpdeMaers pastieylardy, ithis SYS&erﬁdﬁlﬂfér“P(% theyn ef eleqtrespagnetipavayss | d

| ose their r thus
physi Sal 19 R of Hilstioh b AR Bha s pBRE 3 SRNEURR NI AL | 110
whi ch i ngpAobalyemdidnexsdrhaneoatrolaizvizk. rruscl es for providing-functionality
to people suffering from neuronotor control di sorders or have ot herw se

| ost thel ' Y. r t

useful ly. riﬁ%%{tsofﬁga%g tt('iisesn]i %Td?rﬁa tU ??Eigteﬁ‘??;? cgegﬁlcea{rﬂ?lsém hr Olﬁamedr ange

of causespsidé tHeUsardigvabcslansysterh rsaulw mopsatiéDfthe RhGird@vegewitkianhbdody at
classified into two categories - inplants and external. External FES

devi ces iwhithites smmﬂneedd@w @esn@u@neda@nct a blood iy passage car be ema@gﬁdf obhe and
have in use few decades ant abl e, devi ce relatively
now ia- eute i @iecBicaly RS ARE Tonffied BT, 1088, Faes o Hitbipephid oo
In the prggsidn art, inplantable devices consist of a controller and a set
of up to 16 el ectrodes connected by wires which run inside the body

(Menber g, A Surgically Inplant Intranuscul ar El ectrode for
An | npl arﬁaﬁgF'éo'ﬂrgﬁplgﬁﬁéﬁmrgf Ofstinul ati on Systent, |EEE trans. Rehab. Eng,

vol. 2, no.2, Jun 1994). In this art, the device does not ., 17 January
2003 haveVhils thet &lipwying odrseriptian de Buterms pE peBisaiasd apRlications el |rauscrlrg
magnetlc r e. Doner. ur.c 0 h ecqn

coil i rrpl a}n[%ag‘o;1 %{? i H& wgtsfegﬁ't “a% 0 §gn\§1§ﬁx‘-§'{otog {‘h Fh £ %eg?%'){ @E ‘tﬁléw ces
havelpeerappmmmed whi ch provi de this format (US Patent No. 5,358,514 to 5
Schulman et al: Matjacic et al "Wreless Control of Functional Electrical

Yot it afoRuimedt 8 BeoptE W) it the Bbaa-ose Herofa MR 19 BRFR Baimmfbele,
Control | lcamrédt@h%dtar@mhl&qﬂuyaedwd&ablw eFirctibndREleQtiAICRImulali&i (FESE- a

Rehab. Eng., vol .4, no.l. Mar 1996). In these devices. each of the nuscle
sti mul at ﬂ?ﬁbﬂéluéc‘[”h’ﬁbe@cwﬁoﬁé?}r e st wationd P/ imnseles yior Previdiagi @esnm@bm !(ed 10

have enpl f o t I ef ween 400

' £ PR RN O eflonchy, ERRRE diforadrgel naSt R i i
sour z@ OEabﬂi*ﬂﬁ‘td)@diitﬂoll ahd beptrRe nRld rﬁuécue.el wlefilllyt Tﬁlﬁdﬁbﬂéﬁoi R;sg BEnRuFdf abRitg Ol |
to efficiently transfer energy by inductive coupling of the magnetic field

of the exan aniseghewghagangeofidansasmprhudingdlisragnataimacoistrokecei ver. 1 S Sone
FES systens reported in the prior art provide the forward | oop control for
the MuSCIFES dd¥iesGan BaMEssHRaNints swe QS@g&S\*"&sChuﬁﬁﬁ%%Urﬁx@érﬂﬂt 'E‘?('Ebrﬁilof“‘%$ he
extremties either by recording neural activity or by using sensors I ke
pr essur e devices imchidcmnnpteode)vmsduﬂeaﬂﬁmsk usdd ®© corfeot dedp foot, tzmdtltm'edman ol | er
(Haugl and. I(}pffer et al ki Cont act, Force Informéel on in Sensort)(l rve

Si gnal s R&cdPHe fBY ﬂﬁﬁdaﬁt eclinplapipble: dgyjesy arq peiatively new and the first

trangg Re@ﬁﬂm%‘?&ahéﬁ%n% s&%ide\’\@ertogiﬁg@ce mS difficulties associated with
t hes€ teC ﬁ nvasi ve nature of “their inplenmentation and that
further the |nformat| on received is unnatural so the subjects have to | earn

t o react In ghe ipresenieny implaptable devices consist of a controller and a set of up to 16

electrodes connected by wires which run inside the body (Memberg, Peckham, Keith, "A
§~urgically Implant Intramuscular Electrode for An Impiantable Neuromuscular Stimulation

System", IEEE trans.Rehab.Eng, vol. 2, no.2, Jun 1994). In this art, the device does not-
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‘Avail abl e devices |like the Drop Foot FES system automatically restore the
gait of the subject and are not under the conscious control of the subject.
FES systens |ike grasp 25 control devices and other simlar systens work
under the linear control of the subject. These | atter devices have a nunber
of drawbacks including the need for totap visual attention of @n‘éa@b?@ét
which restricts the application of the device. Another drawback is the fact
that thesq,deviefReRbepdioér §oﬂf‘c€|Uut qqaboweﬁhlmem fieiledy mvtinetic fi2kd fom the
Peri pheral Neuronotor control nechani sm which works along with the Central
Neur al Sy gtosver (ONSE .cogpled hwith thebjegendary pickedp @pi hmpleatedERithisy theeRatisal s o
use their CNS to r .and control the nuscle contraction. 3 17
January ZCYGQ’PR’“F\‘H%E}? ‘gw?esearchers have proposed systems whi ch provi de

f eedback to the subjects (Haughland, Hoffer et al, "Skin Contact Force

| nf or mat i &TES de\e@essljwy heen \repmegrrame REQ e & 69m%b§ni’@amchpf a8l ddes

| EEE tran ehab. Qi 9

I mpl antsed%ggH e‘Fg{‘:gMaB% Af e|1:.| Ect“rhl}%lé slvgg)ltrl;%ll § |F(§ﬁég) 3 ‘]E[Pe ng] §‘I%?ér tanﬁ
Restor at i CS%S!QESWM&WWO@”ET 197203 7P8 SaarHasdora- 649191'Stlﬁm¢l’eﬁ& P¥Sike Ehd
primarily atilise invasive nethods |ike recording the neural activing,

enbeddi ng Subsspest Stpilaton W@ra@m;r Qptimization fqrr@ntmhlmgwagtunnae angfRedheing
body. The i ques arei ve an d aI o the

Sub] ect 5. UTrBrcReSiE i dont RaREBERE" Tt e Al L9 I ek e
surface Flgsyfihe r}ﬁusl:& MhREISHRY S1BArde ¢ SMESaRE EndFFHRRAN Tthe AR vREE FHoPEE
trousers Mayr Wet al "EMzcontroll ed ag] ust mrent and fatigue nonitoring in
muf t i 18harhae¢ erspioved frequdncids af theshagmetic fiell prywearf 40k Hsewoi(UMAHmual | FESS
Conference (I FESS 97) and Neural Prosthesis: Mtor Systens 5 (NP 97) pages
13-14). Cqms'datiﬁgms&veahhg@ﬁ bPARh rﬁa&,ﬁiauasecmb@gleg R (R ERITEAbS fel mhﬁhhgn
nmethods is a result of the above di sadvant ages of internal systens.

Accor di nglmyagnetiv Estd @asu endlostetoghe piaki wdcwlito ¢fficentip tiahgfet beergy Pomomludmlvghl y
i nvasi ve tec nlq g I n gartlfcgnﬂil it was felt thﬁth'f an alternative .

met hod co&PHP g gk RO lE Hhec Siclting Solsh 2nfl dhe dpblantzd EpmenFug cailg

t he mterggg eifbgVi ces, |t may he possible to avoid or Limt the use of wires
in the bo In particular, to avoi d the nedically dangerous situation

wh t nb h, th i I.nt I | |
e 8 SaRSPES' S BRGS0 e SEDPLIGE st o
moni tor i ngmusEfe?"iDgWEEs aade %Eér{r%ﬁ&ﬁé?inwﬂ?cﬁ' 1e88rdl RfEtehatloRCREmMIBRPS refitledOr ©

locally to the area of interest ih the body. Various attenpts to provide
sui tabl e s:ythtreb;sreaanﬂmpnewebadmaug obéeagzmsmgmgoscesl(hkléh}aessmkd OnW l’mgatpat anf) andind

pat ent ap at| di scl ose sqne e atte Uni e tes pat ent
P ! 52 TaadbalL 02 ASRSROaT 1o e santioler Tmtlarg) Felter SmebSkia, Conney ROt ur o
ferrite-copRensd 1§%B%ﬁeﬂeﬁ%t§FHaI§ lbfcbf&ﬁ' Salhylaacal €9ffh9}é%{r89es 'OIEEE
receive control signals ahd operating power froman RF telenmetry system

The t20ly cmnb.RebateEngsol.Benel. ddarr IS9dYy rS@vnwdlﬂﬁmrhge;s asfticthied withriheserrectndghelr om
a non-inplantahle transmtter whi ener at e dul at ed carri er
Derodul at &F¢ @Fﬂetaswynqlwetqféh‘?'hwéﬁwgﬁ%ow Bt fltfﬂ}ef the inéoFpIatipR Jegved is
extract tRe,Gan) Eﬁ 3S|Q1b dM IR Rm W@E&c‘%t@ﬂ%ﬁj&%&n%ﬁ el ectromagneti c

energy to power t trom cC circultr anuary 2003 therein and
charge a capalmtor which w provi de the electrical stinmulation to the

living beifh@ a"-l*ﬁedeéﬂ'@étmiec&e Rigpnfiegl F%% si-"éteﬁleﬁ‘i“(?@ia@%?]byr%‘oé?|‘h%|lg&tt| gthe
el ect ode b hase AR thd 6 SORKI BHERI PRio'aRERY FRSPLMICA ke Shasp

iridiumoX e pads, coup in para 0 as

char agger Icﬁﬁﬁolb&evacdsomi efHeeGinmiVe SP@mMsdwoHialnder the em.eseroﬁtm @ftmmiu%jdcﬂg S
charge. The electrical conponents of the microstinulator are contained

wi thin a Adeseidtealdeyicsedhayd haousibay of lrawbiacks mckyldmgstfcapmsﬂl forwtnitadhviseal

| ect t at |1 d d t I Irat ted St t, )
5, ?éJSZﬂaﬁtﬁé?oa $Ee SHBlart BB e RS FERlicaRYBof thedlivicec ARG hE URRDE 15
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and an etern
Neuromotor control mechamsm which works along with the Central Neural System (CNS).

30  Thus subjects fitted with the FES devices have to use their CNS to monitor and control the

muscle contraction.



‘transmtter. The systemis a closed-1oop, inductively coupled radio
frequency energy transfer systemwhereby the transmtted radio frequency
power is adjusted up or dormby the receiver as a function of received vs.
requi red power, via commands up-linked by the receiver to the transmtter.
The subcutaneous receiver incorporates the required faculties tJangry2003
aut ononously control all 'stimulation pararreters after it has been
programmed on i mul ation

are pul se Aaﬁﬁﬂ%'?’uﬂ’gresﬁ?rﬁl?eﬁs Ay PF°@8&%%§‘§7 &E[Cﬁdﬁ'ﬁt ide ﬂgé@qgﬁi’%*ﬂeﬂfbﬁ’&% ver

el ect rOde?HE@%lﬁﬁderl‘TMf@rdetaHﬂ "SR 'Cdn&'ip%}dcvﬂxf&%rﬁfdnt jh Sekdoire NePre al<
patent no 75 This citation discloses a functional neuronuscu

stimul ati (Rcccélylsd blmpleated,CulfFlepuodesc IFFEstrans. Rapatadingd voht ¢ nawi Mﬂrllé’%

ol se. tr o EdBacr oSeer S B ki AEAR A Rim BB 841 T

MHz.  E§Ir opgafal PReststhudp Rifl MdtbOFuftioR" 343 $atenlNs. @i 1581490N qihesrél 980
tel emetry system which conprises an inplantable elenment having 25

t enper at upendeie ntibse uwmvprmgb@ds kg regoplingthes newal agvin: ﬁglbaddxaznsensors

frequencyfl I tothe table el e

terrperatur"é”ge g‘énlﬁ’élﬁtor Sﬂa%g‘er%"g—ga@%] oflﬂ? b?ﬁgafﬁésg {}g‘ﬂﬁﬁgc?? } and
for provi ‘i’d\aglv@lan&)HFsBlﬂésthétWeCtatthé)ﬁhbﬁécté enperature of the i mpl ant abl e

el ement. The almof the citation is'to provide a wireless thernonetry

syst em usef ul I|n|c ertherm.a. .Ther $Ul 8 of

i npl ant abﬁé1 ﬂi‘c’rﬁp 85 Srné‘?“&‘-}atéod]r ?gh %ﬁ?ﬁ’g cSHffB%ft gﬁﬁl R e
resonggce Jh%?éﬁ“%@e&t%d@@m@%ﬁﬁponed onlelecl@ae Wo)dse%.@g@a@ﬁ Vgt £XENRG Ronttblidd UM
is said to resonate at approximately 53.578 MHz ( 35 GHz) at 30 degrees

C. US pat edjustment SndH2igps ndinstoting s malti-chanmel yurface semulatankii Rriocendingatof sheat

our oo oxSERITE) ABRIAHEERS docmieracs, (TSR], Hette| Sresuesfit WEUFF et 5

el ectrode $ e t
moaul o oa OO oA PRegs B TEC GHMnERE ARG, SRR L316R, HtoSealdrfé] Wiifilation

bode. US petles mmresﬁl,tﬁﬂﬂ'neﬁib@vddsaﬂm@eaof mternaltsystemsy st em whi ch oper at es
at 100 KHz A receiver totally inplanted within a living body is inductively
coupl g8l by cbyRIrddy CinlvBhRAIBES Sle¥d RArfedl bt {P sEnplfy Sthe@! kiownaHifift¢ N dasi

ext er nal trcanantter ‘Fggﬁ trarfsmts two si gﬁalﬁs’ 10 of dl?fereén 4 sive
frequenci exhhiguesdn raoawar itvivas felothas oan altedati veamsthiodt ¢ougd bmdbselo}mbto

signal provides, commands to the recei vg @qust he qt er si, naI rovi
pover souf@ramupisasbetyyeen the extepal copjroljand thsipteral; Vé‘ﬁé‘t‘ SROSH }och

oper at es ﬁ{'m&(t‘)r Gihit ﬁaez‘lge@\b‘ﬂ?gs in IREbSHB P ?Ml@GIIaPQG§vHM5lﬁL ?negﬁraﬁf'td‘ erous
sensors. nuscle stinmulators and a trarnsm recei ver which recel ve and
transm t snngmahswlwra vamsepﬁme'aw a htambraxm sughvisribel sko. enchtiral ails ot artedal

paten 1 344 di koses tr| ﬁ st em whi ch, oper at es at 300
o pallh-anT B desied BlEREhY BAUSG e, A4 MBI CRoR L disdpgt and

eI ectr 0de§m&l{3ﬁﬁ6n H&%c@sﬂ'&ttfe(ﬁla&ﬁ d%eé r%Hé 'n?&r? focMH %tﬂe%réhoéffml'eleét iBhebadyred

non-conductive as a result "of ol tage drop across an inpedance
connected,ta the power su so. that each ti t.he po sup i

[ nt er r upt YaTIpHe HPERS © a?f\egwﬁﬁgb 2 i d Bevides BAYS st eoRased gy The
storage d t 94. 90 di scl oses
a tel enet ﬁﬂéﬁg%paet%qmah%ﬁg a%egg?;%lggﬁgrﬁdcﬁgd ggl%ﬁ? Q?Eltéesg%ggl%%éconm sts of a
nultlpI|C|ty of separ ate nodul es _which collectively performa usefu

bi omedi calinged Séates patrnt B9adi3dd,488 muni cating with each other without the
use of interconnecting wires. The nodul es may be intracorporeal or

ext r ag%r pThe &hpladtabRgscrobguledr yeREPEMPRES draikalue feerte-dofediodl Edntsihed

modul e caused a second nodul e to performsonme function in a closed | oop
manner . Wwithin a hermetically sealed housing to receive control signals and operating power from

an RF telemetry system. The tiny coil receives the electromagnetic encrgy which is
transmitted from a non-implantable transmitter which generates a code-modulated carrier.
Demodulator circuitry in the implantable microcircuit is employed to extract the control

30 information. while applying the electromagnetic energy to power the electronic circuitry



*US patent no 4961, 443 discloses a telenetric system which operates at
frequencies of 51.2 KHz and 48.0 KHz. A two way coherent inductive

conmmruni cations |ink between an external transceiver and internal
transceiver is disclosed which transmts digitally formatted 30 data by
frequency shift keying the inductive conyunications |ink. - Furl?Fmpary2003

i medi at e 17 January 2003 verification of establishnent of a reliable
comuni catj ons | IS Provi det t 1S - Of o f cy
ock. and By ancE e B sBHAEER Wil SHF bERVRA e SHEfid SR BA R 1o I TS
pat ent No.bethgb2&h33edediiicdl| timationy isS delivepsdo 8t hestirmulating i elpdtede i whichrhaana eye
which is S powered by telenetry. The prosthesis has,a cl ose-packed array of
phot osensiwaflle-like\doatiguration Nhetehy raaplaralite pE Hidiumyide F?CHP&C P@fgsu FEURlEd 10

pl acing th r ' : A ' 3 he
s of ¢ MRS i B oo Bl (SMOngRfe b EHRey ARErbE Ry il
Wth the akhgeof THee ekoirical WSmpahemts o thet iidhostf@lalors aro sefinade avithit Oa

i mprove the el ectromagnetic coupling 10 between the transm tter and

recei ver ihgrmeticailxsealed hp@ywtf@mleﬂ/og% ghags eapsyle thach Is slfstropigtiealiy bonggdto a
system re%m res g&_%gtransm'tter and receiver to be close proximty. US

pat ent no. i §§5, 405di scl oses a telenetric system which operates at a
frequency between 100-500 KHz. The system disclosed is for stinmulating a
nerve or HritadsStatespatentd9=8i736887a hearing nerve in the cochlea. The
systemincludes an inplant and el ectrode for 15 stinulating the nerve which
i s connecfle tbatidre disepdsantan Tmplanyabienelestricallic rapgrated amediadll deviaenssysremer

vvhereial one cail is i'”%bggt?tb d_anpd {:{he other is external but in.thg vicinity
of t ho0i mSPHRFSRECER ImPIRNAbLs, 510 FHETSAFD TR TS AN, 2P REXFTRBl RO Tredelfo
transm ssi u L SRS ek i J t t he
Sk and (HamAeE, VTR Wil PRESAIGRSTUclels S Aotk SdaRY! cidte

5, 070, S35 tdnsfel systam avhesdbgrthe ransnsiyied eadid éeigened powver ipadjusied applridogn by

ef ficiency between external transmtter and,internal receiver. The citation
requires {HateCPiVSE 25 @ EWICHRR 04 ReFet FANSNTIRERd BEWFh W FYMERBSR Pt ikedrPY Jhe
Wth the ?é%%F\Q:} 1P the nyﬁitﬁﬁt ¢he s'.rrbcﬁga%eéltﬁqecé%%r ir?écorélc})}ﬁteg?l‘(é ﬁﬂﬁir?fa&:ﬁﬁie?ﬁ?ve
prior art rely on inductive coupling to transter the energy '‘and are

t her et ®r e ationbimedslycohirel all stirplhlatat iparame?drs haerain hes bhay progsdmined ionly andeed
close to the surfage of the body in order to receive the signals fromthe
primary cg-lli’P rgimulghien gargmeters §°%E°lé%d( éﬁtts’S,’S‘led‘.’eAS‘ger@H%q 9@5’% ‘ct‘Y‘S\%a@Wgti c
radi ation 0 ( ' fok | ky
ovi ce. s TRyt DBt JERAHAEEen(dr o olcdrodbd pobaBId e (T bosBiive pobrit Y,
of nedical , appljances in the formof cylindrical shape with a 30 wire cage
cal | ed sté’rﬂ'&% E"épé‘f%ﬁtnodéJpgégghave been devel oped to enabl e

cardiovascular, 7 17 January 2003 surgeons and cardi ol ogists to introduce
these as paif 6ftationeidiscigsentandunctiopalinguieanise gy simuldtiogy 8vsiam.obJhe ugvsieon.
The s{ents are usual Ly initially proyided.n.a collapsed formon an .

i1 2t8o) Bl Mo byt B BIERE R B FRRea SRR mined
bl ood vessighal fdcdinfatidiep i @nPdinldedddedd, YTIERHE cHRE cBHRUmeR e CATBAMNLY of
noved to the site of restricted blood flow The supporting balloon'is then
i nfl ated sbowd0dvlilAzng t he stem spring structure to press outwards into the
wal | of the blood vessel. The inplanting apparatus and the inflatable

support iEutrbﬁéhﬂl\i,hQH{ icatiRA\HoN 0 JghRsgxpanded stemto maintain the blood
vessel open and all ow ?%roved blood flow It is further desired to conbine

t
woul d be- uiskifEREh rcldils eREyy S ROPLARES apiiBi el et pbving
provize i pindei@utodepeAd@fit NISIR Prop¥Rids dppafatisr applegl # rdtfo IRAMRY fdld Fo

person.

the implantable element, and apparatus for sensing the temperature dependent NMR
resonance response of the implantable element and for providing an output indication of
temperature of the implantable element. The aim of the citation is to provide a wireless
thermometry system useful in clinical hyperthermia. There is disclosure of the implantable

30 elements including a rare earth metal which determines the resonance frequency to be used.



‘One attenpt to conbine a stm with a nonitoring device is described in PCT

application WO 98/29030. This application discloses a stent device which

i ncorporates a device for measuring the fluid flow in the body of the

person. The device for neasuring blood flow 15 transmts the neasurenent

results to a receiver outside the body. §n one exanple of this,]7{dnearg2Gimh

has a resilient coil nade of electrically-conductive material and coupl ed

at both ends to circujt.r i M - g e S / or

the.tr ansArepeamplss Yl 338800 3L5ad dobidRiniqi Y| 7AW (VR3S GV

time-varygodegreene€tic field within the vicinity of the coil) which field is

preferably altgned with a 20 central axis thereof, this causing an

el ectrica};LC ' j J tantihe . §

par anet er b§ ns%n(r? Igé‘n%l’? g.?%?g"glﬁgl%g{}fa e{régl‘%ﬁ%@@ g%/sgngy‘nhg:?e g{[%yazbtng’gto ikél%g'{)‘%l?g{vt%

create a (i@ iwimpladtedirdthebodhathich Botoavetddably a sowreceeattealadf the hoty.afbye esitt o

t he magnetic field ang proporti onal to,t&g Elmgw rat‘f. Fromthe fornula on

page 30 OFETBRRTEISIRET SRIVEEA WP eRRTOARS INsIdg HRTPPENRARG EncodEs thepregisipnse 25 2

which is : INARAE (Y] [ ul ky
F%Fé'ﬁe\eﬂé B@%gﬁ%lgﬁw e 8 ﬁlén%gﬁlﬁ%‘?? G Yeddiver BufsidriRe ﬁ%cp

devi ce. ecorder is separate fromthe stent and has sensor
el ectrodes which are rnal | | aced onto the skin rather th i, npl ant ed.
Descri pti BR B‘?‘e‘l‘h‘é’-l%%&%a‘sf:%s%aé tﬁswe%ewswau N&id gperatgs Ak ]%B Z. rAnge

of appropgl.a u ' Lk, £ l:e¢ menet Gl L u t he
i 1 onfoedhEs Al RRphREA WA b £ YohPiCTALTRN b Aed R MRS | 1

2003 tr anmgtivingrcdils the sapally efatachahwaanahtrardntiftanekich tanhie 1we sinyisr

that is many tines the separation permtted by known coupl ed rmagneti.c
fieldd Aplcdifierenyifiequentasseto) lae secsivedair VG pasORIA A JransFuttag; cods.o NS sigealer

el ). _ q AR 3roinstsigosler
Cecond potitt B PR EPLER e FroclVeElnd BERMFREH ROMR Soafeidglhdy yog =1

primary controller conprising a power source and a transmtter |ocatable at
the firstUBdeasgntdie: 4ardd- 1) digglosestacielmetnis sysiem wineh operates it 048 tha0.d&cond

position ' . t i L i 0 or
source is@aéﬁp eédgs’t%%%gh’%%w c%%'grhles,%lrggah%ﬁglyé'eegbzgé%s%egsﬁé&l%m% |dar% 'irro N %g?Pween
0.5 to 5 fetkived WhikRrédeprel and tranbiitBigdhRrvi£shtediag evitbuhbghe (vired ue8sch other.

el ectromagnetic radiation is 0.%$ to 2.5 GHz. This high frequency

el ectyfs0 nag@?e{téén 3d4qlgh 04l ﬁs«{l@s%?ia"t@ﬂhﬁz Y sisn W& BFerEs %{:306 TR ANRd
devi cé and used as a’solrce of electrical energy to power the device as
wel | as Ilimglantaslsie udfidiab en efergnstoying devite tatineciodid slactaidgh ahdérahopaitadl @f hhe

i npl anted device. |t was surprisingly found that the use of high frequency

el ect r oneFBISIr WhiFhAIS| RarmsHY vipaiptained non-epndpptivg) asodesiiigaf thec Xpltagspdropal
separati o L rar I A : | C f i t
potenti al §8;asvat(l)1|h§15p% \?mhé%s%{’ggﬁ%fgaﬁé @8%&5}\5 Z"s Lc;swg ﬁ&%@qé ?\r{rﬂﬁ g?\;véﬁl‘gsu?ﬂ@qxs
el ect r odeinternghtqdeird transistotirfeesmed cdadiicties tbodibchatgeptirnesdtedeerapd debive
body. ?0 Further, the use of radiation at this frequency renoves the need
to ugd cohrepghibe plscyedesnna based devi ce because there is no inductive
coupling. It was also found that these high frequencies permtted the use

of ant enrigs pateat nwe4.494.980 discloses a telemetric system which operates at 10-50 KHz. The

system consists of a multiplicity of separate modules which collectively perform a useful

biomedical purposc; the modules communicating with each other without the use of
interconnecting wires,  The modules may be intracorporeal or extracorporeal.
25  Physiological sensor measurements sent from a first module caused a second module to

perform some function in a closed loop manner.

US patent no 4,561,443 discloses a telemetric system which operates at frequencies of 51.2
KHz and 48.0 KHz. A two way coherent inductive communications link between an
external transceiverand internal transceiver is disclosed which transmits digitally formatied

30 data by frequency shift keying the inductive communications link. - Further immediate



renough to conveniently inplant but still to permt significant penetration
of the el ectromagnetic energy into the body. The antenna format coul d be,
for exanple, a sinple 25 dipole, a loop with or without crenellation or a
m crostrip antenna including slot and patch formats. The preferred
alternative is a planar omidirectional dormat that is integrak’daniart2003 he
construction of the device. Preferably) the primary controller conprises
ot her deV'vﬁﬁﬂéanfoBrof%mgﬁixﬁnen@pr SCAIMY cdrPmiBREINR 16at B frovdaed Be dbwBhamed
device: In I's respect, the inplanted device may be used r, 9 17
January 2@ existencs eofs éreguaper locksargf bitt phagey ileakn eiweeandxtemah andamrgerng!
such data as e]ectromagnetic radiation to the receiver. Accordingly, it is
pr ef er r ed U@BICCYVRE- ant enna based device to conprise nmeans to nonitor

predet erm ned conditions adjacent the antenna based device and to emt

si gnal s 5 USepatersent. at.628:93% disclesesra wisnal prosthigis dor implianiinghén ap epe whickeived
by the_primar ontroller..By way of .illustration only..the devi.ce may; (a)
mhasur® { RGN Elsmstrs; TG Rgsess by p floshPasked Fgay pLBRGIPSEILNF dEREeY b)
transmt {hicheisOfRsdTRietddt. IThetd1®s BEEIBRITY FPMdiRE MR raksiittBi BboM¥n dvkglaSs
possi ble to continuously nonitor the operation of the heart and provide 10
i nf or mat i dramederssapesingp s@ than thet axieof the trapsmisting coid induented disectly owasband | t
is also preferred th(gt t he agthennﬁ based device may itself be a nedical
appl i ance impligameabiith the,@Hs PEMESOHesponse to the transnitted signal . For
exanpl e, the antenna based device could be a stnt which is spring based
wher e t heUSppaant act 4,744 .33Rediaciosasna. méns stod suproze nthy elégmneenetse dotpling

derive the data needed.to regi ster an el ectrocardi.ogramas described 1
b ovel0 A BERAFMUETSEITSE A0 RESEST 61 BISTEEH G o RIS rbRC cavRRGR Bl

TR COMDY T8 o/ Schie AR L8 feclveP b 6 lbse Roctfy of 111 Ustrat i on

only the devitce may e transmtted signal, out pul ses for

et ot ot DA Ror 3830 e e BT SUAh (G SFaent) "
el ectrocaggi,agy 3ds66R M2 Fhe Qhﬁ&xo&igelo&%s f8 imﬁla‘ﬁﬁf;raomg'b?‘ﬁt(s brePH.
nmuscl e di nensions and transmt “this data to the prinmary controller; (c) be

a conbi naespecially atheaing wsv¢ in) thardchién). ; Tifedgysreaascheles he irhplaat amdesiearidalfegr am

inside_a craniuymto detect, ahnormal brain 25 condjtions such as epilep
and t #ans Simulgtiag gmenfeoWFw ‘%F‘?Wﬁ?‘ﬁg KHeEBplant %ea&l?rvaﬁ eoa?reéﬁa@rﬁma?é)

send out gy &1 Dnk Boil RSiRHH 4 fie | LB PERSH the ¥ , rip
t he brai nﬁg%#%ﬁg@ét tFn'{‘o cr)llorma acﬁ%?ty. o%e?gg 1"7%3nuary éoxggi@x%gg?hdgf ng
t 0 a secoimplastpécbdilofFor lsapplpmgritfoomptidher thei impparnyindacedarasitistbrfsare used
transm’ttig PO“},H and/or .inforpmati on between a fié%{q | ocati on external of
a living M gﬁ?’hﬁ e HFANSMILET 35 PHAY GeBt 1oe ec,SbH*p‘T“? | gre%F‘b“dvRé’r‘h%lh‘F%@c ahd a
transmtt gl Jogy! ocated, and a second |ocation inside the living body at
whi ch an antenna based device is |located. the nmethod 5 conprises the steps
of :

20 US patent no. 5,070,535 discloses a telemetric system designed to improve coupling

efficiency between external transmitter and internal receiver. The citation requires that that

receiver and transmitter be in very close proximity.

With the exception of US patent 5.314.458. all of the devices in the above prior art rely on
inductive coupling to transfer the energy and are therefore limited in their applications
25  because they must be implanted close to the surface of the body in order to receive the
signals from the primary control. The device is US patent 5,314.458 receives
electromagnetic radiation of a low frequency (that is, well below 0.5 GHz) and is a bulky

device as a result of this low frequency.

There is also @ well known art of medical appliances in the form of cylindrical shape with a

30  wire cage called-stents:-These stent devices have been developed to enable cardiovascular



‘(a) generating high frequency el ectromagnetic radi ati on between 0.5 to 5GHz
fromthe power source and emtting that radiation fromthe transmtter of
the primary controller: and (b) receiving the radiation at the antenna
based device. 10 In particular, the preferred range of the high_frequency
el ectromagnetic radiation is 0.8 to 2.5 THz Preferably, the net'héuary2003
conprises the further steps of: (c) powering the antenna based device with
the radi atd,anondasH Sird{d1isia s intebdube tReé a8 pansrstisirdesatmenttto i neslaigeoand
emt pulses of current: and/or 15 (e) nonitoring predeterm ned conditions
adj acent treli¢veanashtsemetiorh Jhe ditentsvare arsually iaiiallyi prgvided imiascollapsedferm oni are  of

e, of th it to b i Vs he. pri .
't “has. al J6185akIh SFOAC 1 T oRP S e MU Ruras LR s i Bt Sl B e
into a siqgd frithll arteff heYth@ ghiie VAnddtakafall P Bioved o/ tife sliet 4T reneicepeIGId How.

Further, the conbi ned device 20 resenbles a standard scent, and therefore
may be3i nplhensupgorting dallhen patheaninflast g defermiagehe Strpe §DHRE s5uqtere @ press

standard stent. According to.athird t O i ' '

appl i ance OPEVHASIRGJBE c?np%rﬁ}??ié@%gpgg}ei ‘ﬁ'&?‘%ﬂ?‘éd%%g&r%k??‘%%?%%@?f& al%lll’leg a
noni tori ”Quﬁﬁdﬂ GEtheh FiRidPaw Geifid tHe &ipahdi@ SéRNb A&ihtiRshd bleodekis?] opaf
the nonitoring device and wherein the nedical appliance is 25 capabl e of

r ecei vi ng antl adowomprpved boadAtivat i on with a frequency between 0.5 to 5 GHz.
Preferably, the nonitoring device is |ocated in the support of the stnt.

Pref er abl  jst{iRndFRRLHQT {0 EbnkifiNd & StehPidSa 'hﬂmﬁelru'n?J BEd/bP Btitlafing dB¥ik B this -
controller. The nonitoring device will preferably conprise neans to nonitor

pr edef @r mwayd itoemdd tbe possible tormentinunuslyt poniter the bpettionafythe bedt andpupide
appliance.and neans tq emt signals representatiye of one or nore of these
condi 1 ondHOEMERT, B ASTIYRICYRIARE DEFRIEr ) BEGHPPSH P8 A PBRS er abl y, t he
primary controller is separate and | ocated outside the body in which the
stemis i leaattesght tPcarhbmald stenttwith pmiomatoying glevicelis described dmpCddanpbicatin

hi gh f t ti di ati b 0.5.t0 5 GHz. This. i
bacti cul arvh RS 1 DRE SaEhiafinn aiTtee” B oL ARTPs etk MsPaeaRes € ARTIFEer
|5 2 POWen g6 Tluid ABWRIhE B64EE (e fedn. TheSlikd! foP Mealificeolbbd bw

difficult to co nicate directly wth the nedical appliance, a second

i nt er kedi atresrhivpihameasergmiset reeultsse amyceirer omtside the bedy. t o t he skin surface
and which can relay the power and instructions fromthe primary controller
to the mednadle daniiddlof adiixe thdasteat Ihas Destlinptdofinmatie tdfeelkarviesity-condubiivest

the follow ng discussion is in terns of using the above system and net hod
for sti nuMmatriah apd coupled atjbpthygnds tpeinghidnr assorieted Mot theella Raraste swser e

that the igygpthoshsnil SPnd Elbebou RColOUE N GRoT RYILASS 3 SHolEaAl

i nteracti on between a 'l ocation ou e l1ving'body and a

i nsi de t hendgnetid) @iellodythwhitleh vl 65 theovel. ainidh dield ri erefeabbnalignetil with a
t herebetween. The nature of the information and use of power wl|
20  central axis thereof, this causing an electrical current to flow in the coil and provide energy

to the flow parameter sensor and/or transmitter.

The system uses a magnetic coil to create a magnetic field so that a potential is created at

right angles to the magnetic field and proportional to the flow rate.

From the formula on page 20 of the citation. the frequency transmitted is about 0.8 MHz
25  which is a low frequency. Again the low frequency gives rise to a bulky device. Further,
the ECG recorder is separate from the stent and has sensor electrodes which are externally

placed onto the skin rather than implanted.
Description of the Invention

It has now been found that there is a range of appropriate frequencies within the

30 electromagnetic spectrum where the radition penetrates flesh effectively. This permits the



‘depend upon the antennae based device inplanted in the living body. In a
first exanple of the invention. there is provided a stimulation device for
providing artificial electrical stimulation conprising a receiver antenna
for receiving electromagnetic 20 radiation ranging frombetween 0.5 to 5
GHz froma primary controller. a supply gircuit for deriving ellédnpirga003
energy fromthe received el ectromagnetic radiation, an isolating circuit
for isol afhfehiflel & 6d Spakaed 5 0BMeARNE ARGINEEdroM BRIEMTRENRA & rhafli @hkothe a
pul se generator for generating electrical pulses according to the data

si gnal s usdphiasiongetthitted Ibydinpivo abuplad mpgnétiofieldhe supply circuit, and a
stinulating electrode for outputting the electrical pulses fromthe 25

pul se gengr@rBingly. theehR! préPidds a Eydidm Sot ahdrhisfitn BTVHELerCAIPG RTSmAMion
antenna for recei'ving el ectromagnetic radiation in the range between 0.5 to
5 GHz fr obatwegn anfrsy lasation gkiemal pick Hvmgebadynand 2 seepndrpastiein ingringigof the
current, .converter for converting the oscillating current to an

el ect i camgﬁgfﬁ%’/w B GOMREISEY or ovi de power for the device, an isolating
circuit for separating a data 1,, 17 January 2003 signal fromthe

osci |l ati(@y cuzpeimary gantrelles foBwri§nged ROVET sRUee,/aided WRBSIBIEY decatable Bethgat a
signal to pro¥hd? electrigal stinulation pulses using said electrical
supply power 5 gFFWWFfP on device may therefore be at |east substantially
encapsul ated in a bioconpatible material, such as a suitable epoxy,

si | i cone (bl yna antennaabasad'devieaiqogtpble atzhe secont ipesitivh do seceingl an outgut from

el ectrode can be constructed froma suitabl e bioconpatible conductive

mat eri al , suchgdranpmit fum surgical stainless steel, gold, osmium iridium
and platinum The conponents of the stinulation device may be contained in
a sin@ e whdrsinatitei powsr sqwremp supkdantetl ¢niemit bighebispenéy slecyomagndtizptadietioni on,
however it islﬁ@§8isg%ﬁthat t he antenna and/or el ectrode be separate and
connect ecd®¥ & 18R fter of the device by 10 way of a short wire, for
exanpl e. This construction may be desirable where the site to be stinul ated
by the delnipastiqulare the prefetredirange plbighiftaquency dlectiomagnetisdradiation|io Ol twd2.5
relativel y..deep. wthin the subject tissue, The.concepnt, of the invention
wourd por " This"bieh ofsueey” BBt FERsene iE Hialoit isCRRRERe By, hf Galgdig on fhe

at t enuat 'iﬂiblaﬁfte& Bevied 8Rd LEPHEEburcd BflEREGRRA ERERI ¥YPbvat thd8e\ARd 8H0RII dst

may additionally be desirable to provide a coating or patch of an anti

ref | dét i oreing capableanficairyimg anhnformatsaresigual fta operate ¢he imtpdarded demiee.t o f urt her
reduce el ectromagnetic radiation signal attenuation. In another exanple of
the i nveng iwval)susbridingl@fdund 1Rdr tRE h@&ﬁiihﬁ'ﬁe‘éﬁé’ﬂc?%&cﬁffwﬁmgﬁﬁ ra8idii8h between

responsive to signals froma single primary controller. In this case, it is
desi rabl 0.fdo bacHzsaliowd significadevpaim] separghious thé primany| cantoletdend cthe, t o
be sel ect.i vel ciuat ed by the 20 received data signals. ordingly. the
sol at | ngmAANEA deden B b e PREBRARS Pk o Bt o dowim st ceyern Sl o8
addr essabjighdiifesibatdies ah@pshAftad fumised O dbidds 18 bk MpRhica raegyhﬁﬁé b%_aﬁ.aonl y
generated if a certain =form of data signal is received fromthe primary
contrall er. For,example,,.the sti.myl ati on device, can be constructed to
ecodl nauHEnan® SPEPE Ecisuphel Ml redutain sERONA e Brei B AOHS P Lt eeg
ascer t ai Nhbteak\ke bitahsebrelis Hb MduegYe E&Jﬁligxg.be' ng 25 addressed.

Alternatively, a formof frequency signal di ng can be used, and the
isolating circuit. adapted to, jsalate gonly the data signals intended fo
hat dewib9eS e bt thesd bish Treduemact b s b Rs® cEARBRasht waa splk he

| ; . ‘ at'd. : .
Genor at od 0Lt 1o, o ARRERLY, SBBIATATLEN B el shfithh tRhe Bl e
patients eleyoniagnssy enegy tiavitkebodyo The iafténnb dorvdl could be) it examply] aspnpR

their condition 30 and this may be achieved by the central prinary
cont 28! | alipalendilagp tith er gvithout creacllationsapna micsosirip aaenaa yncladiag slntrandses

of the particul ar, electrade 0 be activated or..the.transmtted data
cont ai nb AP IPBTR s HhCRiearedalErifiaR s £ BRhR o nidVERianah oRP RO e en
to have tih® tHERYnfhRAbA BFER deGftii red to stinulate wal king without the
fragile wres crossing joints. 5 According to a further enbodi mrent of the

i nventi Oﬁ, éghire (S provided a] artificial scl e_sti(%ll ation system

conpri si geisratli-be PEimAry CPRYPLAT Mz epTBRHSGLADEY drVvigssolar FXAGIPK @ Tepeiven to
electric j ' T gra et N I j i r
capabl e g’% c?%éag%%nq%dtr? 2%4 ﬁf‘@ﬁm#? ?g]glgg'cy ef e%tgé%?iégérzfer?@g%gﬁ g%éf g’g&béﬁp\lfvéegn
0.5to 5 Gz an EM5 sensor for neasuring EMG signals fromthe nuscle during
stinmulation. a neural network 10 processor coupled to receive the neasured
EMG signals to extract information regarding force of contraction and
fatigue of the nuscle, and wherein the primary controller is coupled to an

Y b1 . o S




‘20 accommodate the tiring nuscle. It is well known that nuscle fatigue is
associated with the production of lactic acid rather than carbon di oxide
and this is nonitored by neasuring the pH1 and p02 of the nuscle.
Simlarly, with the nedical appliance of the third aspect of the invention,
it is valuable to neasure the gl ucose c\%ﬂcentrati on and pQ2 asl?lasuagnes of
aschema in a diabetic is 25 indicated en the glucose is high and the p02
is low. This indicati.on \ﬁi.th the ECG is,useful for dila nosi s pf a :

pot ent i al 1% SERSAJEPBIRCE Shdit F’b"ﬁm&f“ef‘hémf)éﬁ‘?%ﬁf".’srﬁ“h SHR™ gjr%’oa? ﬁ@eﬁ{mwg’i‘%‘é
third aspeghiafh bl fepdi@ation, the wire spring structure of a stem perforns
t he known basic function of expandi ng bl ood vessels, and can al so conduct

el ectrical, signals .and ther t t he ant a for receivin .

el ectr ona@t‘f&?rgg‘gbhéf@w%ﬁe%gér35&?%&?%%@*&%@% P SERIES srgfaslgatﬁd“f’ﬂ'éor
reduct i ONpjAelRHRee NBsAUiGanLS @djdoyntt e Ningdhna Baked 7 ddvibdiadnd 2008mit signals
permttivity of blood and bl ood vessel wall, requires that the frequency of
t he el%ct rapresgniative of enfi ex mere dicthgseceanditionh i be resetyiad by the primane entroller.
surprisingly foyn hat el ect,ro netic radiation up to for exanple, a
frequencygéf?‘(”af.#’%‘-ém@%oB@‘ &geﬁgf Pransnitted to an antenna that is

impl anted inside a bl ood vessel and imersed in blood. S The high frequency
el ect r omafpiet | measu¢ theiashvisnabhs hgart yipiems oba elertrepardigeremy aatit in the wire
of the stent and this current may be nodified by designing the inductance

and capac{g)ancgarmit {hes Wiférehasioh 46 therRirk @y costeslRrr esonance. The resul ting
current is'rectified and used to power the nonitoring device. The direct

current i hep, used 8 | , | . m pjature batten. .

Typt cal 1y 6 PakEls bEeRIERE RaRboRhy pBRI¢ Bherbliof SELBHER FR PRI w o
(" anaj(PguRffekngitioaltc hssidt Prévenatide tHet4pids t6 bk WsReSbY bk pbisenf Or generating the

pulse train to be applied to the antenna for transm ssion out of the body.

woul o bo Fabfes siFRpea it ERERR R AhIEe (D v et el e BRETVBRE T or

the functiqild epertfeds @8spoRse 10 e Hagstaited sigaR). FOL eSARSIe! the ARBNMS bR dIdeQice
signal then 15 transmtting the alarmsignal. In this arrangenent, the

el ect roni eepldibe a sppntonthich isspng based rwhese thehspriok castsr ascie dintapranT bistdeniny

al so nonitor pH,. blo fl ow nd_ other netabolites. The device alsqQ has
o ovi o1 onte SRpihectieR todsrile R RpR el Bl RleR Bl ipeortrd B iR, 1
for ars abgsyvenl condition. 20 In one practical formof the invention, the
stm is configured as stiff hoops to expand bl ood vessels but the surgical

d j t i i f . h h i
P oot VAPRHIRG S8 v Bloh i pYcB5ed FRHAM o bttt dRRE ot BEMbEARaAIEP ' ©
si nusoi FI_ g?efm bel:stcsfduhenutahlaazn&a, )lcxff iIl?ﬂ;aE@ﬁEll@O:jHﬂﬂéivﬂ@lrﬁije 3»'1 nUﬁOi dal in the
sane cylindrica pl ane as e wa (0] e (0] 0} vesse I N | C | S
i mpl ant ed,., Th t] i: | [ ' . ] |, eat
| TP o Tl 8% el e QRO Aol s PGSl RS BcR ! <

i npedance of tdhe sipadyrepodting BoMAicncephetit higlel Yulsé hedthl patd MeqrhePar Mafb&oNe
control over the inductance and capacitance of the antenna considered as a
resordnt tank @finusest todether with the characteristics of the rectifier.

1~ Exanpl es 17 January 2003 The invention will now be further explained and

illustrat@ bymedrrd Qliéctdcadioim! (BTG).NpCaxamuose. pBsamNLselketrémfogram
investigate the fabrication of antennae which will receive radiation with a
5 frequency betEMEn pd.3nesciggdimensions and transmit this data to the primary controler;

(c) be a combination of features (a) and (b);

(d) measure the Electroencephalogram insidc a cranium to detect abnormal brain
25 conditions such as epilepsy and transmit a signal to the primary controller to

activate an alarm;

(¢)  send out suitable pulses in response to the condition sensed in (d) to trip the brain

action back into normial activity.



-~ Example 1 A microwave patch antenna 17 by 17 mmarea with a separating
_dielectric of relative permttivity 10.2 and |.905 mmthi ckness was
fabricated, coated with Dow Corning Silicone polymnmer and placed inside a
noi st piece of fatty tissue/skin at a depth of 10 mm 10 The ant enna was
excited with el ectromagnetic radiation 86 QU0 milliwatts from & lepuans?f03 ¢ er
and the frequency varied near 3.5 GHz t0 establish the optinmum resonant
frequency. The power received at the antenna was neasured . usi a_nm.crowave
pover met éCCoRiing torfcsecpRhaspesk o the Rveniion sherg is B@‘b‘%ﬁ%ﬁ‘efl’(ﬁ’ﬂr{gpfr@%’ % mwv
and 1.6 ' OpthiRbtn RTfirkRcAYCORBMARSL aehlink f oY M Which o ul |
wave bri %@gﬁﬁﬁévﬁﬁﬂﬁg vol té’ge gf 2.C5 \?ol ts. Exanple 2 A M cr onwave

pat ch ant erinan?8orhyol 20 compeisiag anpdwerasonmpaandta rgnsiicterdt dcatedf amdk setons

permttivity 10.7? an . 90 t hi ckness was fapricated) .coated with

Cor i ng SIACAER s B BOR AL Baon S BRCHa BT G5t 6 dS Jpeast yf method
tissuef skigy, 'se@t}ﬂjeedﬁé &f 10 nm 20 The antenna was excited with

el ectromagnetic radiation of 500 mlliwatts froma transmtter and the
frequency varied near 1.5 .Giz to establish the optimum resonant, freguency.
The power (PecebEEEE High frepiency ﬁFe\ﬁHQmﬁ%%?é‘ﬁ d %‘ﬁaﬁ‘g’? hﬁ“‘&eﬂi ¢t 5\/\%@@2 &Rﬂ%ﬁ‘e
meter when theg&&&“%ﬂr&é %ndVeritihg }Rarefadiation CHOMNthef GdAgmier BT dhe geiMéend 3
.2 mWand at 12cmthe output of The antenna was rectified with a full "wave
bridge and showmdrolleR@ndol t age of 2.3 volts. The thickness of the fatty

ti ssue was then increased to 20mm and the test repeated and showed at 50 cm
a power oghput réaéiv%xfihméa‘lﬁm,ﬁ&helmerﬁlmbasaaca@erceout put of 0.4 mW. 16
Exanpl e 317 January 2003 A m crowave patch antenna 33 by 33 mmarea with a
separating dielectric of relative.permttivity~ 2.2 and 1.58 nmm thi ckness
v b § Hepae it gl 18086 CHMei g Bedvesn £lEs TP PRERctit e et O, de
a noi st phg(‘@H?f fatty tissue/skin at a depth of 10 nm The 5 antenna was
excited wih electromagnetic radiation of Q)0 milliwatts froma transnmtter
and the frequency varied near. 2. to establish the optimum resonant
frequencyfJr éﬁbo‘\%m?l&f’e‘?m‘sﬁf %mﬁtsﬁﬁﬁgwas measured using a nicrowave
power nmeter when the transmtter was at 12 and 50 cmand found to be 10 nWw
and 0. 8 nit)andpawerirfctire ahienuaibgsed device wih st Rditioneand/ect i fied with a full
wave bridge and showed a voltage of '_'.6 10 volts. Exanple 4 A mcrowave
patch antgnna @fishiy tROaRTBRR BBedidvicedto TRRGERaNA Enflt SAIS&! Il ur@ht: bREABE T Ve
permttivity 2.2 and 1.56 mmthi ckness was fabricated, coated with Dow

Cor ni Sj li cone_pol. yner d pl aced .i.nside.a noist, piece of fatty .

(oo skieh at P e, Predt Bt Singichi VD (G el RfepR o vice and
el ect romagnet i gmitasld AbhAE réfresRAnivE bl bR ofe’ SMhasel doRR Bk 16 be et ivedby
frequency varied near 1.5 to establish the opti mumresonant frequency.

The power recethediimary eomradlérenna was neasured using a mcrowave power
nmeter when the transmtter was at 12, 50 and 100 cm and found to be 25 mW

6.3 mN anH Has 8lseiBkam tbund thacditbhaan@ MuhiteHng f&i@Nin@RBR coRbineCintd 4 Sg t h
a full wave bridge and showed a voltage 20 of 2.8 volts. The thi ckness of

t he fatt yunit geredbyveebiavingtwanobjgakeas wish 20eneperationhd urdst. the peatbinedadayice
sho at_50cm a_power .output of 3.2 MM and at 100cm ower output of 0.25
W BB A rebaard Y nd therd e ey AR A ST S D M e ST P sy
bet ween Q?,@cgd@e%,g%nggrd%gg. 25 to generate power in an antenna based
Wi

devi ce hout the need for i1nductive coupling. In Exanples 5 to 8

i nvestigations. were conqucted into the fabricat]lon of .devices whjch
9 }\ccoramg 10 a t?nrg aspect ofn the invention, a hiedical appliance (1:5 provided

which
comprises a spring-based stent incorporating a monitoring device wherein the spring of the
stent acts as the aerial for the monitoring device and wherein the medical appliance is

25 capable of receiving electromagnetic radiation with a frequency between 0.5 to 5 GHz.

Preferably, the monitoring device is located in the support of the stent. Preferably, the
monitoring device works in conjunction with a primary controller. The monitoring device

will preferably comprise means to monitor predetermined conditions in the vicinity the



‘coul d be used in a nedical device according to the third aspect of the

I nventi on. 17 17 January 2003 Exanple 5 Surgical stainless steel wire
316LVM and di aneter 0.0059 in. was pleated with a sinusoid of anplitude
0.039 in. giving five cycles in 0.83 in. This planar structure was then
bent to forma hoop and attached to a Sghottky di ode and neasurli7dguary 2003
apparatus. The entire S assenbly was coated with a bi odegradabl e resin such

as silicone polynmer. to provide electrical,insulati from the biol ogj
fluids, Treedica) appliapee Fagdmeansdo omif sidals %P&“%ﬁ‘h‘gv oF itk BF s e

i rritatedphdifioRERMd RE&ESSH B BePrimbRecanidliee assenbly was then transferred
to a chanber for testing mcrowave transmtters and irradiated with

| . ‘ . . 1 . - ) d
5L ORI W et S g SNl ey e o

ener gy Wasieh€eLinsidnidd. tRreferdblgatie peiynagy cdmesldrids wiipied e emal hipk ak&uency
i ncluding 850 MHz, and gave an output of |.5 volts and 400 mcrowatts when
i mrer sid elecpmegnaiisdradiasion etween fouta SnEHENdERist sorprieidarly usefnl dery degp
types of wr r ful ' ' ' s in th | at i num
o oup, _aniepRel Bt O kbl LB RR ol TEl Bicddeb 8 R, o

t hrough the body el ectrolyte _and inprove the acceptance of the device by
the body Inmsituasionyswhare isisndiffiqultto eommyaicais dieecyy oriths thet medisel epplianeesres

( kab] d . Of . be, f [ I 0 EX I
o 20 The. SrsoafiniREUEE eholERCRAT e fectRRT A § UpRrle R FUTSHG B ©

crenel | at gfhicH e&P relay PO pdwer byd astraxtienssiron he priveare nedsitroflest {22 tHeomRdical
right angles to the main plane of the |loop, as parallel wires also

cont alhhedappliange silicone pol ymer create a capacitance in series with the
| oop. The length of the parallel wires was made in 3nm so that when the

sel f i ndugictiifed DéscriptiodoflthoPnv@afionat es an i npedance to the oscillating
current in the loop wire, it is matched by the inpedance of the capacitance

and the a%?ﬁgselt?{? g@?&@gﬁﬁgﬁsﬁoﬁr@plﬁx ek Ui us?r?@ el %Cﬁv%nﬁy\é\{e%fgaﬁ%{xﬁ?%ﬂoe%foro_ 86

I ncrease in a e age. The device was Teste

GHz and gavRuktivhlpusposay] iBRX BE ahdenboS frohethe idistasssadatiove HhAQKe REhGR is | S
Exanpl e 7 17 January 2003 The antenna of Exanple 6 was used to power a
Sharp SNVBRE! $a Hmisd oEke inyentien proyides gesystem of interaction between a location outside

15 the living body and a location inside the living body which permits power and/or
information to flow therebetween. The nature of the information and use of power will

depend upon the antennae based device implanted in the living body.

In a first example of the invention. there is provided a stimulation device for providing
artificial electrical stimulation comprising a receiver antenna for receiving electromagnetic
20  radiation ranging from between 0.5 to 5 GHz from a primary controller. a supply circuit for
deriving electrical enefgy from the received electromagnetic radiation. an isolating circuit
for isolating data signals from the received electromagnetic radiation. a pulse generator for
generating electrical pulses according to the data signals utilising the electrical energy from
the supply circuit, and a stimulating electrode for outputting the electrical pulses from the

25  pulse generator.

In other words, this stimulation device comprises an antenna for receiving electromagnetic
radiation in the range between 0.5 to 5 GHz from a primary controller and converting it to
an oscillating current, a converter for converting the oscillating current to an electrical

supply suitable to provide power for the device, an isolating circuit for separating a data



“incorporated analog to digital (AID) converter could be used to input the

| ow frequency signal of an ECG which was sinmulated on a 1 Hz triangle wave
in the blood nmedium The 5 output of the m croprocessor generated a one bit
signal when it had power and had detected the sinple signal. Exanple 8 The
second A/ D converter of the microprocessor was used to neasur el’panvayy 2003
incorporating a mniature pH glass el ectfode and silver/silver chloride

f el de . The.pH 10 ch d by additi idto,t
b1 000 odFa dHm e O LR GIERL And: & GRGE eBta R el Al ke Bing 15 nt e oo
changi ng gg}ggle% gr@%e@é&ri%%mbﬁioé_wgeﬁu&hb Uil eRlcgidabipph pedécal

appl i ance abricated which will recerve radiation with a frequency
bet ween 0,5-5 | ..1 ~ Description of the W, N The j.nvention w,ll now
be furthefh |-‘{‘i%‘é?%%ad°\)ﬁﬁfh fé’?eé?fgée_ % Pﬁrel%s%cg'%&é%@?hb %ﬂ%&i“ﬁ‘_&%di fpa

whi ch: Fi gidksmpatitie faididl Oftdh abla0tikaslc agbaym sificone Wolhas SdighRalT ceatngarscl e
stimul ati on system enbodying the first two aspects of the invention; 20

Fi gur & 2 the bke. bt istmalatipg oglretiidageannbe feoastregied Jeom gnguizahls \raeaempfagiblea
wirel ess FES system Fiqure 3. .is.a block diagramof, a secaond enmbodi nent, of
the first Wwe ‘é"p@gleé’aljf%uflhés ARy BFEicR 86&&%8&?'&0@&&?@%35} WSWS*\M ng
the CONS! pHfihir!" The Sorfthctieh®! of théN Mimillifor @ePick Shay ~bea&bhiled! in il GingR S
is a bloc agram of a system for providing feedback for artificial

st'i mul at i substantidldy dricapsatated ynie f@r3afe ofisusgieali impdantatinne powavenit spossible that r d
enbodi nent of the fiyst two,aspects of the invention; Figyre i s, a side
per spect i (A8 apIeEHA éf‘d;éfﬁ elegirads Ergﬁ?pa&?tc laﬂ‘i CPW?erC&edatQp‘BE ff e'Bf"%Hﬁreo i WS SISy As

I nt rogct THBALwikD e ErTH% bMsuRbidA oy VARG Wiferd tg 6,
t he gfr?tJenﬁgygFgase Rh&}eé\aiféﬂg)?ag% r.lrecei ve; atrlld ac?éir essagl e ac}fe:rvg{eiesrﬁltge 865\% ce
t 0 enabl estigh@atedibyahe daviicai.at thedesifedmositioaf(thkelbatade) isslovartd radati vedy deepc)

i s described below. Thjs r %ei ver is ‘glonstruct ed Llﬁ]c?Benabl eit to be

i npl ant abWEhip the SEPIeHdISEsy D6 cORgsRt Sl BE dRtentigh vauld Bert theniengR i@ B PEYF of
receivers j ik f I n?iﬁ i: 8. hode. .,

stimul at ethgiq#% ‘Seier g%{dcguqégwgg&%%&%éﬁ §Q¥hedpg§¢3{/des I te gpégn&(g%lgo& %g?lt‘ g%gtr }31 i on
from el ecimermaghahacaddiibrally de desitatderanprovitg  coaring opparchrof aacntirrefledion The
primary controller also provides, by way of the el ectromagnetic signals

havi g a MAEHakAR Jheplissie swizsenvep ths agiprna g fubradedyre epomagneic radiatioper
and activ 0 produce appropriate electrical stinulation signals
to the w%é%.aa%&ziﬁgbl e a wreless FES systemto operate with nultiple

recei vers{ activators ti{ﬂé{ at i ngt, 1 %Léli f ,eregt ,rmf?c,l es and to be controlled
by a si ngife2ptheres*ampln et Hie wyentjon. & plprality gbsumpatiopfievines @gg ysed and are
recei ver/ i [Pale (Y [ d: n?a??" IS, gaga[g r-ecej

constr uct% (%n\éﬂ%ce{égk lsoiirrﬁif;r/ladt'\13M le grta Iﬁg%g?ﬂn%?b tgl gnaf’ 1?255%%?5?1%?9{ tgﬁ%1

t ransm t t @imuldtier device, sragroups ofesrisnuimiovhidevicedhad teaselbaivielyp hemmtet sl the

conprijsin di gi tal. addressing schene and a frequency coded addressin
scm;n?@. B‘%&%M%%ﬁﬁesig %-e/ﬁ?‘ioédigﬂllyelt}?s gs,o?aéiﬁa circut or pul)s/e generator 1s preferably

constructed to be addressable by certain data signals, such that stimulation pulses are only
generated if a certain form of data signal is reccived from the primary controller. For
example, the stimulation device can be constructed to decode modulated digital codes and
compared with predetermined codes to ascertain whether that particular device is being
25  addressed. Alternatively, a form of frequency signal coding can be used. and the isolating
circuit adapted to isolate only the data signals intended for that device. Other data encoded
in the data signals can be utilised by the pulse generator to control the characteristics of

electrical pulses generated, such as pulse shape. magnitude, duration and frequency.

Most patients require several devices to stimulate various muscles and sense their condition

30 and this may be achieved by the central primary controller sending the signals that contain



"20 both power and control signals are transmtted fromthe primary
controller to the nultiple receivers by way of the stated el ectronmagnetic
radi ati on, nunerous receiver/activators can be controlled using a.single
primary controller without the difficulties associated with inplanted or
even external wiring, such as wires pasgikng through jointed aré&afanuay 2003
body. Each receiver conprises an antenna. also inplanted, tuned to receive

wor - on o agts of i Bl st B Be MR e bRl Fuat b, |

el ectr omaghp@fesgessi gnals are in the range of 0.5 to 5 GHZ A portion of the
signal energy is utilised to provide electrical power to the activator
circuitrye a t . J t ke i , Y .cong r ol
ot or mat | 85" S0RPE: B PRk R s BE pRBo e ARE AR LRI ERRRNL 0
si ze of pulig@ldowhkiny withéledhafragileewizes crossing jorltect r ode. 17 January 2003
This receiver/activator device is preferably encapsul ated using a

bi oconpat ihi.e. & esj jil A T p . i s 1l

ot i mul Bt 1 Ao St B EoSAmREDE e ACerishPltlerePl fr0GARE b KRRl udhe
simlar bisgmalsniahisystemcontpidding at lexse bhealstimilzeng | edeitrode efor pre@vidiak fanificial
attaching or may he sutured to the nuscle, and can be constructed of a form
whi ch ar e eBeRisalustimylatior 1y @ mpsele sppder ggontrl 1Pfon Brimany gentrligs GARgbIB ol

t he order Qf 2. ? Fgg | f e - .oyl gted. kS~i9c
reIativeI97 %gﬁﬁﬁ%é} eﬂf e 5%5¥%B§HEE§%%EF@?w§S p§¥%#52$og)Fﬁghgé§§§%%G
conpri si Ngerdsbe fexnhedsnang EMGRegrale fbeithe emisclendurinigr taseadon] donreraldedweiit h a
short wire link to the activating site, however it is preferable to sel ect

a fred@enpyocessor heupleda resqivgribe meapirad HMErsignalds tpeviract énformationt tegardingvi ce

to be close to . the nerve site.1 LW Lqul usi el ectrode n the
surface o Orf:ﬁé)f acé’?frégno& a@e@“%“%o&fm eg’zl%af ’oaﬁg‘qlgﬁlﬁﬂﬁ%tqrmlCé’é@?@ﬂe? .
It may be caghlad iR s Vusput GO el Retk ipiSceddor Rot@nudl sAB afifiial elkb@ichli on
material (suitable for the el ectromagnetic frequency utilised for

comuni castimnlaien hesed onrseid exarasted imformatien. r ecei ver) positioned on the skin
of the subject where the receiver is located, if it is desirable 15 to
reduce thg K8Meks @ibchbrred tat parddilal GrhsEBSFRYdIS vedifaginfited orlEPTBR Wisea.
Turning to the drawings, Figure | is a functional block diagramof a

pri maig c &bl gveided lgrhs musceds isestimateg én differern segionsepn/lsss Heaneatlyi Theart

10" 1 net u8kSiRRfng b ffies Sl Bl Bl B Thirkalnd g dinind™ 5 A1 €

el ect r onageat discovepdahs the EMG f the WEKINEEmMREdIEBEY bE agidrtelchenciéribatiR disanal s
and 20 power is transmtted by the primary controller 2 at frequencies

whi ch ar cof Hringas eamepdensiomoweriting pepgsureTifgheimystle daringeanatractiopand ke pH

construct from.a i.,fable condyctive material, ch_as titani.um .or an

i nt egr at eggé‘b‘{ gﬁf‘{e §Fé}5e JW&SC%By ﬁg\?eprtuﬁgwdF%Wy%agﬂbfv?“?%r‘hcefﬁwg]aé'fm8‘°mﬂ
| engt Py 4aceemhédaie fedindemugdept h. The signal s received by the antenna are
passed to passive dennduFating circuitry 14 of known construction. Signals
of one frequency). F.,..25 are therehy denmodul ated to provide.an.electrica
power souliah e Rnlin A s FEE ¥ el s the &R 6 RS ol b
provi ded Ehémtd&?od?luﬁiléiﬂdeOinddm@ii%éﬁi%rcé%E' Medsbififl U pHALEEPONRS ¢RP AfustleY e
storage elenent 16. A second frequency, F2, produced by the primry

cont r ol | eBimilarly, mith tharmedical fappligres @f ththitd aspestiofghé infventien.iivis vahsbbesi bl e
for addressiqﬂ agd ontrolling the specific 30 receiyer/activator, evi ce
10. Passi MEYYTE (187 igherose icopeanIialion qings Py a3 &Rt 10858l ofgasehgmiz ih apdiabelis1s o

i sol a4 the; t I i freq Yy pchare. .
domodey at BqiCERbRn Pledaineth Al REIne SOPRTBEY Tins MAEN RSB IRFRCO i 1y
of the deosefull fof diagadkivsfa p@&m%llytdhnﬁheuﬁﬁdddﬁ@dxmﬁﬁé patertry' ' _'?. ?4) 26.
The activator circuitry portion of the device 10 conprises a digital

regi ster and conparator 22 which is able to decode the address portion of
the transk 21 embadiment of thealhird aspeqt of thg, nygnuRy the WaiSSPrag SENEEq o2 stenbne

si ngl e acfj [OR devi ce  Of: f vi.ce nd i tivator y
be requi ré%ﬁ%sb@ea % 8%‘3?38@9%9 g & ﬁ%’%\dlﬁ%gl(’é’ d}'eesgglg‘( é‘ﬁ‘%ﬁ‘i aé%ad%(&dgc or
the parti glebwicaldfpndiCand BRrdbyaRel a0 tife AfeHrRASEr f&&jgﬂ%ﬁﬂe&f‘orﬁégmﬁc CherdpVTRes
it may' belong to). The second burst of pulses is decoded by the devices

sel ect®ed smalbrdiameter of thleodivgsselss andhfthe meduction innwaveiéngtip causedeby tthe high
information for that device regarding the shape and size 10 of the pulse to
be generated at the stinulating electrode. 'The pul se according to the
received data is thus generated by the pul se generator 24 which can al so be
of conventional form appears at the electrode plate 26 to stinulate the
tissue it is enbedded in. The el ectrode plate may be physically next to the

oy Y b1 o - .y - A~ o o o o, o o o



~fromthe output electrode 26. This provides the flexibility for use in
various different applications. The shape and rate of the train of pulses
venerated by the pul se generator is dependent on the transmtted signals.
and can be dynamically controlled by the primary controller 2 to neet the
muscl e recruitnent requirements. This fhgxibility is useful inlbleery2003to
be able to have a control over the recruitnment of notor units. This is a
feature t 1 he exi-sti i oy, a n n | &, .t . akn
Figure 3, B?’%’Bhgggr )ébrlglgp g gﬁcdt %‘gﬁ n{gccs ev;{\%lel' iqqulgg%r é}zés?e ebgregmcﬁ’\)i gg E)hfc
nodul at i nglet@arasgndkic radiationl @eogtestebyhameassGHE. balnd pecmssurptisingls 28nd Ithatt hi s
case) the duration of the tone can be used to determne the wdth of the
pul se to BECERMPAEZAELETaEIRHOD HPSIO HInE¥amRls- 3 freayeney 20 pull S&lz R baselitly at
t he el ect . j r: i 3l L s it
o emboddia HREEE af dn@Ata tat (€ Ipflafied il £ oldBE USpel R ot n SRS

t he r &rai THehigh frefeenag tdlecatoaragdenid cadinionneapsdsea aypsbadrdsciliagh@rcaremwimythand
coupl ed thereto, for exa L\.e, by an insul at&a? ltistrand SS wre. Figure 4
i 11 ust rat ¥yei of BleosientyAnd;rthih GUSFSR 412N §F P Hﬁ‘g}té'né?&l%&%ﬁh%fm Ygianee an
recei ver/ ko r i I 1.0 i < L rij-ng.
denodul at ?ag)tﬁ,b\{ég{& g roggg »gg-g SHP%%@%B“%& é%ggltr]]dg r gtﬁel: 8Jnsugfrhg %‘T%Hfﬁé rr%%lrﬁﬁgddr@y a
si ngl e i nhgrapedenhemptieemgelevicand A/ D converter . . , _ 17 January
2003 circuit 34. The power for the circuit 34 is provided by the power

et oi nabout Shsheymrnt S ich RS Fbet Buder PTTTPF BieRle ERERL d¥Rgv

radi atoi onthe @@l Wbudd bé Heow peRENRicraprobsser with bdthea/Durakilons/@kidIMeinputs
m croprocessor and A/D converter circuit are controlled by, for exanple.

m cr o- codanl Gutpuhedtvass spitahle fon gensrating theopese faia Rrizswappliag .to Theeantenna for

stimulatigns pul.ses to.th | egt rodes, 26 are iLven.direct romth

"t egr at cHPBRRET out B kel SRR e by SPReEoleRE. (b oundin o sy
driving: pRdrEproB@RoWeuRll BEiepREEd bl URchetd P ghiallf GRleyRled JRANY RS peifolhe
devi ce described herein include the sinple constructron which makes it
robust anthei fimgtient of tprecessinginthe sigeaivrx}r:@mrr&m sensost AnAlviimsitle tipmal bthdo.
There]éare no_10. c%ijl S in the device since inductive coupling is avoi ded.

" Ther’® ar BRBURINEHG AT §198E ons which is a problemin devices which have
charge storage binetallic capacitors. Lengthy wires are not required) which
makes t helnsthisgirmgemens| theteddctronics raoc bygicaby usedrtg nsonifr ¢he diberaberdiggram but
characteristics do not apge .if there is tissue owt h) _and, a contrqll able
Ul e ur BT A RPTIRT RiabiRg ot G PRI gi%55: HeGoREs. TRt derc s dias: o
case WhergolRRMESEFARMIPsighAL dat 6F kiRt by, WRi&lt Qo GENSe aMRRTBFhn Q¥REmeI ! ONY
duration of tine (eg throtgh aging) or 6veér a Short duration (such as

t hr ough messditeonf at i gue) . Because the system of the present invention does
not require direct wired connections fromthe primary controller, nunerous
ant er2fa biasatt praviicd Sofre®fIhe ileation. dRyiseas)s coafighfed aPsENhespsMd Bahdt he
difficulties associated with the wires bypassing joints in the subi ect. 20
For exanphleod jvessels bt thaesuegical ipreceduse medwings dhat jhexn kp Smptantedhiy atcellapsed

tifici t ) ired to fully. t | Ki '
Funct i on ToRRaERb R S aleed BB EPAT b Ryt biel T Bef a2 AR o e
to that nguusoRd isHeNAAIG thé pRAe WPtHechddP sy Phakin! BP MBS in ThesaMESAMical
i nvention provides a system which can, however, easily accommobdate that

nurmber ofplanecas therwalt of thet blogd vabseh ire sbichi isdinplasited. The gdeiting sabbmtralled in
addr essabl e ,i.n,sel ecte e, wt

2 .. F , d ' th
ecoror SRS i beril TR (ockite. i edtice locihs SaaTRSENRS Futhe
cef v HESH ) it e
o unct | B PR @ e oay XL FERmER S AEURL MR AL By e cquurol

present ioveetiid indusiafice end capagitance Sf theaiftoninh Ponsddered ias esresonaniVkankesifugter ,
an intelligent signal processor and an artificial stinulation controller.

The pur pdegether with theharastaristigsektireirectifierbe able to 30 control the nuscle
stinmulation pattern in order to provide near natural muscle contraction




_' 3 17 January 2003 for subjects with neuronotor control disorder. As
such this enbodi nent incorporates the followng features: (a) EMG

measur enent fromthe nmuscles under stinmulation to provide feedback for
controlling the artificial stimulation; ~ (b) processing the EMG
nmeasurenments using neural network processing to extract informal Jaaiary 2003
relating to nuscle fatigue and force of nmuscle contraction. (c) the ability
to control_(Lﬁthe muscl e stimul ati on based on the nuscle fatigue status and
the net fR¥8"BPIF contraction being produced by the nuscle. The above
features can be inplenented in the follow ng manner: 10 (a) Neural Networks
and Ti me Threeipwemion wilbnew e\furthereaxplainad and iPustrated by the fpllewmgnon-Emitinghar t
Ket al, "Cassification of Myoelectric Signal Burst Patterns Using A
Dynami ¢ Iﬁé‘ﬂ?‘é’?esNetV\or k", IEEE 199g Hraiwa A et al. Shinphara K and Tokunga
Y, "EMG Pattern Analysis and C assification by Neural Network" |EEE 1989;
Jang GC, HenpestHio 4 linvestigtathe fibrication ofisntgnnafi whiclkmal ueasiye radiatipivgthia S
Techni.que. in the C asségisscﬁ_[i on of Surface Eng Signal s", |EEE 1990. The

pr esent ERRSYVEERYS S Mi'Far techni ques to anal yse EMG of the FES

stinmul ated nuscles for the purpose of having a closed | oop FES system (b)
Duri ng a Examplerlg phase which is performed under supervision, a fixed
stinulation pattern is applied to different electrodes in the sane nuscle.
EMG r ecorgdi ﬁ*ﬂ%m@ i y Lispngt ; i : e
contract i%rﬁgg??z[e\)r%n’.?aq e sgllgatsg?nﬂl}eg ﬁgntnﬁgé ?c%trhrglsa i?ﬁﬁ%?lﬁglé%r%gﬁ%l ,
f or ce angefmitiigine .1 0Ratand uk90% nah sthickaesyhtvas dabriqaseadaldoated swith eDowi Chrride

hel p of the spectrum of, the signal. (c) Thereafter, the system stinul ates
the same Sieerohmper aleplpeadgndfe aimaig Ricte RffpEY tissusrln atridentpof 1 G des- and
recongds tfe LOLGE O\LasC%?%ife%CWif?\n'elezﬂgmﬁéﬁélﬁn}dd?atﬁﬁl fof 2 gﬁi'i AW 3 L1 s
can continue éven when e stinmulating device 1's 1| nplanted. e system

i ncor por afasmitestd theufrequeney waridds nearh®.5nGHgOrOK edtatalish Sthe heptiegurh elesdriagn
between tinme, wave shape and strength of contraction. (d) The trained

syst em r dtesueRey. tIhe mOWsTIeeaivad #t (h&, antenna e Beasyesd,ysing janmigewave pawer

system i I . 1 t f hhy i tes
e 23 Yleful PSERiG s30T thi 0TIl to bE S0 Wiand L6 SRY e
cont r act iapri2asmdthe aduitgiteof theantyifd evastrbeitifieh anges fulhevival tahige hadestnoédrat e
of nuscle stinulation in order to achieve a constant nuscle contraction.
The d9st &@ltrge oidid valis.e to predict and conpensate for the nuscle fatigue.
By suitably selecting a various different sets of electrodes in the 5 sane
muscl e, mMagdple@crui tment can therefore be altered and muscle fatigue
prevented or reduced. An exanple of an inplenentation of such a system 40

is illustrated in Figure 5 . A st] ation controller 42 is used to, .
arti 11 or 4 retprdv el Anenad a2 M oied S8 Sy 1R ol Frates, 52
in order pefmAGiteVe.2M4A€ | LOPP M aickAessi Wad Tebridalide GbateEMAR EDSWT Sorhngl O
measure EMG feedback signals fromthe nuscle, which are passed to an
anal yser Sili¢angipolyrger and placed inside a moist piece of fatty tissue/skin at a depth of 10 mm.
20 The antenna was excited with electromagnetic radiation of 500 milliwatts from a
transmitter and the frequency varied near 1.5 GHz to establish the optimum resonant
frequency. The power received at the antenna was measured using a microwave power
meter when the transmitter was at 12 and 50 cm and found to be 25 mW and 3.2 mW and
at 12cm the output of the antenna was rectified with a full wave bridge and showed a
25  voltage of 2.3 volts. The thickness of the fatty tissue was then increased to 20mm and the
test repeated and showed at 50 cm a power output of 2.5 mW and at 100 cm a power output

of 0.4 mW.



-and.thence to a neural network processor 44. The neural network processor
4=1 provides electrical feedback to the stimulation controller 42 according
to discerned nuscle fatigue, etc. A joystick 50 or the like. under control
of the subject. can provide physical feedback signals indicative of, for
exanpl e. nuscle contraction. The above %escri bed system t hus 1liHamng003 a
techni que for processing surface EMG udi ng intelligent signal processing

t echni ques incorporating Neural Networks. The technique extracts

i nf or mat ikxampe 3t ed to the status of nuscle fatigue and force of the

stinmul ated nmuscle. The system can therefore provide information related to
change i iy fRitRwave Gattht Aefinaa B3 byt 33t taren with D isefeirating dizisetrdd of celadt-ant
force of contraction and prevent fatigue. It can also anal yse the_need by
20 the swgBIgEVIDO2.2Aad éaﬁssgmmtheré@ﬁ@a%s fahdcated ceagd wWithPexctpamnsodilicaye
muscle. W ref ar s b L bh L trql i signal
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the state of the nuscles. The nedical appliance 110 in Figure 7 has the
basi c el ontput of dfe antennanwas restified pritdy a ifell wave bridae and showed s voltage ofiched to
a SUF ort 112. In this case, the support 113 is a structure 30 capably of

i nco gor aP ﬁg the elenments of a nonitoring device. ,. ? 5 17 January 2003
Due to the function of the spring 111 as an aerial for the nonitoring

devi ce whixample4i ncorporated into the support 113, the anplitude of the

si nusoi dal pleats is kept snall enough so that there is not a great deal of
overl ap betyies 0. | i :-bhi v rlap
of the e ectro%ggﬁg)talic? ??%@{55622%2%?2% é;}ﬁvﬂgsazgfﬂr%?t{/n;&dggll&ﬁ% ggtﬁgéﬁyrﬁe
support pednitmityt h2eed dr% tom thickhessswassfabs¢ae. icadteq vaticBpsuCamert $ihicane

bi oconpati pl e material, sych as,a suit e epoxy or the |like. The sepsors
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i nsert edandtle freqeacy viredspearnigd GHz ® estdblisi ¢ha optameml restpmad friequancy nShe
shown) to allow for easier insertion. Ii;j is to he understood bgrthose

ski | | ed PAVEhEFCERERRDIBGPNERRR WaR AYeayuetl SN MHFTOMRF RORKT imBrier MaeRdh% | s
of desi gfaRimitePwhE ¥CIJ, 30 7RY1 00 nIBAE il ROYE 298PRY i NG vl t.s“ﬁv?%@&'&?e of
the present invention. Therefore, the invention shoui™d be understood to | S
conpri se 13t tbucttputasfi the iapreanands naetifitd eathi ofudl wintehbriddetandsshoped aRwltaper

whi | th |.icatjons of the jnyention has peen describ inrelation to
t he mﬁ?ﬁ@?hst hibe th@%&&?ﬂv |'i1%§%|v@sttgcrbmﬁéqas¢ W ﬁgn%an $heifsh as
ani mal s. L | 5410 , ' Bi Swd I Phd At
fhe | nverdieasdad snEREPEl 2003 jBeh BEHul Br 17 AT ERER! PICAT BR6Es SGiput oF
2003 THEOQsAhWS DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A system for
transm ssion of power and/or information between a first |ocation external

of a living..bo and a second position internal of the Iiving bode which
conpri se§:“g‘"m“%y

Examples 1 to 4 illustrate that radiation with a frequency between 0.5-2.5 GHz can be used

25 to generate power in an antenna based device without the need for inductive coupling,

In Examples 5 to 8 investigations were conducted into the fabrication of devices which

could be used in a medical device according to the third aspect of the invention.



"5 (a) a primary controller conprising a power source and a transmtter

| ocatable at the first location; and (b) an antenna based device | ocatable
at the second position to receive an output fromthe transmtter, wherein
the power source is adapted to emt high frequency el ectromagnetic 10

radi ati on between 0.5 to 5 GHz. 2. A sysyem according claim1l Whneirn2aide
power source in the primary controller is adapted to emt high frequency
el ectromagneti £adi ation between 0.8 to 2.> GHz. 3. A system according to
ei t her of 5?55"&?5‘ 1 or 2 wherein the antenna format of the antenna based

device is _a planar omidjrectional fo t thaot iS.integrated into the .15
const r uct Surgiesl siindess steghwire b‘é@bﬁwhé‘@‘{ ggmelﬁr ﬁp@s‘f‘e B@BW i"ﬁ‘g1 2 §inypRid of
| ai 1tp . i .he .a g f. t i i

S vore o BEaptBF 8o ATALAS R0 53l e BUESPSRARS AN Bl'd 2

antenna i fifrinudi ppshed atdchedatoch Sahorky diode aAd syedsaningcapparkiusg The emjte Of
clains 1 to 4 wherein the primary controller further, 20 conipri ses ot her
devi cels. &ssemblyyweerralee ovih iy blodeErdatis Jesipueh 25t HECRen BPIYESY i1 PTPHIdE he

primry Cglﬁétrri%llig%tllit?bnaﬁ&ﬁ?lgé Bé?fogfcg} frlrsﬁﬁ? ve data fromthe inplanted device.

7. A syst according to an to 6 wherein the antenna based
device further conprises nmeans to nonitor predeterm ned conditions adjacent
the ant enfhe dpeisewasSmplantedeinathg arsreef @ Rovanealiver, asl unested twithe hemarigised or

more of thes ndi {.i on ok ' r ntroller. ' 7

17 Januargloﬁg‘ogg%.e"kresﬁssf @%})ﬁg\ggﬁﬁ%é&?gﬂéﬁéh§f%ﬁf?’% ({&t %esgni PO he

ant enna bagashideyi £ Inddidied witHeldcaemaiBans ehdrgPaher ala Wifledem Gleq@dctent .

9. A system accorlen]_gpto any one of clains 1 to 8 wherein the antenna based
I

devi cH) i sbetweendiOch nd ah etz indothepersyay gpgeavedompniigrado TWiniteat Shamed ei n
the antenna based device is a.stent. 11. A nmethod,f ansm tting power
and/ or i nTOPHEITO FIEE WE %r%fef‘feps?}? It%caatfﬁegﬁer&t%f?rkéﬁdr\ét%{rza ‘Y‘misﬁ\gﬂ%ogﬁa\ﬂgp
whi ch a plhcHRing $ONVHR! AR g2 HRJufhuf 8f & 5PAIE and 00 GHcdWANS WHeAisicrde@lin| S
| ocated. and a second |ocation inside the |iving bode at which an antenna

based devbloed ard exsitaded, the nethod conprises the steps of: 10 (a)
generating high frequency el ectromagnetic radi ati on between 0.5 to 5GH#z

from the Rov&id $eUmeersRRd B 4 Vaidy [dTalpdsasti wirk afe (8GN IRAdif ARSI Ghd OF
the primary controller; and (b) receiving the radiation at the antenna

basedl devinetals ih2the platium groupe endlithey wine mawihavel ¢oarings 6o medure drierdy foseyency
el ectromagnetic 15 radiation ipn ste a).1s 0.8 to 2.5 GHz.13., A net hod
coor df notngugsamBrogh B 5o csTols s ey, ha BorR ARG SR SES e
further S%&gsin%ﬁne( SsteRVERiRAy! D0 eRae Jrased cORNhGaIM fte WGKAREIRY T ON;
and/or (d ausi ng t'he antenna  based deviCe to generate and emt pul ses of

current; Postafdlisse cérebe formied dmto mgefpl anterir@si ned condi ti ons adj acent to the
antenna based device and emtting signals representative of one or nore of

t hese conﬁulingﬂsﬁto be

20  The antenna was constructed with the support of the sinusoidal (or crenellated) loop,
supported by an extension of the ends of the loop, at right angles to the main plane of the
loop, as parallel wires also contained in the silicone polymer create a capacitance in series

with the loop.

The length of the parallel wires was made in 3mm so that when the self inductance of the
25  loop generates an impedance to the oscillating current in the loop wire. it is matched by the
impedance of the capacitance and the assembly then causes a tank circuit oscillation with a

large increase in available voltage.

The device was tested with radiation at 0.86 GHz and gave 2 volts and 800 microwatts

when immersed in blood medium.



Teceived by the primary controller. 14. A nedical appliance conprising a
spri ng-based stent incorporating a nonitoring 25 device wherein the spring
of the stent acts as the aerial for the nonitoring device and wherein the
medi cal appliance is capable of receiving el ectromagnetic radiation with a
frequency between 0.5 to 5 GHz. ?8 171danuary 2003 15. A nedil¢3dnuary 2003
appl i ance according to claim 14 wherein the nonitoring device is |located in
t he suppo%{* of tJ;le stem 16. A nedical appliance according either of clains
14 or 15 a é’?n the nonitoring device further conprises nmeans to nonitor
predeterm ned conditions in the vicinity 5 of the nedical appliance. 17. A
medi cal afh¢ raeera aCEsEPISP was used 1OROVEF a SharpeMPN S @‘CIBPRRH%P%H $0 S\Hbthe

noni tori ng device I Nk ] LAR, Wi [ : I .

rodi cal  apsPERries ABUEF o RiFRDASH baReHts Soda e JIBA Yo A VAL AL frebfionc?
further cegppilictes EB@Mhitowaskimulatghah a Ir ipreagie wavevin the bwod mediomr & hef

t hese conditions 10 to be received by the pri marg/ controller. 19. A nedi cal
appl i @nceoutpuicrithe sicrepricesser egreraiedip aRe biy sighalshepnit haq poveraandrhagaleiected
controll e i S slepsarg}e and | ocated outside the body in which the stent is

i mpl ant ed: C2YIPR RN cal appl i ance according to any one of clains 17 to 19
wherein the primary controller is a power source for the nonitoring device.
15 21. A Emampld 8 appli ance according to clains 17 to ?0 wherein the
primary~ controller is adapted to emt high frequency el ectromagnetic

radi at i onThetpsa AADXohPerfer@rithe microprob@dbicwths @deBlib aRasurd GFOBHiHRBrpoPatRY
one of clains 17 to 21 further conprising an internediate inplant which

rel ays t hanpniaere phidglassstleatoide and Zﬁvaﬁaihvnecmnicimnevjermtedmmoéc .dENd pld was t he
medi cal appliapce. 20. 23.. An,artificial muscle stinulation system .
Compritsi netaned b5 adiion; ot & Hrbiaed et i The PipPBtacasay Feaimpred ahis
electric i L nder control of a primary controller
capabl e g#“?‘%%ﬁ?hﬁﬂ‘%&ﬁ?’%ﬁ%?&' edﬂn'cy el ectromagnetic radi ati on between
0.5 to 5 GHz; (b) an el ectronmyogram sensor for neasuring el ectromyogram

si gnal s fPWmMA¥ 25 nuscle during stinulation; and | 7 January 2003 29 (c
) a neural network processor coupled to receive the neasured el ectromyoeram
si gnal s tBxaxpleadt ol Diflhustrate tat & egatich] pgplialce canfbecfabticaaad whichawill takivgue
of the nuscle; wherein the pri mar)é_cgntrol | er is coupled to an out put of

t he neur afadiEORAYIKD Sfrﬁﬂ‘&?&gé'ﬁ”eﬁﬁ eonHR said artificial electrical

stinmul ati on based on said extracted information. 24. A nmethod for

i npl eifent Despripticar ofi the Drawisgs nul ati on system which conprises an

el ectromyogram recorder, an intelligent signal processor and an artificial
sti mul at | Phe GRBAtIGH WaTI nGR bR Fhkhafilihsrane Wit idgrétice Ro fHeetemednying drawings

el ectromagnetic 10 radi ation between 0.5 to 5 GHz conprising the steps of:
(a) perfowrivhighia trai ni ng phase under supervision wherein a fixed
stinmulation pattern is applied to different el ectrodes in the same nuscle;
el ect r onypigham e Fahélionds bRicR diBifami éd wiveléfReelbRbéAl miRidehiuRéoh tgétemhe
nmuscl e contraction pattern; and the systemlearns the correlation of the 15

el ect r onyegbedying thedlrst tivgraspecinaf thadnvgotion;

20 Figure 2 is a functional block diagram of a receiver and activator for a wireless FES

system;

Figure 3 is a block diagram of a second embodiment of the first two aspects of the

invention;

Figure 4 is a block diagram showing the construction of a digital form of the receiver

activator;

o
W

Figure 5 is a block diagram of a system for providing feedback for artificial stimulation;



(b)) ‘thereafter. recording the force of contraction when the sane nuscle is
stinulated with different pul se shapes and anplitudes; (c) correlating the
time el ectromyogram wave shape and spectrum of el ectronyogram signal s
received fromthe nuscle being stimulated with 20 force of contraction and
fatigue; and (d) changing the pul se shapg and rate of stinul atibhniay 208er
to achi eve a constant nuscle contraction. .Al'Y.A5. A53. A5
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(10%s’ s&“(,)}-r 4 Sl RO HRESe the @d¥ak}oske (Nowever it is preferable to select a frequency of
the electromagnetic radiation that permits the entire device to be close to the nerve site

10  being stimulated using electrodes on the surface of the device or very short leads to the

stimulating electrodes

It may be advantageous to provide a coating or patch of an anti reflection material (suitable
for the electromagnetic frequency utilised for communication between the transmitter and
receiver) positioned on the skin of the subject where the receiver is located, if it is desirable

15 to reduce the required level of radiated energy such as for the abdomen area.

Turning to the drawings. Figure 1 is a functional block diagram of a primary controller 2
and receiver 10 syvstem. The receiver and activator device 10 is also illustrated in block
diagram form in Figure 2. The device 10 includes a dipole antenna 12 which is constructed
to receive electromagnetic signals radiated from the primary controller 2. Data signals and
20  power is transmitted by the primary controller 2 at frequencies which are in the range of 0.5
to 5 GHz. The dipole antenna 12 can be constructed from a suitable conductive material,
such as titanium, or an‘integrated circuit die. and may have the dimensions of, for example,
8 mm length, 4 mm width and 2 mm depth. The signals received by the antenna are passed
to passive demodulating circuitry 14 of known construction. Signals of one frequency, F).
25  are thereby demodulated to provide an electrical power source for the activator circuitry 22

24, 26. The electrical power provided by the output of demodulator 14 is used to charge the

capacitive storage element 16.

A second frequency, F,, produced by the primary controller 2 is the carrier frequency which
carries  information responsible for addressing and controlling the specific
30  receiver/activator device 10. Passive filtering circuitry 18 of conventional design can be

used to isolate the control signals at carrier frequency Fa, which are then demodulated. The
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10  of the pulse to be generated at the stimulating electrode. The pulse according to the
received data is thus generated by the pulse generator 24. which can also be of
conventional form, appears at the electrode plate 26 to stimulate the tissue it is embedded
in. The electrode plate may be physically next to the rest of the receiver/activator device
10, or may be a short distance away and coupled thereto by an insulated multistrand
15  stainless steel wire, for example. The device 10 is designed to deliver a variable current
from the output electrode 26. This provides the flexibility for use in various different
applications. The shape and rate of the train of pulses generated by the pulse generator is
dependent on the transmitted signals. and can be dynamically controlicd by the primary
controller 2 to meet the muscle recruitment requirements. This flexibility is useful in order
20  to be able to have a control over the recruitment of motor units. This is a feature that the

existing stimulators have not been able to offer.

In Figure 3. the appropfiate activating device is addressed by a choice of modulating tones
which is decoded by means of band pass filters 28. In this case. the duration of the tone can
be used to determine the width of the pulse to be output by the pulse generator 24. The
25 pulse then appears at the electrode plate 26 and drives a current stimulus through the
tissues it is embedded in. Once again. the electrode plate may be physically next to the
remainder of the activator device or may be a shon distance away and coupled thereto, for

example, by an insulated multistrand SS wire.

Figure 4 illustrates in block diagram form a digital implementation of the receiver/activator
30 30, in which the functions of the signal filtering. demodulation, address decoding and pulse

generation are all performed by a single integrated microprocessor and A/D converter
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26 are driven directly from the integrated circuit. and this diagram also illustrates the

possibility of driving: more than one electrode from a single receiver.

Features of the device described herein include the simple construction which makes it
robust and immune to the traumatic environment existing inside the body. There are no
10  coils in the device since inductive coupling is avoided. There are no chemical reactions
which is a problem in devices which have charge storage bimetallic capacitors. Lengthy
wires are not required. which makes the surgical impiantation procedures very simple. The
device characteristics do not change if there is tissue growth, and a controllable pulse
duration and stimulating current is provided for. This is useful in case where the muscle
15  characteristics were to change whether over a long duration of time (eg through aging) or

over a short duration (such as through muscle fatigue).

Because the system of the present invention does not require direct wired connections from
the primary controller, numerous antenna based devices (eg stimulator devices) can be
implanted without the difficulties associated with the wires bypassing joints in the subject.
20  For example. it is estimated that a minimum of perhaps 50 separate artificial stimulators
would be required to fully restore a walking function in a subject with disabled motor
functions to the legs, afid wires to that many stimulator sites would be very problematic.
The present invention provides a system which can. however, easily accommodate that
number of receiver/activators, with each individually addressable or addressable in selected
25  groups. For example, with addressing of the receivers by respective digital codes, an eight

bit code would enable selective activation of 256 devices and/or groups of devices.

In conjunction with FES stimulation, one further preferred aspect of the present invention
also envisages a system which comprises an EMG recorder, an intelligent signal processor
and an artificial stimulation controller. The purpose of this overall system is to be able to

30 control the muscle stimulation pattern in order to provide near natural muscle contraction
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controlling the artificial stimulation,

5 (b) processing the EMG measurements using neural network processing 1o extract

information relating to muscle fatigue and force of muscle contraction.

(¢) the ability to control the muscle stimulation based on the muscle fatigue status and

the net force of contraction being produced by the muscle.
The above features can be implemented in the following manner:

10 (a) Neural Networks and Time frequency atoms have been used in past to analyse
EMG. (Englehart K et al, "Classification of Myoelectric Signal Burst Patterns Using
A Dynamic Neural Network"”, IEEE 1995; Hiraiwa A et al. Shimohara K and
Tokunga Y. "EMG Pattern Analysis and Classification by Neural Network" IEEE
1989; Jang GC, Cheng FHY, Lai JS and Kuo TS "Using Time Frequency Analysis
15 Technique in the Classification of Surface Emg Signals”. IEEE 1994). The present
system utilises similar techniques to analyse EMG of the FES stimulated muscles

for the purpose of having a closed Joop FES svstem.

(b)  During a training phase which is performed under supervision. a fixed stimulation
pattern is applied to different electrodes in the same muscle. EMG recordings are

20 memorised by the neural network against the muscle contraction pattern. The
system leamns the correlation of the EMG signal. force and fatigue. Fatigue is also

taught to a parallel system with the help of the spectrum of the signal.

(c)  Thereafier, the system stimulates the same muscle with the help of different pulse
shapes and amplitudes and records the force of contraction. The system is sclf

25 learning and this can continue even when the stimulating device is implanted. The
system incorporates nested neural networks. The network learns the correlation

between time. wave shape and strength of contraction.

(d)  The trained system receives the EMG signal from the muscles being stimulated.

The system works in a closed loop and with the help of training, it correlates time
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the muscle fatigue. By suitably selecung a various different sets of electrodes in the
5 same muscle. motor recruitment can therefore be altered and muscle fatigue

prevented or reduced.

An example of an implementation of such a system 40 is illustrated in Figure 5. A
stimulatiori controller 42 is used to artificially stimulate the subject's muscle 54 by way of
FES electrodes 52 in order to achieve muscle contraction in the subject. EMG sensors 48
10  measure EMG feedback signals from the muscle, which are passed to an analyser circuit 46
and thence to a neural network processor 44. The neural network processor 44 provides
electrical feedback to the stimulation controller 42 according to discerned muscle fatigue,
etc. A joystick 50 or the like. under control of the subject. can provide physical feedback
signals indicative of, for example. muscle contraction. The above described system thus
15 enables a technique for processing surface EMG using intelligent signal processing
techniques incorporating Neural Networks. The technique extracts information related to
the status of muscle fatigue and force of the stimulated muscle. The system can therefore
provide information related to change in motor recruitment and stimulation in order to
maintain constant force of contraction and prevent fatigue. It can also analyse the need by

20  the subject to increase or decrease the force of contraction of any muscle.

With reference to figure 6, the primary controller emits a signal to an implanted device in a
leg. The implanted device takes the transmitted signal. decodes it. sends out pulses for
muscle stimulation as specified by the signal regulating commencement time, pulse width,
pulse frequency and number of pulses. As shown the device also comprises a sensor to
25  measure characteristics such as EMG. pH. and muscle dimensions. It then transmits data to
the primary controller. In this way, the system provides a remotely powered device that can

be instructed to stimulate muscles and also monitor the state of the muscles.

The medical appliance 110 in Figure 7 has the basic elements of a known stent, that is, a
spring 111 which is attached to a support 112. In this case, the support 112 is a structure

30 capable of ihcorporating the elements of a monitoring device.
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stent. This prevents overlap of the electromagnetic fields generated by these individual

loops.

The support 112 may therefore be at least substantially encapsulated in a biocompatible
material, such as a suitable epoxy or the like. The sensors of the monitoring device may be

constructed from a suitable biocompatible conductive material. such as titanium.

The medical appliance 110 in Figure 7 is shown in its expanded form. When the medical
appliance 110 is being inserted into place, the spring 111 will be in a collapsed form (not

shown) to allow for easier insertion.

It is to be understood by those skilled in the technology that many variations or
modifications in details of design or construction may be made without departing from the
essence of the present invention. Therefore, the invention should be understood to
comprise all such variations and modifications within its scope. Further, whilst the
applications of the invention has been described in relation to the human body, they are

equally applicable to other living bodies such as animals.

The word ‘comprising” as used in this description does not limit the invention claimed to

exclude any variants or additions.

FRIING IKYYEVK@
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5 (a) a primary controller comprising a power source and a transmitier locatable

at the first location; and

(b)  an antenna based device locatable at the second position to receive an output

from the transmitter,

wherein the power source 1s adapted to emit high frequency electromagnetic

10 radiation between 0.5 to 5 GHz.

o

A system according claim 1 wherein the power source in the primary controller is

adapted to emit high frequency electromagnetic radiation between 0.8 to 2.5 GHz.

3. A system according to either of claims 1 or 2 wherein the antenna format of the
antenna based device is=a planar omnidirectional format that is integrated into the

15 construction of the antenna based device.

-

4. A system according to any of claims 1 to 3 wherein the antenna format of the
antenna based device is a simple dipole, a loop with or without crenellations, or a

microstrip antenna including slot and patch formats.

5. A system according to any of claims 1 to 4 wherein the primary controller further
20 comprises other devices.
6. A system according to claim 5 wherein the other device in the primary controller is

a recejver to receive data from the implanted device.

7. A system according to any of claims 1 to 6 wherein the antenna based device further
comprises means to monitor predetermined conditions adjacent the antennae based
25 device and to emit signals representative of one or more of these conditions to be

received by the primary controller.
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and a transmitter is located. and a second location inside the living body at which an

antenna based device is located, the method comprises the steps of:

10 (a) generating high frequency electromagnetic radiation between 0.5 to 5GHz
from the power source and emitting that radiation from the transmitter of the

primary controller; and

(b) receiving the radiation at the antenna based device.

12. A method according to claim 11 wherein the high frequency electromagnetic

15 radiation in step (a) is 0.8 to 2.5 GHz.

13. A method according to either of claims 11 or 12 wherein the method comprises the

further steps of:

(c) powering the antenna based device with the radiation; and/or

(d) causing the antenna based device to generate and emit pulses of current;

20 and/or

(¢)  monitoring predetermined conditions adjacent to the antenna based device
and emitting signals representative of one or more of these conditions to be

received by the primary controller,

14. A medical appliance comprising a spring-based stent incorporating a monitoring
25 device wherein the spring of the stent acts as the aerial for the monitoring device
and wherein the medical appliance is capable of receiving electromagnetic radiation

with a frequency between 0.5 to 5 GHz.
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monitoring device works in conjunction with a primary controller.
18. A medical appliance according to claim 17 wherein the monitoring device further

comprises means to emit signals representative of one or more of these conditions

10 to be received by the primary controller.

19. A medical appliance according to either of claims 17 or 18 wherein the primary

controller is separate and focated outside the body in which the stent is implanted.

20. A medical appliance according to any one of claims 17 to 19 wherein the primary

controller is a power source for the monitoring device.

15 21. A medical appliance according to claims 17 to 20 wherein the primary controller is

adapted to emit high frequency electromagnetic radiation between 0.5 to 5 GHz.

22. A medical appliance according to any one of claims 17 to 21 further comprising an
intermediate implant which relays the power and instructions from the primary

controller device to the medical appliance.
20 23, An artificial muscle stimulation system comprising:

(@)  at least one stimulating device for providing artificial electrical stimulation
to a muscle under control of a primary controller capable of transmitting

high frequency electromagnetic radiation between 0.5 to 5 GHz;

(b)  an electromyogram sensor for measuring electromyogram signals from the

25 muscle during stimulation; and
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5 processor to control said artificial electrical stimulation based on said extracted
information.

24. A method for implementing an artificial stimulation system which comprises an
electromyogram recorder, an intelligent signal processor and an anificial
stimulation controller capable of transmitting high frequency electromagnetic

10 radiation between 0.5 to 5 GHz comprising the steps of:

(a) performing a training phase under supervision wherein a fixed stimulation
pattern is applied to different electrodes in the same muscle;
electromyogram recordings are memorized by the neural network against the
muscle contraction pattern; and the system learns the correlation of the

15 electromyogram signal. force and fatigue:

(b)  thereafter. recording the force of contraction when the same muscle is

stimulated with different pulse shapes and amplitudes:

(c) correlating the time electromyogram wave shape and spectrum of
electromyogram signals received from the muscle being stimulated with

20 force of contraction and fatigue: and

(d)  changing the pulse shape and rate of stimulation in order to achieve a

constant muscle contraction.



