WO 01/ 12108 PCT/ SEOQ 01528 MEDI CAL | MPLANT APPARATUS W TH W RELESS ENERGY
TRANSM SSION 5 The present invention relates to a nedical inplant
apparatus for a patient. The devel opnent of mnedical devices to be inplanted

in human be g’q D animal s is currently very intensive respdfégpgnisas 10
I ncreasi ngly 03ﬂ|s¥icated devices. Therefore, the inplanted nedical

devices require increasingly anounts of energy, in order to operate as
desired. Typically, inplanted power sources, such as batteries, are

enpl oyed for powering the prior art inplant devices. 15 U S. Patent No. 4
408 607 discloses an electric power supply for providing electrical energy

to a nmedical ggvirefsr SAPDANG AFPARACOBRNITR WOSELHYS BNEREYSCHANSMISEHION
capacl tor 1Is char gea from out st de t he patlent' S Ban 5y the use of a

primary w nding external to the patient's body and an inplanted 20
secondarg w ndi ng. Radi o frequency energy is transmtted from the primary
winding to the secondary winding. U S. Patent No. 5 713 939 discloses a
nmedi cal device Thepsresent dnvenhhoxnerdl£-dmitiocaymeliicl i Enpllemtged by neans
of electromagnetic induction, between an external coil and an 25 inpl anted
coil. In nnﬁES%F?ﬁﬂﬁ e 2 PABTSHt ©d nedical devices are used to control

physi cal functiofife difsognent BeeHed! calPidva ded toCoa! iihldrteq adj usting
or changing the performance of the inplanted nedical devices, in order to
al t er physi baranbeings cg0animals cifs CUXeRfAy ¥WRHY | intidngivet nesudding|in

device J0oukdoalifadty SIRANLESL AL UL ARIRLLGR L L BERIA
WO 01/ 12108med RGN Seddces5r8quinglianired siagl gahmoavis off eneagy, kimdoxder
action. to operate as desired. Typically, implanted power sources, such
as batteries, are employed for powering the prior art implant
devices.

15 U.S. Patent No. 4 408 607 discloses an electric power
supply for providing electrical energy to a medical device
comprising a capacitor as the power source. The dapacitor is
charged from outside the patient’s body by the use of a primary
winding extermal to the patient’s body and an implanted

20 secondary winding. Radio frequency energy is transmitted from
the primary winding to the secondary winding.

U.S. Patent No. 5 713 939 discloses a medical device
comprising a rechargeable battery which is charged by means of
electromagnetic induction between an external coil and an

25 implanted coil.

In modern medicine, implanted medical devices are used to
control physical functions. There is a need or desire for
controlling, adjusting or changing the performance of the
implanted medical devices, in order to alter physical or other

30 functions. In many applications the medical device should also
be capable of sending information to an external receiver. In

addition, it should be possible to send back commands to the



For exanple, an inplanted punp used to give nedical treat nent may be an
alternative to.injections, which are unpleasant for nmany patients. -
Besi des, injections always neans a 5 risk of infection. Also, nedically

trained p B'hﬁntl]@ve to give the injections. The anount pér/sEiors2s
substanceagl ven'to the patient may be2correlated to, for exanple, the

result of any kind of Rl qodtest_perforped_by_the jnplanted. nedical
devi ce. impLaptedmed rﬁ'ﬁl’?“éﬁ ?Eg,yhﬁgnﬂl %Bdil“'é"sjtgq;)as been anal yzed, 10
commands can BgrSeRimple 2 U Rph 8HEEd i fland Rideli B8 §ivd mpatidant to be given

and when treatment is to be given. The data_  information nmay be anal yzed by
means i npireatwent mayhdehagraaltemALivenEpelnd echiopbawbighbareof pri or

art. medi cal | ul L mp ugh I | cal
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permts efficient transm ssion of ext Sr_nag e@%ft;c’% in a non-invasi ve nmanner
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use or would be improved by using electrical energy for

15 controlling any function of them when implanted.

The object of the present invention is to provide a
medical implant apparatus which permits efficient transmission
of external energy in a non-invasive manner to an energy
operated medical device implanted in a patient.

20 Accordingly, the present invention provides a medical
implant appararus for a patiemt, comprising an energy
transmission means for wireless transmission of energy of a
first from outside the patient's body; an implantable medical
device operable in response to energy of a second form; and an

25 implantable energy transforming means for transforming the
energy of the first form wirelessly transmitted by the energy
transmission means into energy of the second form, which is used
for the operation of the medical device.

As a result, the advantage is achieved that the medical

30 implant apparatus of the invention provides simple and effective
energy transmission which ensures an extended and reliable

functionality of the apparatus, possibly for the rest of the



patient's natural life, and at |east many years. Preferably, the energy
transfor’m ng neans conprises at |east one el enent having a positive region
and a negative region and adapted to create an energy field between the
positive and 5 negative regions when exposed to the energy giyddiGofshd St
form transrﬁvptnybgfﬁ/ the energy transm ssi on neans, so that the energy
field produces the energy of the second form Alternatively, at |east one
sem conductpatient tsipatyralt ldfel, sand at reasty maoy gesrschi p nmay be

substituted for_th el nt _having_a posit.ive and a negative region.
Stch & sem condBEFETE ARG RS, SREFiK o EeAE oY, PRgRs, CHRRAtAaR 55 &
adapt ed t 0 31ea88t éndleRéirdy Havehd  8hEos BdAAs @égion!t ARd ed eidyatdfve e ibhr St
formwi relessly transnmtted by the energy transm ssion neans, whereby the

energy fi elaadppdapted thCraasegpnornerey 1Hieds: brgvween fthaResitgoandy, t he
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prefera non- ragnetic - r non- nechani calf nanner, he “ener gy
t ransm ssi aragembsted riandhe enekgy ctrangmicisildnembans; $orthatltheTetiegls

device may 20_he ditectly_. operated wth the ener of the second form.

wi t hout efﬁé}aaPﬁf?é‘f%?ﬁ:rﬁq?ge?EB%t%e%li?q Igﬁ'f’éd_ conmponents of the

apparatus. The govariaderealy, dabetédyt Usid Gemibaduetor tcifouiltg)smtted is
that the apparatus can be of a very sinple design and the few conponents

i nvol ved nmireBsipeor fpranitsyertrmhergchip may bl subghituked far ¢aei ce may
be non-pnfleg QL@’héxﬁgng ‘rgegﬂsﬁpivé‘y%&% gl iR KO o fé\%ilbda' nvolved for

the adjustments of t I cal device. elrmnates pr ens with fluid
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electric the first form wirelessly transmitted by the energy transmission
means, whereby the energy field provides the energy of the
15 second form.

Advantageously, the medical device is directly operated
with the energy of the second form, preferably in a non-magnetic
and/or non-mechanical manner, as the energy transmission means
transmits the energy of the first form. The medical device may

20 Dbe directly operated with the energy of the second form without
externally touching subcutaneously implanted components of the
apparatus. The advantage of directly using energy as it is
transmitted is that the apparatus can be of a very simple design
and the few components involved makes the apparatus extremely

25 reliable.

The medical device may be non-inflatable, i.e. with no
hydraulic or pneumatic fluid involved for the adjustments of the
medical device. This eliminates problems with fluid leaking from
the medical device.

30 In accordance with a preferred embodiment of the invention,

the element comprises an electrical junction element, and the

electrical junction element is capable of inducing an electric



WO 01/12108 4 PCT/ SEQCQ 01528 field between the positive and negative i
regi ons when exposed to the first formenergy transnmitted by the energy
transm ssion mneans, whereby the second formenergy conprises electric
ener gy. gﬂﬂg‘ﬁt |y, the medical device suitably is el ep¢tr/sxonloisgs 5
oper. at ed, ereby the positive and nedative regions of the electrical
junction el enent supply electric energy for the  operation of the nedical
devi ce. W%W&W&ﬁﬂstg%iﬂ%ﬁﬂt}vecéﬁﬁrﬂgﬁq‘ﬁp [FRSLEBE cWReR (@¥RAEeH KQuct or S
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via tdie dperstidy CiBéSeby WH pogitive t il elRRitiveakegities icm tileeent may be
capabl e of suppl {i ng a frequency, anplitude, or frequency and anplitude

nodul at eelegtaiicgl INRetiAm eJemgnt oFRPRILY GecSFignenersy ¥gi tal signal,
which is . NOSE tiled A t r f | ice. 20 The

el ement ,°%re§ éngﬁg I'n EnLe \g}mag?gg%\' e §8FP %gﬁtgggén%ar%ﬁgt or junction
el enent ,compittizeby ifplantablie afleahdit heondisiteors aounécted toolthee of | ess
than 2000 cn to be suited for .subcu eous _ipplantatio so that the

el ectri Bff® 'q;gﬁ@t negahhTR TEgRCBR ?%gt eecfijeﬁgglﬁ%%i ‘H’%’?‘@nski n of the
pati pnt .eldienty #heedty e jelldetiOfar| RiARtionhalededt Xk Tapabllet 6f generate

an output current exceeding 1 A when exposed to the energy of the
first.foTYRRIVARINAR t REPFRFiCHEUERERYy F4ckh & 8sAbFere FIETRE, Bour se, . al |

the co ftangfaﬂ)@c@ra%%nkt anSESHKEHAE iBRABE al dhatddl Bagt he el ectri cal
junction elenment to be in contact wwth 30 the patient's body should be of a

- bi ocompapilislagingt diredt cuxreptnaan\alternatinguturpent@ssiable to inplant the

energy combination of a direct and alternating current, wvia the

15 conductors. Furthermore, the electrical junction element may be
capable of supplying a frequency, amplitude, or frequency and
amplitude modulated analog, digital, or a combination of analog
and digital signal, which is used in connection with control of
the medical device.

20 The element, preferably in the form of an electrical
semiconductor junction element, suitably formé a £lat and thin
sheet and has a volume of less than 2000 cm’ to be suited for
subcutaneous implantation, so that the electrical junction
element can be located just behind the skin of the patient. The

25 electrical junction element should be designed to generate an
output current exceeding 1 puA when exposed to the energy of the
first form transmitted by the energy transmission means. Of
course, all the components of the energy transforming means
including the electrical junction element to be in contact with

30 the patient's body should be of a biocompatible material.
Alternatively, it would be possible to implant the energy

transforming means in the thorax or cephal region of the



transform ng neans in the thorax or cephal region of the _ f WD 01/12108
PGT/ SEO0/ 01528 5 patient, or in an orifice of the patient's body and
under the mucosa or intralum nar outside the mucosa of the orifice. For in
vitro appli afyetazigs Parti cul ar type of an electrical sem cCRERISRID/OYS23

junction el enent has been comonly used, Snanely a 5 so called p-n
(positive/negative) junction glenment typically in the formof solar cells.
A sol ar celRatieBfsf BF s h ﬁ%ﬁé‘ﬁg?ﬂ#&%ﬁ%’r"ﬁf’o@&'s% eu'?q?ntt_ to
electric energv.i Byt N5 fOIRiRfar duESSle Cilid GRicosBObECKABPORLE R N | UNCLi ON
el ement may conprise two [ayers of sem conductor, one p-type (positive)
and t he ot her 1@on-iypeltre@ppliancesand\warttdtulegetipe 06 anrghaestnical
junction". This p-n_jungtiqn induces electri ' s t ment
when absor tﬂeﬂij'caﬁgﬁ?’é&éf:“frfcgﬁ"n( 8#8?‘8%@;5“ (;% 56 %0%816? 2%%?' t%agf%c]fg)a%t a of
li ght t sangLicaiheidr p-8Neiaitiveyasgativé hejaritionndlenent s BpEca1dys in
which are then 15 able to nove about through the material. For each such

negati vel y thieafgem of ctekam cedleor PeSpbini SRt JEARFEOTRA FLAT epergy i -
Is created. ., jn oL di Lacprds ra1dISSE RkSE' PRSI ©F
reconbi ne ﬂeerf%gmsﬁgr‘tpﬂt?brr%e?r} {Ehglﬁ{r:g ee]héergy ig wag?ed as heat. However,
when t he eldxectnsusnentolBrr 2kampées e P-mcwstithecepenenty may emprise
opposite directions by the . action of the electric fiel t he aration of
charge i ndLTc?’é’stlSYe‘v’ﬁl %lgg%e“ﬁ‘c‘?p&??c?ﬁﬁ‘ p° ej%'%&qeoépgﬁéﬁéﬁ?). a é%%n g%’leﬁg
the p-ng | Wikhipen (Ré§aEIN¥e),0 sahawithedatogdtlil to EBEmeh egh+iunttdonbl. e
to flow thereby creating a current. 25 Surprisingly, it has been proved

that al t hof¥sherh Iwectign dndyges prutlecticofiedRerETO%5 cietiereRtnal
| i ght beam,dir epk&h 495 dsintlah ©£5 i gnPOlgidibnaghi nd whi ch a properly

designed p-n junction elenent is |located,” the |ight energy
' To be more precise, the quanta of light transfer their

energy to some of the semiconductor's electrons, which are then

15 able to move about through the material. For each such
negatively charged electron, a corresponding positive charge - a
"hole" - is created. In an ordinary semiconductor, these
electrons and holes recombine after a short time and their
energy is wasted as heat. However, when the electrons and holes

20 are swept across the p-n junction in opposite directions by the
action of the electric field, the separation of charge induces a
voltage across the p-n junction element. By connecting the p-n
junction element to an extermal circuit, the electrons are able
to flow thereby creating a current.

25 : Surprisingly, it has been proved that although both the
skin and subcutis absorb energy from an external light beam
directed against the skin portion behind which a properly
designed p-n junction element is located, the light energy
transmitted through the skin can induce a current from the p-n

30 junction element strong enough (minimum 1 pA) to enable the
operation of the electrically operated medical device. Thus, a

principale junction element is now for the first time used for



transmtted through the skin can induce a current fromthe p-n 30 junction
el ement strong enough (mninum1 A) to enable the operation of the

el ectrically operated nedical device. Thus, a principale junction el enent

i S now forwﬁﬁﬁnfn{sr st time used for WO 01/ 12108 6 PCT/ SECgt9skimis2ese sol el y
as energy source in in vivo applicatiohs. The apparatus according to the
present inventjon is adaﬁt ed for in_vivo_use w t%g&nsi Vi U Y eOUL pUL | evel ,
and t enpBFSt 8PELLY AT EPEREY PP R fted™ o TFRCVIRE B B 568es 8 However, the
appar at ugpghr4ies RSN WENEND hriesen®! inventigt ifs0 adaptedetor imsi bl e
light for"the wireless transm ssion of energy. Thus, in accordance with a
br oad aspéve usg Witdh sgpeiviery, QWEPWNdeysl: and HUDEFALHESNs transnits

ener gy . . I . Si Aiebsssbl y containing radiant 10
ener gy. ?@%éﬁ%&f%ﬁaﬁ%&g%%%?geg gﬁwave signal, for exanple an
el ect pomagnet iewensate thenappasatis &xf &hei presentt inviegitioni gaaheta visi bl e

l'ight signal, an ultra violet Jight _signal,. | aser ,si.gnal, a mcro wave
si gnal , g’%’%ﬁ?% tRufRe 888 ghayts ex-ltlgggr gia{a%%mlgﬁ&ﬁg , and a gamma
radi ati ORygheRflsion V62" 8nabgy | CRRISS, i9nacebramice afithha bbose asgswd s may
be conbined. A ternativelﬁq,3 t he wave signal may conprise a, ,sound wave

signal , sfichhesinventicnass @@@Ya!t??aﬁéﬁé?ai?‘},m% tﬁFf‘ﬁ!“é'é% LK may
compr s, ghold ke ARTMIeSE0R Higleha! p28terd ANakedsShagoLaa i, oner oY

of the f formtransm e enérgy transm ssion means nmay
conpnoseendrgyectric or magnetic field transmtted in pulses, for exanple

digital pulses. Furthernore he energ transform r;g_ggg_ripif y transform

the energy of Tph&izelesps Figngh, may,c §°R ol se %p ed energy, into

a direct exaipl&€Nin dlécs@binagnét iceiaveusignal, aswtnaisnahi anfrdred di rect and
Pulsating 0 et A" e A & 0 8a s L8 1% Fiolet 1ighe
signal, a laser signal, a micro wave signal, a radio wave
15 signal, an x-ray radiation signal, and a gamma radiation signal.
Where applicable, one or more of the above signals may be
combined. Alternatively, the wave signal may comprise a sound
wave signal, such as an ultrasonic signal. Generally, the
wireless signal may comprise a digital, analog or a digital and
20 analog signal.

The energy of the first form transmitted by the energy
transmission means may comprise an electric or magnetic field
‘transmitted in pulses, for example digital pulses. Furthermore,
the energy transforming means may transform the energy of the

25 first form, which may comprise polarized energy, into a direct
current, pulsating direct current, a combination of a direct and
pulsating direct current, an alternating current or a
combination of a direct and alternating current. Alternatively,
the energy of the first form may comprise kinetic energy.

30 The energy of the second form may comprise a frequency, .

amplitude or frequency and amplitude modulated analog, digital

_ or combined analog and digital signal.



conbination of a direct and alternating current. Alternatively, the energy
of the first formmay conprise kinetic energy. 30 The energy of the second
formmay conprise a frequency,. anplitude or frequency and anplitude

nodul ated anal og, _digital or conbined analog and digital sj

01112108 PCTW%%H‘S&SZB The apparatus may further conpri se#‘gfr)\%l,%}/%\t abl e
pul se generator for generating electrical pulses fromthe energy of the
second form protheecdppgrathes emeyr Fgurthetr decomprai s any impdantakbherpulse/i ng

positive and ne%ativgﬁre ions. .5 in_accordance wth anotggr enbodi t of

the i nvent (9SRETARET EPPFRUR NI FLEEET ARt BILEREA Ao pRY TP T e s f or
operating e s@edh@akofif \priuwied aycanér@ﬂ;eftifyiﬁcélaoe:eaﬂéaqwitﬂﬁa t he

operation neans, wherein the el enment powers the operation nmeans wth the
energy of telemeagohdvieg mosHitdviepand: hegakiemsreBdiopsef erabl y conprises a

not or, for exanple N i e [ : r
whi ch i s5 cont rgll'JL i“e%ég‘f‘lt‘%géé cvgir?thr %ﬁ Qéléc\a/?‘g%ﬁ%&rm(??%t gkae és%ri% t‘Faf"u&ré%fglri tho
revol ut i onsappétatuel eotprisemtan inpyahtalele|operatian neansdict | operzing

made of plastics, ternatively, the nofor nmay conprise draylic or 15
neurmt i | RS BSRbER RGP Mo CEBRETbI SHIE% FoT0PREFSL T Sl o 11 ow
through t hgddrdicd cADh@dns Mijir® iGUERENE ] emeMAidcRe tRE bPErdBidifimedn®
getting snaller and snmaller. Furthernore, there is a great variety of

control netwidds thadepe¥diQf ithed segendr Horeq FiemePeTataPn aBeans For exanpl e,
a numbgly Ol 2%k ekoY WA fils 3 HBEBLY FOE UndliphPSnPBRLYLEEL, DNirfbar
] uS e er e

Hal | - el’éne Amin size. {n accordance with anot odi ment
of the invemtiognert e elmshcial rdeargemstosmprwisieh Hpdcantrol hediisy ahe t he

operation ek CRERLES S oRATE hoheRHIB) Mol e kbl EieT Ml
the punp andelcheiBydbess ifay8aRe eletbeis®iv HondevtEte Pd¥ts made of
plastics. Alternatively, the motor may comprise a hydraulic or
15 pneumatic fluid motor, wherein the control device controls the
fluid flow through the fluid motor. Motors currently available
on the market are getting smaller and smaller. Furthermore,
there is a great variety of control methods and miniaturized
control equipment available. For example, a number of
20 revolutions of a rotary motor may be analyzed by a Hall-element
just a few mm in size.
In accordance with another embodiment of the invention, the
medical device comprises.hydraulic means and the operation means
comprises a pump for pumping a fluid in the hydraulic means, a
25 motor for driving the pump, a valveless fluid conduit between
the pump and the hydraulic means of the medical device, and a
reservoir for fluid, wherein the reservoir forms part of the
conduit. All of the hydraulic components involved are preferably
devoid of any non-return valve. This is of great advantage,
30 because with valves involved there is always a risk of
malfunction due to improperly working valves, especially when

long time periods passes between valve operations. The reservoir



reservoir for fluid, wherein the reservoir fornms part of the conduit. Al
of the . hydraulic conponents involved are preferably devoid of any :
non-return valve. This is of great advantage, 30 because with valves

i nvol ved t y@angmsal ways a risk of malfunction due to i rqOwEEesON28 01 Ki Ng
val ves, especially when long tine perisods passes between val ve operations.
The reseryqQjr 1 i%ﬂﬁ) Hmb Lﬁ%% a i,d chanber. with
a vari abln\é/a%oo\l?ge,g gn tﬁbe pu%§§n%j%i stri ut-evﬁzw 'f%%ﬁq}?epgﬁlgnber to
t he hydr andy climezihbubé fivid fedncthe dehandedtor eHachydirawifid heawnsl ofe of
the chanmber and, withdraws fluid fromth draulic ans tq the chanber by
5 expansiol S'Fgﬂ'ﬁgﬁv‘g?ﬂrﬁ? & Fﬁguﬁﬁh%e‘?f.e tt%evegﬁ'f‘?o‘?‘?o‘é‘?ﬁ camber aldr se
the oper 3fiicda-aRansilys it thadnparail i mfankheocried Whifbdgysecond form
Where the operation nmeans conprises an electric notor the eneifgy of the
second f AXRADSLOBLPY Empiolyms. of| ke r¢hamiyexgy. 10 in accordance with yet
anot her enbodipen he, | ' i V| IS operable to
perform a revterggi %?%é]f(%}n%ﬁlvg'\rélgn%ﬁg%ﬁéér%%l Eignggérﬁggﬁ%rg%eeanrse\ggrsi ng means
for reversiifgihepolamiityt of phef etersly bEf the sedond|faiaw. eher8uthe a
reversing function preferably is perforned in,a stepless manner. In this
15 connedPEFARLIPRM FSF‘PH%%?%emgLﬁ]teﬁﬁrﬂ'ccﬁﬂF?ﬁlEh{)l?émrIWePgi e neans,
whi ch naysdcambUderm suitably &emﬁﬂgéé%lfé&r&aneﬁé%. performed by the
medi cal device. The reversing neans may conprise hydraulic nmeans including
a valle for sAnfaceerdance Mol YRE anqtderopmpodinent iaf tthe Apventddm. neans.
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means, su\cﬁ% as a swt a ere the reversing neans conpri ses
a switch ande tbenéris amidwpiantabhlebieyermingoheans £mpareversingfthdie switch
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function preferably is performed in a stepless manner. In this

15 connection, the control device suitably con;rolé the reversing
means, which may include a switch, to reverse the function
performed by the medical dévice. The reversing means may
comprise hydraulic means including a valve for shifting the flow
direction of a fluid in the hydraulic means. Alternatively, the

20 reversing means may comprise a mechanical reversing means, such
as a switch or a gearbox.

Where the reversing means comprises a switch the control
device suitably controls the operation of the switch by shifting
polarity of energy supplied to the switch. The switch may

25 comprise an electric switch and the source of energy may supply
electric energy for the operation of the switch. _

In accordance with an advantageous embodiment of the
invention, the apparatus further comprises an implantable energy
storage means for storing the energy of the second form and for

30 supplying energy in commection with the operation of the medical
device. The energy storage means preferably comprises an

electric source of energy, such as an accumulator, a



el ectric energy for the operation of the switch. In accordance with an
advant ageous enbodi nent of the invention, the apparatus further conprises
an i nplantabl e energy storage nmeans for-storing the energy of the second
formand forg3Q.548®! Yi ng -energy in connection with: the opercissonoists t he
medi cal device. The energy storage nean® preferably conprises an electric
source of energy, such as an accunulator, a WD 01112108 PGI/ SEOO' 01528 9
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battery. The ar at ys further conprise an inplantable switch for
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al so 20 concel vab nucl ear source of energy or a chem cal
source of emergy.of ntke ceatadcdomwnth a second alternative, the apparatus
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operated by the energy of the second form supplied by the energy
storage means to switch from an off mode, in which the source of

15 energy is not in use, to an on mode, in which the source of
energy supplies energy for the operation of the medical device.
In this case, the implantable source of energy may comprise a
battery, preferably having a life-time of at least 10 years, or
an accumulator. However, other kinds of sources are also

20 conceivable, such as a nuclear source of energy or a chemical
source of energy.

In accordance with a second alternative, the apparatus
further comprises a remote control for controlling the supply of
energy of the implantable source of energy, wherein the switch

25 is operated by the energy of the second form supplied by the
energy storage means to switch from an off mode, in which the
remote control is prevented from controlling the source of
energy and the source of energy is not in use, to a standby
mode, in which the remote control is permitted to control the

30 source of energy to supply energy for the operation of the
medical device.

In accordance with a third alternative, the energy storage



energy of the inplantable source of energy, wherein the switch 25 is
operated by the energy of the second formsupplied by the energy storage
nmeans to switch froman off node, in which the renpte control is prevented
from cont rwblow/ges he source of energy and the source of peigEayorsss NOt i n
use, to a standby node, in which the reenote control is permtted to
control the 30 source of energy to supply energy for the operation of the
medi cal degnseis| omikkesdt.daberednt ¥he swiitch Ast cperated byt kbecerexgy st or age
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en;rgy for the operation.of the medical device. Where
applicable, in the described embodiments the switch may switch

15 when the energy transmission means is transmitting wireless
energy, preferably while the transformed energy of the second
form is stabilized by an implantable capacitor, which may
temporarily (for a few seconds) store the energy of the second
form.

20 The switch mentioned above may comprise an electronic
switch or, where applicable, a mechanical switch.

The advantage of using a switch above all is increased
control safety, i.e. interfering signals in the patient'’s
surroundings cannot affect the implanted medical device.

25 Furthermore, the lifetime of the source of energy will be
significantly prolonged, since the energy consumption of the
apparatus will be reduced to a minimum. During the above
mentioned standby mode, the remote control uses energy from the
source of energy. By means of the energy transmission means .

30 energy may be transmitted to activate the switch to connect the

source of energy only when energy is required in connection with

the operation of the medical device.



The advantage of using a switch above all is increased control saf ety,
i.e. interfering signals in the patient's surroundings cannot affect the
i npl ant ed medi cal device. 25 Furthernore, the lifetime of the source of
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al so autonmatically control" the medical device in response to signals from
t he sensor thEomedical alevilpe donresponis it sigpaésnfron the sensor. In

response to signals from the sensor, for example pressure, the
‘15 patient's position or any other important physical parameter,

. the intermal control unit may send information thereon to
outside the patient's body. The control device may also
automatically contrxol the medical device in response to signals
from the sensor. For example, the control device may control the

20 medical device in response to the sensor sensing that the
patient is lying, or semsing an abnormally high pressure against
the medical device.

Alternatively, the control device may comprise an external
control unit outside the patient's body for, suitably directly,

25 controlling the medical device in response to signals by the
sensor. The external control unit may store information on the
physical parameter sensed by the sensor and may be manually
operated to control the medical device based on the stored
information. In addition, there may be at least one implantable

30 sender for sending information on the physical parameter sensed
by the sensor.

An external data communicator may be provided outside the



20 nedi cal device in response to the sensor sensing that the patient is

| yi ng, or sensing an abnornmally high pressure against the nedical device.’
Al ternatively, the control device nay conprise an external control unit
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Al'l of the above e | ments "are prererably renot
programmable control unit for controlling the medical device,

preferably over time in accordance with an activity schedule
15 program. This will advance the apparatus and make possible an
adaptation of the apparatus to the individual patients.

All of the above embodiments are preferably remote
controlled. Thus, the apparatus advantageously comprises a
wireless remote control transmitting at least one wireless

20 control signal for controlling the medical device. With such a
remote control it will be possible to adapt the function of the
apparatus to the patient's need in a daily basis, which is
beneficial with respect to the treatment of the patient.

The wireless remote control may be capable of obtaining

25 information on the condition of the implanted medical device and
of controlling the medical device in response to the
information. Alsc, The remote control may be capable of sending
information related to the medical device from inside the
patient's body to the outside thereof.

30 In a particular embodiment of the invention, the wireless
remote control comprises at least one extermal signal

transmitter or transceiver and at least one implantable internal



control l ed. Thus, the apparatus advant ageousi y conprises a wreless renote
control transmtting at |east one wireless 20 control signal for
controlling the nedical device. Wth such a renote control it will be

possi bl e to“%\c,iﬁmoghe function of the apparatus to the papcestéomiseeed in a
dai |l y basis, I'ch is beneficial with ngspect to the treatnent of the
patient. The wireless renote control may be capabl e of obtaining 25
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recei ver or transceiver. In another particular enmbodinent of the
i nvent i on, féhecarrydngs sheecotttraio tigorlcowperstr the |qariierofégesi eial

signal receiver or transceiyer and at |eas n ' RS kB e | .
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frequency an I tude ulated. The control signal nay conprise a wave
signal, for exarnd eontzodoashgnalavmaysicpmpiriseuahware fianal, afeynaxamRie,
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M cro waveesé&fdmaghetddi faveveidnalsuchnas- anyinfrared light signal, a
visible light signal, an ultra violet light signal, a laser
15 signal, a micro wave signal, a radio wave signal, an x-ray
radiation signal, or a gamma radiation signal. Where applicable,
two or more of the above signals may be combined.
The control signal may be digital or analog, and may
comprise an electric or magnetic field. Suitably, the wireless
20 remote control may transmit an electromagnetic carrier wave
signal for carrying the digital or analog control signal. For
example, use of an analog carrier wave signal carrying a digital
control signal would give safe communication. The control signal
may be transmitted in pulses by the wireless remote control.
25 The energy transforming means may be placed in the thorax,
abdomen or cephalic region, or implanted subcutaneous.

The energy transforming means of the apparatus may be
implanted, for example subcutaneously, in the abdomen, thorax or
cephal region, or other locations in the patient's body.

30 In accordance with a narrow aspect of the invention, the
energy transforming means may be structurally different from the

energy transmission means, and/or may transform the energy of



radi ation signal, or a gamm radiation signal. Where applicable, two or
nore of the above signals may be conbi ned. The control signal may be’
digital or analog, and nay conprise an electric or magnetic field.
Suitably, {#oimseel ess 20 renote control may transmt arrCIISEcH/01S28agNneti C
carrier wave signal for carrying the dil4ital or analog control signal. For
exanpl e, use of an_anal carrier wave siqgnal carrying a,digital control
Signal okl giest £3FR S SREERY 9% cCHR, REEGRL FRFE 1A yPdRs

transm tt g Hihiedh SASnker I he Wi rel ess renote control. 25 The energy
transform ng neans may be placed in the thorax, abdonen or cephalic
region, or i mfhenmedicabcimplaasusprInates g descaibedr abege mayhdeof the
appar at us, may__b A t I, <€ I u L .ot a men,
Chorax ortdustere 8B B SpnasRed AR S CHR LI RIE M of 1BCTRNSTEN
accor gancrapidriadscophar cammulspedichdh the patieti'enboliffe ardeingplantangf or m ng
means nmay be structurally different from.the ener?é fransm’'ssi.on neans,

and/ or nmesPe BRSEEY R PTAGy PEARGHGHR YRS PR 1EBY/ BEPRRn L A1sikg FRE st
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patient' 304y one) diiSsdttitly tbodSinsérrdl THOuAItheOlapdisiidopdet hr ough t he
| aparoscopic trocar, dissecting the region where the nedical device is to
be - trocar, dissecting the region where the medical device is to be _

placed, d) introducing the medical device through the trocars,

15 e) placing the medical devicg in engagement with an organ of the
patient, and £) implanting an energy transforming means of ;he
apparatus.

The method as recited in a)-e) may further comprise
postoperatively adjusting the medical device in a non-invasive

20 procedure.

' It is the primary object of the present invention to pxovide.
a simple yet effective apparatus for treating chronic diseases
in humans or animals. This and other objects of the invention
will become clear from an inspection of the detailed description

25 of the invention and from the appended claims.

' The above described medical implant apparatus of the
invention is suited for any of a variety of prior art
implantable medical devices, such as infusion pumps for
medication, transponders, pacemakers, heart stimulators, heart

30 sensors, rings or cuffs for sphincter function used for urinary
and anal incontinence, medical devices implanted in penis for

treating impotence, rings or cuffs for sphincter function used



pl aced, d) introducing the nedical device through the trocars, 15 e)

pl aci ng the nedical device in engagenent with an organ of the patient, and
f) inplanting an energy transform ng neans of the apparatus. The nethod. as
recited in gyae) gRy further conprise postoperatively adj ywisego/1ses

medi cal device in a non-invasive 20 prosedure. It is the primary object of
the present invention to provide a sinple yet effective apparatus for
treating clieonoeclidiows @s blpadhvessel orfamicrampleTa; BeRiR Yﬁ%PfoBPects of
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FIGURE 13 is a schematic block diagram illustrating

conceivable combinations of implanted components for achieving
15 wvarious communication options; _

FIGURE 14 illustrates an electrical junction element for use
in the apparatus of the present invention; and

FIGURE 15 illustrates an example of the apparatus in
accordance with the invention, in which a medical device is

20 implanted in a patient for treating heartburn and reflux
disease.

FIGURE 1 schematically shows a very simple embodiment of the
medical implant apparatus of the invention having some parts
implanted in a patient and other parts located outside the

25 patient's body. Thus, in FIGURE 1 all parts placed to the right
of the patient's skin 2 are implanted and all parts placed to
the left of the skin 2 are located outside the patient's body.

The apparatus of FIGURE 1 comprises an implanted operable
medical device 4, which engages a lumen of an organ of the

30 patient to form a restricted passageway in the lumen. Such a
lumen may comprise the esophagus, urethra, rectum, colon, a

blood vessel or the like. The medical device 4 is capable of



FIGURE 13 is a schematic block diagramillustrating conceivable
conbi nations of inplanted conponents for achieving 15 various
comuni cation options; FIGJURE 14 illustrates an electrical junction el enent

for use i Ryddipzmpparatus of the present invention;. and pdriddoboibis
Il lustrates an exanple of the apparatu# in accordance with the invention,

in which a nedical device is_ 20 inplanted in a patient for treating
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device 4 to move and thus adjust the passageway.
FIGURE 2 shows an embodiment of the invention identical to
15 that of FIGURE 1, except that a reversing means in the form of
an electric switch 14 also is implanted in the patient for
reversing the medical device 4. The wireless remote control of
the external energy transmission means 10 transmits a wireless
signal that carries energy and the implanted energy transforming
20 means 6 transforms the wireless energy into a current for
operating the switch 14. Wheh the polarity of the current is
shifted by the energy transforming means 6 the switch 14
reverses the function performed by the medical device 4.
FIGURE 3 shows an embodiment of the invention identical to
25 that of FIGURE 1, except that an operation means in the form of
a motor 15 for operating the medical device-4 also is implanted
in the patient. The motor 15 is powered with energy from the
energy transforming means 6, as the remote control of the
external energy transmission means 10 transmits a wireless
30 signal to the receiver of the energy transforming means 6.
FIGURE 4 shows an embodiment of the invention identical to

that of FIGURE 1, except that an assembly 16 including a



el ectric energy which is supplied via the power supply line 12 to the
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medi cal Sdovie0dc g €5 A lthe) B:bB5 LOREICllor Bt O Uhe BLe QYO0 o
w t h ener gwankr hpdiraelientigyd tisapshpedi by tieamotor /aampheniends ebant r ol  of

the external energy transnjssion neans 10 transmts a wreless 3Q signal
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enbodi nent RbgkigebPY&MI QredadethieC #plfntédain tChREf drmExg GRarddhat an
assenbly 16 including a WO 01/12108 17 PCT/ SEQ0/ 01528 notor/ punp unit

18. and a f ugiig4 fetvansformpwirglegsi SneRgy At § Furrgat p§?¥ew?".’e#iﬁlﬁ hi s
case t i.C ' [+ d | i SRER Ve h ic fluid
S purrggdn%% % ﬂétggzgﬁﬁ%ﬁﬁpﬁumét %§85§?%ir#? e rgggrg\%ols{rlpgﬁyt%?%ﬁ% a
conduit 22 to rIGURE:G shows ar\emsodinentr efutbet tmventisy somprdsahgatha of

e Passacevay, i 0L Ul Sty A BUITGE oL bE T LLEUIT DL, 10
Cross- sect icntrod! Cehe Theuiddll asvedechpr iy tHid vageMhpdra®iicallyni t 6
transforns wirel ess enerqy into a current for powering
operated, and the implanted energy transforming means 6, and
15 further comprising an implanted hydraulic fluid reservoir 30, an
implanted motor/pump unit 32 and an implanted reversing means in
the form of a hydraulic valve shifting device 34. The motor of
the motor/pump unit 32 is an electric motor. In response to a
control signal from the wireless remote control of the extermal
20 energy transmission means 10, the implanted energy transforming
means 6 powers the motor/pump unit 32 with energy from the
energy carried by the control signal, whereby the motor/pump
unit 32 distributes hydraulic fluid between the reservoir 30 and
the medical device 4. The remote control of the energy
25 transmission means 10 contrxols the shifting device 34 to shift
the hydraulic fluid flow direction between one direction in
which the fluid is pumped by the motor/pump unit 32 from the
reservoir 30 to the medical device 4 to reduce the cross-
sectional area of the passageway, and another opposite direction
30 in which the fluid is pumped by the motor/pump unit 32 back from
the medical device 4 to the resexrvoir 30 to enlarge the cross-

sectional area.



10 the notor/punp unit 18 via an electric power supply line 24. FIGURE 5,
shows an enbodi nent of the invention conprising the external energy
transm ssion neans 10 with its wireless renote control, the nedical device

4, in thi %&@ﬁﬁlﬁydr aulically operated, and the inplant edr/sEon/08528
transformng neans 6, and 15 further d8nprising an inplanted hydraulic
fluid reservoir 30, an inplanted notor/punp unit 32 and_an jinplanted
reversi ng mFIGTRENE shews @nmegboginehl a‘?ﬁpitéle\/d-Wén‘éh?H?-‘%n%ﬁlcé%A The

mot or of %P%%S Wﬂ? Hﬂét%%@?tﬂa% AN cBhEEd] | EniPBY cohtrbeEe to a

control e wreless renote control of the externa ener gy
transm sghenwirdrssl @embhe comirnit @f ¢her gyt éexmais femerioyy tranamisSiqgower s

the notor/punp unit 32 with ener fromthe gener carried by the control
si gnal , RABRRLL .t AR ﬁ‘ﬁFBF"/‘g%W %i d33 ﬂ?g?ﬂrb?ﬁ%se ﬁ@&f’aﬁf?c flui d between

the rgsggmgﬁm?éa and tnkhgatBahCAlTHeC boRerdl JHE: I Reresntlottpic t he

ener gy ransm ssi on neans 10 controls the shifting device 34 to shift
t he hydr energy fraded vedofirem ke ianersy hEaRsEPENING SEBNEN S A W ch t he

fluid is_pu e / Vsl r BeahVakiidd 40 the
medi cal ﬁggﬁgﬁoggéd%g he ch)'slésg- E?é%#oﬁ?lﬁﬁ;regae o% t he pJéssageway, and
anot her gappesgcnsd techi oontiol rsignaihfrbe theivwired esgnpenoby ¢dntrol

not or / pu unit 32 back from the nedic devi ce tq the, reservoir 30 to
enl ar ge gget’é? ﬁ%e-r%’eEFF‘Bﬁ’a:f‘s%t’r‘B’a.’“e?@soib 12% ‘P@i/rggoapﬁii5§8el%lﬁl GURE 6
showggan rgibegh selecelr i bhenéryse Hrica thdeattimbldupr Boatnal trasafdrsl, except

that a control unit 36 controlled by the wireless renote control of the
ext er nal theaecrgleasesh SREEIY oViia (RoWeT 1dnegnd2Afhnf%at OF IBTERHMLE capacitor

40 al so %E’gnéfédt[%) le%.@c%%ij:neﬁéfgyo%oﬁniheTgﬁefﬂ'w&s'fﬁﬁiﬁg RéLS el ectric

energy receive romthe energy transform ng nieans 6 in the accunulator
38, whi chriaupptowex diaegyéi ctheacapadiitar #@yiwwich stabilizes the

electric current, a power line 48 and the power line 44, for the
15 operation of the medical device 4. |
In accordance with one alternative, the capacitor 40 in the
embodiment of FIGURE 6 may-be omitted. In accordance with
another alternative, the accumulator 38 in this embodiment may
- be omitted.

20 FIGURE 7 shows an embodiment of the invention identical to
that of FIGURE 1, except that a battery 50 for supplying energy
for the operation of the medical device 4 and an electric switch
52 for switching the operation of the medical device 4 also are
implanted in the patient. The switch 52 is operated by the

25 energy supplied by the energy transforming means 6 to switch
from an off mode, in which the battery 50 is not in use, to an
on mode, in which the battery 50 supplies energy for the
operation of the medical device 4.

FIGURE 8 shows an embodiment of the invention identical to

30 that of FIGURE 7, except that a control unit 36 controllable by
the wireless remote control of the external energy transmission

means 10 also is implanted in the patient. In this case, the



In response to a control signal fromthe wireless renote control of the
energy transm ssion nmeans 10, the control unit 6 either 10 rel eases

el ectric energy fromthe accunmul ator 38 and transfers the rel eased energy
via power lines 42 and 44, or directly transfers electric Rhigegyolsisom t he
ener gy trans‘ml"mzﬂ?j’ means 6 via a powerpline 46, the capacitor 40, which
stabilizes the electric current, a power line 48 and the power |ine 44,
for the 15s@pesitsnrisiopelateadby athealeriergyd suppl ded dryd ditee emergyone
alternative,. the capacitor 40 in the_ enbodi nent_of FIGJRE 6.may. be
omitted. | FraRERTHRE MRAPR CaROt TET T ¢ Pﬁ'ataf‘vg%ft'ﬁ%fea‘c&ihﬁ?’éf rtgg in
this e”bOdthé‘ieé@&eut&eO%hﬁﬁél 20 drdddnEed homScaitmGdigTene. of the

invention irdentical to that of FIGJRE 1, except that a battery 50 for
suppl yi ng eomtxpl dmit Blfcangethe iRALEATY HE BOYI &8I UIRW % 24 SEIFIRN el ectric
swtch _52 for swtchi he t] f the ' [ I are

i npl ant®d f“ﬂg?helrba 1(5’%&"%5&5% c+1 |lsg%pgrg§g%§ %/thﬁg%%ég%ef'g?

suppl i ed bychbEoENEIidY 3l6r #bSkelasy elsutyriG enesgytfiom futembateky Hode, in
which the battery 50 is not in use, to an_on node, in which the battery 50
suppl i es efie¥ gihe wpanatiogpef athe MeFiqade 9§¥3F.at - devi ce 4. FI GURE 8 shows

an enbodi ment  Glgpkesl BHSN | 8D dubeRlimeat & 1) iidht9bnFigbiEidal @ept
that a control unit 36. controllable by the wreless renote control of the
ext ernal enbagyof rEFGIREs 8, osxcephrthaty an agcnpulagpnidds Fubgsipukednt. |In

this case, .the WD,01112108 PCILSEO 9 ] .S, operated by the
ener gy upﬁf':lre"ohﬁn}’at]‘:héa ngpgg;[ét rans%?’n%ﬁ%ﬁganga*&&g&féogswi% ch froman off
node, in Wih€dréditneotedediESerentle. cimtthdls icasey etlentastumulamtoenssol | i ng

the control unit 36 and the batt_er%ﬂ}s not in use, to asstialndg_\é 5 node, in
whi ch the FERBE® SRARIMOETPR BB TR (F20GACFBLRg Hieans 6. In response

to a control signal from the wireless remote control of the
external energy transmission means 10, the implanted control
15 wunit 36 controls the switch 52 to switch from an off mode, in
“which the accumulator 38 is not in use, to an on mode, in which
the accumulator 38 supplies energy for the operation of the
medical device 4.
FIGURE 10 shows an embodiment of the invention identical to
20 that of FIGURE 9, except that a battery 50 also is implanted in
the patient and the implanted components are interconnected
differently. In response to a control signal from the wireless
remote control of the external energy transmission means 10, the
implanted control unit 36 controls the accumulator 38 to deliver
25 energy for operating the switch 52 to switch from an off mode,
in which the battery 50 is not in use, to an on mode, in which
the battery 50 supplies electric energy for the operation of the
medical device 4.
Alternatively, the switch 52 may be operated by energy
30 supplied by the accumulator 38 to switch from an off mode, in
which the wireless remote control is prevented from controlling

the battery 50 to supply electric energy and is not in use, to a



control .unit 36 to release electric energy fromthe battery 50 for the
operation of the nmedical device 4. FIGURE 9 shows an enbodi nent of the

i nvention identical to that of FIGURE 8, except that an accunulator 38 is
substitut eg, grpl $r the battery 50 and the inplanted conmpomseiomisese
mterconnecte dlfferently In this caee, the accunul ator 38 stores energy
fromthe energy transformng neans 6. In response to a control signal from
t he wi r els¢ssdby mede,cdm iWBP-cbft¥m@1r®1ﬁéﬁnaﬁm%‘?%r‘§3mtrp&néﬁ1 BeFBREFRNs 10,

thelrrpl nt ed h from an
of f node, |ﬁ°n€\f1° htq{%éggggtﬁugator%ghg cﬁ&%%%gﬁéﬁﬁﬁode in
whi ch t bpegstidnl ¢ athedtediippl | desricecrgy for t he operatlon of the nedical
device 4. FIGQJRE 10 shows an ee_gB gl nent %% he |nve tion, n.tlcial to 20
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interconnected differently. Thus, in this case the control unit

36 is powered by the battery 50 when the accumulator 38,

15 suitably a capacitor, activates the switch 52 to switch to an on
mode. When the switch 52 is in its on mode the control unit 36
is permitted to control the battery S50 to supply, or not supply,
energy for the operation of the medical device 4.

FIGURE 13 schematically shows conceivable combinations of

20 implanted components of the apparatus for achieving various
communication optidns. Basically, there are the implanted
medical device 4, control unit 36 and motor/pump unit 18, and
the external energy transmission means 10 including the external
wireless remote control. As already described above the wireless

25 rémote control transmits a control signal which is received by
the implanted control unit 36, which in turn controls the
various implanted components of the apparatus.

A sensor 56 may be implanted in the patient for sensing a
physical parameter of the patient, such as the pressure in the

30 passageway. The implanted control unit 36, or alternatively the
. external wireless remote control of the energy transmission

means 10, may control the medical device 4 in response to.



FI GURE 11 shows an enbodi nent of the invention identical to 5 that of
FIGQURE 7, except that a notor 15, a nechanical reversing neans in the form
of a gearbox 54, and a control unit 36 for controlling the gearbox 54 al so

are inplanted i e patient. The inplanted control unit I&-1osebbRke t he
gear box 54 SY)OPQVE se the function perfgrned by the nedical device 4

(mechanically 10 operated). FIGURE 12 shows an enbodi nent of the invention
i denti cal sDgndlmtfrom Eh&URENAdr el tivhatetreri may dnd exbmkdmednenth are
i nterconnected differ entl}/mThy,S, i,n this case the control unit, [

3
pover ed bytRRheSSRETer? 58 e IREOIMAEALE, 2B gthe Sefgd, pRysics piatii tor,
activates f0eadrChooehbOeMbindl WA rdlcRR rEREee Mhftrdine The WikeddsssS i N

its on node the control unit 36 is permtted to control the battery 50 to
suppl y, orremete gemityol BAYr ¢YNERiSe ife sdgaprat FEAnIRLtYRY mxditcansgeiver 4.

FI GURE 13 sc ti.call oWs.. cej vab ' o) of . i
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notor/punp unit, 18, and the external energégtransm ssi.on ,rregns 1Q
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the wirel essneror ‘%Hi‘i&%@%f%on%dﬁ@at $igna@NtFQhsditdd! ophi ch is received
by the inplanted control unit 36, which in turn controls the various
i npl ant ed toampegedves .oThe haboys dizangseigerensbraggmitiense andprgaedviers t he

patient,for nsi hysj # . of th t h t he
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transm ssion neans 10, may control the nedical device 4 in response to_ WO

01/ 12108 P’é‘f?’éﬁf@’ 01528 21 signals fromthe sensor 56. A tranceiver nmay be
conbi ned W t hyhere the motor/pump unit 18 and battery 50 for powering the

motor/pump unit 18 are implanted, the battery 50 may be equipped
15 with a tranceiver for sending information on the condition of
the battery 50.

Those skilled in the aft will realize that the above various
embodiments according to FIGURES 1-13 could be combined in many
different ways. For example, the energy operated switch 14 could

20 Dbe incorporated in any of the embodiments of FIGURES 3,6-12, the
hydraulic shifting device 34 could be incorporated in the
embodiment of FIGURE 4, and the gearbox 54 could be incorporated
in the émbodiment of FIGURE 3.

FIGURE 14 shows an energy transforming means in the form of

25 an electrical junction element 58 for use in any of the above
embodiments according to FIGURES 1-13. The element 58 is a flat
p-n junction element comprising a p-~type semiconductor layer 60
and an n-type semiconductor layer 62 sandwiched together. A
light bulb 64 is electrically connected to opposite sides of the

30 element 58 to illustrate how the generated current is obtained.
The output of current from such a p-n junction element 58 is

correlated to the temperature. See the formula below.



the sensor 56 for sending information on the sensed physical paraneter to
the external wireless renpote control. The wireless renpte control nay -
conprise a signal transmtter or transceiver 5 and the inplanted control
unit 36 My GORRLs S€ @ signal receiver or transceiver. AlchfhRdisael y, the
wireless renoté control may conprise &signal receiver or transceiver and
the inplanted control unit 36 nay conprise a signal transmitter or
transcei ver.ITﬁeI%b‘:ﬁ?@Wéﬁg?:é?bers, transmtters and receivers. 10 may be
used for senghogeinformation or data related to the nedical device 4 from
inside the patient's body to the outside thereof. Were the notor/punp
unit 18 and Dais ethe Sxtiegnapowerrent tiiew, not or / punp unit 18 are inpl anted,

the battery may .be equipped .15 with a tranceiver for sending
i nf or mat i on g% Jf%et%eoﬁ&gf'irgg 5?tmfarfél°5’atcf1§f§na€0. Those skilled in the art

will real i zegt hattie Eunaamenyal i slsct RipedeiRidsé FaQedbng i@-fd GURES 1-13
coul d be con%i ned in many different ways. For exanple, the energy operated
swi tch 1249@MRS20 be incorporated in any of the embodi ments of Fl GURES
3,6-12, the yhydrnall ixopsRbitLoeLifyi ce 34 could be incorporated in the
enbodi nent OY F%jGUREa%,p and the EEgbgea'r box 54 could be incorporated in the
enbodi mrent ok I8 GUREBSLtEn@URCHnstamwsand energy transformng nmeans in the

formof 25 gn electrical junction elenent 58 for use in any of the above
N L

embodi ment s acthr *®The element 58 is a flat p-n

j unctioon el epiidr Qarpe feddt tve-dpla eGCFblEdEl Clrevrelrd¥chidd) , &k an n-type.
sem conductor |ayer 62 sandw ched together. A Itigght bulb 64 is
el ect ri c & Ppnephiat t&FM Hesapes; pegligiddeororpared &9 dndat 288 T 6l§ | | ustrate
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p-n junction elenent 58 is correlate the tenperature. e the fornmul a
bel ow. Wof0the2]wectHOn spdoheneegon the intrinsic-carrier

concentration. I0 is larger for materials with smaller bandgaps

15 than for those with larger bandgaps. The rectifier action of the
diode -- that is, its restriction of current flow to only one
direction -- is in this particular embodiment the key to the
operation of the p-n junction element 58.

An altermative way to design a p-n junction element is to

20 deposit a thin layer of semiconductor onto a supporting material
which does not absorb the kind of energy utilized in the
respective embodiments. For use with wirelessly transmitted
energy in terms of light waves, glass could be a suitable
material. Various materials may be used in the semiconductor

25 layers such as but not limited to cadmium telluride, copper-
indium-diselenide and silicon. It is also possible to use a

. multilayer structure with several layers of p and n-type
materials to improve efficiency.
The electric energy generated by the p-n junction element 58

30 could be of the same type as generated by solar cells, in which
the negative and positive fields create a direct current.

Alternatively, the negative and positive semiconductor layers



22 | =10 (exp(gV/kT)-1) where | is the external current flow, 10 is the
reverse saturation current, 5 q is the fundanental electronic charge of
1.602 x 10-19 coulonbs, Vis the applied voltage, k is the Boltzmann
const ant, anq,oo'[ t he absolute tenperature. 10 Under | ar ogcnesholoisss

appl i ed vol t age ’(l#lgglerse bias), the exp&hential term beconmes negligible

compared to 1.0, and | is  approximately -10. 10, s strongly dependent. on
t he t enper Zeyr ehapge (PRI COALANIRG R tFrRnsd LR, YRESR. chershy

concentr at ig%ﬂerégiéin%tgr%eﬁgEiggtsﬁfﬂﬁwth smal | er bandgaps 15 than for

t hose wi th~arger aps. The rectifier action of the diode -- that is,
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a suitable [ < A/ ' uggdahBpt SEdd Ggaductor 25
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negative and positive fields Ccreate a direct current.
working area of the element 58 and the intemnsity or strength of
the wireless energy transmission is considered. The p-n junction
element 58 preferably is designed flat and small. Alternatively,
if the element 58 is made in larger sizes it should be flexible,
15 in order to adapt to the patient's body movements. The volume of
the element 58 should be kept less than 2000 cm’.

FIGURE 15 illustrates how any of the above-described
embodiments of the medical implant apparatus of the invention
may be implanted in a patient for treating heartburn and reflux

20 disease. Thus, a medical device 4 implanted in a patient engages
the esophagus 66 close to the cardia to form an artificial
sphincter around the food passageway in the esophagus. An
implanted operation means 68, which may alsc be referred to as
an adjustment means, such.as an electric motor or a motor/pump

25 assembly, operates the medical device 4 through a transmission
member 70, such as a mechanical transmission cord or a fluid
tube. An energy transforming means in the form of an element 6
having a positive region and a negative region, as described
above in more detail, is placed underneath the skin of the

30 patient.

Wireless energy carried by a signal transmitted by a

wireless remote control of an external energy transmission means



Alternatively, the negative and positive sem conductor |ayers WO 01/12108.
23 PCT/ SE00/ 01528 may change polarity following the transmitted waves,
thereby generating an alternating current. The p-n junction elenent 58 is
designed t 0%27%04t suited for inplantation. Thus, all wbeseoooes2sal
surfaces of the elenent 58 5 in conta®t with the human body are nade of a

bi oconpati ble material. The p-n junction sem conductors are,designed to

operate apt atuleastipartBydpererprtes Jhe BREARE b Aile 3PHeMLEE FR %t out put,
uhi ch ShoULECRE &P RABrdySfhul iy’ k68 dnerficRCAd BGaRBCoRRET AT UM E

as shown SABAER" nce b skin and~10 subcutis absorb energy, the
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intensity or strength of  the wireless energy,trans ion_i opsi dered.
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oper gpi on NeaRfeb8rankicrndienakgy Mey e aiticdzeéd for ahimdjtlyt nent nmeans,
such.as an electric nmotor or a nptor/punp _25 assenbly, gpgra es the

nmedi cal opersting itheoPghigal eSS &% Wﬁﬁ’ﬁ%rthﬂ),meé%‘fﬁ a8eE R haT cal

Lransm sgign.cocd f oebhiibd, FdP%tdaglNenty ddgunslioxang/gpans in the

formof & ne having a positivé region and a negative region, as
descri beccakhoVvecom fivor dateraft  paxaldiedcugeunfrefrrabdnt HBUSKRPt of the 30

patlent'necessar:i.ly) the element 6 is controlled by a microprocessor.
15 The wireless remote control of the external energy transmission
means 10 is used to control the utilization of the transmitted

energy and any function or command to/from the implanted medical

device 4.



Wr_él ess energy carried by a signal transmtted by a wreless renote
control of an external energy transm ssion neans WO 01/12108 24
PCT/ SEO0/ 01528 10 at |east partly penetrates the patient's skin and hits

the elenent energy thus hitting the element 6 is traapégyolspss | Nt o
energy of a. ﬁ?éﬁ%t formthat is suiteg for powering the operation means

68. For exanple, where the operation neans 68 is 5 an—eteet+ic-notor the

el ement 6 conprises an electric p-n junction el enent or st he
wirel ess energy into an electric current for poweri ngr’mmﬂmﬂin ’ﬂlﬂor.
Wiere the oper &RSMEneans 68 conprises a punp, the ele Miform
the wireless energy into kinetic energy for powering the punp. 10 The
transforned energy nay be utilized for directly operating the nedical
device 4 or, wher A tiedivedi daplamt i apparatyis dogcar patient opmmprdgingor
storage.in a capacitor _and/or_an iaccuerrul ﬁ&or for igter or soaral.l el yse.
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transm ssion neans 10 is used to control the utilization of the

transmitted eneRgpdmmtabyer npdicah davicemoRRYabPLe f B FFRONSFHIEENt ed
medi cal - deyLogy doe D Jibohdl SBRCTARFCD 01528 25 ——=5 I H J1 1110 118hi i1
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[1rrr1 Ane i npl ant apparatus for a patient, conprising: 5 an energy
transm ssi on neamsinpiantabdkeesergyisrrrsfiocgming means gfowftmnEfogmihgr m

f ' h i ent’ dy; i ml o dj cal, deyi bl e i
copondd’t SRechBrtp o FH8 oRkt (BT irt Lot s FER b g R T ©
transfornm egefSpnerdrdmilssioal feans dintkd) eéneeg9NBE J¥héfsédind ifoxin, f @hiith

wirelessly transmtted_by the _energ%/ transm ssion neans into energy of the
second for AP wpegfor the operation of the medical device.

2. An apparatus according to claim 1, wherein the energy
15 transforming means comprises at least one element having a
positive region and a negative region and adapted to create an
energy field between the positive and negative regions when
exposed to energy of the first form transmitted by the energy
transmission means, so that the energy field produces energy of

20 the second form.

3. An apparatus according to claim 2, wherein the element
comprises an electrical junction element capable of inducing an
electric field between the positive and negative regions when
exposed to energy of the first form transmitted by the energy

25 transmission means, whereby the energy of the second form

comprises electric energy.

4. An apparatus according to claim 3, wherein the medical
device is electrically operated, and the positive and negative
30 regions of the electrical junction element supply electric

energy for the operation of the medical device.



I's used for the operation of the medical device. 2. An apparatus according
to claim1, wherein nsform ng nmeans conprises at |east -
one el enment havi ng atmmmm"m,“mi"mrand a negative region and adapted to
create an pyeidyest i el*d Betweenh tsne*positive and negati vepépRgropsszyhen

exposed to energy of the first formtrassmtted by the energy transm ssion

means, so that the energy field produces energy of 20 the second form 3.
An apparatus according to claim2, wherein the el enent conprises an

el ectrical jungcti apahl, &4 LRducl n ric field between
the positive ana?fd %ggkﬁﬁgé%%i ons r%ﬁ%h Eéx%%és%g zf}o"é‘%rg%‘ %ﬁef% ‘% rst form
transm t t e bseddn® Eoemgysé&d fommpeErasing tieamedivadr aayitdeignergy of the

second form conprises electric energy. 4. An apparatus according to claim
3, wherei ‘f’i“f??é’s%éﬁ &5@8%%1%3% tgﬁeé???@él'ﬁ‘ﬁ?"&ﬁ@?’ﬁ%ﬁ%, MBARS ¢ he positive
and negative 30 regions of the electrical junction elenent supply electric

energy for the operation of the nedical device.
1111111N11111 8.1 An12pRaratyy agoording|1bg eidm 4pCiusther (asagisddg 5. The

appar at us_-acaqQr.dj ) ' €] ergy..Qf _th econd formused for
operati nge%%qngdggﬁﬁgﬁgéﬁgoﬁ?e%%&r{é ess f%téﬁg%g%n %‘E‘%d"%‘ﬁ’ﬂ'& ener gy
transf or ntegionsaps. thé éledirizplajahasiac cletieng, t @hetebyn the f urt her

conprisin el ectri ¢ conductqQrs conpected to the posjtjve and _negative
ol one. (adke IeRLcIREEIOT heeBh 57 CHRRADLSRE BUPBIVLRS dib lecbae
junctipn Qe via €r®addfaudtosrgppl ying an electric 10 current via the
conductors. 7. An apparatus according to claim6, wherein the electrical

junction elenment is capable of supplying a direct
7. An apparatus according to claim 6, wherein the

electrical junction element is capable of supplying a direct
current or pulsating direct current via the conductors.
15 _

8. An apparatus according to claim 6, wherein the
electrical junction element is capable of supplying an
alternating current. or a combination of a direct and alternating
current via the conductors.

20

9. An apparatus according to claim 3, wherein the

electrical junction element is capable of supplying a frequency

or amplitude modulated sigmnal.

25 : 10. An apparatus according to claim 3, wherein the

electrical junction element is capable of supplying an analog or

digital signal.

11. An apparatus according to any of claims 2-10, further
30 comprising an implantable motor operably connected to the
medical device, wherein the element powers the motor with energy

of the second form.



current or pulsating dir | he conductors. 15 8. An apparatus
according to claimé, mgmlﬁmumm‘mgalnlcal junction elenent is capable
of supplying an alternat+ngecC sOr.d ‘conmbi nation of a direct

and. al t er nat {0, 15gs ' €Nt via the conductors. 20 9. An apparpé&tySeceeesdi ng
to claim3, wherein the electrical juncpron elenent is capable of
supplying a frequency or anplitude nodul ated signal. 25 10. An apparatus
according to claim3, wherein the electrical junction elenent is capable

of supplying an analog or digital si.gnal.-li. An apparatys. accordi.ng to
oy PPy L D 130 hR et st RS 50 any ok H1RIRRLE TS o R |
connect ed tQuph4 siABdak al msarite®le | fpd b8} ivRnlecPOVCES tHE mEdi®aIW th

energy of the second form i 10111) IT111i hill hill ii sill WO 01/12108
PCT/ 5E00/ 0 X8¥g.cez7whepeinrthe slegens Rrevidrhenesaanyiorhe| sgeand from

further 5cor’g)orxj %Hgggsgfgg{)&&rg@tgh% g;gﬂ;ghoperabl y connected to the nedical

devi ce, "wherein enent provid ergy of the second form5 for the
operation of the punp. 13. An apparatus according to any of clainms 2-12,
further conprising_an inplantable ggl,se ener at or ener at

or, [
el ectrical pul sd3-fABnFRRRTPHAECREISRE o FBT rﬂfplcgrﬁﬂlﬁ‘ d?o¥2 1 t@‘gr%renergy
field 14. Anmp3IR3hgt 48 AR el PulBY fnddtatidi® £3rdgbndfatinerein the

el ectrical junction el enent conprises at [east one sem conductor. 15
electrical pulses from energy of the second form produced by the

10 energy field.

14. An apparatus according to any of claims 3,4,6-10,
wherein the electrical junction element comprises at least one
semiconductor.

15

15. An apparatus according to claim 3,4,6-10, wherein the
eléctrical junction element generates an output current
exceeding 1 pA when exposed to energy of the first form
transmitted by the energy transmission means.

20 '

16. An apparatus according to any of claims 2-15, wheréin

the element forms a flat and thin sheet, and has a volume of

less than 2000 cm’.

25 17. An apparatus according to claim 1, wherein the energy
transforming means comprises at least one semiconductor
_circuitry having a positive region and a negative region, and
adapted to create an energy field between the positive and
negative regions when exposed to energy of the first form
30 transmitted by the energy transmission means, so that the energy

field produces energy of the second form.



15. An apparatus according to claim3,4,6-10, wherein the electrical .
junction el enent generates an output current exceeding 1 pA when exposed
to energy of the first form transmtted by the energy transm ssion neans.
20 16. An @BRiasd's according to any of clains 2-15, whereT/sE0w/01828e| ement
forms a flat and thin sheet, and has a8volume of |ess than 2000 cm. 25
17. An apparatus according to claim1l, whetein the ener, t ransf orm ng
nmeans conpri se&- dt° Iaé’é’?Fagﬁﬁ §‘é‘r“ﬁ’f§£¥ﬁu&’oF5‘aWriui‘flﬁFaﬁg€i% 65t i ve
regi on apgdaasPeHRing’ teaf8i ebmpAi¥ks adNleddt! Bnél CRdMs it AN i uiteyd
between the positive and negative regi ons when exposed to energy of the
first fohavdogta pesitivedrpglenanthd dedrtiNgnregion Anshadapsedht® t he

SNeT 9Y o hde Pl dikssy 0000 Sleidin ISCORLIPIM M HCkEIO8 2Bgions

PCT/ SE00FGT5 apparatus accordin o claimt, erein
transfor whef éRsosed topeneegy adf |tEestfimse fomnstsamsmititedublyr yhehavi ng a

positive region and g negative region, and adapted t reate an energy
field bef’-%@EﬁYtWEa”f?GEis?i"gﬁ WEAPIve B8 iWRE EBFO?FS"%%&%BB?%&C??) energy of
the firsepbegp &f altiwrisebetabiotde energy transmission neans, so that the

energy field produces energy of the second form 19. An apparatus
according to claiml1l, wherein the energy 10 transform ng neans conpri ses

at | east one mcr ' | I ye ' .ne [ i on, and
adapted to cr g%t ﬁm%ﬂgggr%% ?%‘fﬁgi \%éeﬁitgﬂﬂéofp'o%r\%éﬁagggnégﬁ%ﬁe
regi A0s wirafsfexmuiose thebosecnempyiagds tate leastt chermidicmisip hawdndgyat he ener gy

transm ssi on peans, .so that_the ener fi,el d produce nergy_of. 15 the
second f EPRFT3YE le?ﬁ‘pﬁflgtﬁsn%ﬁ%ﬁv(ﬂg %591218“& %#aﬂ‘%‘t?:al %& XES%?i?f ng an
i mpl ant alghgrg{ef Hi1 & between MEEE it iveOnhAdneFet ite Gegliblis when
exposed to energy of the first form transmitted by the energy
transmission means, so that the energy field produces energy of

15 the second form.

20. An apparatus according to claim 1, further comprising
an implantable energy storage means for storing energy of the
second form and for supplying energy for ope:aticn of the

20 medical device.

21. An apparatus according to claim 20, wherein the medical
device is electrically operated, the energy ;ransforming means
is functionally different from the energy transmission means and

25 1is adapted to transform energy of the first form into electric
energy, and the energy storage means comprises an electric
energy storage means for storing the electric energy from the
energy transforming means and for supplying electric energy for
operation of the_medical device.

30

22. An apparatus according to claim 21, wherein the energy

transforming means comprises at least one electrical junction
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second formand for supplying energy for operation of the 20 nedi cal
device. 21. An apparatus according to clai-m 20, wherein the nedical device
is electrically operated, the energy transform ng neans is functionally

di fferent fmﬁﬂfnsener gy transm ssion neans and 25 i s adapcesEcm1szsansf or m
energy of the tTirst forminto electric 2nergy, and the energy storage
means conprises an electric energy storage_neans for storing the electric

energy frovhemeat BA¥LRY B rRPRFGNME FEIHEENS NG ??ﬁaﬁﬁﬂﬁbFFﬁ'ﬁgePﬁét??{Pg_
energy for, Eireabkoﬂnﬁﬁciﬁg R Urel xd8V ie881 d e tifeer/ Nt HRP PREAL B9 38R@T di NG
to claimZ%, e energy

, ereint transformng nmeans conprises at |east one
el ect ri calnggatdtvieomregibng | yherl expbsed] tol enetgy 1af] the Fi/rs216erR9

PCT/ SEO0/ 01528 .el e t having a sitive _region and negati.ve. regi on and
bei ng R TEEEaRE POS (ARt CEReSaP oD et e Soertrve

negati ¢ rQj=1veVpegiBneosekid caretgical §hsctidistelenet beangm tted by
t he energy transm ssion neans, the positive and 5 negative regions of the
el ect ri calejaataicadly erprecird ¢ tgleeeﬂ-PFEﬁ}PyeWe@ttQEaSS PRABRY ectric
energy storage neans. 23. An apparatus according to claim 20, wherein the
energy storage neans conprises an accunmulator. 10 24. An apparatus
accordi ng to clzai.mAR3apphaeatis admerdiogutol alaim Ghpvwhegeiantbecenergy

accurmulator. 25. An agparat us_accordi ggmtﬁ gl aim 24, wherein the 15
el ectric BAFAFFEARCORPIRERESLAN ESSH™BnB8 " ®pacitor or battery. 26. An

appar ajgis according to claim 20, further conprising an inplantable source
of energy, and an inplantable swtch 20 operable by energy of the second
form suppl i ed gy.tﬁ@ gﬁggﬁ@tus according to claim 23, wherein the

accumulator comprises an electric accumulator.

25. An apparatus according to claim 24, wherein the
15 electric accumulator comprises at least one capacitor or

battery.

26. An apparatus according to claim 20, further comprising
an implantable source of energy, and an implantable switch
20 operable by energy of the second form supplied by the energy
storage means to switch from an off mode, in which the source of
energy is not in use, to an on mode, in which the source of

energy supplies energy for the operation of the medical device.

25 27. An apparatus according to claim 20, further comprising
an implantable source of energy for supplying energy for the
operation of the medical device, a remote control for
controlling the supply of energy of the source of energy, and an
implantable switch operable by energy of the second form

30 supplied by the energy storage means to switch from an off mode,
in which the remote control is prevented from controlling the

source of energy and the source of energy is not in use, to a
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storage neans to switch froman off node, in which the source of energy is
not in use, to an on node, in which the source of energy supplies energy
for the operation of the medical device. 25 27. An apparatus accordlng to

claim 20, webiggls conprising an inpl agqt abl e source of eREFEEPMIERS syppl vi ng'
energy for the operation of the nedical device, a renote control for

control | i W? aﬁwl yupfwxﬁ%r @%eOkeddt® %&%wis?ﬁmu t& ¢ AN

i npl antabl'e swtch operabl e by energy of the second form 30 suppl i ed by the
ener gy stcmna;gelrrehqssm!r@/\nctfc energyn bt itplyogaergy nfomite operasione
control is ven fr ntrolling the source of energy and the source
of ener gy’ % gﬁ%éﬁg%%gh e 21222200 vart 1 1111 wWo -
01/12108 30 PCT/SE00/01528 standby node, in which the renote control is
permtted to control the source of, energy_tqQ supp y ener g or,
oper atsi on  of 2BheARERRRAHA S, FEEOTSLS LoNFLapRat at B¥F f%mﬁﬁlﬁbnglaln1l
further dRRIRNbRPLRe SR FR SLpPIPisy didirgirFRkYeRE €nergy
for the ope?%tlon S?che nmedi cal dé@?ce angﬁgﬁ ?%p aﬁ?ﬁ%le swi tch

oper abl e dppraneogyoibftltm@eslesaﬂaddﬂ)wﬁ.smgl Aadimplantabde syiitchr ansf or mi ng
means to sSw t froman off [ t f y is not
in use, t% 5 gﬁ RodESIH i ﬁg %égoﬁg;lﬁ%%g\ %ﬁpé%g&%ygﬁ:glp Fglggéﬁergy f or
the oper aiyagareimine memd ¢al setvtk efraad anfofippede) uin addehdichg to claim

1, further conprising 15 an i Iantable source of energy .f uppl yi ng
Whighnthe|

ener f f GOUERe °5p%‘?e&7cﬂyoﬁsof‘°l‘ D RRR c 4O §Bv PRy b f or
control i € fsuppeiay leddie rFRULEE SpefiEIddY ofdflean
|nplanteﬂﬁ%§4§% tcﬁag%é?gb g@by energiﬁgf t he seg%nd form supplied by the
ener gy t meddtelndenidmans to switch froman off 20 node, in which the
renote control is prevented fromcontrolling the source of energy and the
source of energy is not in use, to

29. An apparatus according to claim 1, further comprising

15 an implantable source of energy for supplying energy for the
operation of the medical device, a remote control for
controlling the supply of energy of the souxrce of energy, and an
implantable switch operable by energy of the second form
supplied by the energy transforming means to switch from an off

20 mode, in wﬁigh thé remote control is prevented from controlling
the source of energy and the source of energy is not in use, to
a standby mode, in which the remote control is permitted to
control the source of energy to supply energy for the operation

of the medical device.

25
30. An apparatus according to claim 1, wherein the energy
transmission means transmits energy of the first form by at
least one wireless signal.
30 31. An apparatus according to claim 30, wherein the signal

comprises a wave signal.
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a standby node, in which the renote control: is permtted to control the
source of energy to supply energy for the operation of the nedical device.
25 30. An apparatus according to claim1, wherein the energy transm ssion
neans transnbg,&i6d 9y of the first formby at |east one vdrreesissd gnal .
30 31. An apparatus according to claim38 wherein the signal conprises a
wave signal. | LLITHI 1L 111JI 1%111 [ 1111 L WD 01/12108 31

PCT/ SE00/ 01528 3§2.Aﬁna%‘b‘z[ﬁ%§°&86 B9 P 1ot adm By s¥hehnin die sAgnelgnal
contains r aRaln8NehdYant nedgyappar at us according to claim 31, wherein
the wave 5 signal conprises el éCtromagnetic waves including one of infrared
light, visible light, ultra violet light, laser light, mcro waves, radio

waves, Xx-ray radiLation radiation. .34 An apparatus..,according to
clai m 31, wher elg%'th% %}%ége]zda'%% Si é"ﬁ’é’f‘i%%rr%r iqsleaslmsgghdgl\g}\%’\:/%%?sg’f VA<

appar at §s aiemadi BempPisésidlettromaghetic twtreti dneludiagpons &E dndirgréal or
anal og signal. 15 36, An apparatus according to claim1, wherein energy of

the first figERte r ¥hEHPLE StEINF /t HELERYSLRY tasigfereht@ht c HEEPses an
| ectric fi 3 | 1 , in the 20
electric 'vgk%s, faddh RPRA,aLUSAPCERE Fh i O ﬁdapmsﬁ?sgéﬁﬁlﬂtc%é e

electric fi s transmtted in pulses or digita ener gy
transm ssion neans. 38. An apparatus according to claim1l, wherein energy

Compr i ses o magHAc] B0 ROr="00. SKRORFHE ROELRBI3R ngheEe I A 28%%wner ei n

the 10 signal comprises sound waves.

35. An apparatus according to claim 30, wherein the eignal

comprises a digital or amalog signal.

15 36. An apparatus according to claim 1, wherein energy of
the first form transmitted by the energy transmission means

comprises an electric field.

37. An apparatus according to claim 36, wherein the
20 electric field is transmitted in pulses or digital pulses by the

energy transmission means.

38. An apparatus according to claim 1, wherein emnergy of
the first form transmitted by the energy transmission means

25 comprises a magnetic field.

39. An apparatus according to claim 38, wherein the
magnetic field is transmitted in pulses or digital pulses by the
energy transmission means.

30
40. An apparatus according to claim 1, further comprising a

wireless remote control transmitting at least one wireless
-
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magnetic field is transmtted in pulses or digital pulses by the energy
transm ssion neans. 30 40. An apparatus according to claim1l, further
conprising a wreless renote control transmtting at | east one wreless
1111111111 WA 0Rded ' 1111111111 M'S +r WO 01/ 12108 PCT/ SEGRTISEDDB1528 2
control signal for controlling the medf®al device. | 1"1"I

e r emot SORGHY R SpedcpnrasgrLagts, ongradtestmaeroreon « JRHAMIRENA M

5 the inplanted nedi cal device and to control the nedical dewce i
response to the informati on. 42. An_ apparatus according to claim 40,

wherein the rcdot 8% BBPRFRIUS ARFPFIERY P | R iant8d vhetein the wemote
control | 'g&éﬁﬁ i%?cgﬁ%:gélofj%ﬂtﬁﬁniﬂé-iﬁbﬁr&%@.&ﬁtHﬁ %0%41%5& glgai m 42,

wherein the contro conpri ses a m Croprocessor N "appar at us
accor di ngthe impdantdd, medicradi deivice and diesontewdt the anddicdalc dewicees at

| east one, ext er nal ngn‘]__I t r&nsn}:tter or tranceiver and at |east one
i mpl ant abt® FSTPEPREI sﬂb‘?]aﬁn EPRFV8P- or transciever. 20 45. An apparat us
according to claim40, wherein the wreless renote control conprises at

| east one external signal reciever or transceiver and at |east one
i mpl ant abl e | #Rer ABI SPRATHHNS ACSATALRS dic SladmyAlcevhareimthes reppte

appar at us Rd] Pe&d AAMi487 a¥P &eécih]:'-ﬂl eapt ls S C bl e
of . sendi nc(f:] I'n %r Frgt %n related to tﬁe medi cg"l hﬁggvfoczé rorﬁql%%lﬁgee?%e
pati et ' smeatichplt devhee out si de thereof. 47. An apparatus according to claim

41, wherein the renote

43. An apparatus according to claim 42, wherein the control

unit comprises a microprocessor.

15 44. An apparatus according to claim 40, wherein the
wireless remote control comprises at least ome extermal signal
transmitter or tranceiver and at least one implantable internal

signal receiver or transciever.

20 45. An apparatus according to claim 40, wherein the
wireless remote control comprises at least one external sigmnal
reciever or transceiver and at least one implantable internal

signal transmitter or transceiver.

25 46. An apparatus according to claim 40, wherein the remote
control is capable of sending information related to the medical

device from inside the patient’s body to the outside thereof.

47. An apparatus according to claim 41, wherein the remote
30 control controls the medical device in response to the

information.



30 control controls the nﬁ“’“ﬁ"llmﬂummmresponse to the information.
FUEEre "122v21 1l 1111 01/12108 33 PCT/ SE00/ 01528 48. An
appar at us accordl ng to clal m%o0, “wler& n*the renpte control conprises a
control sig smtter for transmitting the control siPgESEQNISS t he
ener gy transm?n I'on nmeans conprises t3RAe control signal transrn'tter
wher eby energy of the first form 5 is transmgit{ted by .the conﬁ,l naI.
49. An appar at 8 -a@80PRPAGRERS AFIRURI \Eﬁng‘?ﬁmtﬁ% §n§ﬁ¥"§ fon

means trang heodiFsit dignanby¥rah :i.@@éﬁ £Ue tTa@BRl tEERgr at e
fromthe c%&]f‘ i %E%Q¥SQLOL5O An apﬁg?lat usrac?:%g,df ng to claim40, wherein

the renot eth@&fﬁrftmolt sdgealt samd dehe |eexergvgnaan$mss:rem ylaans SETBEASES|

signal. 15 51. An apparatus accordi | ai th r
transni ssi BRe Rt 5&5\9??‘5 'tﬁ' SFET g?exgyby e I%é'ggt% gﬁgm
signal , 5 %gkhféiéﬁg_%easb§ ﬁﬁérd:&{tﬁjlglﬁ_lgnamr the control signal
transmtte by the renote control. 20 52. An apparatus according to claim

50, wherein the carrier signal is frequency or anplitude nodul ated. 53. An

apparatus accorgin fa Oac h SATdb Sryiid 3 tHQ"BhkS
digital or anal©og \%élveggggé%g P aﬁg]g%uglgccordl nvé to cl ai m 50, %ﬁerei n

the cont rﬁi:aﬁérgi‘sﬂz.dmsméanst hraﬁmnm rEnergyi gﬁathq% sf ¥araty) Fearmy byr atarrpl i tude
nodul at ed. 30 55. An rat us acco d| n 0 g ”1591 vglerel n the control
si gnal usededft H’r{ehé3 i BFPRT YIS %ihﬁ Fgf‘ &7 TPy,  cL Ms
10
50. An apparatus according to claim 40, wherein the remote

control transmits a carrier sigmal for carrying the control

signal.

15 51. An apparatus according to claim 40, wherein the energy
transmission means transmits energy of the first form by at
least one signal, which is used as a carrier signal for the

control signal transmitted by the remote control.

20 52. An apparatus according to claim 50, wherein the

carrier signal is frequency or amplitude modulated.

53, An apparatus according to claim 50, wherein the
carrier signal comprises digital or analog waves.

25

S4. An apparatus according to claim 50, wherein the
control signal used with the carrier signal is frequency or

amplitude modulated.

30 55. An apparatus according to claim 50, wherein the
control signal used with the carrier signal is digital or

analog.



WO 01112108 34 PCT/ SEQQ/ 01528 56. An_apparatus according to cl ai m 40,

wherein the control l I ﬂ" l&ﬂu a wave signal conprising one of a
sound wave signal [ sound wave signal, an el ectromagnetic
5 wave SI * Fguding an infrared light signal, a visilpc/sEbgdis2s si gnal
an ultra V|0Ie Ight signal and a |las& Ilight signal, a mcro wave

signal, a radio wave signal, an x-ray radiation signal, and a ganma
radiation signal. 10 57. An apparatus according to claim40, wherein the
control signag Cﬂﬂpébﬁﬁaﬁ{k SlcRplalfig Obo TEENG 46, Wibfles® Gnd Reopithal Al US
according to cI aimi4 erein the contro signal conprises a digital or
anal og cosiigmall sbgpaised ;- %v%mgpphrmwmmr @nrgof oa cseund S&venher ei n
the renmote c ntrog éransn1t an el trona netic carri [ Jave s%gnal for
carryi ng 48 JPFArHTI 4t é’—rSSR &Y riartt®2e 88, SRS ppar

accor & NGfe Gighil lindhedig ahhensﬂefea 1igiansfighal Nga Rt T arigher ns
energy of the first forminto a_direct current or pulsatlng di rect

current. signaln apputb¥usviciedr dighttigrat AvE a,paPeT ntight &igmgy, 25
transform.n ?g§{or r f finstof al ternating
current ar %(r:rg,%%?n;{_ on oféTg: rge‘géf(vé:;tn%li tler%glt anay]c%%%r}?%n& An

appar at ussiagElr, dang aogammalnaﬁ;auhene$xgnaﬁa energy 30 of the second form .
conprises a frequency or anplitude nodulated signal. i ih uh lilly hil
hill ii 1111 * C MS WD 01/12108 35 PCT/ SE00/ 01528 63. An appar at us
accorgy ng to ghai fhlappdiediris ackereitg Mo dlfaiiheosewnatefrortneC @BREFSES an

anal og or a digital S|gnal 64. An apparat us accordlng to claim1, further
conpri si rejignal comprises an electric or magnetic field.

58, An apparatué aédbrding to claim 40, wherein the control

signal comprises a digital or analog control signal.

15
59. An apparatus according to claim 58, wherein the remote
control transmits an electromagnetic carrier wave signal for
carrying the digital or analog control signal.
20 60. An apparatus according to claim 1, wherein the energy

transforming means transforms energy of the first form into a

direct current or pulsating direct current.

61. An apparatus according to claim 1, wherein the energy
25 transforming means transforms energy of the first form into an

alternating current or a combination of a direct and alternating

current.

62. An apparatus according to claim 1, wherein the energy
30 of the second form comprises a frequency or amplitude modulated

signal.



5 an inplantable cont rﬂlllmmlu_)mmmﬂmllol ling the nedical device. 65. An

appar atus according to n the control unit is programmble

for controlling the medi‘caf device®ovér tinme, and wherein the control unit

controls th gﬁﬂ{ﬁ@l device 10 over tine in accordance W tggrankoseilsisvi ty
9‘3 m ©06.

schedul e pro An apparatus accor@ ng to claim®65, further
conprising an external wireless remp{e control, for progranm ng the control

unit. 15 67. AnS3ppAPatRRALRIUS ACRGTHING| LR Fiim fur WREFS4BNERE seBRFIvan

I npl ant abl 0 d SEST bup | 2R 2By TR s ok lent. 20 68.
An appar at S’?gcﬁ:’%orggfz% to claim gg,wah%?ei n tHhe co;aft ragﬁagﬁ%\i%)%%lrol s the
nmedi cal device in response to signals by the sensor. 69. An apparatus
according to cl gi m§§’a"‘h§£ iug t he cont rotl_ 5 ,uni.t gi reﬁt |y contrals the
medi cal device I’ respRE 1055 PFRRFE P ] e 8 dor TUFBRERCHRLISHNG
accor di 59 ta@ Ahplanbdblé WdteolCAARE i B6P Loty AN aEN8he CRAEIOA] Uikividut Si de
the patient's body, wherein the 30 external control unit controls the

nmedi cal device in response to signals by the sensor. 11 1 111111111
11111 111 * L 1okt bkl f i[ S . 71 . An
appar at us accorgisthtlo cl al mql%, a ur'E%%ﬁp@%#nggg\Q%%ﬁ%%ﬁ%ﬁ 5%%?8}
oper abl y comisciedprogrdammaidei far dentusllinghdhei metibeakndevicd ravesf or ni ng

means powers_t he tar wi;th the epergy of the second form,65 72, An
Rpparatus. SABEATHG VESHI hRE, cPRFTRE i RReERgS the Medical device

10 over time in accordance with an activity schedule program.

66. An apparatus according to claim 65, further comprising

an external wireless remote control for programming the control

unit.
15
67. An apparatus according to claim 64, further comprising
an implantable sensor for sensing a physical parameter of the
patient.
20 68. An apparatus according to claim 67, wherein the control

unit controls the medical device in response to signals by the

sensor.

69. An apparatus according to claim 68, wherein the control
25 unit directly controls the medical device in response to signals

by the sensor.

70. An apparatus according to claim 67, further comprising
an external control unit outside the patient’s body, wherein the
30 external control unit controls the medical device in response

to signals by the sensor.



e

an i npl ant abl e -punp gimmmg ' to the nedical device, wherein the
energy transform ng 2 "mﬂﬁ,# rgy of the . second formfor theé :
operation of the punp. 10°73% An apparatus according to claim1, wherein

the energy w@byidies first formconprises polarized energy. péfisecpasppar at us
according to claim1, further conprising 15 an inplantable pul se generator

for generating electrical pulses fromenergy of the second form 75. An
appar at us accdidi Ag apPayatiug AccPydingrte ormdms tngfurther ampaising

i mpl ant abl e . ' a hysical r-angter of the
patient, %n&@gggéﬁ%g%t@%b? s%gﬁgélr)ifoétgmg%%f%gggi %ﬁ%r%& f%hl ﬁg’ﬁﬁ(?’ physi cal
par anet erytezieiadthy élergys aransforhind\meyapaivass athe mbiur twithl 8he 1,
further conprising . 25 an external data comuni cator and an inpl antabl e

i nt er nal PFY eSnkini AW £8FMuni cating with the external data

commuri cator, wherein the internal data communicator feeds data related to
the nedical device back to the external data communicator or the external
comuni cat or F@edAn capranagushactarding|talalaisol ¢ ofurhtiexatoempridingn

di | ai ' . A
PO SE00 A1 981 PRt fonk PRéRant o Blhcdp By cene izl a4, e

one physineakeifi ghal emdrgyherpasfenhing Gneaia ppooddés erereyy dENghéo claim 1,
further conprising a 5 switch for directly or indirectly switching the
suppl y ofSeSRBAgEOIR:EqM, Lhe eBRYRE 1™, 2 theh8WBBer at i on of the nedi cal
devigg. 79. An apparatus according to claim1, further conprising

I npl ant abl e hydraul ic nmeans for operating the nedical device, 10 and at

| east one val ¥3.f&p apparesus| ageerding ¢ icdaimnl ¢ iwherein the energy

of the first form comprises polarized energy.

74. An apparatus according to claim 1, further comprising
15 an implantable pulse generator for generating electrical pulses

from energy of the second form.

75. An apparatus according to claim 1, further comprising
at least one implantable sensor for sensing at least one
20 physical parameter of the patient, and an implantable sender for
sending information on the physical parameter sensed by the

sensor.

76. An apparatus accordiﬁg to claim 1, further comprising
25 an external data communicator and an implantable intermal data
communicator communicating with the external data communicator,
wherein the intermal data communicator feeds data related to the
medical device back to the external data communicator or the
external communicator feeds data to the internal data

30 communicator.

77. An apparatus according to claim 76, wherein the



hydraul i ¢ nmeans. 80. Al ing to claim79, further conprising
a wrel ess renote cont aﬂﬂmm Mt"iﬂmll g the valve. 15 81. An apparatus
according to claim1, e i£al device is adapted to control the

size of a tRy@u@Rids ow area of a lunen formed by an or gan PEI/SEPMOISS i ent .
20 82. An apparatus according to claim P7 wherein the nedical device is
non-inflatable. 83.. An appar.at ccordin ' Lt RELgEO I Si ng
an i npl ant%%ﬁ?ﬁepﬁﬁoﬁg‘ﬁ%%%é%&&% o%%ee(ragt gﬁggt%eﬂn%%lc’tg{ l"!lé"e\@'i cg, Hgé

wher ei n t hgnyEda0akigaNl CeE Ceprpaadentydr aul i ¢ neans, the operation neans
conprises a reservoir formng a fluid chanber wth a variable vol une
connected to the hydraulic neans, and the operation neans distributes .
fluid fromthe ghaghep bor-difies JWHrdidhioC tBEaNSiMYL / Ei#&ihedN colpiheiNg! ane
of the chanber @Pid 0 gnbt draws fluid P?omthe hyd'raulic means to the :
chanbers byswitgmiferodivéctlye amlindingctiyesvhbeivitg the EuPPAY0”L3gnergy
PCT/ SEQ0/ 0152 84. A arat us .accordi.n o_gl.al f Uit s CQNpri sing
an oper at i ¥n ﬁ?cf’B‘a gg APhFHHEERTE Fggﬂg %%v%:%nﬂéer?&célcg%{;’%%%devi ce
for controlling the operation neans. 5 85. An apparatus according to claim

84, wherein the control device shifts polarity of ener of the,second
formto reversd?- A8 BPRARRATYH RSARI1ngs toaRladp o rathe oFEMRGIEL el ai m

85, wherei %%&lgpﬁkpﬁémQ%scw §8133@{h8€|1§£é e i¥al Oed0de ENET QY

of the se orm cohprises electric ener An appar atus accordi ng
to cl alin Sdnd vdteleastt hee meallval foriepntroliinger diuid &lgwr ior fhe
reversibl e fémcti.on. 15 88. An apparatus according to claim@87, further
Conprisingby raulic means.

80. An apparatus according to claim 79, further comprising

a wireless remote control for controlling the valve.

15
'81l. An apparatus according to claim 1, wherein the medical
device is adapted to contxol the size of a through-flow area of
a lumen formed by an organ of the patient.
20 82. An apparatus according to claim 1, wherein the medical

device is non-inflatable.

83. An apparatus according to claim 1, further comprising
an implantable operation means for operating the medical device,
25 wherein the medical device comprises hydraulic means, the
operation means comprises a reservoir forming a fluid chamber
with a variable volume connected to the hydraulic means, and the
operation means distributes £luid from the chamber to the
hydraulic means by reduction of the volume of the chamber and
30 withdraws fluid from the hydraulic means to the chamber by

expansion of the volume of the chamber.



an i nplantabl e reversing neans for reversing the function perforned by the
medi cal device. 20 89. An apparatus according to claima88, wherein the '
control device controls the reversing nmeans to reverse the function
per formed By ijosmsdi cal device. 90. An apparatus accor dipgg/sEooeiszs m 88,
wherein the 3 reversing means conpri s¥s hydraul i ¢ means including a val ve
for shifting,{he flow. direction . a f]ui | ow i Y. N means.
91. An appar a?%s%gtca(ﬁp(?‘lrha& oagf%]?én%@,éomﬁgra fé'llnnwf hgué%e$eé\;ge@glﬁgn eans
conpri segnacpBEAEIbIE AlednRy €b%i oper®niny the2 meddcappdevias axtar ding to
claim91, wherein the 1111111 111111 111 IINC,L MS 11111 WO 01/12108
PCT/ SECOcoRsyel dayics &ox fgukeahbing ks SPeratyen ByS93. An appar at us
according to claim 88, wherein the reversing nmeans conprises a switch. 5
94. An apparatus .according to claim93, wherein the control device
contréls the 8pers iappagfatuiscaseprding\tosiglaimng4povkarein the eparypl
supplied to.,the switch. .10,95. An _ C | L2 wher ei n
the swit GFViEBFRTRRE Pfr}aé'llggt ?fcezg%pﬂ:%tfgﬁggt %gég%%?%&eﬁb? ogner g;{;sguppl i es
el ectri c ypRebgyrdtior Mea@i@er ation of the switch: 96. An apparatus according
to claim84, wherein the 15 operation neans conprises a notor. 97. An
apparatus according to claim96, wherein the notor conprises a rotary
motor, and t hgsCoQY rplp AN 600t AlE td1@1alatl B85Y WA Yid GHeOtate a
desired nunber of revc?l utions. 20 -

10 operation means comprises an electric motor and energy of the

second form comprises electric energy.

87. An apparatus according to claim 84, wherein the medical

device is operable to perform a reversible function.

15
88. An apparatus according to claim 87, further comprising
an implantable reversing means for reversing the function
performed by the medical device.
20 89. An apparatus according to claim 88, wherein the control

device controls the reversing means to reverse the function

performed by the medical device.

90. An apparatus according to claim 88, wherein the
25 reversing means comprises hydraulic means including a valve for
shifting the flow direction of a fluid flow in the hydraulic

means.

91. An apparatus according to claim B8, wherein the

30 reversing means comprises a mechanical reversing means.

92. An apparatus according to claim 91, wherein the

_—
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98. An apparatus according to claim96, wherein the notor conprises a
linear nmotor. 99. An apparatus according to claim96, wherein the nmotor 25
conprises a hydraulic or pneumatic fluid nmotor, and the control device
controls the fl&aj}i g{“&l ow through the fluid notor. 100. An appéi/stde1s2s
accordi ng t o Y 6, wherein the notor sgconprises an electric notor

havi ng el ectrically conductive parts 30 nmade of plastics. 101. An

appar at us afesdrimg meant acomprides whegeacboprising -~ 1111111111111 | | | |
111111 111111 WO 01/ 12108 PCT/ SE00/ 01523 40 an i npl antabl e operati on neans
for operating. the nedical device, wherein the nedical device conprises

hydraul i c means gand ahhgpp@Poied itcFadng €6NPLateBes, RueRelinr tpenpi ng a
fluid in the hydraulic nmeans. 5 102. An apparatus according to claim 101,
wher ei n t herevgraingi BAARE ESMRINAAS §e§W&tﬁgtor for driving the punp. 103.
An apparatus according to claim 102, wherein the 10 operati on neans
conprises a fluid conduit between the punp and the hydraulic neans of the
nmedi cal devi ce, sandaa apparatnis dowordiihgi to ¢lmeim &3qr wherefinr thegoqetrztolof

the conduit. 104. An apparatus according_to claimn10 erein th 15
condui t is RXASd captaggs nohe rMEFAY 107 8@. tli%fwﬁfjbag’éfa\r@’gﬁﬁ?ﬁ%c%‘%ﬁﬁgty
to.claim103 émﬁrgg,l BuppPied QS swhieens a fluid chanber with a variable

vol une, and the punp distributes fluid fromthe chanber to the hydraulic
means 20 of the nedical device by reduction of the volunme of the chanber

and wi thdraws flg d,fr %QE‘@& S heg C s b, eggpfig@on
of the Vol une ofslét'héc%ggr‘?‘ml/ : kﬁﬁg pgtrga?%és)h%ccdrg’?%gg%g %:l %i m 1,
further congummiisg@s an electric switch and the source of energy supplies

electric energy for the operation of the switch.

96. An apparatus according to claim 84, wherein the

15 operation means comprises a motor.

97. An apparatus according to claim 96, wherein the motor
comprises a rotary motor, and the control device controls the
rotary motor to rotate a desired number of revolutioms.

20
98. An apparatus according to claim 96, wherein the motor

comprises a linear motor.

99. An apparatus according to claim 96, wherein the motor
25 comprises a hydraulic or pneumatic fluid motor, and the control

device controls the fluid flow through the fluid motor.

100. An apparatus according to claim 96, wherein the motor
comprises an electric motor having electrically conductive parts

30 made of plastics.

101. An apparatus according to claim 1, further comprising

* c L M S *




25 an inplantable control unit for controlling the nmedical device, wherein
the. control unit conprises a nicroprocessor. 107. The nedical inplant
apparatus according to-claim1l, wherein the nedical device is directly
oper at ed wWgwiduiagegay of 30 the second form as the ener @gecrisEsncI8IsSSi On
means transmts energy of the first f9m 1II11JITI/IfIfIhIL/ LI
WO 01/12108, PCT/ SEQQ/ 01528 41 108. An apparatus according to claim 107,
wher ei n 2RelvRiRtalle opezatian jreans (fpropREERE RIS B9E8Lg3L ofevire second

formin gnaeR: ARONSticqiEBINGEvice rABe8PREALS AGRAhd Qﬂatgn&' aim 107,

wherein the nedical device is directly operated wmth energy of the second
formin epavatienmednsacomphises al rmpAfoxppamping saddoddi &g theclaim 1,

wherein {he_ener Q transformng neans is adapted to be inplanted
subcut anhggjs’?‘gfab‘?%ela#st’he abdonmen of the patient. 111. An apparatus

accorging to claiml1, wherein the energy transform ng nmeans is adapted to

be inmplanted in the thorax or 15 in the cephal region of the patient. 112.
An appar at us 3®%or ™ §PPBXRFYSF ACLOriBReFR ?*ﬁ?@ﬂ%ﬁigyWhFFaﬁ%fﬁhﬁﬁ ng means

|'s adapt Sgef&ﬂ?n IE@ndN b6t 1l OMotbC£OF adiiA g2 th&Nbump POdy and under
the nucosa or intralum nar  outside 20 the nucosa“of the orifice. 113. An
apparatus according to any of the preceding clains, wherein parts of the

ener gy transf ' t e bg i CO ct_with,t atient when
i npl anted ar efér%']d(%%oggggiﬁ%#‘g%oanc%f F%?g %?at%ira}l TO%M.W ﬁﬁe'}blbgé?egt us
accoldli ngpéfativh aleahbecomprigisng €laidsconddiar Getweb EREEumg fagid@sf or m ng
means is structurally different fronltfe energy transm ssi on, neans.

the hydraulic means of the medical device,” and a reservoir for

fluid, the reservoir forming part of the conduit.

104. An apparatus according to claim 103, wherein the

15 conduit is devoid of any non-return valve.

105. An apparatus according to.claim 103, wherein the
reservoir forms a fluid chamber with a variable volume, and the
pump distributes fluid from the chamber to the hydraulic means

20 of the medical device by reduction of the volume of the chamber
and withdraws fluid from the hydraulic means to the chamber by

expansion of the volume of the chamber.

106. An apparatus according to claim 1, further comprising
25 an implantable control unit for controlling the medical device,

wherein the control unit comprises a microprocessor.

107. The medical implant apparatus according to claim 1,
wherein the medical device is directly operated with energy of
30 the second form, as the energy transmission means transmits

energy of the first form.

L
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30 115. An apparatus according to any of the preceding clainms, wherein the
energy transforming neans is adapted to transform ! 1111111111111
112121212 11 'l WD 01/12108 PCT/ SE00/ 01528 42 the energy of the first
forminto the epehey of the second form in a non-nmechani cacmsEwerszs 116. A
medi cal -i npl ant apparatus for a patient,4kconprising 5 an inplantable

oper abl e nedi cal device, and an energy, transm ssion neans for wreless
transm ssi on of 1@ferdfy FORAFALYSt §FE@1’¥¥R9 et idims 183 ey WheFetnithe he energy

transm ssion of 1efierdy ames _ % _ he ener g
w ol oss cRBRPEE eied LR, SEFi e NACH Babbfy TOE| Ot it

conpri Si ngfog inpik andridagretdcaiphenerdi cal device, an inplantable p-n
(positive-negative) junction device operably connected to the nedical
device, and a transmtter for wireless transm ssion of 15 energy from

out si dest he patigat ' £n hgshara@uN8cRofdintiid @laide100¢. wAdSeim\e@ppar at us
according to claim 117, wherein the p-n junction device conprises at |east
one pair ofedieabrdevire iify dizecthy PRe¥aferd Wiftdc 88eTgNcobf thfhiaFFones

posi tive a%%hg%gé 'l%n—‘?:(eém&[iﬁaﬁe S Negative when the p-n junction
0

device is to energy transmtted by the transmitter, whereby an

electric field is indyced betmeen.the surfaces and is used to create a

urrent from the, pn{ uiet].on deyl o o M o MK T AL L d WERHLY — M
10 transforming means is adapted to be implanted subcutaneously or

in the abdomen of the patient.

111. An apparatus according to claim 1, wherein the energy
transforming means is adapted to be implanted in the thorax or

15 in the cephal region of the patient.

112. An apparatus according to claim 1, wherein the energy
transforming means is adapted to be implanted in an orifice of
the patient’s body and under the mucosa or intraluminar outside

20 the mucosa of the orifice.

113. An apparatus according to any of the preceding claims,
wherein parts of the energy transforming means that are to be in
contact with the patient when implanted are made of

25 Dbiocompatible material.

114. An apparatus according to any of the preceding claims,
wherein the energy transforming means is structurally different
from the energy transmission means.

30
115. An apparatus according to any of the preceding claims,

wherein the energy transforming means is adapted to transform
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the energy of the first form into the energy of the second form

in a non-mechanical manner.

116. A medical ‘implant apparatus for a patient, comprising
an implantable operable medical device, and an energy
transmission means for wireless transmission of energy from:
outside the patient’s body, wherein the energy transmission
means is adapted to directly operate the medical device with

wireless energy.

117. A medical implant apparatus for a patient comprising
an implantable operable medical device, an implantable p-n
(positive-negative) junction device operably connected to the
medical device, and a transmitter for wireless transmission of
energy from outside the patient’s body to the p-n junction

device.

118. An apparatus according to claim 117, wherein the p-n
junction device comprises at least one pair Qf elements having
two facing surfaces, one of which becomes positive and the other
of which becomes negative when the p-n junction device is
exposed to energy transmitted by the transmitter, whereby an
electric field is induced between the surfaces and is used to

create a current from the p-n junction device.
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