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Field of the Invention

[0002] The present invention relates, in general, to medically implantable, remotely-
controlled devices that are safe in a magnetic resonance imaging (MRI) environment,
and more particularly to such devices that incorporate internal fluid control to adjust an

artificial sphincter.



100031 Since the early 1980s, adjustable gastric bands have provided an
effective alternative to gastric bypass and other irreversible surgical
wei ght loss treatnents for the norbidly obese. The gastric band is wapped
around an upper portion of the patient's stonmach, formng a stoma that
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bandi ng device, such as described in U S. Patent Nos. 4,592,339, 5,226,429,

6, 102, 922, reaschab]yipkss f@EI8 At thecotérsatromearthe stomaandy bretondange padthus faibtopor at ed
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to the esoph QIS the gastlié!B&id. on. Wien saline solution is delivered into

t he hol |l ow ball oon, the gastric band swells and constricts the stomach, for
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The expandable section would be capable of expanding or contracting, depending upon
the volume of fluid contained therein. One particular example of an artificial sphincter is
an adjustable gastric banding device, such as described in U.S. Patent Nos. 4,592,339,
5,226,429, 6,102,922, and 5,449, 368, the disclosure of each being hereby incorporated
by reference. Adjustable gastric band implants have a hollow elastomeric balloon with
fixed end points encircling a patient's stomach just inferior to the esophago-gastric
junction. When saline solution is delivered into the hollow balloon, the gastric band
swells and constricts the stomach, for example, for obesity reduction. Different degrees
of constriction are desired, and adjustment is required over time as the patient's body

adapts to the constriction.

[0005] Adding or removing saline solution from the adjustable gastric band is typically
accomplished by injection through a fluid injection port to achieve a desired diameter.
Since adjustable gastric bands may remain in the patient for long periods of time, the

fluid injection port is typically installed subcutaneously to reduce the likelihood of



fluid injection port is typically installed subcutaneously to reduce the

| i keli hood of 2. infection. Adjusting the amount of fluid in the adjustable
gastric band is achieved by inserting a Huber tip needle through the skin
into a silicon septumof the injection port. Once the needle is renoved,
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creating a strong DC magnetic field (e.g., 0.5-1.5 Teslas) and then disturbing the DC

magnetic field with magnetic impulses that induce a weak radio frequency (RF) signal to
be emitted by the tissue of a patient. Thus, it is desirable that implantable medical
devices contain no ferrous material that would be attracted by the strong DC magnetic
field. Otherwise, tissue damage, patient discomfort, or malfunction of the implantable
medical device may occur. Further, it is desirable that the medical device not interfere
with the weak radio frequency that is produced by the patient, or else artifacts may be

created in the diagnostic image that degrade its value.

[0008] Efforts have been made to produce other types of implantable devices with
actuators that can endure the environment of an MRI machine to some degree. For
example, it is known to implant a drug dispensing infuser pump that operates with an
electrical DC motor. The deleterious effects of magnetizing the ferrous materials of the
DC motor therein is countered by a degree by over-building the device such that
operation may continue in a degraded condition. Further, the size of the structural

attachments to the DC motor have to be greatly increased to withstand the magnetic



el ectrical DC notor. The deleterious effects of magneti zing the ferrous
materials of the DC notor therein is countered by a degree by over-building
t he device such that operation nay continue in a degraded condition.
Further, the size of the structural attachments to the DC notor have to be

greatly increased . to.w tand. t net | . g i .
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i nvent i on oygiseliEsunpeurdizovectiveiredodnwodlt pesvedmbuicibinfor éuidEorttiobopr i or art
by providing an artificial sphincter assenbly that includes an external

pr ogr ammer mmhfttfi-on that is at least intermttently in comunication with an
i npl antable artificial sphincter portion for renote adjustment thereof. The
i mpl ant algfy) ar t CohsdqabntBphisipgifant fedieki3t HAS rentotelytdohircilatle mpplamabler band
formed of bioconpatible and nonferronmagnetic material sized to enconpass a
body | umen. artifieial sphiriciaiapparatg thagweslde MRIs#fei nitial i nt er nal
circunference, control circuitry is responsive to adjustnent comrands from
the external prograpmer. portion that in turn are used to activate an MR
saf e actBeeiummpa i i-directionally adjust the artificial
sphincter. A power source powers both the control circuitry and the

act uat or joeoffiper elttie ireventbormdergontasrthe abdvakiotedaamtliother idaficispdienef the priosarpr ovi ded

t hat does not require pi.ercjng.the skin with a needle. Further, the
i npl ant abl ebY H8Y Itgrf“o*)m_ﬁﬁ‘él ﬂ’g‘\‘/‘?%"é g th_aafalfnél,ugﬁ? ?’b%tﬁ@a(WQg’faQH?‘Hi ent to
take advant 24gf,0fhat Riaf lealtTRREh RNt AGMRLAiEatlAQkith an implantable artificial

sphincter portion for remote adjustment thereof. The implantable artificial sphincter

portion has an artificial sphincter band formed of biocompatible and nonferromagnetic
material sized to encompass a body lumen. Once implanted and adjusted to an initial
internal circumference, control circuitry is responsive to adjustment commands from the
external programmer portion that in turn are used to activate an MRI safe actuator to
selectively bi-directionally adjust the artificial sphincter. A power source powers both
the control circuitry and the actuator. Thereby, a remotely controllable artificial sphincter
is provided that does not require piercing the skin with a needle. Further, the implantable
portion of the device is MRI safe, allowing the recipient to take advantage of this

important diagnostic tool.

[0012] In one aspect of the invention, the artificial sphincter apparatus incorporates an
MRI safe piezoelectric motor that is activated by the control circuitry to selectively bi-

directionally adjust the artificial sphincter.

[0013) In another aspect of the invention, an artificial sphincter made of biocompatible

and nonferromagnetic material is sized to encompass a body lumen that is responsive to



10012] In one aspect of the invention, the artificial sphincter apparatus
incorporates an MRl safe piezoelectric notor that is activated by the
control circuitry to selectively bi- directionally adjust the artificial
sphincter. 100131 In another aspect of the invention, an artificial

sphi ncter o] il f € adTBhEN 1 i jzed to
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t he Fi gur esipp&iedtFiond fie compmayiyg digwikigs\and tise, destripgtionahereoficor porated in and
constitute a part of this specification, illustrate enbodi nents of the

i nvention, and, together with the general description of the invention

gi ven alBrief Deacrdptidreofitheigwxsdescri pti on of the enbodi ments gi ven bel ow,
serve to explain the principles of the present invention. 100161 FIGURE 1 is
a front ghagranid dccompsnyifd dawihgiPWvalthalRl Ricépbldtd Findind TBRtIGE @lpartafFPar at us
encircling an upper porti'on” of a patient's stonach to forma renotely

adj ust abl e this speifi@tionrillustratembédimentsiof thehiewintipn, ardp together wiskrheogednsrah
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of FiG 1 o ef Bodtion trebghevopnaltagries FERPaPRBE G Tve art it icial
sphi ncter apRAARIHSS él’z/en 516w ?ewé@%?]airﬁh@ﬂ iPlds Df thefpragnfFBAtidn. Vi ew of an
alternative renotely controlied artificial sphincter apparatus having

i ntegral piezoele ¢ .actuation. Detailed scription of.the lnvention
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Advant ageouadjugtablerstonrafar dugstroapbmertid obésityn i npl anted portion 11 of the
AGB apparatus 10 conprise materials that are at | east Magnetic

[0017] FIGURE 2 is a functional block diagram of the implantable artificial sphincter

apparatus of FIG. 1.

[0018] FIGURE 3 is a control diagram of an alternative artificial sphincter apparatus of
FIG. 2.
[0019] FIGURE 4 is a diagrammatic view of an alternative remotely controlled artificial

sphincter apparatus having integral piezoelectric actuation.

Detailed Description of the Invention

[0020] In FIG. 1, an artificial sphincter system is used to constrain a bodily lumen. More
particularly, in the illustrative version, an adjustable gastric band (AGB) apparatus 10 is
used to treat morbid obesity. Advantageously, the various components of an implanted
portion 11 of the AGB apparatus 10 comprise materials that are at least Magnetic
Resonance Imaging (MRI) safe, being nonferrous and nonferromagnetic. Yet, the
implanted portion 11 may be intermittently remotely adjusted transcutaneously in
response to an external portion 12 that need not be MRI safe. Between adjustments, the

implanted portion 11 remains at a current setting for long durations.



Resonance I maging (VMRI) safe, being nonferrous and nonferromagnetic. Yet,
the inplanted portion 11 nay be intermttently renotely adjusted
transcutaneously in response to an external portion 12 that need not be M
safe. Between adjustnents, the inplanted portion 11 remains at a current
setting | o [ : an]d(’lﬁl : Qasdchi
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full ness. tgxé’Q}?;?e% JH®ni 2218 h HoRREDSfioR D2 b theGsihAdhCl sbAaaditibdally foesponsi ve to
novenent of a ITDPI on transfer nedium 26 guided within a conduit 28. The
noti on t r aawhimingTedhempiRe podipnPd of the stomach &5 gimulsigs nerays Biat indicegns| ati ng or
rotating c ,?I e. This novenent is in response to an inplanted actuator 30

t hat generdt®85this novenent of the transfer medium 26. It should be
appreciated for clinical flexibility and clarity in the description herein

t hat t h@oiznpl arfhednmertdimnaer &0hé gastnixaband ldarespénsive tomeovgaent plca maton 14,

However, the | nplante act uator 30 ygedntegrally attached to the
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I npl antabl e portion 11 of the AGB apparatus 10 is renotel % control |l abl e by

an emtt erimpiangddi achuatar 3@chatrgehérates iyis mopementadithe trapfer mapt It soulde
external portion. of .t.h .apparatus 10, ILn partigular. the emtter 40
sends t r an¥APERE nglérﬂﬁﬁéﬁ%ﬁ’.l@? ,andﬁ\%“ ibe fi?:scgp{%?lh,ﬁerﬁ# tB?t(}g%lcast, coded
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length of required transmission elements such as conduit 28 and motion transfer medium
26.

[0023] The implantable portion 11 of the AGB apparatus 10 is remotely controllable by
an emitter 40 which is controlled by a programmer 42, both part of the external portion 12
of the AGB apparatus 10. In particular, the emitter 40 sends transcutaneous signals (e.g.,
AC magnetic field, RF broadcast, coded message on an ultrasonic carrier, etc.) 44 that are
received by the implantable portion 11. Feedback as to the desired inner circumference of
the gastric band 14 and/or size of the stoma 14, 16 may be deduced by an amount of
movement corresponding to the motive transfer medium 26 movement that is internally
sensed by the implantable portion 11. Alternatively or in addition, a noninvasive imaging
device, such as an endoscope 46, is inserted down the esophagus 48 and/or an ultrasonic

transceiver (not shown).

[0024) An advantageous approach to further reducing the necessary size of the
implantable actuator 30 is to utilize transcutaneous energy transfer (TET) for powering

motive adjustment operations. Telemetry may also be utilized for functions such as
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si mul t aneous erretry through the skin of the patient. A ferrite
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co-axi al inwsaedalong thepdsgt th cpilito tﬁﬁg?r eghance; tﬂéc)%t%ﬁ’c?f‘g?@gh Pﬁ?glr e i npl ant ed
portion 11, P‘% sgoé tcf‘ﬁ?nﬁ‘ RAGCATES é'e@l anfifa fdoczlx‘i"cﬂtlmﬁﬁ%'a tel@ﬁﬂéﬁkl icH tipk aRXt er nal
and i npl anted "TET colls | s described in four co-pendi n% commonl y- owned
pat ent apphcmpmmmdsntb|th@nmmimt2dfpdm|oa 1206the AGB appalwtusd Effecmépew r
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10/ 876, 31%on{ndonly W@E@g&g ABEk oYl e 4D 206 R 11 oTRA{i@CMM S ENERGY
TRANSFER ( TET) RT REGULATI ON Cl RCUI TRY", Ser. No. 107876, 038;

(3) "SPATI lmchpbmcl@MptEmncerw e BROIRDARY ‘TBANS EBRANFONS ANR GRANSCUT ANEOUS
ond (4 * L RRERR AN AR E R SRRt T OBk rehenr car
DEVI CE", Seyg7613; O/ REDRONL IMPLANT HAVING CLOSED LOOP

TRANSCUTANEOUS ENERGY TRANSFER (TET) POWER TRANSFER

REGULATION CIRCUITRY?, Ser. No. 10/876,038; (3) “SPATIALLY DECOUPLED

TWIN SECONDARY COILS FOR OPTIMIZING TRANSCUTANEOUS ENERGY

TRANSFER (TET) POWER TRANSFER CHARACTERISTICS”, Ser. No. 10/876,057;

and (4) “LOW FREQUENCY TRANCUTANEOUS ENERGY TRANSFER TO

IMPLANTED MEDICAL DEVICE?”, Ser. No. 10/876,307.

[0026) The TET powers an implanted motive device or actuator that effects a bi-
directional adjustment as described in the above-referenced patent applications Ser. No.
10/857,762 and 10/857,315 wherein MRI safe electromechanical devices such as
piezoelectric motors and thermodynamically adjusted bellows accumulators are
described. It should be appreciated that a transmission such as a rotary wheel coupled by
a lead screw engagement to a cylindrical bellows accumulator as described in Ser. No.
10/857,762 advantageously may incorporate a plurality of piezoelectric motors angularly
spaced about the rotary wheel, which in the illustrative version entailed two but may be
more. This force balancing enables efficient adjustment without axial loads that may

cause binding or other undesirable results and thereby allows for further desirable



100261 The TET powers an inplanted notive device or actuator that effects a
bi - directional adjustnent as described in the above-referenced patent
applications Ser. No. 10/857,762 and 10/857, 315 wherein MRl safe
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so as to determine a differential change in a paraneter related to sphincter
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above-referenced patent application Ser. No. 11/036,460 wherein  a first
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band as described in the above-referenced patent application Ser. No. 11/036,460 wherein
a first volume in a bellows accumulator controls a second volume in a bellows piston
accumulator that elongates within a conduit to selectively push and pull an elongate

flexible rod whose motion affects the adjustment of the band.

[0029] In FIG. 2, an adjustable gastric band (AGB) apparatus 110 that is remotely
controllable is used to treat morbid obesity. Advantageously, the various components of
an implanted portion 111 of the AGB apparatus 110 comprise materials that are at least
Magnetic Resonance Imaging (MRI) safe, being nonferrous and nonferromagnetic. Yet,
the implanted portion 111 may be intermittently remotely adjusted transcutaneously in
response to an external portion 112 that need not be MRI safe. Between adjustments, the

implanted portion 111 remains at a current setting for long durations.

[0030] To that end, an artificial sphincter 14 encircles and constrains a body lumen (not
shown in FIG. 2). The implantable portion 111 of the AGB apparatus 110 is remotely
controllable by an external programmer 142, which sends TET signals 144 that are

received by the implantable portion 111. In particular, an external TET coil 150 and an

8.



accunul ator that elongates within a conduit to selectively push and pull an
el ongate flexible rod whose notion affects the adjustnent of the band.
100291 In FIG 2, an adjustable gastric band (AGB) apparatus 110 that is
renotely controllable is used to treat norbid obesity. Advantageously, the
vari ous coJ atus 110
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implanted telemetry coil 162 to the external telemetry coil 152 to the external

programmer 142. The depicted actuator 186 and transmission 187 have an inherent
locking effect such that when deactivated, the artificial sphincter 114 retains the adjusted

size.

[0032] In FIG. 3, an illustrative version of an AGB apparatus 210 that integrates many
features in an implantable portion 211, and more particularly an MRI safe
electromechanical adjustment system 290, is incorporated into an adjustable artificial
sphincter 214 that encompasses a body lumen 215 to form a narrowed or closed stoma
216. A controller housing 285 advantageously incorporates a stored power source 282
that powers both control circuitry 284, that is responsive to external adjustment
commands, and a piezoelectric motor 286, whose selectively oscillating drive tip 287
directly adjusts the circumference of a band 292, inherently acting as both transmission

during adjustment and a brake when deactivated.



sensed position froma position sensor 194. Confirmation of adjustnment may
be sent via a nessage initiated by control circuitry 182 through telenetry
transcei ver 180 through the inplanted telenetry coil 162 to the external
telenetry coil 152 to the ext ernal programer 142. The depicted actuator
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forma narrowed or closed stoma 216. A controller housing 285
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transm ssion during adjustnment and a brake when deactivated. 9. 100331 The
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versions wherein the first end 294 is trinmmed, the controller hou5|ng 285

may i ncl udd the bandi298back taoughetbe backle B%8. engage the band 292 at an
appropriate location. The other end 293 of the band 292 is passed through a

buckl e {%933{ at tiaglRd ba 6§ﬂa@clétba %ﬁthQHéjb&x%ﬁt oflihe pRBRIdiRMskurHBatiGFIGNRt €s in a

ceram c actuated tab 29 is pinched between the first end 294 and the
driving tithe mWe@bmtpneems wap bk epaced eway from thebandm meehpumily qoypled

oscill ati aps one n,from.t drivin awi. n
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more of the band. 292 back through the buckle 298. [00341 It should be
appreci @®d wi tWhiltthelpgessht nverftionthas pﬂmémtrmdsby desgriptierhefiseveraFl G 3 t he

active CorR Ec"iprt[lesntsn%}/d Wﬁll i3S ustr%wg emfv St merrlltes" hg\?en geen9 escrfg%%qg cer?suler%l coupl ed
detail, it is not the intention of the applicant to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and modifications may readily

appear to those skilled in the art.

[0036] For example, it will become readily apparent to those skilled in the art that the
above invention has equal applicability to other types of implantable bands. For example,
bands are used for the treatment of fecal incontinence. One such band is described in U.S.
Patent 6,461,292, which is hereby incorporated herein by reference. Bands can also be
used to treat urinary incontinence. One such band is described in U.S. Patent Application
2003/0105385, which is hereby incorporated herein by reference. Bands can also be used
to treat heartburn and/or acid reflux. One such band is described in U.S. Patent 6,470,892,

which is hereby incorporated herein by reference. Bands can also be used to treat

impotence. One such band is described in U.S. Patent Application Publ. No.

2003/0114729, which is hereby incorporated herein by reference.

[0037] What is claimed is:

10.



thereto by a control cable (not shown) that comruni cates by either rotation

or translation. [0035J Wile the present invention has been illustrated by
description of several enbodinments and while the illustrative enbodi nents
have been described in considerable detail, it is not the intention of the

appli caei]ﬂ.to restrict or in any way limt the scope of the appended clains
to such &38| . Additional advant ages and nodifications may readily appear
to those skilled in the art. [00361 For exanple, it will becone readily
appar enf. t o Ah@pparsiuis] Joseprising aneexigrnalpsegrammer pationat leastdpiermittently e qual
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[00371 What | g,&lfd ﬂ]ﬁﬂcftaisé Hhte S @l M8 1. An apparatus, conprising an
ext ernal programmer por T gnat T east intermttently in comrunication with

an i npl antagldver asircé pividing powerad elie qparrbl crcuitoy andetonheactdgtost ment t her eof
the inplantable artificial sphincter portion conprising: an artificial
sphincter band formed of bioconpatible and nonferromagnetic material sized

Lo encospassp. bamod R Maint PALERLinGhJ fd Hurt £5BABRLIG thitehe ext er nal

progr anmer port sdf e actuator acti vat y the control circuitry
to selectively, bi-directionally adjust the artificial sphincter; a power

source provigdjn ower th ontrol circuitry and.to the actuator. 2. The
oopar at s of The Sorratss ohsdaits  wieh Geciovis Spured e Spifed sanse e v gpeiey

transfer (TET), the implantable artificial sphincter portion further comprising an implantable

TET coil electromagnetically tuned to receive TET from the external programmer portion and

to provide the received TET to the power source.

4. The apparatus of claim 1, wherein the MRI safe actuator comprises a piezoelectric
motor.
5. The apparatus of claim 4, wherein the artificial sphincter band includes a ceramic

actuating end, the piezoelectric motor being attached to a first end of the artificial sphincter
band and includes a drive tip in actuating contact with the ceramic actuating end, which in

turn is in opposing, sliding contact with the first end.
6. The apparatus of claim 1, wherein the implantable artificial sphincter portion further

comprises a transmission communicating an output motion from the MRI safe actuator to the

artificial sphincter band.

11.



3. The apparatus of claim1, wherein the power source conprises

transcut aneous energy transfer (TET), the inplantable artificial sphincter
portion further conprising an inplantable TET coil electromagnetically
tuned to receive TET fromthe external progranmer portion and to provide

h i ved_TET to th ce. 4 The. i claj wher ei
tho VR Tsaf o THCEREAE gl @otieief e s migietRsRisfay cdaufelhilighe 20" f
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end, the piezoelectric motor being attached to a first end of the artificial

sphi nct 8nid fipanfromrtbie rorduiide adinstan mteral girpymigeange of iy asbheialphigcter band

ceram c actuating end, which in turn is in opposing, sliding contact with
the first end. 6. The apparatus of claim1l, wherein the inplantable
artificgal swhé asgagdtuPer dlaians,whicrdiethe emmissRdcompirisey s trassaissiorceabbauni cat i ng
an output notion fromthe MR safe actuator to the artificial sphincter
band. 11. 7. The apparatus of claim®6, wherein the transm ssion conprises

condui t gcont & nj flud . 1 fl Cl i r: -5 rising
bl adddr redpbetout of daint SRk the @ RRIAGLEY; DRAAG I ERRInFETEY
adj ust asmmuhieatealtransiatiomfretience of the artificial sphincter band. 8. The

apparatus of claim®6, wherein the transm ssion conprises a transm ssion
cable. 9. The apparatus of claim8, wherein the transm ssion cable is

operatiygly i : oS-V -WE-TIA s {at i MBbdr2Evel s Qonfildfed
appar at 3@ of ?g?éé@hﬁgy?iﬁ%lﬁg?rﬂggﬂnéﬁ% }s“?ﬁlg‘“g ag‘;ggﬁt‘t%gﬁﬁé’ eng 5r loep%r%l%} ely
conf i guteensd Dpitivhere iitqaas iahiintarmakbtiaduvadeteacant thateificéd] sphinctanbaxence of the
artificial sphincter band. 11. An apparatus, conprising an external

programer portion at least intermttently in conmmunication with an

i mpl ant apl e %taﬁérsiuelcoﬁﬂmsnfgtaﬁ{ex@aﬁalip?&raﬁﬁlef BORIoR ablaMShiXRRfnchfiereof ,  the

impl antabl e artificial sphincter portion comprising: an artificial sphincter
band f ocoreuiunicativroeshypsaimplartabledirtnfieiflesphinetey pettioo formtemoiteaddjaitment thereof,

enconpass .a E‘?’? | upen;  control circuitry.responsive to the external
pr ogr _ama’grlmB %Mﬁqﬁﬂam%"?é‘?ré’oﬁf%&pé%mgi c motor activated by the control
circuitry #hQr$slifGphieleY bitid formed of biocompatible and nonferromagnetic material sized
to encompass a body lumen;
control circuitry responsive to the external programmer portion;
an MRI safe piezoelectric motor activated by the control circuitry to selectively bi-
directionally adjust the artificial sphincter band;

a power source providing power to the control circuitry and to the actuator.
12. The apparatus of claim 11, wherein the power source comprises a battery.

13.  The apparatus of claim 11, wherein the power source comprises transcutaneous
energy transfer (TET), the implantable artificial sphincter portion further comprising a
implantable TET coil electromagnetically tuned to receive TET from the external

programmer portion and to provide the received TET to the power source.

14.  The apparatus of claim 11, wherein the artificial sphincter band includes a rigid
actuating end, the piezoelectric motor being attached to a first end of the artificial sphincter
band and includes a drive tip in actuating contact with the rigid actuating end, which in turn is
in opposing, sliding contact with the first end.

12.



directionally adjust the artificial sphincter band; a power source providing
power to the control circuitry and to the actuator. 12. The apparatus of
claim 11, wherein the power source conprises a battery. 13. The apparatus of
claim1l, wherein the power source conprises transcutaneous energy transfer
(TET), e inpl e i ficl [ 0 j (sl ng a
pl ant 401 ¢ TEFREnATcy sl SR oS A pbiR ot Wab QR R ERLY B 10
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source. 14. The aratus of claim1l, wherein the artificial sphincter band
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opposi ng, sl tadénegmpasstadmtdyvinman ahdincludgtg aredjustable bber Arcuaderanes; us,
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conprising: an artificial sphincter band formed of bioconpatible and

nonf er r omegntol drcpityerespansice the axterndl poogrammenpoitidy; | umen and i ncl udi ng an
adj ust abl e i r circunference; a transm ssipn eratively.configured to
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programmer portion; an MR safe actuator operatively configured to produce
t he act uat or adjustitheartidigial ephindier; t he transm ssion and activated by the

control circuitry to _selectivel i -directionall diust, the artificial
cphi nct er -4 BV e p AR b0 Y cibleoP Sk AP and o AP BiEkol i Ty and 1o
the actuator. 16. The apparatus of claim15, wherein the power source
conprises a battery. 17. The apparatus of claim 15, wherein the power source
conpri sé8 t r Ahe appasatupelsclaign bt gyherqin Hefpawet FoUrye cqrhpriseaplbatierbl e artifi ci al
sphincter portion further conprising a inplantable TET coil

el ectromagnetically tuned to receive TET fromthe external programer

portioniand The pfpavdtdeof digint BS; &iheesin THepower E\& cdOHEprises taffutaneous
energy transfer (TET), the implantable artificial sphincter portion further comprising a

implantable TET coil electromagnetically tuned to receive TET from the external

programmer portion and to provide the received TET to the power source.

18.  The apparatus of claim 15, wherein the MRI safe actuator comprises a piezoelectric

motor.

19.  The apparatus of claim 18, wherein the transmission comprises a rotating wheel, the
piezoelectric motor being one of a plurality of piezoelectric motors angularly spaced in

engagement to the rotating wheel for force balancing.

20.  The apparatus of claim 18, wherein the artificial sphincter band includes a ceramic
actuating end, the piezoelectric motor being attached to a first end of the artificial sphincter
band and including a drive tip in actuating contact with the ceramic actuating end, which in

turn is in opposing, sliding contact with the first end.

13.



18. The apparatus of claim 15, wherein the MR safe actuator conprises a

pi ezoel ectric notor. 19. The apparatus of claim 18, wherein the transm ssion
conprises a rotating wheel, the piezoelectric notor being one of a
plurality of piezoelectric notors angularly spaced in engagenent to the

rot ati ngywhe . : whereln
the art L o Al SR e A o o e e sy g

pi ezoel Huoids the antifical spkinagr hartchfulmhelr ¢omaisirigrastladded respondiee mrttud‘ineciuaial

sphincter. . ban inc drive i n.actuating ¢
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the first end. 13. 21. The apparatus of claim15, wherein the transm ssion
conprises conduit containing fluid, the artificial sphincter band further
conpri shg aTht apieeatuy efsglains 1 4 evhereibthedianswissionabmptises ajtransowssiorosablehe
conduit to adjust an internal circunference of the artificial sphincter
band. 22. The apparatus of claim 15, wherein the transm ssion conprises a
transm $3i oNTR@RpRratdsdof cliith 2D RAALN &eqfanﬁhﬁsiah%amews;s&aﬁwewé‘oﬂﬂg@fbﬁrtbs sion
cable is operatively conflgured to conmunicate a translation notion. 24.
The appesramysicatt adtamislatig®motiont her conpri sing a position sensor operatively
configured to sense a position related to an internal circunference of the
artificial sphincter band. 14.

24.  The apparatus of claim 15, further comprising a position sensor operatively
configured to sense a position related to an internal circumference of the artificial sphincter

band.

14.



