
4 AU G 2003  PCT AU00100925 1  METHOD AND APPARATUS: FOR TREATING
INCONTINENCE. FIELD OF THE INVENTION This ,invention relates to!
prosthetic. devices for, the treatment of urinary,  incontinence and, in
particular to prosthetic devices employing : transplanted  51 tissue.
BACKGROUND OF THE INVENTION:: The present invention is- concerned with
forms of incontinence, caused  wholly or partly, by inadequate sphincter
function. This, may: include .forms of  stress , incontinence', urge
incontinence and total incontinence.. The invention has io been developed
initially for use in treating_ male incontinence: and will be described
principally with respect to that application., However.; it will be
appreciated by those skilled in the art that the invention is also
applicable for use  in treating female incontinence Incontinence is a
major, health problem,, particularly: with the ageing 15. ;: population,
for which there is no.well-accepted medical, treatment. For females,
surgically constructed slings are! ~increasingly being used i for stress:
incontinence and with increasing success. However, here is no low risk and
reliable effective  treatment for moderate to severe male stress
incontinence particularly- after  treatment of:: prostate cancer. As the
incidence of prostate cancer increasing,.  20 this is a growing health
issue. The : internal sphincter of the urethra consists of smooth muscle:
cells  interposed with elastic tissue and is located:' in the proximal
+urethra. Its constant  tone is crucial to maintaining ;rnechanical-
resistance in the proximal urethra  sufficient to hold back the passive
pressure-. exerted by urine in the bladder. 25' Weakness :in this area is a
commons cause of urinary, incontinence, for example  after treatment fo:r
prostate cancer. Prosthetic sphincter valves have been proposed in numerous
forms,  



including mechanical, hydraulic and electrical devices which, replace or
supplement the defective damaged internal' sphincter of'~ the urethra (e.g.
PT 30 101841, SE"931516, GB 2266844, FR; X263896.4, W0971013091 and, US
4619245).  t l,ectrical stimulation of the muscles of, the: sphincter has
also been proposed (DE'  29614895). Otf er approaches. have proposed: the
use of external or implanted  electrodes to stimulate existing sphincter
function.: 4 AUI 2OOB WO 040.0357 PCT/AUOO/00925::  2 A variety of
approaches have been proposed in relation to the electrical  stimulation of
the muscles of the sphincter, most: of. which are,, directed towards
stimulating an existing sphincter and/or muscles disposed about, for
exampib,, a  bladder-( DE 29614895), 51 Another group of pri'o'r art
proposals for the treatment of incontinence are  directed towards the,
stimulation of sacral nerves, and the like.. Such proposals  again seek to
use the existing muscle structures. (US 4,771,779, US 4,7031775,  US 4,
60.7, 639, US. 3; 870, 0'5 1 US 4, 688, 575, US 4', '309,719' and -US 5;
,702'428). Other stimulation means have been proposed, for example US
5,562,717,  io, wherein stimulating electrodes are disposed on the skin of
a person to externally  stimulate: existing muscles to control
incontinence.. This. method. is  disadvantageous in that it requires
electrodes to be, disposed in a predetermined  location of the person and
be electrically connected to a power source, therefore  not allowing
complete freedom. 15 It has also been proposed to implant part of a small
skeletal muscle from  the thigh around the patient's urethra, and then to
electrically stimulate the muscle  to: "retrain" it to function as, a
replacement. sphincter (New Scientist;: 29 June  1996). However, this
approach, even if successful, would require relatively high  levels of,
electrical stimulation to allow sufficient contracture of, the replacement
20 sphincter. It is ani object of the ..present. invention, to provide an
improved prosthetic  device for use in treating incontinence. 



SUMMARY OF THE INVENTION Broadly, the present invention utilises
innervated., smoothimuscle to provide  25 an auxiliary sphincter. This :is
stimulated by a suitable device in ~order to provide .a  functional
sphincter in the patient. As a consequence, the stimulator device can
operate with lower power consumption., and produce a superior sphincter
action. According to a first aspect of the invention there is provided any
implantable  sphincter stimulator configured for operatively providing
electrical stimulation to a  3o surgically implanted innervated smooth
muscle sphincter disposed about a urethra so as .to control the flow of
urine there-through,, the stimulator including: 4 AUG 2003 W041.110357
PCPAU00/00925  3 a stimulus generating unit in electrical communication
with a receiver., the  stimulus generating u nit operatively configured to
~Provide ia first predetermined  electrical I stimulation signal.
adapted,to contactt said sphincter, and, a second  predetermined signal
adapted to allow said sphincter, to Wax, one of said. 5 predetermined
signais beiryg~_selected in response to a si~nal -received al thei
receiver from a, remote controller. In preferred embodiments, the
stimulator applies the first stimulation, signal,  unless a signall is
received indicating that the patient wishes to empty-the bladder.  The:
seco, nd Stimulation signal may ba simpj~ t46 absence of a stimulation, a
w lower level signal or an, alternative signal. Preferably, the stimuldfion
signal, is one whichi will maintain a continuous  tone! in the innervated
sph4ictibr. In other poeferred embodiments of the invention  the
!stimulation signal] is pulsatile. Preferably, th, e stimuiator providbs
multiple  channel pulse generation. Preferably. also,; the sti mulation
pulse frequency is i in, i 15 the~!rangp, of 0.25 to 2.5Hz.,and having a,
width in the range-of 0.05-10 0.,20  milliseconds:,!! Preferably the
stimuli applied have:a current less, than, or equal to 30mA,  More,
preferably,, the stimulation signal 5s generally rectangular and,
symmetrical  bipbasic,, although alternative biphasic pulse may be used, 



20, Preferably, the sphincter stimulator ihc1L1jdes1.a replaceable or
rechargeable  battery power source, preferably one which, is in~-situ
rechargeable, for example-,  inductively,. Preferably, the signal to the
receiver is communicated by micro-wave or  radio, meansl: optically or by,
Magnetic energy,, and the receiver respectively is a  25 microwave, radio,
photon or magnetic energy receiVer.. Preferably, the stimulus generating
unit includes a, demodulator responsive!  to, the received' signal for
providing, a. modulatedl signal to a stimulus encoder  which in turn
provides a signal to & stimulus drivef. The stimulator, preferably~
includes twa or more electrodes for operativelye delivering the stimuli to
tha 3-o sphincter. The stimuli may-diff er between electrodes,, or ~ may:
beAhe same: at!  each. Preferably, after the- sphincter has been relaxed,,
the stimulator is~ adapted  to, supply the first stimulation signal to
contact the sprinter when a  AUG 2003 W0,01/10357, PCTIAU00/00925  4!
predetermined' signal to contract t he sphincter is not received by the
receiver after  a predetermined period, Preferably, the sphincter,
stimulator includes a transmitter for transmitting  sphincter stimulator
telemetry, information indicative. of one or more parameters of  5 the
stimulator for detection remotely. Preferably, th-e information is
transmitted by mea ins of radio waves, mi6rowaves, optically or, by:
magnetic energy, More  preferably, tha parameters ~ inctude: one ~ or more
of the stimulation signal  frequency, current', width, and/or shape;:
and/or of the received signal ]strength and  battery -status. Preferably,
the: stimulus generating unit includes ai processing  io device with
inon~volatile- memory. Preferably, the receiver is configured torlaccept a
remotely generated  sphincter stimulator calibratibn signal
and'iniires-ponse, the stimulus gpneration  unit selectiVelly varies one
orimore cf' the stimulation signals. More preferably', the  calibratibn
signal is trans-mitted in response to::receivedl ~ sphincter stimulator  



15 telbm, etry information, ~, for example the. telemetry, signals fro m,
the -stimu, lator. Preferably, the stimulator is! in efectrical
communicatio, n,with the sphincter  by at least one electrical lead:
having, itwo ar more electrodes, which are operatively  implanted into the:
sphincter at a predetermined Jocation. More preferably, the,  lead includes
three electtodes! disposed-Jin an, epimysai, cuff or tripolar  2o
configuration about, tbe sphine ter. Preferably, the smooth muscle, is
taken from the smooth muscle of the  bladder and transplanted I About the
urethra and havingi its eircuEation intact.  Alternativel~, th e m; uscle ~
it! venous ~ smooth:, an, ococcygeus smooth muscte,  terminal ileum
transplanteddas a segment devoid of mucosa and having its 25 ckbulation
intact. A, fUrtheri alternative is;, tft.-,e ddrtos smooth musclb from the
scrotum, or labitL. In eachi case, the. long axes of -the- musele celis are
disposed  substantially ciircumferentiafl~, about-Ahe sphincter.~ Depending
upon the muscle  selected, the circulation: may, or m ay not bb
transplanted iritact. If the circulation  is not transplan, ted intact,-
new vessels will need to~ be regrown, or otherwise  30 provided. According
to a second ~aspect of th'~ invention there-isi provided a systemi  for,
use in trealing bladder incontinence in ~a person-, the system, imcludi
nig,: 4 AU GU 2U19 WO; 01/1035.7 5  a. portion' of innervate-d' smooth I
muscle tissue configured to define a.l sphincter and]: implanted
substantially; circumferentially; about the! urethra of the,  person; an
implanted sphincter-stirnulatorrarranged so as to allow! electrical stimuli
5 to be applied' to the sphincter; and anon-implanted controller in
communication' with, the sphincte:r'stimulatorl  for selectively triggering
the generation of predetermined electrical stimulation  signals to:
respectively contract the sphincter or allow the sphincter to -relax.
Preferably, the smooth muscle is in the form of a strip and is generally
io rectangular. More preferably;;the strip has dimensions in the ,range
from 4.5:cm to  



7.5cm by 1.25cm to 2.25cm. Also preferable,,, the. muscle is disposed
substantially fully around the; ,urethra inla generally; cylindrical
arrangement such'  that the long axes of the muscle cells are substantially
circumferentially, aligned. Preferably, the smooth'imuscie is selected from
those described above.  15 Preferably, the! systemi includes a sphincter as
described above.  Preferably, the: controller includes: a transmitter;
means for generating a predetermined: signal at the transmitter;  a. power
source; and, ' 20 actuation, means for selectively generating a+ signal
such that on receipt of  the. signal, the sphincter stimulator provides;
thesti~rhulationiisignal~ at; its output for  contracting the. sphincter or
allowing I, it to relax. The. signals for selecting  relaxation or
contracture may be different, or the! same signal] may trigger  alternation
of states. 25 One form of the, controller, particularly far use by a
physician; may include  a receiver for-receiving the sphincter. stimulator
telemetry information signal from  the: sphincter stimulator.
Preferablythe. signal it transmitted I by .radio waves,  microwaves,
optically or by magnetic: energy,acrd receiver respectively is a radio,
idrowave", photon or magnetic energy 'receiver. 30 Preferably, the systemi
includes a remote sphincter stimulator gprogramming  unit for selectively
programming the:sphincter stimulator to provide a  predetermined output.
Preferably, one. or more of the stimulation signal current,  shape,
frequency and I III width is variable in response to the 4AUGNO WO 01/10357
N T!A'UOO/00925  6,  calibration signal provided by the programming, unit.
More preferably, the  programming unit includes a transceiver for
p,rovidingithe, programming signal to  the stimulator; The programming
unit::-may conveniently be, the: physician  controller. S According to a
third aspect of the invention there is provided a.. method of  



using an implantable, sphincter stimulator :for,, treating bladder
incontinence, the  method including the steps :of disposing an innervated
smooth muscle sphincter  about a urethral, arranging one or more electrodes
so as to allow stimulation of  the:neural structures of said sphincter;
saidlelectroodes being connected to the to sphincter stimulator; so that
pflst implantation, ,a predetermined: stimulation signal  may be applied by
a stimulus,;generating:unitto selectively: contract the sphincter  or allow
it to relax, Preferably; the rnethodi includes :the :step of transmitting
the signal to the  sphincter stimulator by radio, signals,: microwaves,
optibally, or by~ magnetic  151 energy. Preferably; three electrodes are
arranged ini the sphincter- in an epimyrsalri,  cuff or tripolar
configuration. Preferably, the sphincter is smooth muscle-selected from
those previously,  described. 20 According to a. fourth aspect of the
invention there is provided a method of  treating incontinence
including:lthe steeps,of: disposing an innervated smooth muscle sphincter
around a urethra;  locating; a plurality of electrodes in predetermined
locations in the sphincter  and eiectritally connecting the' electrodes
with 'an implanted sphincter stimulator;  25 anvil selectively actuating
the sphincter stimulator to provide a predetermined  stimulation signal to
either contract the. s-phihct'er or:allow it to relax in response t'a  a
remotely -generated signals.... According, to another aspect of the.
invention there is::provided a method of  30 surgically, implanting a
sphirioter stimulator in a system, for treating urinary:  incontinence,
including the steps of: impla.nting the innervated smooth muscle sphincter
about ithe urethra in a  persons 1 4 AUG 20U3. WO 01/I 03:577
PCT/AUO0/O0925 7:  



implanting, the electrodes; into.! the sphincter at' predeterminedii
locations; ands !implanting the sphihcter stim'ulat0r, the arrangement.
being such that the  electrodes: are electrically'" connected, to ;
the:::sp:hincter controller to permit 4 stimulation signals from rsaid
sphincter stimulator to stimulate the neural  structures of:saidl smooth
muscle. Implanting- in this context includes transplanting! from the same
or another  person, or -the use of externally prepared srnoothi muscle
(tissue. lily each aspect,  it is preferred that the, implanted sphiricter
function so as to substantially prevent ro leakage of -urine when
contracted. In general, the main function of the innervated  muscle.
prosthesis is to augment function inAhe internal) sphincter.: It should not
be used to override any natural sphincter function that may be; preserved.
The  sphincteric pressure exerted by the prosthesis should be. sufficient
to restore the  net sp:hincteric: resistance. to its normal) level of
operation. Unnecessarily high 15; pressure would not only be -wasteful, of
internal stimulaterenergy, but could also  cause dangerous overfilling of
the bladder. On the other hAnd, the~pressure must  be sufficiently high to
prevent the leakage of brine.. ile smooth muscle tissue maybe selected from
those described above, or  any other suitable smooth muscle tissue -it will
be appreciated by those skilled in  2o the art :that other types of
s:rnootih; muscle may potentially be employed as the implantable sphincter
including alpha-adrenergic excitatory, innervation,  cholinergenic
excitatory or; aster alia, circular intestinal muscle, One advantage of
:using smooth muscle:; tissue is that it physiologically  performs, a_
sphincteric :like function and the: muscle, layer shouldL lbe able to be
25 transp:lantedl whilst maintaining its innervation, or allowing for its:
reinnervation, and blood supply. Moreover, smooth muscle of the types
described is;;readil,y re- innervated by sympathetic nerves should: the
existing innervation be damaged  during surgery. Reinnervatibn may take::
some: time, for ,example, two to three  weeks, after surgery. 30 Another
advantages : associated with the use of, an innervated smooth  muscle
sphincter in accordance with' the present invention is that in smooth  



muscle, a long-lasting contracture (2-3 ~ seconds) result's ~ from, asingle
neural 4 AN 2003 WO 01 110357 PCTTAU00/00925 811,  stimulation.
Accordingly,, ;, only a low fr'egpency of stimulation is,, required to
produce a: tetanic contraction especially where it is moderated by neuro-
transmitter release. The tension generated per unit cross-sectional area of
smooth muscle is  5 greater than for skeletal -muscle. Smooth' muscle
generates tension over a wide  length/tension- relationship, that is, it
,continues to generate tension even when  partially contracted. Smooth
muscle is able :to maintain tiigh` tension with  relatively low energy
expenditure. Smoothlk muscle tissue generally displays a  persistent
generation of tone: during glow frequency, repetitive nerve stimulation. 10
A further advantage ;of the useof`sir3coth-muscle according to the present
invention isthat low frequency nerve -stimulation causes therelease: of a
chemical  transmitter. Stimulating the nerves: within' smooth muscle
invariably triggers, a  contraction because the, neurotransmitter interacts
with a receptor. The. activated  transmitterlreceptor complex then
activates a second messenger- pathway and 15 releases, calcium ions
fromiiihternai stores. It is,relevant that-calcium is the final  trigger in
the contration of both skeletal smooth or cardiac  muscles When stores
release calcium they do sc for extended periods of time, typically ini the
order of  several seconds. Therefore, if the exciting pathway is triggered
repeatedly at low  frequencies : a sustained vise!- in catcUm occurs: and
the smoothy muscle develops a. 20 contracture. That is, it'does, not relax
between stimuli. In some smooth muscles,  a few stimuli delivered every two
seconds, for example, will lead to a sustained  contraction,, An
alternative way to=exci e smooth muscle is;to stimulate it directly which,
produces quite long lasting , contractions but only on application- of very
high  25 stirnulatingi voltages. Nerves have low thresholds for activation,
compared with, muscles, and this, together. with the low: frequencres of
activation required, means;  that stimulus spread will be avoided.:
Importantly, an, electrical) device can  



reasonably be expected to survive untouched for many years with such low
usage.  demand's. 30: BRIEF DESCRIPTION OF THE DRAWINGS A: preferred
embodiement, of theinvention will now be described, by way of  example
only, with reference: to the accompanying drawings in which: 14' AUG 21 WO
001 /10357 PCT/AU00100.925:  9  Figurei 1 is a schematic illustration
ofi~a: system for treatingi iincontinence  according to the invention;
Figuire 2: schematically, illustrates the implan,te.d sphincter stimulator
of Fig 5 Figure- 3 schematically illustrates external and, implanted parts
of the  systems of Fig 1.; Figuire 4 illustrates a.sphincters stimulator
programming unit and sphincter  stimulator of the system of Fig 1; Figure,
5 is an alternative schematic illustratni of'.ithe system of Fig 1  io:
showing preferred configuration of electrodes; and Figure, 6' is an
enlarged view of the electrode: configuration of Fig 5.  DETAILED
DESCRIPTION Of PREFERRED, EmBODIMENTS Referring in general: to Figs: liiito
:6,.Jhere is: illustrated an implantable  sphincter stimulator 1' forlii
selectively providing electrical stimul`a.tion to an  15 inm~ervated:smooth
muscle sphincter 2'dispose:d about a urethra 3 for controlling  the' flow
of,urine. S:tirnulator 1 includes,a signal Iprocessiiig unit 4 in
electrical communication  with a receiver 5. Signal processing! unit 411 is
configured to provide a  pred:etermine:d electrical stimulation signal at a
first output 6 of stimulator 1 in 20, response tV a signal generated
remotely, by controller 7 and applied at receiver ,5  such that processing
unit :4. selectively provides, the stimulation signal to either
contract::s:phincter 2 to substantially block the flow,of urine:longrthe
urethra 3 or  to allow. sphincter-2 to relax and allow urine toflow
Referring to Fig Zparticularly" signal processing um it 4' includes a  



25 demodulator 8 responsive,' Ito the signal~received ate receiver 5 far
providing a  modulatedlisignal to a stimulus encoder1~9 which in turn
provides -a signal tci:!a  stimulus driver. 10 which, provides the
stimulated) signal at. sphincter stimulator  output 6 Once. sphincter 2 is
=allowed to :rel'a , processing unit 4! includes means to,  30, supply : a
stimulation, signal at, output 6 Ito contract : sphincter, 2 when a.
predetermined signal to: contract the sphincter is not' received by signals
processing: unit 4 via receiver 5 for a predetermined time period. In the
preferred  implementation, the processing unit .4 provides I stimuli;
adapted W contract the: 1 4 AU G 2003 w0 011Ii 351' PCTIAU00JO0925  1o
sphincter unless a signal is received, in response to which the stimuli is
turned o  and the sphincter relaxes. The signal is communicated to
sphincter stimulator 1 by means of radio  frequency waves and recei~er 5 is
an R.F receiver ..If the casing, of the stimulator 4: ismade of titanium,
and the -receiver, is inside, then a frequency of, 8-10 kHz is  preferred.
If the casing i is made of silicone rubber or the-like, then 8-10 MHz is
preferred. In other embodiments Hof the invention,, the: signal may be
communicated  optically in the range 630nm to 140Onmi to sphincter
stimulator 1, and receiver 5 is  to a photon detector in the formiof a
PMT,,photo-diode or other suitable detector. In yet other embodi.riients of
the invention, he signal is :communicated) to  sphincter stimulator 1 by
microwave means and ! receiver 5: is a microwave  receiver. 14 such
embodiments, the : microwave! signal) has a frequency in the  range of 0.9
to 2.5 GH . Alternatively, the signals is communicated to sphincter 15
stimulator 1 by magnetic means and receiver 5 ,is a. magnetic energy,
receiver.  Any other suitable communication arrangement may be used, As is
best illustrated lin:Fig 3, controller 7 includes the RF transmitter which
is driven by a, means fore generating, the- control signal. Controller 7
further  includes: actuation means for selectively generating the control)
signal at  



20 transmitter 11. Part of transmitter 11 is also a receiver for receiving
an information signal  indicative of at least one parameter oflthe,
sphincter stimulator and provided by  the sphincter, stimulator. The:
telemetry information signal I is transmitted to the  controller by means
of ai transmitter disposed Iwithin receiver 5., In embodiments 25 of Ithe
invention where microwaves are: employed to: communicate: either the
control signal or telemetry" information signal, transceiver 11 of
controller 7' is  configured to transmit and receive: microwave radiation.
Ins embodiments where  the control signal is transmitted optically,
transceiver 11 includes a photon  detector in the form of a PMT or salid
state ~devicei and alight; sourceii having a, 30 predetermined: output. In
embodimentsof the invention where the control+ signal  and the sphincter
stimulator information signal are transmitted by magnetic I 1 4 AUG 2Qft3:
W001/10357 PCUAUOO!00925 11  energy, the transmitter receiver 5 fuincti6ns.
as: a passive proximity card and  controller 7 functions as the. active;
proximity card reader. Fig 2 illustrates a stimulation signal' in'the form
of a pulse. The pulse is  generally rectangular and symmetrically
biph'as:ic..: In other embodiments of the  5 invention, not illustrated,
sph'incter stimulator 1 provides: multiple! channel pulse generation at.
output 6 . The; stimulation, signal is selected so as to provide a
substantially continuous tone in the sphincter.': The stimulation signal)
provided at outputi 6 has at, substanally, , constant  current lessthat or,
equal to; 3.amA, and preferably of the order of 15rnA. 10 The stimulation
pulse_ frequency provided to isphincter 1 by output 6; is, in  the range of
0.25Hz to 2.5Hz- and) is .pref&ably 2Hz. The stimulation pulse width,  is
in they range of 0.05 ms toi 0:.2 ms and is-preferably 0.15 mss It should
be noted  that the device is current regulated,, andJiacc:ordingly the
stimulation voltage will  vary with, the resistance of the muscle tissue:
between the electroodes; Typical  1.5 values for the voltage are between 02
andl7 volts. 



It shouldbe noted,, however, that these parameters are, variable and are i
i. configured for each person.i Preferably, the smooth muscle: is taken
from i the smooth muscle of the  bladder and transplanted about the,
urethra and havingi i its circulation intact.  20 , Alternatively,, the
muscle may be venous smooth, :anococcyge.us. smooth muscle, terminal ileum
transplanted l Iasi a segment devoid of mucosa. and having its
c:ir,-culation intact. A further ' alternative is the dartos smooth muscle.
from the  scrotum ors labia. Any other suitable: muscle may be.
empidyed..In' each case, the  long axes of the muscle cells are; disposed
substantially :circumferentially about  z5 the sphincter: The muscle is
generally in the form of a_rectangular, strip sucli that the long  axes of
the: muscle. cells are, disposed substanti:all'y - lengthwise: along;; the
strip.  The muscle: is then disposed substantially: frilly around the
urethrain a generally  cylindrical arrangement: such that, the long axes of
the muscle cells are 3o substantially circumferenci -ally, disposed about
the :urethra.: , Preferably., the strip is  completely disposed around the
urethra. The muscle strip! has dimensions 6cm by 2cm and is preferably
provided in  the range from 4.5cmi to ~7.5Gm by 1.25cm to 2.25em.. 4 AUG
2003. WO 0:1/10357: PCT/A-U00/00925 112,  The; stimulation signal is
provided I at output, ~ 6 of sphincter stimulator 1 is supplied l to,
sphincter 2: by an electrode. implanted I into the sphincter at: a
predetermined location andi ani electrical head 16 being disposed
intermediate. As  is best illustrated in Fig 6,,' lead 16 includes
three:electrodes disposed in a tripolar 5 configuration about sphincter 2
and having means to electrically connect: to lead,  16. In other
embodiments of the invention, the three electrodes are disposed: in a.
cuff or epirnysal configuration about the sphincter: Electrode leads may
extend: between' --the, pulse generator- and the  electrodes, allowing some
"slackness" in their length to account for normal body  



10: movements. As is best illustrated: n Figs 5 and 6, the configuration of
the electrodes are  disposed in, a tripolar configuration. Simple tripolar
i electrodes are the least  expensi ,e:alte:rnativey are rela.tively
easy:to implant and can be used to stimulate  the transplanted smooth
muscle.. Their exposed metallic surfaces usually consist  i5; of a cathode:
aligned between two anodes. in the, epimysial configuration, the electrodes
are sutured directly onto the,  surface of a. musclb. These electrodes
are,. implemented when- stimulation of a  motor nerve trunk is impractical,
however; ithis, is not necessarily: always the case. In the. cuff electrode
configurations are employed' in alternative  embodiments. and are con,
tainedl within an insulating sheathiu substantially  circumferentially
around tile` circumference of the transplanted sphincter. They  are capable
of stimulating the emb-eddedi nerve fibres maximally while keeping the
stimulus field local to the-transplant. In other embodiments of the-
invention,,, not illustrated" the sphincter  25 stitnula.tor includes a
second output such that one-of the sphincter stimulator  outputs provides a
signal to :contract sphincter and the other output provides a  stim
ulationi i signal to all-ow 'the sphincter, torelax or contract to a:
lesser extent. In  this embodiment, each of the first and secondl outputs
of the sphincter stimulator  each include: a lead. having, three outputs
in, ai tripolar configuration about the 30 sphincter. In yet other
embodiments, the first land~[second outputs each include a  lead having
three. electrodes disposed in a cuff or epimysal configuration about  the
sphincter. I AUG. 20O3 W4 01/10357. P@T AU00/00925 13 It will be
appreciated that in normal use, only two of the three electrodes  will be:
used to deliver stimuli. The! :third ei'ectrod: is provided as a spare., in
the  event that one of the electrodes ceases to function. However, it
iscontemplatedi  that the present: invention could use: a more
cornplicatediltet of stimuli, or more,  5 electrodes. 



Sphincter-stulator1 includes arepiaceable battery power~ source 17, not
illustrated in Fig 2. Ilh` ones implementation, battery 17 is: in
electrical  communication with signal processing unit 4 such that the
control signal provided  by controller 7 to sphincters stimulator 11
inductively provides energy to recharge: io the battery: In anotheri~
implementation, in, ,the, case of: radio frequency  transceiving between
the sand sphincter stimulators, the- signal is provided by  modulating the
RF' signal such that the signal processing unit extracts the control
signal and provides the battery with remaining power fromithe RF signal. As
is best illustrated in Fig 4," RF transceiver : 5 of stimulator 1, is  15
communicable withi a.third. ]output of i processing ,unit 4, for
transmitting s-phincter_ stimulatory telemetry information indicative
of'one or more the parameters of the  sphincter stimulator for remote
detection. The ihformation is. transmitted by, radio  fi~egluency: signals,
however, in other embodiments of the! invention the sphincter  stirnulaton
information i is transmitted by. microwave means, optical means or by
magnetic energy. The: sphincter stimulator i formation signal includes
information  regarding) parameters, such:as, stimulation
signal'~'frequency, current, width and/or  shapes. and received signal
strength and battery':status This is,useful for use in ai! i all
controller intended for use by physicians. A remote sphincter
istimulato:ri, programming unit 13 is adapted to receive  the sphincters
stimulator:.information provided by receiver  5. The- sphincter stimulator_
programming unit includes a transceiver 141 for. providing, a calibration
signal to stimulator 1 which, in response, selectively varies one or more
of the  output properties of stimulator 1. The calibration signal is
preferably transmitted ll  in response to receiving the sph'iricter -. stI
uiator telemetry information. The: 30 calibration signal includes! coding
to selectively :vary the output current, shape', , ,  frequency. and/or
width. Conveniently',` the remote sphincter stimulator  programming unit is
integrated into:the physician controller. 4Ii AUG 2003.. WO 01/10,35'
PC'r/A.UOO/00925  14.. The preferred embodiments=of the invention also
provide a method of 



treating urinary incontinence in a person including the :steps ofi
disposing the : implanted smooth muscle :sphincter substantially around! a
urethra, locating a::  plurality of electrodes in predetermined locations
in the sphincter and electrically, 5 connectinq~: them with an implanted
sphincter stimulator as hereinbefore  described: The, sphincter stimulator
is then ii selectively actuated on receipt of the  control signal to
provide th'e predetermined stimulation signall to either contract  the
sphincter or allow it to: relax. The: method includes providing the
stimulation Lo signal ~ to contract the urethra or allow it to, relax from
output 6" of sphincter,  stimulator 1.. In other embodiments: of the
invention, however, the stimulation  signal to contract the sphincter about
the ~uirethra: is provided by a separate output  of sphincter stimulator 1
to,that whichi provides a stimulation signal to allow the  urethra. to
relax. 15 There: is also provided a method: of surgically- implanting &
sphincter  stimuiatior system, as hereinbbfore described in a person far
treating incontinence,  tihe method including, the :steps of: implanting,
the smooth muscle sphincter  substantially about the urethra in a person,
ihiplanting the, sphincter stimulator in  the pers:oni proximal to the i m
planted sphincter and implanting electrodes into the 20 sphincter at
predetermined, locations and electrically connecting i ithe= sphincter
stimulator with the smooth muscle sphincter.-. Other preferred embddiments
provide -a stimulus system including circuit  means defining a single
channel electrical pulse generator, power supply means,  al control circuit
to allow a transplanted sphincter to rel1 x, a separate control 25 circuit
to adjust pulse para eters, We on more:: stimu'us electrodesi, and leads
connecting the stimulator to the electrodes:  The -prosthetic sphincter
includes a sheath of innervated! or~ reinnervatable  muscle! tissue taken
from: ii the selected "!muscle:: and transplanted! around the  urethral In
one embodiment" a segment ot: distal! small intestiner.2-3 cm long, on 3:0
a vascular pedicle. is. isolated: and the remaining intestine! is rejoix ed
by end to end  anaste i ~osis. The isolated! Iegme nt 'is opened along its,
anfimesenteric border  and the. mucosa is dissected away 



A - AU 2003 WO:01110357 PCT/AU00100925  15 The- isolated) segment is drawn
i down to the neck of the bladder. It is then  taken, around the bladder:
neck" so, that! the circular muscle- is disposed
substantiallytcircumferentially with respect to the neck, and the cut an,
timesenteric  borders are :sewn. together,, to, create: a close fit around
the neck: of the bladder. If 5 necessary,. the! circumferentiall length is
reduced, to, create:a close flit. The newly  created and vascularised I
sphincter is secureddi in place by. sewing it to the  superficiai.J
connective tissue of th, e: bladder neck. A: stimulating, electrode
assembly is sewn to the transplanted intestine,,, withi the axis, of "the
electrode  assembly at right angles ;td the: circulate muscle, adjacent to
the entry of the ro, vessels from the vascular,-, pedicle The. - anchoring.
ligatures penetrate the  sphincter and are secured Ito,ithe underlying
bladder neck. In an alternative embodiment ~ the., sphincter augmentation
is made by  dissecting the anococcygeus muscles from their spinal
insertions, and drawing  the freed muscle around the bladder ~ neck. The:_
sphincter may alsoi be created is from a section:;of muscular vein, venous
smooth, muscle,: the terminalllilium and  transplanted as a segment devoid
of muccsa: ands having. its circulation intact, or  the d'artos smooth
muscle: from the scrotum or labia. The stimulus puise ,,gnerator ,transfers
electricall pulses to the electrodes  and these pulses are converted into:
action potential's in the nerves transplanted  20: withh~ the muscle
sphincter on in the nerves which re-innervate the sphincter after
surgery.. Alll implanted circuitry; is preferably, sealed and encased in.
a. biologically  inert- materiat such as a biocompatibl'e silicone
material. The metallic electrodes  and leads are preferably ofi
Platinum-Iridium alloy. The connecting wires, are 25, preferably insulated
with a silicone coating and lead to an implanted control unit  placed
(between the abdomihal rnuscle: and skin. The:. stimulator is::required) to
mai`ntain' continuous tone in the transplanted  sphincter sufficient: to
hold: urine its, the bladder without leakage by continuous  



stimulation. To: release urihe; an external. control unit using, for
example, a radio 30' frequency signal will turns off the internal unite o
halt thee stimulation of: the  sphincter, and is shown ischemati:ba,lly in
Fig 31 Alternative embodiments of the invention employ microwave or optical
means, for example, in the, form of infra-red) radiation, to communicate
the 4 AU G 2903 WO 01110357 PCT/AU00/40925 16  control signal toy the
sphincter stimulator, and the sphincter stimulator includes a
corresponding receiver at or near the,skirtot:the person. The person would
..hold! the externalil device adjacent the :skin over the  irimplant.(and
push an actuation button) to allow the transp..lantedi sphincter to relax
5 and urine, to; flbw. Amer bladder emptying~ the patient would then push
the! button again to resume. sphincteri'e pressure. As described, if the
user forgets to, push  the button to close, the sphincter" the stimulator
could be :programmed to resume  operation automatically after a given time.
The adVantages of this system are twofold. Firstly, the patient does not
io need to hold the external control unit against their skin for the whole;
: period of  bladder emptying. They: simply initiate the process and I ban
them put the unit  aside if desired.. The second advantage : is that such ~
a system allows: the  stimulator circuitry to be adjusted externally. In
embodiments where the signalii i is communicated! magnetically, a  15
permanent!mgnet is placed on the surface of the~skin directly over the
Ibcation of  the implanted control circuit'.` The' circuit is_designed'to
detect the: presence, of the.  magnetic field and, shut offrthe
stirrmulatidh accordingly. To empty,. the, bladder,  therefore, the person
simp,ly 'P faces a magnet: over the implant for the time period  required!
to empty the bladder. A small' permanent magnet: is a convenient item to
r"N  20 carry around and requires Mn ,batteries. One disadvantage of such a
system is    



that's a magnetic detector needs to be added, to the implanted device: and
this:, in  turn, requires more power from the internals batteries. lt: is
envisaged thati1 the requirements of the, stimuiator may change., both
post-operatively- and' with alteration ofithe preserved sphincteric
resistance as the  person ages. Access to the implanted device via surgery
for the purpose of  hardWare!! adjustment is, of 1course,, undesirable....
Therefore, adjustment of the stimulus: parameters via an externals radid
link to the - sphincter stimulator  programmingi unit 13 is a preferred
featureof'the system,:. It :will: be appreciated. that various
modifications and alterations may be  30 made to .the system described
above: without departing tromp the scope ands spirit  of the invention.. 4
AU& 2O 3 17 THE CLAIMS DEFININGI THE INVENTION AREAS FOLLOWS:: 1', I ! An i
implantable sphiir~tcter stimulator- configured) for operatively providing
electrical stimulation to: ~a surgically implanted innervated smooth muscle
sphincter disposed about a;urethra so as to control the flow of urine
therethrough,  the stimulator, including: a" stimullus generating, unit in
electrica communication with aF  receiver, the  stimulus: generating, unit
operatively configured to provide a first. predetermined  electrical
stimulation- signal adapted to contract said sphirrcter, and a second
predetermined signal adapted to allow said sphincter-ito.relax:, one of
said  pred:eterminedlisignals being selected ins response to a control
signal received at  the receiver from a, remote controller.: 2 A, sphincter
stimutato:r according to claiirn-1, wherein the stimulation signal  is;
pulsatile.: 3:' A, sphincter stimulator according to chasm 2, wherein thee
strnulation signal  is generally rectangular andlIsymmetrida:l biphasic,'
4.11 A: sphincter stimulator according to. claim 2, wherein the stimulation
signals ~  current is less than or equal Ito 30,r7A, 



5:: A; sphincter stimulator according to claim 2, wherein the stimulation
signal  pulse frequency is in the range of 0.25 to 2.5Hz.... 6, A:
sphincter stimulator according, to claim 2, wherein the stimulation signal
pulse has a width; in the range of 0.05 'to 0.2.Q mililiseconds. 7. A:
sphincter stimulator according to claim i1, wherein thee' stimulation
signal  is;:such as to. provide a continuous tone. iri"said sphincter: 8'
A: sphincter stimulator; according to claim 7, wherein the stimulation
signal  is pulssatile; 141, AU 2 003 118 gii A sphincter s_timulat&
according to claim 8, wherein the stimulation signal I III is generally
rectangular and symmetrical biphasic. 10. A sphincter stimulator according
to claim 8,, wherein the stimulation signal  current is less than or equal
to 30mA.. 11. A sphincter stimulator according to claim 8,, wherein the
stimulation signal  pulse frequency is in the range of 0225 to 2.5Hz. 12 A
sphincter stimulator according to claim 8,, wherein the stimulation signal
pulse has a width in the range of 0.05 to 0.2G milliseconds;, 13.. A
sphincter stimulator according to~ claimif 1, wherein the control signal i
communicated optically, magnetically; by RF; or, by mii icrowave. 14. A
sphincter stimulator according to claim 1, wherein the stimulus  generating
unit includes ,at demodulator responsive to :the received signal for
providing a modulated signal to a stimulus encoder which in turn provides a
signal  to :a stimulus driver which provides the stimulation signal at
selected ones of the  stimulator outputs. 15., A sphincter stimulator
according i to cl!aim_ 1, wherein, after the sphincter  has relaxed, the
stimulator iincludes means toi supply the .first stimulation signal at  a
selected one of its outpts to contract the sphincters when a predetermined
signal to contract the sphincter, is not received by.the receiver for a
predetermined" 11 i  period.. 



16. A sphincter stimulator according i ito i claim 1, including
aldtransmitter for  tra;nsmittiing sphincter stimulator telemetry
information i indicative of one or more  parameters of the stimulator for
detection remotely. 17. A sphincter stimulator according to claim 16,
wherein the telemetry  information is transmitted l by the same
communications means-as the control) II  signal. 4 AU.G 2Q 3,; 1 91 1& A,
sphincter stimulator according ;to :claim 16, wherein the parameters
include one, or niore of the stimulation signal frequency, current, width
and/or,  shape, .or received signal) Wength or battery: status. 19- A:
sphincter stimulator according to claims 16, wherein the receiver is
cenfigured,to accept a:, remotely generated sphincter stimulator
calibration signal III  and in response, a. signal processing unit
selectively varies one or more of the  output properties of the sphincter
stimulator. 20.~ A. sphincter stimulator according to, claim lP, wherein
the calibration signal  is train smitted in response: to: received
sphincter stimuiatoritelemetry information. 21 As:phincter stimulator
according_ 'to, claim 1,, wherein the stimulation  generating unit is
operatively connected to the sphincter by one or,more electrical  leads,
each having one orimore electrodes::: 22. A sphincter stimulator
according., ,to claim 21, wherein the one or more  Leads include three
electci ides disposed in an epimysal configuration about the- sphincter.
23. A, sphincter stimulatO according to .claim 21, wherein the one or more
leads include three electrodes disposedi l in a cuff configuration about
the  sphincter. 24. A, sphincter stimulator according to_ claim 21, wherein
the- one or more  leads include three electrodes disposed in ai; ;tripolar
configuration; about the  sphincter. 25. A system for use in treating
urinary incontinence ins a person; the system,.  including: 



a: portion of innervated smooth muscle tissue configuredl to define a
sphincter and implanted substantially circumferentially about the urethra
of the  personi AUG, 2Q03 2& an implanted sphincter stimulator arranged so
as t6 allow electrical stimuli  to be applied to the sphincter; and
a.-non-implanted controller in communications with the sphincter stimulator
for selectively triggering the generations of predetermined electrical
stimulation  signals to respectively contract the sphincter or allow 'the
sphincter to' relax. 20. A, system according to claim 25., wherein' the
muscle is in the form of a  strip. 27. A system according to claim 26.,
wherein the strip is. generally rectangular, 28. A system according to
claii 25,= wherein the muscle: is disposed I III  substantially fully
around the-urethra in a- generally cylindrical arrangers ent. 29. A, system
according fp: claim 28, wherein the long axes of ttlie: muscle cells,  are
substantially circumferentially aligned., 30:. A system according to claim
i25, wherein the smooth muscle is taken fromi H  the terminal ileum and
transplanted about 'the .urethra as a segment devoid of  mucosa and havingi
its circulation intact. 31. A system according to claim 30, wh'ereini the
muscle is in the form of a  strip. 32. A system according to claim 311i,
wherein the strip is generally rectangular. 33; A system according; to
claims 32, wherein ,the strip:; ,:has; dimensions in the  range from- 415cm
to; 7.5cm by 1.25cmi to 2.25cm.1, 34. A system according to claim, 2:5,
:wl1iere n the muscle is venous smoothi  muscle. 35: A system according! to
claim, 34, wherein- the muscle is in the form of a  strip. " 4 AUG 2003 21 



36. A system accordingi tb claim 35, whierein the strip is generally
rectang,ular. 37. A system according;tio claim 36, wherein-the strip has
dimensions in the  range from 4.5crm to 7.5c m. by 1.25cmita 2.25cm. 38. A
system accordimgii to cl-birm 25; wherein the muscle is, anococcygeus,
smooth, muscle 39! A system accordingiito claim ! 38, wherein. the muscle
is in the form of a  strip. 40.' AA system according,to claim 39, wherein
the strip is; generally, rectangular. 41Li A system according ljo claim 40,
wherein "the strip; has; dimensions in the  ranges from 4.5cm to 7.5cm tby
1.25cm to 2.25cm... 42. AA system accordingj~jto claim, 2`5, =wherei the
muscle, is smooth muscle  from the bladder. 43. A. system according. Ito
claim 42, wherein the. muscle is in the form of a'  strip. 44.1 A system
according,tt claim 43 ,whereiin the strip is generally rectangular. 45. A,
system according Ttto claim 44, wherein,-the strip, has dimensions in the.,
range from:4.5_cm to 7.5cm'-by 1.25cmito '2.25cm .. 46. A: system according
to claim 25, whereini the muscle is, the d'a:rtos muscle  taken from ithe
scrot wmi or; labia. 4T A system according, to claim 46, whereirr the
muscle is in the form of a,  strip., 48. A, system according to claim 47
wherein the strip is generally. rectangular. 4. AUGIA 22 40! A system
according to claims 48, , ,wherein the muscle strip has. the  dimensions,
of 6cm by, 1.5 to, 2cm,. 501 A system according 10: claim 25, wherein the
sphihcter:stimulator includes  a,, stimulus generating unit in
el',ectricall communication with a receiver, the  stimulus generating unit
operatively configured) to provide a first predetermined  electrical
stimulation signall adapted IIto contract said,. s;phihcter,.and a second
predetermined signal ad!ated to allow: said sphincter i to relax, one of
said  



predetermined signals being selected in response to a control signal
received at'!  the receiver from a remote controller. 511.1 A system
according tie claim 50, wherein the stimulation isignal is pulsatile. 52. A
system accordingjb claim 51, wherein the stimul tion signal is generally:
rectangulaor and symmetrical biphasid... 53. A system accordingito claim
51, wherein the stimulation signal current is  less than or equal to:3OmA.
54.1 A. system accordingJto claim 1 51 wherein, i the stimulation signal
pulse:  frequency, is innthe range of 0.25 to MHz., 55. . A. system
according to claim 51i,! wherein the stimulation signal pulse: has a  width
in the range. of 0.05:tO 0.20 milliseconds. 56-. A, system acco:rdingi to
claim- 50, whereini the stimulation signalil is such as  IJ6 provide a
continuous tone-, in saidlsphincter.. 57: A system according :to claim 56,
wherein th'e stimulbtion -signal) is pulsatile. 5& A: system according to
claims 5.7, wherein the stimuilationi signal is generally:.  rectanguliar
and symmetrical biphasic. AU6' 2003 23 5:9. A system according to claim 57,
wherein the stimulation signal current is  less than or equal to 30mA' 6:0.
A system accordiingg to claims 57; wherein the stimulation signal pulse
frequency is in; the range of 0.25 to 2.5Hz. 61, A system according -to
claim 57,, wherein the stimulation signal pulse has a  width: in the range
of O.05to~'0.20 milliseconds. 62. A system according to claim 50, wherein
the control!! signal I  communicatedl optically, magnetibally,': by :RF,
or"by microwave., 6:3: A system according) to clairmr 50,, wherein the
stimulus generating unit  includes a demodulator responsive to, the
received signal) for providing: ai,iii  modulated) signal to a stimulus
encoderii which ins turn provides a signal to a  stimulus driver which
provides the stimulation nsi,gnal at selected ones of the  stimulator
outputs. 



64. A system according,to ciaimi 50,, wherein,.-. after the sphincter- has
relaxed  the stimulator includes means to supply the fir-sit=
stimulation,~~ signal ate a selected  one of- its: outputs to contract the
sphincters when a predetermined signal to  contract the sphincter is not
:received by the receKfer, for a predetermined period. 65. A system
according to claim 50, including a transmitter for transmitting  sphincter
stimulator telemetry information indicative of one or more parameters of li
the stirr3ulato:r for detection remotely. 66. A system according, to claim.
65 wherein the telemetry information is  transmitted by the same
communications :means as the: control: signal. 67. A system accordingii:to
claim 65.,wherein the parameters~include one, or  more of
th~e:stimulati.oni signal, frequency,,-current; widthi and/,or shape, or
receivedi ii  signal strength or battery status. Atli` 29V 24 68. A system
accordingir to claim 65, = wherein the receiver is configured to  accept. a
remotely generated sphincter stimulator calibration signal and I in!
response, a signal processingi unit' selectively varies one or more of-
the! output  properties of 'the sphincter sstimulator. 69. A system
according to cl>ai i 68," wherein the callibration signal is  transmitted
in response to received sptrincter stimulator telemetry information. 70. A
system according to claim 15G, wherein the: stimulation generating unit is.
33  operatively connected to the sphincter by one or more electrical leads,
each' i iii  having one or more electrodes. 71. A system according to claim
701, wherein- the one or, more leads include  three electrodes disposed
itii an epimysal! configuration about the sphincter. 72. A system
according, to claim 701, wherein- the one or more leads include;  three
electrodes disposed i i a cuff con, figuration about the sphihcter. 73. A
system according,,to claim 70, ,whereirr the one or more leads include
three electrodes disposed in. a tripolar config'uration about, the
sphincter. 74. A system according tQ claim 25,-wherein the, controller
includes:-- 



a transmitter; means for generatirigir a predetermined control signal at
the! transmitter;  a power source; and: i actuation means for selectively:
generating,the. control signal such that on  receipt:of the signail, the
sphincter stimulator provides the'stirinulati6n, signal at its  output in
order-to contract'the sphincter or,iallow it to relax. 75.~ A system
according lip claim 25, wherein the controller includes a receivers i ii,
for receiving a stimulator information s n telemetry signal from the
sphincter,  stimulator.. AUG 2U ' 25 7-6. A system according to claim.74,
wherein-the control signal is transmitted  optically, magnetically, by:
radio waves, or by, microwaves. 77. A system according;,;to cl'aim' 74,
including i a remote: sphincter stimulator  p;rogra d iming unit for
selectively programming the sphincter stimulator to provide  a
predetermined output in response to the cantroll signal. 78. A system
accordtn.gi.ilto claim 77, wherein one or more of `the stimulation  signal
current,,.shape, frequency and: width is: variable ins resporsseto a
calibration  signal provided by the progra miming. unit. 79. A system
according to claim 77, wherein the progTammingii unit includes a. i ui
transceiver for providing th'e,programming sig,nall to the! stimulator,
80.: A system accordingFto claitm,-X77,::,whereiin the programming unit is
the  controller. 81. A method of using 1 ainj implantable sphincter
stimul'atoor for treating urinary  incontinence, the method includ$ng the
:steps of disposing a smooth. muscle  sphincter about a urethral ~
providing an implanted stimulator unit connected to  electrodes, arranging
the - electrodes so that the: electrodes: are: adapted to  stimulate the
neural structures of said sphincter,ii and providing a predetermined
stimulation signal at the sphincter stimulator outp+ t to either contract
the sphincter  or allow it~to relax in response to a control signal)
provided from, an e>xternally,  disposed controller. 



82. A method according 10 claim 3111, wherein the stimulation signal is
pulsatile.. 83. A. method, according to claim 82, wherein the stimulation
signal is generally;  rectangular and symmetricall biphasie. 84. A, method
according Ito claim 82,, wherein the stimulation signal current is ,  less
than 30mA. 1 4 AUG 2003 26 85. A method according to claim 82, wherein the
stimulation signal pulses are  provided) with a frequency an the range of
0.25 tb 2.OHz.. 86. A method according to claim 82, wherein the
stinmulation signal pulse! width  is. ins the range of 0.0510 0120
milliseconds, 87. A method accordinygllto claim 81, wherein the stimulation
signal is suchi as  to: provide a continuous tone! in said sphi cter: 8,8.
A method according !to claim 87, wherein the stimulatioa signal is
pulsatile.. 89. A method according itb claim 88, wherein the stimulations
signal is generally  rectangular and symmetridally b.iphasic. 90. A method
according;jo claiim; ~88, wherein -the stimulation signal current is,  less
than 30rmA. 91. A method according to claim 88, whereini the stimulation
signal pulses are  provided with a frequency on the range of 0.25 to 2.OHz.
92 A method according to claim 88, wherein thie stinnul'ation signal pulse
width  is, in the range of 0.05 to 0.20 millisecond's. 93. A method
according; to claimr,81, including the step of transmitting the  control[
signal! to the sp. hincter stimulator by any one of microwavesx radio
waves,  optical )signals or magnetic energy, 94. A method accordihgito
claim 81, including the! step of arranging three  electcodes~iin contact
with the sphincter in any epinIysal configuration. 95. A, method
accordingiI to claim 81, ,including the step of arranging three,.
electrodes in, contact: with the sphincter ins a cuff configuration. 4 AUG
2003 27 



96. A method according to claim 81 including the step of arranging three
electrodes in contact with the sphincter inia tripolar configuration. 9.71.
A method of treating, urinary incontinence: including the steps of:
disposing an implanted innervated smooth muscle :sphincter around a
urethra; locating a plurality of electrodes in predetermined locations in
the sphincter  ins electrically connecting the! electrodes withi an
implanted sphincter, stimulator;  and selectively actuating sphincter
stimulator to provide a predetermined  stimulation signal to either
contract the, urethra on allow it to relax in response to a  remotely
generated control signal. 98. A method accordingl~~a claim 97, wherein the
sphincter stimulator includes  a.. 1 stimulus generating unit in electrical
communicat;inn with a receiver, the  stimulus generating unit operativelr
configured; to, provide a. first' predetermined  electrical stimulation
signall adapted to~ contract said ~ sphincter, and a second  predetermined.
sign all adapted to allow :, said sphincter, to relax" one of said) H
p:redet~rminedl signals being selected in response to a control signal
receivedl at  the receiver from a remote controller. 99. A method according
to claim 98, wherein the stimulation, signal is pulsatile. 100. A method
according ,to claim 99, wherein the stimulation signal is generally:
rectangular and symmetrical biphasic.: 101.. A method according to  claim
99, wherein-the stimulation signal current is.  less thane or equal to.
3OmA :,; 102., A method accordih~i to claim'99,i wherein the stimulation
signal pulse:  frequency is inAhe range of0:25 to 2:5Hz.. 103. A method
according to: claim 99, wherein the stimulat>joni signal pulse has. al i!
-m  width in the range of 0,05 tO: 0.2O, millisecond 4 AU 2003: 28 104. A,
method' according Ito claim 198, whereih tf e_ stimulation signal is such
as  to provide. a continuous tone, in said sphincter. 



105.. A method according to: cl4ir~n 1104; wherein the stimulation signal
is  pisatile. 106. A method according to claiiti 1105; wherein the
stimulation signal is  generally rectangular and symmetrical biphasic.. .
107 A method according to claim, X1105,whe'erein the stirhulati-an signal
current is  less than or equal to 3OmA,,, 1108. A method according; to
claim. 1105; wherein the stimulatii n signal pulse  frequency Js in the
range of -0.25 to 2.5Hz:_ 1109. A method according to claim- 105, whereini
the stimulatiani signat pulse has  ai width in the range of 0.05. to 0.20
milliseconds. . 11110. A method according to clairn 98, wherein the
controlll signal is,  communicated optically, magnetically; by R'F, or-by
microwave. 11111. A method] according to cla;imi~ 98, wherein the stir
ul`us generating unit  includes a. demodulator responsive ta; the received-
signal for providing, a  n odulateds signal to a stimulus. encoder which,
i1 in turn1 provides a signal to a  stimulus driver which provides the
stimulation signal at selected ones of the  stimulator outputs. 112. A
method according, to claim 98~, wherein, after the sphincte:r has relaxed,
the stimulator includes means to supply the- first: stimulation signal) ati
a selected  one of its_ outputs to contact the sphirct'er when a
predetemmined signal to:  contract the sphincter is not =received) by the
receiVer for aiipredetecmined period. Ai 4 AU`G ~Z03 291 1113. A method
according, fo claim 98, wherein'saidl sphincter sfimulator includes  ai
transmitter for transmitting sphincter stimulator telemetry information
indicative  of one or more parameters of the stimulator for detection
remotely. 1114. A method' according, to claim 1 1113, wherein the telemetry
information is  transmitted by the same communications means as the:
controli signal. 115. A method according to claim 1113,wherein the
pararneters~include one or  more of the stimulation signal frequency,
current,''width and/or shape, or received 1:I i t  signal btrength or
battery status. 



1116. A method according, to claim 1'13 wherein i the receiver is
configured to  a remotely generated sphincter ' stimulator calibration
signal and in  response, a signal processing un& selectively varies one or
mores of the output  properties,of the sphincter stimulator. 117'. A method
according to claim 1"161, w~hherein the calibration signal is:  transmitted
in, response to received sphincter stirri'40tor telemetry information..
118. A method according,;to claimi 98, wherein the stimulation generating
unit is.,  operatively connected to the sphincter' by,:one .or more
electrical leads, each  having one or more, electrodes. 119. A method
accordingjo claim 1118,:whereiii the one or more leads include  three
electrodes disposed in an epimysa[ configuration iabout the sphincter.
120.. A method accordin.gJo claim 118,Wh'.erein the one or more leads:
include:  thtee electrodes disposed ihi a cuff configuration about the
sphincter. 121. A method according to claim 118, ,wherein the, one or, more
leads include  three electrodes disposed in a tripolar configuration about
the  sphincter. 122. A, method of surgically implanting, a isphincters
stimut for system for treatingi : i  urinary: inncontinenc_e including the
steps of 114 AUG 12093 30 implanting a smoothilhiu,scle sphincter about the
urethra,ini a person;  implanting a stimulator proximal to the sphincter; I
and implanting a pl!urality,of electrodes into the sphincter at
predetermined  locations and electrically connectiag the stimulator
therewith. 123. A method according to~claim -122, whereinthe system
includes: a portion of innervated smooth imuscle tissue configured! to
define a  sphincter and implanted substantially circumferentially about
theurethra of the  person; an implanted sphincter stimulator arranged. sous
t6 allow, electrical stimuli  to be applied to the! sphincter; and a.
non-implanted controller in ,communication with the sphincter stimulator
for, selectively triggering the!!generation of 'predetermined: electrical
stimulation  



signals. to respectively contract the sphincter oor allow:the sphincter to!
relax. 124. A method according to claim i 123, where:in, the muscle As in
the form of ai 111  strip. 125. A method according to claim a ii 24,
wherein the strip is. generally,  rectangular. 126, A method according to
claim 123; wherein the muscle is disposed  substantially fully around the
urethra in a.generally cylindrical arrangement 127. A method accordingj to
claiim 126, wherein the long axes of the. muscle:  cells are substantially
circumferentially aligned.. 128. A method according; to claim 123, wherein
,the smooth! muscle is taken ll,  from the terminall ileum noel)
transplanted Ilabout the urethra asa segment devoid) i  of muco:sa and!
having its, circulation intact., 3  129. A method according to claim 128,
wherein the muscle -is in the form of aristrip. t" ,4 AUG 120Q3 311 1130. A
method acoordingi to claim, 129, wherein the strip is generally
rectangular. 131. A method acco:rding1to claims 11301,V herein the strip
has dimensions in the  range from 4.5cm to 7.5c niby 1.2'5cm to 2.25cm.,
132., A method accordingito claim 123. wherein the muscle: is venous
smootiilil I i  nusele. 133. A method according to claim i 132.; wherein
the muscle is in the form of a  strip.. 134. A method accordihg to
claim-1,33', wherein the strip is, generally:  rectangular. 135. A method
according jo claim 134! whereir the strip has dimensions in the  range from
4.5-cm to _ 7.5cm ! lly 1.25cm to 225cm.;: 136.. A method accordingitb
claim 123 wherein the, muscle, is -anococcygeus  smoothy muscle. 137.. A
method according"to claim 136,'wherein the muscle is in the form of a  



strip. 138.. A method: according to claim 137, wherein the strip is
generally  rectangular. 139. A method according;:,to claim: 137, wherein
the strip has; dimensions in the- range from 4.5cm to 7.5cm iby 1.25cm to
2.25cm( :F 140. A, method accord in'giiito claim 123,:: wherein the muscle:
is smooth muscle;  from; the bladder. 4AUx;,2 3 32 141. A method
according.to claim 140!= wherein the muscle is ihi the forms of a  strip.
1142. A method accordlirig to claim 1411, wherein the strio: is generally.
rectangular. 1143. A method accordingiFto claim 142,"wherein the strip has
dimensions in the  range from 4.5cm to 7.5cmi by 1.25crn to 2.25crn" 144. A
method according,to ci:aim 123,' herein-the muscle is, the dartos muscle
taken from the: scrotum or labia. 145. A method according-to claim 144;
wherein the muscle: is in- the form Of a, i~i J~j  stripe. 146. A method
according: to claim 145, wherein the strip is generally  rectangular: 147.
A method according to claim 1146, 1 wherein the muscle: strip has, t
dimensions:of 6cm by 1.5 tb, 2cm. 148. A method according tfl~ claim1123,
wherein the sphincter stimulator includes i  air stimulus generating unit
in electrical communication withi a receiver, the  stimulus generating unit
operatively configured to~ provide a first predetermined IIII  elbctridall
stimulation signali adapted llto. contract said sphincter; an, dl a_ second
III  predleterminedl signal) adapted to allow;: said sphincter to relax,
one of said  predleterrninedl signals being selected in response to ai
control signal receivedd at  the receiver from a remote controller. 149.. A
method: according to claim 148';; wherein the stimulation signal is  



pulsatile. 150. A methodl according to claim 1491,1 wherein the
stiiriul6tion signal is;  generally rectangular and symmetrical biohas.ic.
4 AUG 203' 33 151. A method ' according to claimi 1149,,where:in the sti
ulation signal current is  16ss than or equal to 30mk: 152: A method
accordingi to claim ~~14-9, wherein the. -stimulationr signal pulse,
fiiequency;iS: in the range of 10.25, to12,5Hz" 1153. A method
accordinglFto claim 1491, wherein the stimulation signal pulse has  a
wwidthh ins the range; of0.05to 0.20-milliseconds... 1154. A method
according! to claim 148, whereihi the stimulation signal is such as  to
provide a continuous tone in said sphincter. 1155. A method according to,
claim, 1154, wherein the stimulation signal is  pulsatile. 1156. A method
according to claim 1155; wherein the stimulation signal i  generally
rectangular and symmetrica:l biphasic. 157. A method according,to claim
155, wherein the stimulation signal current is  less than or equal to 30rA:
158. A method according_ to claimiii1151-5, wherein tile stimulation signal
pulse  frequency is in the range: of0.25 to 2.5Hz 159. A method
accordingiHlo claim 155,, wherein the stimulation signal pulse has.
aiiwidthi in the range of ME to 0.20 milliseconds:: 160. A method
accordliingi to claim _148, wherein the control signal is  comrnu in,
icated optically, magnetically, bye R IF!, or-by nnicrowavve. 161.. A
method according, to, claim, 14a, wherein the stimulus generating unit
includes a demodulator responsive-to the received signal for providing
ai:i:,:3  modulated signal to a stimulus encoder which iiin turn provides:
a signal to a i 4 AU G 2:003 34 (I 



stimulus driver which provides the, stihiul'ation signal) at selected ones
of the:  stimulator outputs. 162. A method according-,to claim 148,.
;wherein, after t E sphincter has relaxed!  the stimulator includes means!
to: supply th'e first, stimula+tibnr signal) at a selected.  one of its
outputs; to contract the ~ sphincter when a predetermined signal to,
contract the sphincter is not. received by the receiver for a predetermined
period. 163. A method according to claim 1148, wherein said system includes
i a, 1 ill transmitter for transmitting sphincter stim, ulator- tele m
etry:,inforrnation i indicative of  one or- more parameters of the
stimulator for detection remotely. 164. A method according to claim1H1163,'
.wherein the telemetry. information is  transmitted by"the same
communications means as the control signal. 165. A method according to
claim i 1163',"wherein the parameters -include, one or  more of'the:
stimulation signal frequency, cu.irrent,'width and/or,shape, or received
signal strength or battery status. 166. A method according,' to claim 163,,
wherein the receiver is configured to:,  accept a remotely generated
sphincter stimulator calibration signal and in  response_a signal
processing unit. selectively varies one or more of the output  properties
of the sphincter stimulaton. 167. A method according i to claim 166;
wherein the calibration signal is.  transmitted in response to received
sphincter telemetry i'nfor ation: 168. A method accordiing;4o claim
1148,wherein the"stimulation generating unit:  is operatively connected: to
the sphincter by one or more electricall leads, each  having one or more
electrodes. 169. A method according to claim 168,-whereiri the one or more
leads include  three electrodes disposedi in- an e.pimysa.ll configuration
abDut the sphincter. A % AUG 2O~3 35 1170. A method according to claim
1168,: wherehii the, one or more leads include  three electrodes disposed!
'in a cuff configuration about the sphincter. 



171'. A method accorsing to claim I68,'wherein the one or more: leads
include  three electrodes disposed in a tripollariconfiguration about the
sphincter. 172. A method according to claim 1123', wherein the controller
includes:  a, transmitter; mean s for generating a predetermined control
signal at the transmitter;  a power source;; and I actuation means for
selectively generating the! control signal such that on  receipt of the
s=ignal, the sphincter istimulator provides the: stimulation signal at its
output in ordento contract the sphincter or albw it to relax:.. 173.. A
method] according. to claim 123, wherein the controller includes a.
receiver for receiving a stimulator information telemetry signal from the
sphincter  stimulator. 174. A method according to, claim -172', wherein
control signal is transmitted I H  optically, magnetically, by, radio
waves, or by microwaves. 175. A method according to claim, 172,wherein the
system includes a remote  sphincter stimulator programming unit for
selectively programming: the sphincter  stimulator to provide a
predetermined output in response to the control signal. 176. A method
according to claims 1`75, `wherein one or more of the stimulation:  signal
current, shape, frequency and width is, variable in response to a
ca=libration ~  signal provided by the, programming unit. 177. A method
according itb claim 175, wherein the programming, unit includes a
transceiver for providing the'''programnning signall to the stimulator.
178. A, method according to claim 175, wherein the: programming unit is the
controller. 


