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(57) Abstract: Systems that sense the volume, activity or other parameters of the urinary bladder are described. The systems include
at least two electrodes that are implanted at respective locations proximate the wall of the bladder, and may be located substantially
& opposite each other with respect to a center of the bladder. At least one of the electrodes receives an electrical signal emitted by
& another of the electrodes. Systems according to the invention detect an impedance through the bladder based on the signal, e.g., based
on one or both of the current or voltage of the signal. Based on the detected impedance, the systems sense one or more parameters
of the bladder, such as volume, activity, or the like, which influence the impedance. The detected impedance, or bladder parameter
information derived from the impedance, may be stored for short- or long-term monitoring, or used to control delivery of a therapy

to a patient.
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IMPEDANCE-BASED BLADDER SENSING

TECHNICAL FIELD
The invention relates to implantable medicat devices and, more parlicalatly,

implaniable sensors,

BACKGROUND

Urinary incontinence, or an inabilily 1o control arinary function, is a conynon
problem afflicting people of all ages, gendars, and races. Various muscles, nerves, organs
and conduits within the orinary fract cooperate to collect, store and release wrine, A
variety of disorders may compromise wrinary iract performance, and contribute {o
incontinence. Many of the disorders may be associated with aging, injury or iliness.

In some cases, winary incontinence can be attributed to improper sphincter function,

either i the internal urinary sphineter or external urinary sphincier. For exampls, aging
can often result in weakened sphineler muscles, which causes incontinence. Some palients
may also suffer from nerve disorders that prevent proper triggering and opeation of the
biadder or sphuncier muscles. Nerves running though the pelvic floor stimulate
contvactility in the sphincter. A breskdown in communication between the nervous system
and the urinary sphincier can reseli in urinary incontinence. As used hevein, the lerm
“urinary incontinence” include disorders in which urination occurs when not degired, such
as stress or urge incontinence, and disorders in which uringtion doss not ocow as desired,
such as wrinary retention disorder.

Therapies for reating urinary ncontinence include delivery of electricsl
stimulation and defivery of therapeusic substances. For example, delivery of elsctrical
stimulation from an implantable medical device 1o nerves in the pelvic floor, such as the
sacral and pudendal nerves, mwy provide an effective therapy for wrinary incontinence,
Elecirical stimulation of the sacral nerve may induce sphincter constriction and thereby
close or maintain closure of the urethra at the bladder neck. In addition, electrical
stimulation of the bladder wall may enhance pelvic floor muscle tone and assist fluid

retention in the bladder or voiding Rutd from the bladder.
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SUMMARY

In general, the invention is divected to systems and associated methods for sensing
ihe volume, activity, or olher parsmeters of the urinary bladder based on an impedance
through the bladder. Systems according fo the invention erit and receive an electrical
signal through the bladder, and determine the impedance through the bladder based on the
signnal. The elecirical signad varies as a fanction of the impedance through the dbladder,
which may in fumn vary as & function of volume, activity, or olher parameters of the
biadder.

Systems according to the invention include al least two electrodes that respectively
emit and receive the electrical signal. The electrodes are implanied pmximaté to the wall
of the bladder at respective locations, and may be located substantially opposite each other
relative 1o a center of the bladder. As examples, the slectrodes may be coupled o an
implantable medical device (IMD) that is implanted outside of the bladder by sespective
leads, or may be coupled to an implaniable modude thal is attached to the bladder wall.
Electrodes coupled to such an implantable module may be formed on or within a housing
of the module, or cotpled to the module by leads. In embodiments that include an
implantable module, the modale may wirelessly transmil information based on the
detected impedance, e.g., information relaed to the Glling or emptying of the bladder, to
one or more of an implantable medical device or external device, such as an external
prograwmer.

Some embodiments of the invention inchude delivering a therapy lo alleviate
wingry inconlinence, such electrical stimulation or a therapentic substance, based on
deiecied impedance, For example, some embodiments may include an implantable
medical device that delivers a therapy based on the detected impedance. In some
embodiments, an implaniable modue wirelessly transmits information relating to the
detected impedance o an implantable medical device that delivers the therapy, and the
implantable medical device delivers therapy based on the fransmitted information. In
other embodiments, the mplantable modale fransmits the information 1o an external
programmer, which controls delivery of therapy by an implantable medical device based
ort the information received from the implantable module, 1n various embodiments, the
systems may provide closed-loop feedback control of the therapy based on the detected

impedance, trigger or ferminate the therapy based on the impadance, or both.
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Some smbodiments may present information refating to filling, emptying, volume,
activily, or ofher patameters of the bladder to a user based on the detected impedance.
Systers according fo the invention may include an exiemnal programmer ox other externasl
device with a user interface for presenting such information 1o the user. The esternal
device may receive information related to the detected impedance from an implantable
medical device or implantable module, and present information relating to filling,
emptying, volume, activity, or olher parameters of the bladder 1o a user based on the
received information. The implantable medical device or module may include a memory
to stoge information relating to the bladder impedance over time, for later retrieval by an
external device. In this manner, systems according to the inveution may provide short- or
long-term monitoring of bladder functioning, .., Tor diagnosis or monitoring of urinary
incontinence. Further, svstems according to the invention may provide alerts 1o the patient
relating 1o the volume of fullness of the bladder, or incontinence events.

In one embodiment, Lhe invention is directed to » method comprising emilting an glectrical
signal from: a tirst electrode implanted prosimate to a wall of 2 bladder of apatienf at a
first location, receiving the electrical signal via a second elecirods implanted proximate fo
the wall of the bladder st a second location, and detecting an impedance through the
bladder based on the signal.

In another embodiment, the invention is directed 1o a system comprising a first
alectrode implanted prosimate to a wall of a bladder of a patient at a first location that
emits an electrical signal, a second electrode implanted proximate fo the wall of the
bladder at a second location that receives the electrical signal, snd impedance
measurement cireniiry that emits an electrical signal via the first electrode, recetves the
elecirical signal via the second electrode, and detects an impedance fhrough the bladder
based on the signal.

In another embodinient, the invention is directed to a systen comprising an
implantable module implasted on or within a wall of a bladder of a patient, a first
clectrode electrically coupled to the implantable module and located proxiamle to & wall of
the bladder at 8 first location, and a second elecirode electrically coupled to the
implantable module and located proximate to the wall of the bladder ata second location.

The implantable module emits an electrical signal via the (irst elecirode, racsives the
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elecirical signal via the second electrode, and detects an impedance through the bladder
based on the signal,

I various embodiments, the invention may provide one or more advantages. For
example, while placing electrodes on or within the bladder may be more invasive than
pther sensors, and particnlarly, external sensors, it may allow systems according 1o the
invention to provide more accorate information regarding bladder volume, activity, and
the like. Placing electrodes on or within fhe bladder may also facilitate pH monitoring in
addition 1o bladder volume and activity monitoring, in some embodiments. According to
some embodiments, slectrodes may be placed in the bladder without surgery, e.g.,
endoscopically via the urethra as pari of an implantable module,

In some embodiments, therapy delivery may be responsive to detected bladder fullness
levels and/or urinary incontinence events. In addition, in some embodiments, the svstem
may nofify the patient of a filled bladder and urge the patient lo wrinate before causing an
uninentional voiding event, or before the fullness of bladder results in pelvic pam, a.g.,
due inferstitial cystitis, Also, with closed-loop therapy. the system may penerate
stimulation parameter adjustinenis, based on sensed bladder conditions, o more
effectively target the function of the urinary sphincier muscle or pelvic floor muscle fone,
{hereby enhancing therapy efficacy. In some patients, more effective stimudation via the
saeral or pudendal nerves may actually serve o strengthen the spluncler muscle or
enhance pelvic floor tone, restoring proper operation.

Tha details of one or morg embodimenis of the invention are et forth in ihe
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims,

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram Hlustrating an exampla system that senses
parameters of the bladder based on an inypedance through the bladder.
FIG 2 is an enlarged view of an implantable stimulator with g lead penetrating &
bladder wall to dispose an electrode within the bladder.
FIG. 3 is a schematic diagram illustrating another example svstem that senses

parameters of the bladder basad on an impedance through the bladder.
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FIG 4 is a cross-sectional side view of an implantable module attached 1o the
interior wall of the bladder of' a patient.

FIG: 5 15 n bottom view of the implantable module of FIG 4.

FIG 6 is 8 cross-sectional side view of a deployment device during deplovinemt
and fixation of the implantable moduls of FIG. 4.

FIG 7 Is a cross-sectional side view of an implantable modale placed within the
bladder wall of a patient.

FIG. 8 is a schematic diagram iflustrating deplovntent of the implantable module of
FIG. 7.

FYG 9 is o fonctional block diagram iflustraling various components of an
implantable medical device which delivers therapy based on a detected impedance through
the bladder,

FHG. 18 is a functional block diagram illestrating varicus componenls of an
example external programmer,

FIG 11 15 a functional block diagram illustrating various components of an
example implantable module that inchudes an electrode.

FIG. 12 is a flow chart iHustrating an example techoigue for deli very of therapy
based on & detected impedance through the bladder.

FIG. 13 is aflow chart iHlustrating another example technigue for delivery of

therapy based on a detected impedance through the bladder,

DETAILED DESCRIPTION

FIG. ] 15 a schematic disgram iflustrating an example svstem 10 that senses
parameters of a bladder 14 of 3 patient 12 based on a detected impedance through the
bladder. As shown in FIG, 1, system 10 may include an implaniable medical device
(IMD) 18 and exiernal programuner 22. System 10 may provide short- or long-term
monitoring of bladder fonctioning or wrinary incontinence based on the detected
impedance, or use the detected signal as feedback 1o control defivery of a therapy for
alleviating vrinary incontinence,

In the flinstrated embodiment, IMD 18 is coupled to first and second electrodes
26A and 26B (collactively “elecirodes 26™) via a first and second leads 16A and 16B

{collectively “teads 16™). Leads 16 penetrate the wall of bladder 14, and locate the
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electrode proximate to an interior surface of the wall of the Bladder at first and second
locations, respectively. Elecirodes 26 are Jocated af respective locations, and may be
located substantially opposite each other relative fo the center of bladder 14. In some
embodiments, one or hoth of leads 16 need not penetrate the wall of bladder 16, aud one or
both of efectrodes 26 may be located prosimate to the exterior surface of the bladder wall.
Farther, in some embodiments, & common lead 16 may carry both electrodes 26 to
respective locations proximale o the blsdder wall.

IMD 18 may transmit an electrical signal through bladder 14 vig leads 16 and
efectrodes 26. The detected signal varies as a function of an impedance through bladder
14, which in furn may vary based on a variety of parameters of lhe bladder, including
volume, activity, and pH. Accordingly, IMD 18 detects an impedance through bladder 14
basad on the signal. In some embodiments, IMD 18 may wansmit information related 1o
the detocted tmpedance, sach as measwed samples or bladder parameter information
determined based on the samples, o exiemal prograssmer 22.

Systent 10, e.g., IMD 18 or extemal programmer 22 may monitor bladder volume,
filing, fill level, emptying, coniractions, and the like based on the detected impedance. A
fil} level or rate of volume change may be considered bladder activily or bladder condition
information, as described herein. Based on the detected impedance, IMD 18 or external
programmer 22 may nitiste, terminate or adjost a therapy delivered by IMD 18, Further,
exigmal programmer 22 or another computing device with a user interface may prasent
bladder volume, activity or function information 1o a user, such as a physician, based on
the detected impedance. In some embodiments, IMD 18 or exlemal programmer 22 may
store informaiion related to the detected impedance or bladder parameters derived from
lhe detecled impedance for long- or short-term monitoring of bladder volume, activity or
fanction, e.g., for evaluation of urinary incontinence or monitoring the efficacy a treatment
for wrinary inconlinence. In some embodiments, IMD 18 or progranymer 22 mav provide
closed foop feedback control of delivery of therapy by IMD 18 to patient 12 based on the
detecied impedance,

In the Hlustrated example, IMD 18 is coupled to a stimalalion lead 20, which may
include one or more electrodes as is known in the art for delivering electrical siimulmion
to patient 12. Lead 20 may be tunnsled from IMD 18 o one or more pelvic floor nerve or

muscle siles associated with the urinary system. For example, stimulation lead 20 may
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lenminate adjacent nerves in the pelvic floor, such as the sacral or pudendal nerves which
innervates the pelvic floor muscles including the urinary sphincter. For example, sacral oy
padendal nerve stimulation may result in an increase n pelvic foor muscle tone or (he
contraction of the arinary sphincter, which keeps urine inside bladder 14, Appropriate
nerve stimulation may assist patient 12 in avoiding vrinary incontinence, or promoting the
elimination of urine from biadder 14 when wination is desired.

In other emb{}diments; IMD 16 additionally or allernatively delivers one or more
therapeutic substances to patient 12 via one or more catheters. Therapeutic substances
may include pharmaceutical, chemical or genetic sabstances. Such substances may be
delivered to pelvis floor nerves or muscles associated with urination.

I either case, patient 12 may control the therapy delivered by IMD 18 via
progranuner 22, For exampla, patient 12 may indliate or terminate delivery of therapy by
IMD 18 via programmer 22. Further, IMD 18 or external programmer 22 may control
delivery of therapy based on the bladder parameters thal affect the impedance throngh the
bladder by initiating, adjusting, or terminating the therapy based on the impedance
detected by IMD 18. For example, IMD {8 or external progranumer 22 may adjust
elecitical stimulation parameaters such as palse amplitade, rate and widlh, and electrode
polaity or configuration, based on the delected impedance. As another example, IMD 18
or external progranuner 22 may stmilarly adjust the infusion rate, conceniration or number
of substances delivered to patient 12 based on the detected impedance,

I the detected impedance indicatey increased bladder volume, which may result in
increased pressure on the pelvie floor muscles and wrinary sphincter muscle, the IMD or
programuner may increases the intensity of therapy intended {o promote urinary refention.
Afler a voiding event, the IMD or programmer may lerminate or reduce the intensity of
ihe therapy to conserve power or other resources. In some embodiments, extemal
programmer 22 may alert patient 12 if bladder volume reaches a threshold based on the
dstected impedance. {n response, patient 12 may tse progranuner to terminate a therapy
intended to promote urinary retention andfor initiate a therapy intended to promote
wination. Alerting the paliont when the bladder volume reaches a threshold may
advantageously allow a patient to avoid an incontinence event, or pelvic pain in cases

where the patient has a condition such that a relatively full bladder causss pelvic pain,
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such as interstitial cystitis. In some embodiments, therapy may be delivered substantially
continaously, but at different intensities based on the detected impadance.

External programmer 22 may be a small, battery-powered, portable device that
accompanies patient 12 throvghout a datly routine. Progranumer 22 mav have a simple
user interface, such as a bution or keypad, and a display or lights. Patient 12 may
voluntaily initiste a voiding event, f.e., a voluntary voiding of bladder 14, via the user
inlerface. In this case, programmer 22 way transmit 8 command signal to IMD 18 1o
temporarily suspend stimulation, and thereby permit vol untary voiding, In some
embodiments, the length of time for a voiding event may be determined by pressing and
helding down a buiton for the duration of a voiding event, pressing a bution a first time to
initiate voiding and 2 second time when voiding is complete, or by a predetermined length
of time permivied by programmer 22 or IMD 18, In each Case, progranungs 22 causes
implantsble IMD 18 to temporaily suspend stirmglation so that voluntary voiding is
possible. However, in other embodiments, snspe-néion of stimulation is not necessary fo
facilitate voiding, and stimulation may ocour substantially continuously, with
modifications based on the detected impedance.

IMD 18 may be sorgically implanted at a site in patient 12 near the pelvis. The
implantation stle ray be a subcutansous location in the side of the lower abdomen ot the
side of the lower back or upper buttocks. One or more electrical simulation lends 20 mav
be connected to IMD 18 and surgically or percutaneonsly ttnneled {0 place one or more
electrodes carsied by a distal end of the Jead sl a desived petvic nerve or muoscle site, sach
as g saeral or pudendal nerve site. TMD 18 has a blocompatible housing, which may be
formed from tifanium, stainless steel or the like. IMD 18 magy be configured to deliver
electrical stimulation pulses wilh a range of electrical parameter values, such as amplitude,
puise width and pulse rate, sefecled to prevent involantary leaknge of urine from bladder
14,

The invention is not limited to embodiments that include a therapy-delivering
IMD. In some embodiments, as will be discussed in greater detail below, an implantable
sensor module may detect impedance and store information rel afing to the detected
impedance without delivery of therapy, for short or fong-term monitoring of biadder

function, e.g., for a wrinary incontinence study.
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FHEG 2 is an enfarged view of IMD 18 and lead 16A penetrating a bladder wall to
dispose efectrode 26A within bladder 14 proximate to the interior surface of the bladder
wall at a first location, Although not illastrated in FIG 2 for diagrammatic simplicily, lead
168 may similarly penetrate the bladder wall to dispose electrode 268 within bladder 14
prosimate 1o the interior surface of the bladder wall at a sgcond location. IMD 18 is also
electrically coupled to stinngdation lead 20 which, although not shown in the figuges,
terminates al a nerve site, such as the sacral verve that innervates the urnary sphincter.
Stimudating the sacral nerve may, for example, cause the sphincter to contact and help
patient 12 avoid wrinary incontinence events. While both leads 20 and 16 carry efectrical
currenl, the elecirical signals are different from each other and are generated for different
purposes. The electrical signal carried by teads 16 is emitted into badder 14 by electrode
264, and received by slectrode 268 on the opposite side of the wall of bladder 14.

Leads 16 are tunneled through the abdominal cavity of palient 12 to reach bladder 4.
Leads 16 are placed within respective snall holes within bladder wall 28 in order for
slectrodes 26 o reside within bladder 14. Electrodes 26 and leads 16 plug the holes in
bladder wall 28 and effactively seal wine within bladder 14. Electrodes 26 are secured
within biadder wall 28 to prevent the movement of leads 16 as bladder wall 28 expands
and contracts with filling and voiding cvcles of bladder 14, In addition, leads 16 include
gither extra length of' lead or a flexible material to allow leads 16 10 move with the
changing size of bladder 14. An mBexibie or taught lead 16 could damage the lead, IMD
18 or patient 12. As described above, the Invention is not limited to embodiments in
which electrodes 26 are located inside bladder 16, In some embodiments, leads 16 may
attach io the outside of bladder wall 28, disposing electrodes 26 proximate to or embedded
within the wall, but cutside the baddes cavity.

Leads 16 may inclode fixation elements, such as barbs, hooks, an expandable,
stent-like element, or an expandable hydrogel element to maintain electrodes 26 in desired
positions, and prevent the electrodes from withdrawing from bladder 14. An expandable,
steni-like or hydrogel element, or a biological glue, may plug the hole formed by insertion
of electrodes 26 and leads 16 through bladder wall 28. Such elements or glues may be
located inside or cuiside of bladder 14 when elecirodes 26 are positioned within bladder,
Leads 16 and elecirodes 26 may be advanced o bladder 14 via ahollow, rigid catheter,

neadle, or the like, which peneirates bladder wall 28, and expansion of a stent-like or
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hydrogel element may occur afler the catheter or needle is withdrawn. Leads 16 may be
formed 1o include a helical section that provides “stack™ to atlow leads 16 to move with
{he changing size of bladder 14.

MDD 18 may be located near bladder 14 or sacral nerve. Shorter leads 20 and 16
may reduce the risk of patiant infection, tissue disturbance and signal noise. in other
embodiments, IMD 18 may wirelessly commanicate with a separate implantable
stinmulation device localed near the sacral nerve and an implanted sensor module that
detects the impedance through bladder 14, In such embodiments, IMD 18 may be located
in any convenient location that facililates wireless communication, and need not be
coupled 1o leads 16, 20,

FIG. 3 is a schematic diagram iHlustrating an implantable stimulation svstem 11,
incorporating an IMD 19, and a wireless implaniable sensor module 17 that detects an
impedance throngh the bladder. Ags shown in FIG. 3, system 11 also includes an IMD 19
coupled to a lead 20, and an external programmer 22, which are substantiatly similar to
external programmer 22, IMD 18 and lead 20 described above with reference 1o FIGS. §
and 2. 1n the illustrated embodiment, module 17 is implanted inside bladder §4 at a first
location, and includes a first electrode 26A (not shown in FIG 3), e.g., formed on its
housing. The first and second electrodes are located at fisst and second positions
proximgte to the interior surface of bladder 14 and, as shown in FIG 3, may be located
substantially opposite each other refative 1o a center of bladder 14. In other embodiments,
modale 17 and electrodes 26 may be located ouiside of bladder 14 proximate lo the
bladder wall, e.g., attached to the exterior surface of the wall. Further, in some
embodiments, module 17 may be coupled to both elecirodes 36 via respective leads or a
common lead, or may both be formed on or within a housing of the module.

Module 17 may travsmif an electrical signal through bladder 14 via first and
second stectrodes 26, and detect an impedance through the bladder based on the signal.
Module 17 may be capable of wireless communication with either or both of IMD 19 and
external programmer 22 for transmizsion of information refating to the detected
impedance, such as impedance measuremenis or bladder parameter values derived from
such megsurements. IMD 19 gnd/or extemnal programmier 22 mav conirol delivery of
therapy by IMD 19 based on the transmitted information, as discussed above with

reference to FIG 1. Further, external programmer 22 may present information relating to
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11
bladder filling and emptying 1o a uset, such as a physician, based on the transmitied
irformation, as discussed above with reference to FIG 1.
IMD 19 may act 8s an inlermediary for comumunication between module 17 and external
programmer 22. Additionally, module 17, IMD 19, and/or external programmer 22 may
communicate wirelessly 1o coordinate transmission of the signal through bladder 14, 2.5,
10 coordinate or request measurements.

As discussed above, some embodiments of the invention neaed not include a
therapy delivering IMD, 1n other words, in some embodiments, module 17 may support
pasely diagnostic purposes, such as wodynanic stady, .., by transmission of information
lo external progranuner 22,

FIG 4 is a cross-sectional side view of implantable module 17 atiached to the
intetior wall of the bladder of a patient. As shown in FIG 4, module 17 includes a housitg
30 and efectrode 26A formed on, as part of, or within the housing. Modale 17 is also
coupled to eleclrode 268 by lead 21, as discussed above. Bloctrodes 26 may be coupled to
a circuit board 32 within module 17. A power source 34, such as a battery, may ba
provided to power circuit board 32 and the components attached thereto. Circuit board 32
may includs circuitey to generate the signal teansmitted throngh bladder 14 via electrodes
26, and processing electronics and other circuitry to determine m tmpedance through the
bladder based on the transmitted signal. In addition, ciscuit board 32 may inclade
telemetry circuitry for wireless telametry with IMD 19, external progranumer 22, or both.
Power source 34 may take the form of a small rechargeable or non-rechargeable battety,
which may be configared as a coin call or pin cell. Different types of batteries or different
battery sizes may be used, depending on the requirements of g given applicgtion. To
promote longevity, power source 34 may be rechargeable via induction or nlirasonic
energy transmission, and includes an appropriate circuit for recovering transeutaneously
received energy. For example, power source 34 may include a second ary coil and a
rectifter circuit for inductive energy transfex. Power generation or charging electronics
may be carried on circuit board 32, In still other embodiments, power source 34 may not
include any storage element, and module 17 may be fully powered vis lranscutaneons
inductive energy transfer, As a further alternative, IMD 18 or progranuner 22 may be
configured to apply inductive power to module 17 whenever detection is desired. In this

case, when inductive power is not applied, module 17 is asleep. Upon application of
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induective power, module 17 wakes up, acquires a sense signal, and fransmits the signal fo
programsar 22 or IMD 19, Accordingly, IMD 19 or programumer 22 determines the
sampling rate of module 17 by powering up the module at desired infervals.

Muodule housing 30 may be made from a blocompatible material such as titanivn,
stainless steel or nitinol, or a polymeric material such as silicone or polvurethane. Another
matesial for fabrication of housing 30 is a two-part epoxy. An example of a suitable epoxy
is g two-part medical implant epoxy manvfactured by Epoxy Technology, Inc., mixed in a
ratio of 10 grams of resin (o one gram of activator. In general, housing 30 contains no
external openings, with the exception of openings to {acilitate connection of conducls that
are coupled fo electrodes lo circait board 32 within the housing. The openings may bea
hermetically sealed feedthroughs, allowing housing 30 to protect power source 34 and
circuit board 32 from the environment within bladder 14

In some embodiments, housing 30 may have a capsule-ike shape with a length in a
range of approximately 2 to 15 rom, a width in a range of approximately 2 to 10 mm, and a
height in a range of approximately 2 to 10 mun. The capsute-like shape may produce a
circular cross-section, in which case housing 30 may have a diameter of approximately 3
1o 10 mum, rather than widlh and height dimensions.

Aitaching implantable modale 17 fo the interior bladder wall 28 of biadder 14 may
be accomiplished in a variety of ways, but preferably is completed in a manner that will not
excessively injure bladder 14 or otherwise canse excessive trauma during implantation,
Preferably, attachment should cause limited inflanymation and substantially no adverse
physiological modification, sach as tissve infection or a Joss in structural integrity of
bladder 14, However, it is desirable that implaniable module 17 also be attached securely
1o the atfachment site in order to provide an extended period of measurament without
prematurely loosening or detaching from the infended location.

As an example, housing 30 may define a vacuum cavity 40 and vacunm channel
38. A vacuom is created in vacunm cavily by a deployment device having a vacuum line
in communication with vacoum chanmel 38. The vacuum draws tissue 44 from bladder
wall 28 inlo vacuum cavily 40, Vacuum cavity 40 may be sized to capture a volume of
bladder wall tissue on the order of approximately 1 to 5 mnr'.

Once tissue 44 of bladder wall 28 is captured within vacuum cavity 40, a fastening pin 42

is driven into the captured tissue to atfach sensor housing 30 within bladder 14, Fastening
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pin 42 may be made from, for example, stainless steel, titanium, nitinol, or a high denstly
polymer. The shaft of pin 42 may be smooth or rough, and the tip may have a sharp point
io allow for easy penctralion inte tissue. Fastening pin 42 may be driven into housing 30
and tissue 44 of bladder wall 28 under pressure, or upon actuation by a push rod,
administered by a deployment device. In another embodiment, implantable module 24
may be atiached without the use of a peneivating rod but with a spring-loaded clip to pinch
trapped bladder wall 28 within cavity 40. A variety of other attachment mechanismes, such
as pins, clips, barbs, sutures, helical screws, surgical adhesives, and the like may be used
lo attach housing 30 o bladder wall 28 of bladder 14.

Ta the exaraple of FIGS. 3 and 4, housing 30 of implantable module 17 is attached
to the mnterior bladder wall 28 of bladder 14 near the side of the bladder. However, the
attachment site for housing 30 could be at any position on bladder wall 28 that doss not
interfere with bladder function or other organ fimction. For example, housing 30 may be
placed in the op of the bladder or near the urethra, In some patients, the most desirable
position may coincide with the least invasive implantation surgery. Placing housing 30
substantially opposite slectrode 268, as illustrated in FIG 3, mav allow miore accurate
determination of changes in bladder 14 size. Modute 17 may be surgically irplanted
tsing open surgery or faparoscopic technigues, or may be endoscopically implamted vig
the urethra,

FIG 3 15 a bottom view ol module 17. As discussed above, housing 30 defines
vacuum cavity 40, which comes into contact with bladder wall 28 when attaching module
17 1o the inlerior surface of bladder wall 28. Blectrode 26A is located on the opposite side
of housing 30. However, some embodiments may require electrode 26A to reside on other
surfaces of housing 30. In addition, module 17 may include multiple electrodes 26 on
more than one surface of housing 30. Additional electrodes may detect different electrical
signals simultancously, provide redundancy if electrode 26A fails to operate corvectly, or
be vsed to transmit the signal through bladder without leads 16.

Vacaam cavity 40 holds a portion of tissae from blgdder wall 28 in order to keep
housing 30 in contact with the interior susface of bladder 14. In some embodiments,
housing 30 may confain more than one vacuuin cavity to attach 1o multiple points along
biadder wall 28. For example, one vacoum cavity on 2ach end of housing 3¢ may provide

secwre contact between the housing and bladder wall 28. In other embodiments, housing
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30 may be formed into a different shaps than the illustrated rectangular shape, For
e:éa'.mpie,, houstng 30 may comprise a circular shape or concave shape to better fit the

FIG: 6 is a cross-sectional side view of deployment device 46 used dwring
deployment and fisation of implantable module 17, 1 the exaniple of FIG. 6, deplovment
device 46 includes a distal head 48. Distal head 48 may be mounted on an elongatad
sheath 50 {partiafly shown in FIG. 6) configused for laproscopic introduction via a frocar,
or endoscopic introduction into patieni 12 through the urethra. Deployment device 46
may be used with other components, such as a gas distension tube for inflating the pelvic
cavity 1o [acilitate access to bladder 14, and a visualization scope for viewing the
implantation sile. Tnt some embodiments, visualization components may be inlegrated with
deployment device 46. Deplovment device mav include mechanisms for steering distal
head 48 using a progimal handle, as is known in the art.

As shown in FIG. 6, distal head 48 receives a vacusn line 52 and a positive
pressure line 54 via etongated sheath 50, Vacuum ling 52 is coupled to a vacuum outside
of patient 12 via a tube or fumen extending slong the length of deplovment device 46.
Similarly, positive pressure line 54 is coupled to a positive pressure sonrce (not shown) via
a lube or lumen extonding afong the lenglh of deployment device 46. Vacuum Hine 52 s in
fluid communication with vacuum channel 3§ and vacuum cavily 40, and permils the
physician fo draw a vacuum and thereby capture tisste 44 of bladder wall 28 within the
vacuum cavily, Positive pressure line 54 penmits the physician to apply a pulse of high
pressure Huid, sach as a liquid or a gas, 1o drive fixation pin 42 into module houging 30
and throagh tissue 44 of bladder wall 28, Pin 42 thereby fixes sensor housing 30 to
external bladder wall 28, Tn some embodiments, a membrane mounted over an opening of
positive pressure line 54 may be punctured by pin 42.

Once fixation pin 42 attaches module 24 to the interior surface of bladder 14,
vacuum line 52 is no longer needed. However, in some embodiments, vacuam line 52
may be used to detach module 24 from distal head 48 of deployment device 46, By
terminating vacoum pressure, or briefly applying positive pressure through vacuum live
52, for example, head 42 may separale from module 24 due fo {he force of the air pressure.
In this manner, vacuum line 52 may aid in detachment of module 24 prior to removal of
deployment device 46,
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As deseribed previously in FIG. 4, fixation pin 42 punctures bladder wall 28 for
fixation of module 24. While the force of this fixalion may vary with patient 12,
deployment device 46 provides adequate force for delivery of pin 42. In an exemplary
embodiment, positive pressure line 34 is completely sealed and filled with a biocompatible
fluid (such as water, saline solution or air). Sealing the end of positive pressure ling 44 is
fixation pin 42 or a head on fixalion pin 42.

Fixation pin 42 is generally able to move within positive pressure line 54 much
like a piston. Force to push fixation pin 42 through tissue 44 of bladder wall 28 captured
inx vacuum cavity 40 is created by application of a pulse of increased fluid pressare within
pusitive pressure Hine 84, For example, the physician may control a positive pressure
souree via.control handle attached to deployment device 46. This simple delivery method
may provide high fevels of force, allow muttiple curves and bends in deplovment devics
46, and enable a positive pressure line 54 of many shapes and sizes.

In an atternative embodiment, a flexible, but generally incompressible, wire may
be placed within positive pressure line 54 and used as a push rod fo force fixation pin 42
through the captured tissue 44 of bladder wall 28. This wire presents compressive force
from the conlrol handle of deplovment device 46 directly fo fixation pin 42. This method
may eliminate any safety sk of pressurized flaids entering patient 12 or, in some
embodiments, pernuit retraction of pin 42 after an unsuccessful fixation attempt, If
atfached, the fexible wire may be attached to pin 42 and pulled back to remove the pin
from tissue 44, The fexible wire may be sheared from fixation pin 42 for detachment
purposes as dislal bead 48 relenses sensor 24. This detachment may be facilitated by a
shearing element or low shear stress of the wire,

I FIG. 6, deployment device 46 illustrates the atiachment of vacuwm ling 532 and
positive pressure line 54 to one end of module 24. Tn some embodiments, deployment
device 46 may attach vacuum line 52 and positive pressure Hne 54 to their respective
channels opening on the top of housing 30 instead of the side of the housing. This change
in location may facilitate attachment of module 17 from & variety of locations or on certain
locations on the inside surface of bladder 14.

Deploviment device 46 may imroduced to patient 12 by a small incision in the
abdomen of the patient. A surgeon may guide distat head 48 through the ahdominal space

to a small incision in the bladder 14. Once at bladder 14, the surgeon locates the desired
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spot for attaching module 24 on the inferior sucface of the badder. Module 17 is fhen
pressed up against bladder wall 28 and the vacuum is initiated to bring tissue 44 inlo
vacuum cavity 40 before fixation pin 42 is driven through tissue 44. Deployment device
releases module 17 and is removed from patient 12.

In other embodiments, module 17 may be attached 1o the interior surface of
bladder 14 through open abdominal surgery 10 precisel v ocate the attachment point within
bladder 14. In this tvpe of procedure, deploviment device 46 may or may not be used to
attach module 24 to bladder wall 28. In still other embodiments, deployment device 46
may be sized and configured for endoscopic insertion into bladder 14 via the wrelhry, In
such embodimens, distal head 48 and modile 24 may be advanced and steered to a
desired iraplant location on the interior surface of bladder 14, In some embodinents,
endoscopic implantation via the urethra may avoid the need for surgical ineistons in the
patiend and, in pacticolar, the bladder. In some embodi ments, deployment device 46 may
inchude a small endoscopic camera in the distal head 48, The camera may enable the
physician to better guide deplovment device 46 through a small opening in patient 1210 a
desired attachment location on the extemal surface of bladder 14 i less time with more
accuracy, as ks common in endoscopic surgery. Tmages may be di splayed using video fod
fo a display monitor.

In the ilhustrated embodiment, fond 21 is attached to module 17 during implantation
of the module. Lead 21 may be located partially or completely within the cavity formed
by distal head 48, slong with modude 17, during implantation. Lead 21 may be intliatly
coiled or otherwise “packaged” within the cavity, or allowed 1o freely extend oufside of
the cavily during implantation of module 17, |

Although shown as altached to a distal side of module 17, lead 21 may in other
embodiments be attached the proximal side of the modale, i.e., proximate to cavity 40
formed by the housing of the modate. In such embodiments, sheath 50 of delivery device
46 may define a humen to hold lead during implantation of module 17. As device 46 is
withdrawn after implantation of module 17, lead 21 may withdraw from the fomen. In
either case, tools may be advanced through a tumen of device 46 or other trocar or
endoscopic device for manipidation of fsad 21 and electrode 268 fo a desired position,
¢.g.. second position, proximate 1o the biadder wall, and attachment of elecirode to the

bladder wall at the desired position. In some embodisnents, such tools may be used to
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introduce lead into patient 12 and attach lead (o module 17 afier implantation of the
module. Lead 17 may include hooks, barbs, helical. or screw-Hike elements for fixation of
electrode 26B af a desired position. In some embodiments, electrode 268 may be formed
to mnclude such fixation elements.

Bistal head 48 may be disposable, Disposable devices that come into contact with
patient 12 tissues and fluids greatly decrease the possibility of infection in implantable
devices. In other embodiments, the entive deplovment device 46 may be manufaciured
from robust materials intended for muliiple uses. The device would then nesd to be
sterilizable between uses. In still a further embodiment, the features of distal head 4 may
be incotporated ito module 24. In this conliguration, module 24 may be larger in size but
would include the necessary elements for attachment within the device. Afler attachment,
the entire module would detach from the handle of deployment device 46, reducing the
difficulty of removing the entire deployment device 46, inchuding distal head 48,

After the uselul file of implantable module 17 is complete, or il is no longer needed within
patient 12, the module can be removed Trom patient 12 in some manner. Altematively,
modate 17 may simply remain in place. As an example, deployinent device 46 mav be
reinserted into patient 12, navigated o bladder 14, and reattached to module 17.

Deployment device 46 may then be withdrawn from bladder 14, explanting module
17 from patient 12. Allematively, s surgeon may perform open sbdominal surgery to
remove the implanted bladder module 24 and IMD 18.

F1G 7 is a cross-sectional side view of another implantable module 56, which is
implanted within bladder wall 28 of patient 12. Module 56 includes a housing 58 is in the
shape of a rounded capsule and includes a smooth surface, Notably, due to the different in
implantation technique of module 56, housing 38 need not include a cavity 40 or vacuum
channel 38. Other than these differences, housing 58 may be formad and function
substarstially similarly to housing 30 of module 17.

Like module 17 of FIGS. 3-6, module 56 includes circuit board 32, power source
34, and electrode 264, and is coupled to electrode 268 vialead 21. In the iHlustrated
example, bousing 58 is partially embedded in bladder wall 28, Module 56 rests in wall
cavity 80 formed within bladder wall 28, Module 56 may have a capsule-like shape, and
may have a length of approximatsly 2 to 18 mm, a width of approximately 2 to 5 nun, and

a thickness of approximaiely 1 t0 5 mm. The capsule-like shape may produce a cirenlar



10

18

P

25

30

PCT/US2006/060344

WO 2007/051196

18
cross-section, in which case sensor 36 may have a diameter of approximately 1 to 5 mm,
rather than width and height dimensions. In sorme embodiments, module 56 resides
completely within wall cavity 30 and does not protrude owt of the interior surface of
bladder wall 28 Lead 21 may protrude though the bladder wall, or be attached to modale
at a location that protrudes though the bladder wall.

FIG. 8 is a schematic diagram ifl ustrating endoscopic deployment of implantable
modale 56. Implantable module 56 may be implanted through endoscopic, laparoscopic,
or simitar minimally invasive techniques, In some embodiments, a surgeon may make a
few smalt incisions in the abdomen of patient 12 and guides implantable module 56 within
aneedle 68 to bladder 14 with the aid of a small cammera. In other embodiments, needie
may be advanced through a lemen of an endoscope or other catheter, through the urethra
and into bladder. Needle 68 may be constructed of a metal alloy and comprise a hollow
eylinder and & pointed distal end for punctaring bladder wall 28. Needle 68 includes
implantable sensor 56 and a fluid to force the sensor out of the needle. An exemplary uid
may be satine or other biccompatible fuid, 1n some embodiments, needle may also
delever the futd prior to modale 56 1o expand cavity 80 within the bladder wall so that it
may receive module 56. In other smbodimen s, needle 68 may comprise a catheter or
other hollow delivery velicle,

Once needle 68 in positioned at the appropriate location of bladder 14, the surgeon
may force sensor 56 into place. Removing neadie 68 from bladder wall 28 allows the
external tissue of bladder wall 28 to close and sarround, or partially surround, sensor 36,
In some embodiments, the suxgeon may suture the insertion hole of bladder wall 28 lo
promoie tissue hegling. The sutuwe may comprise resorbable or non-~resorbable suturg or
staples. Care should be taken to avoid uniecessary openings within bladder wail 28 to
prevenl patient 12 from developing infection or olher health problems,

I other embodiments, implantable module 56 miay be implanted throueh more
invasive procedures, such as open abdominal surgery which exposes bladder 14, In some
embodiments, maltiple modules 56 sy be placed around bladder 14 to generate distance
informalion around the emtire bladder,

In some embodiments, implantable modyle 56 mAY carry one or more expandable
elements that help to anchor the sensor within the bladder wall. The expandable elements

may be constracted from a hydrogel material. Puring implantation, the expandable
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elements are in a dehydrated state, in which the expandable elements are smaller. But
when implanted in the body of & palient, the expandable elements absorb water from the
body tissues and assume a hydrated stafe. In the hydrated state, the expandable elomenis
have a larger parimeter. Expansion of the expandable elenents resists mi gration of the
modute 36 within bladder wall 28. After implantation of module 56 separate tools may be
advanced through the needie or avother instrusment to mani pulate and place lead at a
desired locatton, ay described sbove with reference to FIG- 6.

FIG ¢ is a functional block diagram tlustrating various components of IMD 18,
which is conpled to an electrodes 26 to transmit an slectsical signat through bladder, as
described above. IMD 19 of FIG 3 may be configured substantially similar to the
example configuration of FIG 9, except that IMD 19 is not coupled fo 2 leads 16, and
therefore would not necessarily include impedance measurement circuitay,

In the example of FIG. 9, IMD 18 includes a processor 70, memory 72, stirmgation
puise generator 74, impedance megsurement circuitry 76, telemetry interface 78, and
power source 80, Memory 72 nuy store instructions for execution by processor 70,
stimulation therapy data, such as stimalation parameter seis and thresholds, functions or
look-up tables ased to control therapy delivery based on detected impedance, information
describing the efecirical signal to be transmitted via electrodes 26, and slored information
related fo detected impedance. Information related to detocted impedances mav be
recorded for long-term storage and retrieval by a user, or used by processor 70 for
adjustment of stimulation parameters, such as amplitude, pulse width or pulse rate.
Memory 72 may include separate memories for storing instractions, electrical signat
information, stimulation therapy data, snd bladder information.

Processor 70 controls stimulation pulse generator 74 to deliver slectrical
stimulation therapy via one or more leads 20. Stinwlation pulse generator 74 may include
voltage or current sources known in the art for generating stimalation. An examnplary
range of newrostimulation stivndation puise parameters hikely to be effective in freating
incontinence, e.g., when applied to the sacral or pudendal nerves, are as follows:

i. Frequency: between approximately .5 Hz and 500 Hy, more preferably
between approsimately 5 Hz and 250 Hz, and still more preferably between approximately
10 Hz and 30 Hz,
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2. Amplitude: hetween approximately 0.1 volis and 50 volts, more preferabiy
between approximately .5 volts and 20 volis, and still more preferably between
approximately 1 volt and 10 volis.

3 Pulse Width: between about 10 microseconds md 5000 mHcroseconds,
more preferably between approximately 100 microssconds and 1000 nicroseconds, and
still more preferably between approximately 180 microseconds snd 450 microseconds,
Processor 70 also controls impedance measurement circuitty 76 fo transmit an electrical
signal through bladder via leads 16 and electrodes 26, Processor 70 requests impedance
measurement circuitny 76 to transmit an slectricad si gnal whenever a bladder measurement
is desired. Impedance measurement cireni oy 76 may include g voltage or current souree,
and may include an oscillator or the like for producing an alternating signal. as is known in
the art. Impedance measutement cirenitty 76 may also include resistors capacitors and
other known circuits and components for measuring the current andfor vollage of the
signal, as well as processing civcuttry for determining the impedance based on messured
currents andfor voltages. Processor 70 may include any one or more of a mHcroprocessor,
ASIC, DSP, or other digital logic circuilyy. In some embodiments, the processing circuiity
of impedance measurement cireuitry 76 that determines an impedance based on a
measured voltage andior current of a signat may be the same microprocessor, ASIC, PSP,
or other digital fogic circuttry that forms at least part of processor 70,

Processor 780 may interpret the detected impedance, and determine whether any
therapy parameter adjustments showld be made. For example, processor 70 may compars
the impedance or a bladder parameter value derived therefrom to one or more thresholds,
and then take action fo adjust stimulation parameters based on the comparison, Processor
76 modifies pasameter values stored in memory 72 in response to the detected irpedance,
either independently or in response to programming changes from external programmer
22. Stimwdation pulse generator 74 provides electrical stimulation according to the stored
parameter values via one or mors feads 20 implanted proximate to a pelvic nerve, such as
a sacral or pudendal nerve, or muscle. Processor 70 determines any parameter adjustments
based on the detected impedance, or bladder parameter values derived therefrom, and
loads the adjustments into memory 72 for nse in delivery of stinndation.

The thresholds stored in memory 72 and used to control delivery of therapy based

on impedance may be determined based on calibrati on. {n some embodiments, the
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thresholds mey be determined dwing implantation of IMD 18. For example, dwing
implantation a surgeon may emply bladder to identify alower limit threshold impedance
value associated with low bladder volume, and il the bladder {o identify an upper Limit
impedance value associated with high bladder volume. Such lower and upper limits may
be associated with low intensity and high intensity stimulation levels, used to interpolate
intermediate thresholds and stimulation Jevels. Furlher, such thresholds may be identified
or adapied over ttme based on user input, e.g., via programming device 22, which may
indicate whether the bladder has been emptied or feels full, or an incontinence event has
occared. Processor 70, or & processor of another computing device, such as external
programmer 22, may determine the thresholds duting calibration.

As an example, i the impedance indicates a contraction of bladder 14 without the
approval of patient 12, processor 70 may increase the amplitade, pulse width or pulse rate,
or change electrode combination or polarity, of the electrical stinndation applied by
stimulation pulse generator 74 to increpse stimulation intensity, snd ihereby incregse
sphincter closing pressure or pelvic foor tone. 1f the impedance indicates that bladder size
stavs constant, processor 70 may implement a cycle of downward adjusiments in

stimulation wdensity wntil bladder contraction is evident, and then incrementally increase

. {he stimulation upward yntil expansion begins. In this way, processor 70 converges

toward an optimum level of stimulation for purpeses of patient cormfort and power
afficiency. Although procsssor 70 is described as adjusting stimulation parameters,
adjusiments alternalively may be generated by a processor of programiner 22 and
transmitied to processor 70 via telemelry interface 78 as parameler or program changes.
Bladder size may change due to § vauety of factors, such as an activily type, activity level
or posture of the patient 12. Hence, for a given set of stimulation parameters, fhe efficacy
ol stimulation may vary in terms of rate of bladder expansion or contraction, due o
changes in the physiological condition of the patient. For this reason, the continuous or
periodic availability of bfadder impedance measuraments is highly desirable.

By monitoring the impedance though bladder, IMD 18 is able to respond to
changes in bladder size with dynamic adjustments in the stimulation parsmeters delivered
to patient 12, In particular, processor 70 is able to adjust paramelers in order 1o improve
pelvic floor fone or cause constriction of the urinary sphincter and thexeby avoid

involuntary leakage. In some cases, the adjustiment may be nearly instantansous to
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prevent feakage. As an example, if patient 12 faughs, coughs, or bands over, the resuiting
force on bladder 14 could overcome the closing pressure of the urinary sphincter. Il the
detected impedance indicates an abrupt change in bladder contraction, however, stimulator
14 can quickly respond by more vigorously stimulating the sacral nerves o increase
sphincter closing pressure.

In general, if bladder 14 ig conlracting for an unknown reason, processor 76 may
dypamically increase the level of therapy to be delivered 1o prevent or stop the voiding of
bladder 14. Conversely, if Bladder 14 is expanding consistently, processor 70 may
increrentally reduce stimulation, e.u., to conserve power resources, until the bladder
reaches a il stage that correlates with the need to void and, thus, a possible incontinence
event. Increases or reductions in the fevel of therapy may include upward or dowrward
adjustments in amplitude {current or voltage), pulse width, or pulse rate of stimdation

pulses delivered to the patient.

by radio frequency (RF) communication or proximal induction, as is known in the art.
Powsr source 80 of IMDY 18 mav be constructed somewhat similardy to power source 34,
For example, power source 80 may be a rechargeable or non-rechargeabls baltery, or
alternatively take the form of a transculaneons inductive power interface.

FIG 10 is a functional block diagram illastrating varions components of s gxample
exdernal programmer 22. As illustrated in FIGL 3 0, external programmer 22 mayv inclode a
processor B1, memory 83, user interface 85 and telemetty interface 85, Memory 83 may
store program insiructions that, when executed by processor §1, cause processor 81 snd
external programmer 22 to provide the functionality ascribed to the extemal programumer
herein.

User interface 85 may include g batton or keypad, lights, a speaker, and dis play,
such as a liquid erystal (LCD), light-emi fiing diode (LED), or cathode rav tube (CRT)
display. As discussed herein, processor 81 may present information refating to detected
impedance, bladder parameters such as vol ume, or bladder filling and emptying via the
user interface 85. Processor §1 may provide alerts refated to bladder volume to patient 12,
as described herein, vig user interface 85, Although not showr, external progranmmer 22
may additionafly or alternatively include a dats or neiwork interface to asother computing

device, to facifitate communication with the other device, and presenlation of information
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relating to detected impedance, bladder parameters such as volume, or bladder filling and
emplying via the other device.

Farthes, processor 81 may receive information related {o detecied impedance from
IMD 1R or module 17 via telemetry interface 87, adjust therapy based on the detected
impedance through commumnication with IMD 18 or 19 via the telemetry interface.
Telemetry interface 87 may be subslantially similar to telemetsy interface 78 described
above, providing wireless communication ¥ia an RF or proximgl inductive mediam.
Patient 12 may fnddicate an intent fo void, and processor 81 may effect a blanking 1nterval
for the detected impedance, either wilhin extemal programmer 22, or through
commurieation of the indication to IMD 18, 19 or module 17 via the telemetry interface.
Processor 81 may also request impedance detection through conununication with IMD 18
or modude 17 via the telemetty intecface.

FIG 11 is a functional block diagram illestrating various components of an
example implantable module 17, Implaotable module 56 may be configured substantialty
sinilarly 1o the example configoration of FIG 11.

In the example of FIG, 11, inplantable module 17 includes a processor 82,
memory 84, impedance measurement circuifry 86, telemetry inferface 88, power source 34
and electrode 26A, and is coupled to elecirode 26B by lead 21, hmpedance measurement
circuitry 86 may be carried on a circuit bogrd. along with processor 82, memory 84 and
telemetry interface 88, Impedance measurement clrcuitry 86 transmits a signal through
biadder via electrodes 26, and detects an impedance through the bladder based on the
signal that is representative of bladder size, volume, pH, or the like. Impedance
measyrement circpifry 88 may be subsiantially stmilar 1o impedance measurement
cirenitry 76 described above with reference 1o FIG. 9, and may include procassing
cirepiiry that also forms at feast part of processor 82.

Memory 84 stores instructions for execution by processor 82 and impedance
information generated by circuitry 86, Impedance information mayv then be sent to IMD
19 or external prograsmmer 22 for Jong-term storage or retrieval by a user. Memory 84
may include separate memories for storing instructions and bladder impedance
information, In gddition, processor 82 and memory 84 may implement loop recorder

functionalily in which processor 82 overwrites the oldest contents within the memory with
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new data as storage Hmits are mel, thereby conserving data storage resources within
maoduie 17,

Processor 82 controls telemetry tnferface 88 to send bladder impedance
information to IMD 19 or programuier 22 on a continuous basts, at periodic intery als, or
tpon request from the IMD or programmer. Wireless telemelry may be sccomplished by
radio frequency (RF) comnumication or proximal inductive interaction of module 17 with
programumer 22 or IMD 19, Impedance imformation stored and/or transmitied by modude
17 may include impedance measurement samples, or bladder parameter values derived
from the delectad impedance, such as bladder vol ume values, rate of bladder volume
change vahses, or pH values. n order to determine bladder paramelers, such as volume,
based on detected impedance, menory 84 may store thresholds or other calibration
infonmation determined during implantation or adaptively during nse of module 17, as
described above with reference to IMD 18 and FIG. 9,

Power source 34 delivers operating power to the components of tmplantable
module 17. As mentioned previousty, power source 74 may include a small rechargeable
or newi-fechargeable battery and a power generation circil to produce tha operating
power. Recharging may be accomplished through proximal inductive interaction betweesn
an external charger and an inductive charging coil within modue 17, In some
embodiments, power requirements may be smiall enough to atlow modute 17 to utilize
palient motion and implement a kinetic engrgy-scavenging device to trickle charge 8
rechargeable batterv. Inn other embodi menis, traditional batleries mav be used for a limited
period of time. As w further allernativ @, an extemal mductive power supply could
transcutaneousty power module 17 whenaver impedance measurements are needed or
desired.

FIG. 12 is a flow chart Hustrating an example technique for delivery of therapy
based on a detected impedance 1 hrough the bladder. The detected impedance varies based
on the volume of the bladder, &.8., the distance across the bladder, and the contents of the
bladder, e.g.. the wrine. As bladder 14 &g with urine, this distance between first and
second electrodes 26 increase and can be used to delermine the [l stale of ihe bladder,

For esample, gradual expansion may indicate a gradual filling of bladder 14, while a rapid
of insiantaneous change may indicate a bladder musele contraction and the possi ibility of

Irumdnent, involuntary volding, In other embodiments, the impedance of the electrical



18

15

X

28

30

WO 2007/051196 PCT/US2006/060344

3

-

h

signat through biadder 14 may be used to determine the pH of the urine, The pH ma:;' be
used to determine other bladder activities sach as Hilling or patient dist

IMDs or modules sccording to the invention may be able to sense small changes in the
impedance through badder 14. These small changes may be representative of distance
resolution of less than one miliimeter and as great as tens of centimeters. In some cases,
the distance may be directly correlated fo the actual bladder volure to track the precise
amount and rale of urine being deposited into bladder 14, This information may be
utilized in trend information for diagnosing patient conditions, and/or for modulating 3
urinaty incontinence therapy.

An IMD, separate module, or external programmer may use he detected
impedance 1o sense & urine {ifl stage of bladder 14, which may be indicative of progression
toward a voidiog event, or a muscle contractinn, which may be indicative of an imminent
voiding evenl. The impedance may be monitored for rapid or instantaneous changes
indicative of bladder conlraction, as well gs slow, gradual changes indicative of bladder
filling. Rapid and gradusl changes may both indicate progression of the bladder toward an
tminent voiding event. For example, a decrease in bladder volume may resuil in an
inunediate leakage of urine, while bladder Hlling may resalt in an eventual leakage of
urme when the bladder becomes too full. In both cases, activation or adjustment of
electrical stimulation may be desirable to prevent involuntare leakage.

An implantable module, IMD or external programmer may collect, transmit or
respond to samples of the detected impedance, or ofher information determined by based
on the impedance. Fxamples of other information determined based on the detected
impedance include bladder volume or activity megsurements, raie of biadder volume
change, pH, or information indicating a bladder condition, such as & state of fuliness, or
contraction. As the fill stage increases, an TMD may apply progressively greater fovels of
stimulation to prevent an involuntary voiding event, 1.2, unintended bladder leakage,
Accordingly, the IMD, either independently or under control of & progranumer, may adjust
the stimdation level based on the increased impedance through the bladder, which
indicates imcreased bladder volume. The IMD or the programmer moay also lake certain
actions if the detected signal indicates a particular fill stage, and mayv adjust the
stimulation level in steps over a sexies of sensed fil} stages. The stimulation leval may be

adjusted in discrste steps, or in proportion 1o a sensed fil} slage.
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For gradual deformation, indicative of a fill stage, the IMID or programmer may
compare the present impedance or fill fevel to a threshold Jevel, on an absofote basis. The
IMD or programmmer may modify slimulation based upon this absolule impedance, volume
or fitl level or upon the rate of the impedance change or filling. For example, if the rate of
filling increases and the volume of bladder 14 is already increased, the IMD or
progranumer may increase stisulation earlier than would be signaled by the {1l Jevel
atone. Also, the IMD or prograsmmer may detecl » decregsing vohume or rate of volume
change as involuntary leaking, and respond by increasing the intensity of stimulation.
Altematively, the IMD or programmer may ase fill stage and rate of volume chan geasa
signat of the end of bladder voiding. A patient may indicate lhat the bladder is going to be
voided via » programmer. and the TMD or programmer may temporarily stop a stinudation
intended to promote urinary retention andfor injtiate a stimudation intended to promote
urination. The IMD or programmer may monitor the voiding event based on the detected
impedance, snd determing when the bladder is emply or the rate of decreasing bladder
volume has become insignificant. Onee this oceurs, the IMD may infiinte stimulation that
promotes urinary relention again to avoid any invel untany leakage after the voiding event,
and may terminate the stimulation inteaded to promote wination. In other entbodiments,
stimulation may be delivered substantiaily continuously through bladder voiding, with
modifications due 1o voiding or the associated Madder volume claange.

As a further alternative, when a patient indicates a1 intent to void, e.g., by antry of
a voiding command inte a progranuner the IMD or progragmer may apply a blanking
inlerval to module 17, 56. During the blanking faterval, modute 17, 56 does not generaje
bladder activity signals, or the IMD or programmer ignores bladder activity signals,
Consequently, stimalation is not mnadvertently adfusted daring the blanking interval due to
intentional bladder activity initiated by the palient for voiding, In either case, the modale,
IMD and exteral programmer may serve to prevent invol untary leakage and provide the
patient with sufficient time to arrive at a restroom for voluntary voiding, either direcily or
by calheterization. In some embodiments, the IMD, module or programmer may detect a
rapid decrease in bladder volume based on the detected impedance as voiding or g pre-
voiding contraction, and antomatically blank the detected impedance in response 1o the

detected rapid decrease in order to avoid inadvertent adjustient of therapy.
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Inereases i bladder volume may be due fo the gradual addition of urine in the
bladder or a contraction of nmuscle in the bladder wall, Durin & the increase in size of
bladder, an IMD may provide elactrical stirmdstion to enhance petvic floor tone or urinary
sphincter fanction, for example, to keep urine within the bladder, In some embodi RIS,
if the detected signal indicates & threshold vofume, an external programmer may signal the
patient that the bladder should be voided. Once the IMD or progranuner receives
confirmation from patient that the bladder is o be voided, e.g., by depression of a button
on the programmer, the IMD or programmer may temporarily cease stinmlation, reduce
stimulation intensify, or maintain the present level of inlensi ty o allow urine to exit the
bladder. The IMD or programumer muay also initiate a different stimalation intended to
promote biadder emptving based on the confirnution received from the patient.
Alerting a patient that the bladder has reached 2 threshold level of fullness may be
patlicalarly useful in the case of spinal cord inj ury patients, who cannot perceive a
sensation of bladder fullness. In some embodisnents, one or more implaniable modules
and an external programmer may be used without an IMD to communicate the current
status of the bladder o the external programumes, which signals the patient as to the status
of the bladder. The external programumer may provide an LCD, LED lights, other display,
audio feedback or tactile foedback. The feedback may inform the patient as to how fud}
bladder is, orif' i is timie o urinate to avoid an inconlinence event, pelvic pain, ora
dangerpusty high bladder volume that conld resuft in kidney problesus. Moreover, the
patient may wilize sach 2 system for planning the ingestion of solid or tiquid food. For
example, if the bladder is becoming Full and biadder voiding is not possible shortly, the
patient may stop any drinking or eating activities to help avoid an incontinence event,
The IMD or programmer may control stimulation in a way that is responsive to abrupt
indications of bladder activity, e.g., associated with involantary bladder contractions.
Alematively, or additionally, the IMD or programmer adjusts stimulation gradeatly in
response to gradual changes in bladder volume. In each case, the IMD or programmer
may adjust electrical stimulation parameters, such as amplitode, pulse width or pulse rate,
to prevent involuntary voiding. In addilion to parameter adfustments, adjusiment may
involve on and off cvcling of the stimplation in response to sensed tmpedance indicative
of a particular bladder fill stage. TFor esample, stimulation may be turned ofT unti} the

sensed fnmpedance exceeds a threshold indicative of a pasticular bladder size, vohume, or
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fill stage of the bladder, al which time stimulation is tumed on. At the same time,
stimulatioﬁ parameters may be further adjusted ag the sensed bladder size continues to
increase, If an abrupt change in size associated with a bladder contraction is sensed baged
on the detected impedance, IMD 18, 19 may respond quickly fo increass stimulation
intensity and thereby prevent mvoluntary voiding.

The example method ilfustrated by FIG. 12 will be described with reference to the
components of system 11 illustrated in FIG. 3. However, {he example method may be
performed by any system according fo the invention, including svstem 10 of FIG. 1.
According to the example method, IMD 19 may send a sense command fo module 17 (90).
The command may awaken module 17 or olherwise alert the module 1o ransmit g signal
through hiadder 14 via electrodes 26, and detect an impedance through the bladder based
oun the signal (92). The sending of a sense command may be oplinnal. For example, i
other ensbodiments, module 17 may sutomaticatly detect the impedance on a periodic
basis, and provide refated information to IMTY 19 or programmer 22 on a periodic or
polled basis.

Module 17 subsequently travsmits information refated to the detected impedance to
IMD 19, e, by wireless tefemetry. Alternatively, the information may be transmitied
from modude 17 to external programmer 22. Module 17 may defect signal by ssmpling a
voltage and/or current, and may determine an impedance, biadder volume, or other bladder
paraneters based on the sampled voltage or current. In other embodiments, moduda 17
may transmit the samplad vollage or current 10 IMD 19 of progranumer 22 for
dejermination of an tmpedance, volome, or other bladder psrameters.

Upon receiving such bladder information, IMD 19 may compare a voliage, cwrent,
impedance, volame, or other bladder parameter {o a ihreshold (94). I, tor example,
bladder volnme, rate of volume change exceeds a threshold, indicating an advanced fill
level, the IMD may mitiate or adiust the delivered stimudation, e.g., increase stimulation
intensity (96). I some ambodiments, threshold comparisons may be provided for both fill
stage and volume change rate. 1 eilher 1ill stage or volume change rate exceeds an
applicable threshold, the stimulation tevel may be adjusted.

In some embodinents, IMD 19 and programmer 22 nay both regeive bladder
information from module 17. For example, IMD 19 may react to instantanepus changes in

bladder condition, while programsmer 22 may react 1o changes in bladder condition overa
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period of time, ¢.g., trand data. Alternatively, sither of the IMD or programmer may be
contigused {0 react to instantaneons and trending bladder changes.

Tn some embodiments, IMD 19 may communicate with exiemal programmer 22 to
check if patient 12 has desired to void the contents of biadder 14 (98). If patient 12 has
signaled a voiding event, e.g., via exlernal progranumer 22, stimulation may be terminated
1o enable the patient {o urinate (100). After voiding, stinndation may resume af a previous
inlensity, tower inlensity, or may remain off unti} bladder 14 reaches a parlicolar fill stage,
e.g., exceeds a first threshold. In other embodiments, however, as described above,
stirulation sy continue substanti afly throughout voiding at the same sotensity or other
parameters, or wilh adjusimenis to the intensify or other paramelers.

T some embodiments, module 17 may be used exclusively for monitoring bladder
activity without providing feedback for stimulation therapy. In this case, the process
represented in FIG. 12 may be much simpler and ondy inclode collecting data and sending
collected data 1o exiernal programmer 22 (90 and 92). Bladder parameters may be
monitored comtinuously, intermittently or at the request of IMD 19 external programmer
22. These embodiments may be used for diseass diagnosis or condition monitoring and
may enable patient 12 to avoid frequent clinie visits and uncomfortable procedures. In
some embodiments, the bladder information related {o the detecied signal may form parl
of an antomated voiding diary that records volustary voiding events, involuntary voiding
gvents, and bladder activity levels prior to, contemporaneous with, of afler such an avent.
FIG, 13 is a Do chart Husteating an alternative technigue for delivery of tharapy based
on a detected electrical signal that indicates an impedance (hrough the bladder. The
example technique illustrated by FIG. 13 is described with reference to system 1 of FIG.
3, but may be practiced by any systern according to the invention, incloding system 10 of
FG. L

I some cases, stimulation may be delivered at a level that prevents unintentional
voiding of urine, but pernuts the patient to intentionally overcome the stimulation 1o void
wine. Accordingly, stinnlation does not necessarily nead to be stopped for intentional
vouding. Howover, if is desisable that the stimulation level not be increased in response to
a decrease in bladder volume, e.g., bladder contraction, while the patient ig atempling to
vold urine. For this reason, i may be desirable o apply a blanking interval to module 17.

The blanking interval is a period during which module 17 does not detect the signal
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emitied throngh the bladder, or any values measured by module 17 are ignored by the
module, IMD 19, or programmer 22, so that stimulation is not inadvertently adjosted in
response 1o bladder contraction associated with an intentional voiding event.
As shown in F1G. 13, stimulation s delivered by IMD 19 (102). If a patient void
command is received (104), 2.z, by user input to an extemnal programmer 22, the
programimer 22 or IMD 19 applies a blanking interval to the bladder impedance detection
(106). Altermatively, as deseribed above, the IMD, module or programmer may
autoimnatically detect a rapid decrease in bladder volume based on the detected i mpedance
as voiding or a pre-voiding contraction, and automatically apply blanking interval to the
detected impedance in response (o the detecled vapid decrense. The blanking interval may’
be a period during which impedance information trausmitted by modale 17 is ignored by
programmer 22, IMD 19, or both, or imi)edwme detection is not reguasted by the
programmer or IMD. Allernatively, duing the blanking interval, programmer 22 or IMD
19 may send a wireless command lo actively disable module 17 tempovatily.
The blanking interval may estend for a predetermined period of Hme known to be
sufficient to complate voiding. Once the voiding time has elapsed {108, programmer 22
or IMD 19 may again determine whether a patient void command has be entesed {104},

Another patient void command resets the blanking interval.

I no patient void corumand has been received (104), monitor 17 detects the
impadance (110) and provides bladder information based on the impedance to programmer
22 or IMD 15, The bladder information may be provided on a periodic or polled basis,
and may include a voltage, current, impedance, volume, rate of volume change, or other
signal or bladder parameters. If the bladder information, such as volume level, rafe of
volume change, or both, exceeds an applicable threshold (112), programmer 22 or IMD 19
adjusts the stimulation level {114), e.g., by adjusling one of more stimulation pulse
parameters such as amplitude, pulse widih or pulse rate. The stimulation level is adjusted
to a level sufficient to avoid involuntaty voiding, i.e., an incontinence event. Upon
delivery of the stimulation therapy with the adjusted stimalation Jevel, the process
conlinves. In parGicular, programmer 22 or IMD 19 may continae fo monitor for a palient
void command or adiust stimudation,

Various smbodiments of the described invention may include procassors that are

realized by microprocessors, Application-Specific Integrated Circuits (ASIC), Field-
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Programmable Gate Arrays (FPGA), or other equivalent integrated or discrete
logic circuitty. A processor may also vtilize several different types of data storage media
to store compuier~readable instractions for device operation. These memory and storage
media types may include any form of computer-readable media such as magnetic or
optical tape or disks, solid state volatile or non-volatile memory, including random access
memory (RAM), read only memory (ROMY}, electronically programmable memory
(FPROM or EEPROM), or flash memory. Each storage oplion may be chosen depending
on the embodiment of the invention.

Many embodiments of the invention have been described. Vartous modifications
may be made withoul departing [rom the scope of the claims. For example, although the
invention has been generally described in conjunction with implantable neurostinulation
devices, a Madder sensor may also be used with other implantable medical devices, such
as electrical muscle stimulation devices, functional electrical stimulation (FES} devices,
and implantable drug delivery devices, each of which may be configured to treat
incoutinence or other conditions or disorders. Further, although electrodes an implantable
maodules have been primarily illustrated herein as located within the bladder, such nmodules
and electrodes may be located outside the bladder, e.g., attached o an outer surface of the
bladder wall.

In some embodiments, an IMD 18, 19, module 17 or external programmer 22 may
include additional patient physiological sensors, and signals provided by such sensors may
be used in addition to the detected impedance 1o control delivery of therapy fot treating
incontinence or blanking the detected impedance signal in the mavners described berein.
For example, sn IMD, module or external programmer may inchude an accelerometer that
indicates the gross level of patient activity or whether the patient is involved in particular
activilics, Based on high activity or particular activities, such as Jaughsag, an IMD or
external programmer may increase therapy intensity to avold incontinence gvents that may
result from such bigh activities or particular activities. On the other hand, such high
activity or particular activilies may affect the detected impedance and render it unveliable
as gn indicator of bladder paramelers. In \such cases, an IMD, module or progranumer may
biank the detected impedance in the manners described herein based on the accelarometer

signal. These and other embodimarss are within the scope of the following claims.
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CLAIMS:

1. A method comprising:
emitiing an electrical signal from a first electrode implanted progimate to a wall of
a bladder of a patient at a first location;
receiving the electrical signal via a second electrode implanted proximate 10 the
wall of {he biadder at a second location; and

detecting an impedance through the bladder based on the signal,

2. The method of claim 1, wherein the firsi and second electrodes are Jocated
substantially opposite each other relative o a center of the bladder.
3. The raethod of clain 1, further comprising controlling delivery of a therapy to the

palient based on the detected impedance to alleviate urinary incontinence.

4, The method of claim 3, wherein controlling delivery of a therapy comprises
controliing delivery of electrical stinmulfation to at least one of a pelvic floos nerve or &

pelvic floor muscle.

A2

The method of clgim 3, whergin controlling delivesy of a therapy comprises:
determining whether the bladder has reached a threshold level of filness based on
the detected impedance; and

one of initigting, termingting, or modifying the therapy based on the determination.

6. The method of claim 3, wherein controlling delivery of a therapy comprises:
determining whether the bladder is contracting based on the detected impedance;
and

one of initiating, terminating, or modifying the therapy based on the delermination.

7. The method of claim 3, whevein controlling delivery of a therapy comprises

controlling delivery of the therapy from an implantable medical device to the patient.
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8 The method of claim 7, wherein the first and second electrodes are electrically
coupled to the implantable medical device via respective leads that attach o the wall of the

biadder.

9. The method of claim 7, wherein the first and second electrodes are electrically

coupled to an implantable module that is separate from the implantable medical device.

10, The method of claim 1. further comprising presenting information refating (o of

Jeast one of filling or emptving of the bladder to a user based on the detected impedance.

11, The method of claim 10, further compuising determining whether the bladder has
reached a threshold lzvel of fullness based on the detected impedance, whersin presenting
infosmation 1o a user comprising alerting the user that the bladder has reached the

threshold Jevel of fullness based on the determination.

12, The method of claim 10, further comprising storing information refating to the
impedance over a period of time, wherein presenting information relating lo at Jeast one of
Gilting or eraptying of the bladder comprises presenting information relating to at least one

of filling or emplying of the bladder based on the stored information.

13, The method of claim 1, wherein the first and second electrodes are elsctrically

coupled to an implantable module that is implanted on or within the bladder wall.

14, The method of claim 13, fusther comprising endoscopically implanting the

implantsble module.

15.  The method of claim 1, wherein the first and second electrodes are located inside
of tha bladder.
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16, Asystem compising:

a first electrode implanted prosimate 1o a wall of a bladder of a patient at a first
location; ‘

asecond slectrode implanted proximate 1o the wall of the bladder at a second
location; and

impedance measurement circuitry electrical) v coupled to the first and second
electrodes thal emtis an electrical signal via the first elegtrode, raceives the electrical
signal via the second electrode, and detects an impedance through the bladder based on the
signal.

17. The system of claim 16, wherein the first and second electrodes are located

substantially opposite each other relative 1o a center of the bladder.

I8, The system of claim 16, furlher comprising an implantable medical device that
delivers a therapy to the patient hased on the detected impedance to alleviate urinary
incontinance,

19 The system of claim 18, wherein the implanlable medical device delivers electrical
stimulation to at feast one of » pelvic Hoor nerve or g pelvic floor muscle based on the

detected impedance,

2. The system of claim 18, furlher comprising a processor that determines whether
the bladder has reached a threshold level of fullness based on the detected inmpedance, and
one of inttiates, ferminates, or modifies fe delivery of therapy by the implantable redical

device based on the determination,

21, The system of claim I8, further comprising a processor that determines whether
the bladder is contracting based on the detected impedance, and one of initiates,
terminates, or modifies the delivery of therapy by the implantable medical device based on

the deterndingtion.
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22, Thesvsiem of claim 18, whereln the implantable medical device comprises the
impedance measarement ciscuitry, the system forther comprising first and second leads
attached lo lhe bladder wall that electrically couple fisst and second electrodes,

respectively, to the implantable medical device.

23, The system of claim 18, further comprising an implantable module that is separate
from the implantable medical device and comprises the impedance measurement cirowiry,

wherein the first and second electrodes are glectrically coupled to the implantable module.

24, The system of claim 16, further comprising a vser interface that presents
information relating to at least one of filling or emptying of the bladder 1o a user based on

the detected impedance.

25, The system of claim 24, furlher comprising a processor that determines whoether
the bladder has reached a threshold level of fullness based on the detected impedance, and
alerts the uger that the bladder has reached the threshold level of fullness via the vser

interface based on the determnation.

26, Thesvstem of claim 25, further comprising:
a memory 1o store information refating 1o the impedance over = pariod of time; and
a processor that presents information 10 & user relating 1 af keast one of filling or

emptying of the bladder via the user inlerface based on the stored information.

7. Thesystem of claim 16, wherein the first and second electrodes are located inside

of the biadder,
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28, Asvstem comyprising:
an implantable module implanted on or within a wall of & bladder of a patient;
a first electrode electrically coupled to the implantsbie module and Jocaled
proximate to the wall of the bladder at a first location; and
a second elecirode electrically coupled {0 the implantable medule and located
proximate o the wall of the bladder at a second location, wherein the implantable
module emils an electrical sigoal via the first electrode, detecls the electrical signat
via the second electrode, detects an impedance through the bladder based on the
signal.

29, The syster of claim 28, wherein the implaniable module comprises a housing, and

at feast one of the first electrode or second electrode is formed on or within the housing.

30, The system of claim 28, wherein a lead electrically couples st teast one of the fivst

slectrode or the second electrode to the implantable module.

31, Thesystem of claim 28, wherein the implantable module comprises a housing and
{he housing comprises a fixation structuse that affixes the housing to the interior surlsce of
the bladder,

32, Thesystern of claim 28, wherein the inplantable modale comprises a housing, and
the housing comprises a vaceum cavity that captures a portion of the tnferior surface of the

biadder and o fixation element that peneirates the captured portion.

33, Thesvstem of claim 28, wherein the implaniable module comprises a bousing
sized for endoscopic implantation on the internal surface of the bladder via a urethra of the

patient,

34, The system of claim 28, wherein the implantable modale comprises wireless
telemetry circuitry, and transinits information via the telemetry circaitry based on the

detected impedance.
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33, The system of claim 34, fusther comprising an implaniable medical device,
wherein the implantable medical device recetves the information transmitted by
implantsble module, and delivers a therapy 1o alleviate urinary inconfinence based on the

informstion,

36.  The system of claim 34, furlher comprising:

an external programener; and

an implantable medical device that delivers a therapy to treat wrinaty incontinence,
wherein (he exteral programmer receives the information transmitied by the
implaniable module and controls delivery of the lherapy by the implantable

medical device based on the information.

37.  The system of claim 34, furlher comprising an extemal programiner that receives
the information transmitted by the implantable module, and presents information relating
to at least one of filling or emptving of the bladder 1o at least one of the patient or another

user based on the information transmitted by the second implantable module.

38, The svstem of claim 28, further wherein the implantable modale comprises a
memory fo store the information relating to the detected impedance.

39,  The system of claim 28, whetein the first and second el ecirodes are located inside
of the bladder.
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