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PHYSIOLOGICAL CONDITION DETERMINATION BASED ON PRESSURE
WAVE PRODUCED BY AN IMPLANTABLE MEDICAL DEVICE HOUSING
TECHNICAL FIELD
{0001} The disclosure relates to implantable medical devices and, more particularly,

medical devices that sense a physiological parameter of a patient.

BACKGROUND

10062] Unnary disorders, such as an mability to control urinary function, arc cormmon
problems afflicting people of all ages, genders, and races. Various muscles, nerves,
organs and conduits within the urinary tract cooperate to collect, store and release urine.
A variety of disorders way comprovoise urinary fract performavce and countribute io
incontinence. Many of the disorders may be associated with aging or iliness. Example
urinary  disorders include, for example, wrgency and frequency disorders, urge
incontinence, stress incontinence, and urinary retention disorders. Urgency and frequency
disorders may involve the fecling of impending urination without the actual voiding of
urine. Retention and voiding dysfunctions, for example, may involve the loss of urine and
be at lcast partially attributable to injury or discase {e.g., & spinal cord injury). Some
patients suffering from injury or disease that affects bladder function may not be able to
void or have reduced levels of sensation when the bladder is full. These disorders may
result in kidoey damage and other complications.

{3003} In some cases, a urinary disorder may be at least partially attributable to improper
sphincter function, either in the internal urinary sphincter or external urinary sphiveter.
For example, aging may result in weakened sphincter muscles, which may cause
mcontinence.  Some patients also may suffer from nerve disorders that prevent proper
triggering and operation of the bladder or sphincter muscles.

{0004} Electrical stimulation of nerves in the pelvic floor may provide an effective therapy
for a varicty of urinary {and, i some cases, fecaly disorders, including retention and
voiding dysfunctions. For example, an implantable neurostimulator may be provided to
deliver electrical stimulation to the sacral nerve to wnduce sphincter constriction and

thereby close or maintain closure of the urethra at the bladder neck.
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SUMMARY

[3865] Devices, systems, and technigues for determining a physiological condition of a
patient are described. In one example, an implantable medical device (IMD) produces and
detects pressure waves with a portion of the IMD housing. The portion of the IMD
housing may be a free wall that is configured to move {e.g., oscillate) to generate pressure
waves that are transmitied into adjacent fluids or tissuc within a body of a patient and
detect the pressure waves that were transmitted through tissue or fluid within the body. An
actuator clement contacts the free wall to generate pressure waves, and a detector may
contact the free wall to detect wall motion. Based on the relative position of anatomical
structures and bodily fluids to the IMD housimg, the IMD may determine a physiological
condition of a patient.

13006} In some examples, the determined physiological condition may be used to control
therapy delivery to the patient. For example, the ITMD may deliver electrical stimulation
therapy to the patient. Because therapy needs may vary over time, ¢.g., based on the
physiological condition of the patient, the IMD may adjust specific stiraulation therapy
parameters based on a determined physiological condition of the patient. In this manner,
the IMD may deliver responsive therapy based on a physiological condition determined
with the free wall of the IMD housing. In some examples in which the IMD is configured
to deliver electrical stimulation therapy configured to manage urinary incontinence, the
IMI» may be implanted inferior to the bladder and lateral relative to the labia, with the free
wall of the IMD housing facing the bladder. The IMD may include an acoustic module
that mounttors a bladder fulluess state based on bladder walls location, which may be
indicated by the pressure waves generated by a free wall of the IMD housing and reflected
back to the acoustic module. In turn, the IMD may adjust stimulation therapy according to
the bladder fullness state.

{0007} In one aspect, the disclosure is dirccted to a ructhod that includes producing a
pressure wave within a patient with a portion of a housing of an implantable medical
device, wherein the housing substantially cncloses a processor, detecting at least once
reflected pressure wave with the housing portion, and auwtomatically determining a
physiological condition of the patient based on the at least one retlected pressure wave.
[G088] In another aspect, the disclosure 18 directed fo a system that mcludes an

implantable medical device comprising a device housing, an acoustic module configured

N2



WO 2012/103108 PCT/US2012/022388

to produce a pressure wave within a patient with a portion of the device housing and detect
at least one reflected pressure wave with the housing portion, and a processor configured
to automatically determine a physiological condition of the patient based on the at least
one reflected pressure wave, wherein the device bousing substantially encloses the
PIOCESSOT.

{0009} In an additional aspect, the disclosure is directed to a systemn that includes means
for producing a pressure wave within a patient with a portion of a housing of an
implantable medical device, wherein the housing substantially encloses a processor, means
for detecting at least one reflected pressure wave with the housing portion, and means for
automatically deterraining & physiological condition of the patient based on the at least one
reflected pressure wave.

{3016 In another aspect, the disclosure is directed to an article of manufacture comprising
a computer-readable storage medium comprising instructions. The iostructions cause a
programumnable processor to perform any part of the techniques described herein. The
mstructions may be, for cxample, software instructions, such as those used to define a
software or computer program. The computer-readable medium may be a computer-
readable storage medium such as a storage device {e.g., a disk drive, or an optical drive},
memory {¢.g., a Flash memory, random access memory or RAM) or any other type of
volatile or non-volatile memory that stores nstructions {e.g., i the form of a computer
program or other executable} to cause a programmable processor to perform the
techniques described herein. In some examples, the computer-readable medium may be
non-transitory.

{0011} The details of one or more aspects of the disclosure are set forth in the
accompanying drawings and the description below.  Other features, objects, and
advantages of the examples of the disclosure will be apparent from the description and

drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
{38121 FIG. 1 1s a conceptual diagram illustrating an example system that produces and
detects pressure waves with g housing of an iraplantable medical device (IMD) to

determine a bladder fullness state of a patient.

(8]



WO 2012/103108 PCT/US2012/022388

{0013} FIGS. 2A and 2B are conceptual diagrams illustrating example implant locations
for the IMD of FIG. L

18814} FIG 3 is a block diagram illustrating an cxample configuration of the implantable
medical device (IMD) of the systeros shown in FIGS. Tand 2.

{6615} FIG. 4 is a block diagram illustrating an example configuration of the external
programmer of the systera shown in FIG. 1.

{3816} FIG S is a conceptual cross-sectional diagram illusirating an example IMD that
uses a portion of the IMD housing to produce and detect pressure waves,

{6617} FIGS. 6 and 7 are flow diagrams illustrating example technigues for determining a
physiological condition of a patient using pressure waves detected by an IMD housing.
{0818} FIGS. 8 and 9 are flow diagrams tustrating example techuiques for calibrating an

acoustic module to physiological conditions of a patient.

DETAILED DESCRIPTION

{0019] A physiological condition of a patient is determined based on a detection of
pressure waves produced by at least a portion of a housing of an implantable medical
device (IMD), transmitted through tissuc and/or fluid within the patient’s body, and
reflected back to the housing. Some physiclogical conditions, ¢.g., anatomical structure
changes, structure locations, and fluid flow, may be identified with pressure waves,
Pressure waves are disturbances that transfer energy through a medium. In some
examples, pressure waves may be classified as ultrasound waves, acoustic waves, or even
infrasound waves depending upon the frequency of the waves. When the pressure wave
travels from a first medivm of one density to a second medium of another density, at least
some of the pressure wave can be reflected and travel away from the second mediuro.
Based on the timing and/or signature of the reflected pressure waves, it may be possible to
identity anatomical structures and distances betwoen anatomical structurcs, which may be
indicative of specific physiological conditions. The pressure waves used herein to
determine a physiological condition of a patient may be of any suitable frequency, c.g.,
ultrasonic or audible.

[0026] The IMD housing may be used to produce and detect the pressure waves within a
patient. A portion of the IMD housing may be configured as a free wall capable of moving

with respect to the rest of the IMD housing and with respect to at least some internal
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components. An actuator clement may contact the free wall and move the free wall such
that pressure waves are generated and transmitied info the patient. At least some of the
encrgy of the transmitted pressure waves reflect off tissue or fluid interfaces within a
patient and are reflected back to the IMD housing. A detector eleent in coromunication
with the free wall may be configured to detect motion of the free wall caused by the
reflected pressure waves.  An acoustic module within the IMD may be configured to
automatically determine the physiological condition of a patient based on the time delay or
other signature of the reflected pressure waves. The IMD may perform this detection at
predetermined interval or on demand. The IMI» may also calibrate the acoustic module to
icvels or states of the physiological condition to previous detections or upon a patient
input identifying an appropriate tirse for calibration.  Although an acoustic module 18
generally described, the acoustic module may be configured to produce and detect
pressure waves of any frequency {¢.g., ultrasound, acoustic, or infrasound waves).

{0021} In addition to determining physiclogical conditions, the IMD may deliver
stirnulation therapy, ¢.g., clectrical stirnulation or drug therapy, to the patient. The IMD
may use the determined physiological conditions for real-time, or less frequent but
contiruous, monitoring of the patient status and/or therapy efficacy. I a state of the
physical condition surpasses a predetermined threshold, the IMD may adjust one or more
stimnulation parameters of the stimulation therapy to effectively treat the patient. However,
the MDD may communicate the determined physiological conditions to other external or
implanted devices that deliver therapy.

{6022} In one example, the IMD may deliver electrical stimmulation therapy to treat urinary
dysfunction disorders, ¢.g., incontinence, urgency, or retention disorders. The IMD may
be implanted n any suitable location for detecting the physiological condition of the
patient based on pressure waves generated by the IMD, as well as for delivering
stimulation to the patient to treat the urinary incontinence. In sormge exaraples, the IMD is
implanted at an interior location (e.g., within tissue of the patient), such as inferior of the
bladder and lateral of the labia. With the free wall of the IMD housing directed towards
the bladder, the acoustic module may use reflected pressure waves to determine a bladder
fullness state of the patient’s bladder. This determination may include identifying a
change in bladder distance from the IMD or even a distance between proximal and distal

walls of the bladder. As the volume of fluid within the bladder increases, the relative
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distance between the bladder and the IMD may decrease. In addition, as the volume of
flind within the bladder mereases, the relative distance between opposing walls of the
bladder may increase. The IMD may adjust stimulation therapy (e.g., activate stimulation
therapy, increase the therapy delivery duty cyele, or increase an intensity of stimaulation,
which may be a function of stimulation parameters such as stimulation amplitude and
frequency) as the bladder fullness state mercases to prevent involuntary voiding by the
patient. In some examples, the IMD may deactivate stimulation therapy, decrease the
therapy delivery duty cycle, or decrease an mntensity of stimulation as the bladder cmpties.
This closed-loop feedback therapy system may provide more efficacious treatment and
require less encrgy consumption when compared to an open-loop systern.

{3023} In other examples, however, the bladder fullness state may merely be used to
monitor the patient, ¢.g., as an objective measure of patient voiding based upon
interrotttent bladder fullness state monitoring.  For example, the bladder fullness state
determined based on the pressure signals can be used to generate a voiding diary that
tracks the bladder fill cycle of the patient (e.g., the time from a relatively erapty state to a
relatively full state). An automated voiding diary may be useful in diagnosis of urclogical
disorders.  Rather than relying on pationt input to generate the voiding diary, the
technigues described herein for monttoring a bladder fullness state can be used to generate
an autornatic voiding diary, which may be less burdensome on the patient, and, in some
examples, more accurate {e.g., less human error and less reliance on the patient fo
remember to record information about the bladder fullness). In some examples, the
voiding diary may also be generated based the roonitored bladder fullness state {or other
physiological conditiony when the IMD delivers stimulation therapy to the patient to
ranage urinary incontinence sympioms,

{1024} Instead of, or in addition to, detecting the bladder fullness state, pressure waves
may be used to detect bladder contractions and/or bladder eraptying. The pressure waves
may be used to detect changes in the distance between bladder walls over time. Sudden
change m bladder wall distances, or an increase or decrease 1 onc or more dimensions of
the bladder, may be indicative of a bladder contraction. When a threshold increase in
bladder contraction frequency or intensity arc detected or a threshold bladder countraction
frequency 18 detected, an IMD may incrcase the stimulation wniensity of electrical

stimulation is delivered to the patient. If an emptying of the bladder is detected, IMD 14
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may reduce the intensity of stimulation or suspend all stimulation therapy until the bladder
fill level veaches a particular level {(e.g., a predetermined threshold). In some exarples,
this bladder information may be used to create a bladder capacity or bladder voiding
frequency log wstead of, or in addition to, providing feedback for controlling the
stimulation therapy.

{0025] Urinary incontinence refers to a medical condition in which a patient has an
inability to control urinary function, and may include urge urinary incontinence, stress
incontinence, or both stress and urge incontinence, which may be referred to as mixed
urinary incontinence. Urge incontinence may also be referred o as overactive bladder or
as lcading to overactive bladder activities. Urinary incontinence raay be an example of a
urinary disorder. As used in this disclosure, the term “urinary disorders” may include
disorders in which a loss of urine occurs when not desired, such as stress or urge
incontinence, urinary urgency, urinary frequency, and disorders i which vrination does
not occur as desired, such as urinary retention disorder. Urinary disorders may be caused
by age, illness, injury, discase, or combinations thereof. In cases where a patient has a loss
of sensation of bladder fullness, detection of bladder volume or fullness may be at least
partially effective in treating cortain urinary disorders by providing artificial bladder
fullness feedback.

{3026} One type of therapy for treating urinary disorders includes delivery of elecirical
stimulation.  For example, delivery of electrical stimulation from an implantable medical
device to one or more nerves innervating the pelvic floor, such as the sacral nerve,
pudendal nerve, dorsal genital nerve, or branches of any of the aforementioned nerves,
may provide an cffective therapy for urinary disorders {(c.g., may help prevent involuntary
voiding evends from occurring). For example, electrical stimulation of the sacral nerve
may moduolate afferent nerve activities to restore more normal urinary function. In this
manner, electrical stimulation may be used to treat urgency and frequency disorders, urge
incontinence, stress incontinence, and retention. Monitoring the bladder fullness state or
other bladder conditions may be useful as feedback for stimulation therapy, to prevent
kidney damage, providing biofeedback on when to void or catheterize the bladder, and
other therapeutic purposes.

{6027} Although this disclosure may generally descrbe the use of an IMD for

incontinence diagnosis and therapy, the techniques described hercin may be used to
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determine any type of physiological condition and adjust a corresponding treatment. For
example, the IMD may be used to detect a colon fullness state for fecal incontinence
therapy, a stomach or intestine fullness state for gastrointestinal therapy, or any other
condition or anatomical structure capable of detection with pressure waves.

{6628} FIG. 1 18 a conceptual diagram illustrating example therapy system 10 that
produces and detects pressure waves with a housing of fraplantable medical device (IMD})
28 to determine a bladder fullness state of patient 14. As shown in FIG. 1, therapy system
10 includes IMD 20, which is coupled to lead 28 via header 22 and in communication with
external programmer 24, IMD 20 generaily operates as a therapy device that delivers
clectrical stimulation to, for example, a pelvic floor nerve, a pelvic floor muscle, the
urinary sphincter, the anal sphincier, or other pelvic floor targets. Pelvie floor nerves
include peripheral nerves such as sacral nerves, pudendal nerves and associated branches,
and dorsal genital nerves. IMD 20 provides electrical stivoulation therapy to patient 14 by
generating and delivering a programmable clectrical stimulation signal (e.g., in the form of
clectrical pulses or a continuous time signal) to a target therapy site via lead 28 and, more
particularty, via electrodes 26 A-261 (collectively referred to as “electrodes 267} disposed
proximate to a distal ond of lead 28, In other examples, IMD 20 may not be configured to
deliver stimulation therapy to patient 14, but may be used only for patient monitoring.
10029 IMD 20 may monitor physiclogical conditions, e.g., a bladder fullness state of
bladder 12 over an extended period of time. In addition, in some examples, IMD 20 may
deliver clectrical stimulation therapy over an extended, or chronic, period of time fo
patient 14, Generally, IMD 20 may deliver electrical signals, ¢.g., pulses or a continuous
wave signal, according to a stimulation therapy program to treat patient 14, In the
example of FIG. 1, IMD 20 may deliver therapy to treat patient 14 for urinary disorders.
The therapy program may define a set of therapy parameters that define the electrical
stimulation, ¢.g., pulse rate, pulse width, voltage or current arnplitude, and pulse
frequency. In some examples, IMD 20 may also provide a secondary electrical
stirnulation therapy to provide additional therapeutic support. This secondary clectrical
stimulation therapy may be delivered in place of or in addition to the regular chronic
therapy, and the sccond clecirical stimulation therapy may be provided in response to the

determuined physiological condition or a request from the patient. In the context of
o &
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incontinence therapy, the sccondary electrical stimulation therapy may be provided as a
“boost” of additional therapy when patient 14 scuses that a vouding eveot 1s imminent.
100381 IMD 20 may deliver drug therapy in addition to or in place of the clectrical
stimulation therapy. For exarople, IMD 20 may dehver clectrical stimulation therapy to
treat urinary disorders of patient 14 while also delivering drug therapy when needed to
prevent unwanted voiding of bladder 12, In other examples, IMD 20 may be a drug pump
that periodically delivers a bolus of drug adjacent to pelvic floor museles and/or pelvie
floor nerves to reduce unwanted voiding events from bladder 12,

{¢031] Sumulation therapy may be provided by IMD 20 directly to pelvie floor nerves or
rauscies such as internal urinary sphincter 18, external urinary sphincter 16, or perfurcthral
rouscles (not shown). In some cases, it 1s undesirable for the external uninary sphincter or
perturcthral muscles to abways remain closed during stimulation therapy. However,
sphincter closure voay help prevent the involuntary leakage of urine from bladder 12
Thus, the short-term closure of sphincter provided by a second electrical stimmulation
therapy (which can alse be referred to as a “boost” of therapy) delivered by IMD 20 may
prevent the occuwrence of inveluntary veiding events during the occurrence of acute
bladder contractions.

{$032] In the example of FIG. 1, IMD 20 delivers stimulation therapy to patient 14 via
clectrodes 26 on lead 28. The target therapy sites for the stiraulation therapy may be
different fibers of the same nerve. In other examples, electrodes 26 may deliver
stinulation therapy to different target stimulation sites. For example, IMD 20 may deliver
stimulation therapy to a sacral nerve of patient 14 to relax bladder 12 and deliver
stimulation therapy to a hypogastric nerve to help maintain contraction or help induce
countraction of the internal urinary sphincter 18 and exterpal urinary sphincter 16 or
periurethral muscles, a pudendal nerve, a dorsal penile nerve in a male patient or a dorsal
clitoral nerve in a female patient to help roaintaim or help induce contraction of the
external urinary sphincter 16, periurethral muscles, internal urinary sphincter IR, or any
combination thereof. In other examples, IMD 20 may deliver the stimulation therapy to a
hypogastric nerve of patient 14 to help close or help maintain internal urinary sphincter
closure or urcthral tone.

{6033} IMD 20 may be surgically fraplanted in patient 14 at any suitable location within

patient 14 that also allows a physiological condition to be determined by producing
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pressure waves via at least a portion of the outer housing of IMD 20 and detecting the
pressure waves via a detector coupled to the outer housing {e.g., substantially enclosed
within the outer housing or mechanically attached to an outer surface of the outer
housimg). To aid in the roonitoring of the physiological condition of patient 14 (e.g., a
bladder fullness state} via pressure waves, IMB 20 may be mplanted such that only soft
tissues or fhuid 18 disposed between IMD 20 and bladder 12 {or other tissue or fluid that is
to be monitored by therapy system 10). Dense materials, e.g., bones, may limit the ability
of IMD 20 to transmit pressure waves to bladder 12 and detect pressure waves within
patient 14 because the dense materials may interfere with (¢.g., block or dampen) the
transmission of pressure waves from IMD 20 to the monitored tissue or fluid site within
patient 14, In soroe examples, as shown n FIG. 1, IMD 20 way be located at an interoal
location inferior to bladder 12 and lateral to a labia for pressure waves to travel between
IMD 20 and bladder 12, Tu other exaraples, IMD 20 may be implanted 1o the abdomen of
patient 14 to avoid pressure wave interference from pelvic bones. Although IMD 20 may
be implanted at any location within patient 14, IMD 20 may gencrally be located n
proximity to the tissue or fluid that is desired to be monitored by IMD 20,

[0034] IMD 20 includes biocompatible outer housing 52, which may be formed from
titantum, stainless steel, a lignid crystal polymer, or another biocompatible material. The
proximal end of lead 28 is both clectrically and mechanically coupled to IMD 20, either
directly or indirectly, ¢.g., via a respective lead extension. Electrical conductors disposed
within the lcad body of lead 28 may clectrically connect stinmulation clectrodes, such as
electrodes 26, to a therapy delivery module {(e.g., a stivaulation geverator) within IMD 20,
in other examples, additional leads may be coupled to IMD 20 and carry additional
stimulation electrodes or sensing electrodes.

{3035] One or more medical leads, e.g., lead 28, may be connected to IMD 20 and
surgically or percntancously tunneled to place one or more clectrodes carried by a distal
end of the respective lead at a desired pelvic nerve or muscle site, e.g., one of the
previously histed target therapy sites such as a sacral or pudendal nerve. For example, lcad
28 may be positioned such that electrodes 26 deliver stimulation therapy to a sacral or
pudendal nerve to relax bladder 12 and/or deliver stinulation therapy to hypogastric nerve,
a pudendal nerve, a dorsal penile/clitoral nerve, the arinary sphivcter, or any combination

thereof to a promote closure of a urinary sphincter of patient 14, Electrodes 26 of the

10
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common lead 28 may deliver stimulation to the same or different nerves. In other
examples of therapy system 10, IMD 20 may be coupled to more than one lead that
includes electrodes for delivery of electrical stimulation to different stimulation sites
within patient 14, e.g., to target differcot nerves.

{4036} In the cxample shown in FIG 1, lead 28 s cylindrical. Electrodes 26 of lead 28
rmay be ring electrodes, segmented electrodes or partial ting clectrodes. Scgmented and
partial ring eclectrodes cach extend along an arc less than 360 degrees {e.g., 90-120
degrees) around the outer perimeter of lead 28, In exarnples, leads 28 may be, at least in
part, paddie-shaped (ie., a “paddie” lead). In some examples, segmented or partial ring
clectrodes 26 of lcad 28 may be useful for targeting different fibers of the same or
different nerves to generate different physiological effects for the first and second
stinmalation therapies. As described in further detail below, segmented electrodes may be
usctul for delivering relatively high frequency stimulation {e.g., about 66 Hertz) and
relatively low frequency stimulation {c.g., about 15 Hertz) to activate both fast twitch
rauscies and low twitch muscles substantially simultancously or at alternating tirae slots.
{38371 The ilustrated numbers and configurations of lead 2K and electrodes 26 carried by
icad 28 arc mercly onc cxample. Other configurations, i.¢., number and position of leads
and electrodes are possible. For example, in other examples, IMD 20 may be coupled to
additional leads or lead segments having one or more clectrodes positioned at different
locations in the pelvic region of patient 14, The additional leads may be used for
delivering different stimulation therapics to respective stimulation sites within patient 14
or for monitoring physiological parameters of patient 14, As an example, in an example 1n
which the target therapy sites for multiple stimulation therapics are different, IMD 20 may
be coupled to two or wore leads, e.g., for bilateral or multi-lateral stimulation,

{30381 As previcusly indicated, IMB 20 generates and delivers electrical stimulation
therapy to a patient fo manage urinary or fecal incontinence and, in some cxamples, an
additional electrical stimulation therapy (“second” electrical stimmlation therapy) to
provide an additional boost of therapy that generates a second physiological effect to help
further manage urinary or fecal incontinence. Iun some examples, IMD 20 controls the
delivery of the second clectrical stimulation therapy to patient 14 based on input received
from paticot 14 or a physiological condition, ¢.g., a bladder fulluess state, determined by

reflected pressure waves detected by a portion of the IMD housing. As one cxample, IMD
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]

( may deliver a second stimulation therapy in response to detecting a bladder fullness
state exceeding a predeterruined threshold mdicative of immineut urine leakage. In
another example, IMD 20 may determined, based on pressure wave produced by housing
52 and subsequently detected by housing 52, that fluid s flowing out of urethra 15 and
additional stimulation therapy is necessary to prevent further fluid flow.

{0039} As described in further detail below, a portion of housing 52 of IMD 20 is used to
determine a physiological condition of patient 14. The physiological condition may be a
bladder fullness state as shown in FIG1, or the physiological condition may be g bladder
contraction frequency, a colon fullness state, a stomach or intestine fullness state, oreven a
urine or fecal flow state.  Generally, the physiological condition may be any condition
within patient 14 detectable by the detection of reflected pressure waves with a portion of
housing 52, where the pressure waves are gencrated with a portion of housing 52 and
transmitted through tissue and/or bodily fluids of patient 14, In this manner, IMD 20 roay
generate pressure waves of any frequency allowable by the physical parameters of the
portion of housing 52 and reflectable by tissue and/or bodily fhuid within patient 14, For
example, the pressure waves may be ultrasound waves above 20,000 Hz, acoustic waves
between 20 Hz and 20,000 Hz, or cven infrasound waves less than 20 Hz.

{4048} Although not shown in FIG 1, the portion of housing 52 used to produce and
detect pressure waves may be positioned such that the portion, or free wall, is facing the
anatomical structures of interest. An anatomical structure of interest may be any structure
{e.g., comprised of tissuc and/or bodily fluids, and not necessarily limited to organs,
muscles, and the hike) within patient 14 that 1s detected or imaged with the produced
pressure waves from housing 32, For example, if a bladder fullness state is being
determined, the portion of housing 52 used to produce and detect pressure waves may be
positioned to face bladder 12, In some examples, the portion of housing 52 used to
produce and detect pressure waves inchudes a free wall of the outer housing of IMD 20,
where the free wall may be substantially flat, but, in other examples, can also be or include
a curved free wall. The free wall of housing 52 may be constructed of a desired thickness
and surface area to tune the free wall to desired frequencies of the pressure waves. The
free wall may be tuned according to the desired anatornical structures and fluids detected

by the pressure waves,
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{0041} In some cxamples, housing 52 may have two or more portions that are configured
to produce and transmut pressure waves and/or detect the pressure waves generated by the
two or more portions and transmitted through and/or reflected by tissue and/or a fluid
within patient 14. For exaraple, a first portion of housing 52 may be tuned to produce and
detect pressure waves of a certain frequency designed to target a more proximal tissue site,
¢.g. a proximal bladder wall, and a seccond portion of housing 52 may be tuned to produce
and detect pressure waves of a different frequency designed to target a more distal tissue
stte, ¢.g. a distal bladder wall. In other examples, a first portion of housing 52 may be
tuned to produce and transmit pressure waves into patient 14 and a second portion of
housing 52 may be tuned to detect the pressure waves transmitted through and/or reflected
by from avatomical structures or bodily flaids. In any case, the housing 52 of IMD 20 18
used to produce pressure waves transmitted into patient 14 and detect {e.p., receive)
reflected pressure waves oniginating frormn one or wore anatoroical structures within patient
14 in response to contact by the housing 52 produced pressure waves. In other words,
reflected waves may be the result of produced pressure waves contacting one or more
anatomical structures.

{0042} System 10 may also include an extornal programmer 24, as shown in FIG 1. In
some examples, programmer 24 may be a wearable communication device, handheld
computing device, coraputer workstation, or networked computing device.  Programmer
24 may include a user interface that receives input from a user (e.g., patient 14, a patient
carctaker, or a clinician). The user interface may inchlude, for example, a keypad and/or a
display for receiving user input, which may for exarople, be a cathode ray tube (CRT)
display, a liguid crystal display (LCD) or light emitting diode (LED) display. The keypad
roay take the form of an alpbanumeric keypad or a reduced set of keys associated with
particular functions. Programmer 24 can additionally or alternatively inchude a peripheral
pointing device, such as a mouse, via which a user may interact with the user interface. In
some examples, a display of programmer 24 may include a touch screen display, and a
user may interact with progranumer 24 via the display. It should be noted that the user
may also interact with programmer 24 and/or IMD 20 remotely via a networked
computing device.

{3043 Patient 14 may interact with programmer 24 to countrol IMD 20 {o deliver the

stimulation therapy, to manually abort the delivery of stimulation therapy by IMD 20, or
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to inhibit the delivery of stimulation therapy by IMD 20, e.g., during voluntary voiding
events. Patient 14 may, for example, use a keypad or touch screen of programmer 24 to
cause IMD 20 to deliver the second, or additional, stimulation therapy, such as when
patient 14 senses that a leaking episode may be tmuminent. In this way, paticot 14 moay use
programmer 24 to control the delivery of the second stimulation therapy “on demand,”
¢.£., when an exira boost of the stimulation therapy is desirable.

{3044} Patient 14 {or a patient carctaker or clinician) may also interact with programmer
24 to monitor the physiological condition determined by IMD 200 For example,
programmer 24 may generate a notification that indicates the current bladder fullness state
deternuned by detecting reflected pressure waves from bladder 12, Programmer 24 may
indicate the bladder fullpess state via a visible message, audible alert, or somatosensory
alert {e.g., vibration}. Patient 14 may anticipate and plan ahead for future voiding events
by monttoring au objective mdication of bladder fullness provided by prograromer 24. o
addition, patient 14 may instruct programmer 24 to calibrate the determination of the
bladder fullness state by IMD 20 if the bladder fullucss state indicated by programmer 2+
is no longer similar to the bladder fullness state perceived by patient 14, By allowing
patient 14, or another health care provider, to monitor the physiological condition, the
efficacy of therapy may be improved with or without changes to stimulation therapy.
{0045] In some cxamples, patient 14 may ionteract with IMD 20 {c.g., via programmer 24
or directly via IMID 20} to control IMD 20 to deliver the stimulation therapy, manually
abort the delivery of stimulation therapy, or inhibit the delivery of stimulation therapy. In
such exaraples, a motion scusor s fntegrated in IMD 20 that 18 responsive to patient 14
tapping IMD 20 through the skin. The number, rate, or pattern of taps may be associated
with the different programming capabilities. In this way, patient 14 may be able to
directly control delivery of therapy in the event that programmer 24 is not within reach of
paticnt 14.

{60846] A user, such as a physician, technician, surgeon, electrophysiologist, or other
clinician, may also interact with programumer 24 or another scparate programamer (not
shown}, such as a clinician programmer to communicate with IMB 20, Such a user may
interact with programmer 24 to reiricve physiological or disgnostic information from IMD
20, The user may also nteract with a prograrvoer to program IMD 20, e.g., select values

for the stimulation paramcter values with which IMD 20 generates and delivers
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stimulation and/or the other operational parameters of IMD 20. For example, the user may
use a programmer to retrieve jnformation fromn IMD 20 regarding the contraction of
bladder 12 and voiding events or other physiological conditions determined by IMD 20,
As another example, the user may use a programmer to retrieve information from IMD 20
regarding the performance or integrity of IMD 20 or other components of system 18, such
as lead 28 or a power source of IMD 200 In some exaraples, this information may be
presented to the user as an alert if a system condition that may affect the efficacy of
therapy 1s detected.

{4647} IMD 20 and programmer 24 may communicate via wireless communication using
any techmiques known in the art. Examples of communication technigques may include, for
example, low frequency or radiofrequency (RF) telemetry, but other techniques are also
contemplated. In some exampics, programmer 24 may include a programming head that
may be placed proximate to the patient’s body vear the IMD 28 iruplant site in order to
improve the quality or sccurity of communication between IMD 20 and programmer 24.
{0048] FIGS. 2A and 2B are conceptual diagrams ilustrating example implant locations
for IMD 20 of FIG 1. FIG 2A mdicates representative anatomical structures within a
cross-scction of the pelvie region of a female pationt 14, Pationt 14 includes bladder 12,
bladder wall 30, bladder cavity 32, urcthra 34, labia 36, pelvic bone 38, uterus 40, vagina
42, colon 44, anal sphincter 46, anus 48, and sacrum 50, As shown in FIG 2A, IMD 20 18
positioned substantially inferior to bladder 12 and substantially lateral to labia 36 at an
internal location within patient 14. This position of IMD 20 is adjacent to urcthra 34
because IMD 20 offset from the vmidline of patient 14,

{0049] IMD 20 also inchudes outer housing 52 and free wall 54, As described herein,
housing 52 is the outer housing of IMD 20 and substantially encloses operational circuitry
of IMD 20, such as a processor, a memory, a therapy delivery module, a telemetry module,
an acoustic module, sensors, and/or a power source. A portion of housing 52 defines free
wall 54, In some examples, free wall 54 is not physically separated from the rest of
housing 52, ¢.g., free wall 54 may be searnlessly integrated into the entire housing 52 or
may be coupled to the rest of housing 52, Although free wall 34 may be physically
different from the rest of housing 54 1 some exaraples, froe wall 54 1s still a portion of
housing 52 that encloses operational circuitry of IMD 20 and separates the internal IMD

20 components from patient 14 or another external environment and contaminants. For
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example, one side of free wall 54 may define an oxterior surface of housing 52, As
avother example, one side of free wall 54 may face componenis tuside housing 52, In
other examples, free wall 54 is physically separate from the rest of housing 52 and
mechavically connected thereto, e.g., in a manner that utilizes frec wall 54 to define a part
of housing 52.

{0058] IMD 20 may be positioned within patient 14 such that free wall 54 15 facing the
anatomical structure or structures to be interrogated by pressure waves produced from free
wall S4. In other words, in examples in which frec wall 54 is substantially planar, a plane
of free wall may be orthogonal, or perpendicular, to the direction of the desired anatomical
structures.  In the cxample of FIG 2A, free wall 54 is positioned such that produced
pressure waves are divected to bladder wall 30 of bladder 12, IMD 28 15 also positioned
such that pelvic bone 38 does not substantially interferc with pressure waves travelling
between free wall 54 and bladder wall 30, In this manner, pressure waves transmiited by
free wall 54 may travel through soft tissucs and fluid toward bladder wall 30, and at least
some of the pressure waves reflected by bladder wall 30 may travel back through soft
tissues toward free wall 54, which can also be used to detect the reflected pressure waves.
{0031} IMD 20 may determine the physiological condition of a bladder fullness state
using IMD 20 positioned as shown in FIG 2A. In one example, pressure waves produced
by free wall 54 and reflected by bladder wall 30 roay indicate the changing location of the
proximal portion of bladder wall 30 with respect to free wall 54. As urine fills bladder
cavity 32, bladder wall 30 will expand and push the proximal portion of bladder wall 30
closer to free wall 54. Because bladder wall 30 will be closer to free wall 54 as bladder 12
increases in volume, reflected pressure waves may take less time to return to free wall 54
Therefore, 1 some examples, the bladder fullness state 18 a function of the distance
between free wall 54 and the proximal portion of bladder wall 30 {e.g., a shorter distance
between frec wall 54 and the proximal portion of bladder wall 30 detected by shorter
return times for reflected pressure waves may indicate a larger bladder 12).

{0052} In another example, IMD 20 may determine the bladder fulluess state by locating
proximal portion 31A and distal portion 31B of bladder wall 30, where proximal portion
31A and distal portion 3IB arc determined relative to the location of free wall 54
Pressure waves produced by free wall 54 may nduce reflected pressure waves froro both

proximal portion 31A of bladder wali 30 and distal portion 31B of bladder wall 30 through
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bladder cavity 32. That is, pressure waves produced by free wall 54 may reflect off of
both proximal portion 31A of bladder wall 30 and distal portion 318 of bladder wall 30
through bladder cavity 32. The transmitted pressure waves from free wall 54 may first
contact proximal portion 31 A of bladder wall 30 and these first reflected pressure waves
will return to free wall 54 quickly. After the transmitted pressure waves travel through the
urine within bladder cavity 32, second reflected pressure waves may also be reflected by
distal portion 31B of bladder wall 30. Based on the time delay between the first reflected
pressure waves and the sccond retlected pressure waves to reach free wall 54, IMD 20
may determine a volume of bladder 12 and, accordingly, determine a bladder fullness
state.

{3083} Although multiple transmitted and reflected pressure waves are described herein,
in some examples, only one, or one set of, pressure waves may be transmitted by IMD 20
to determine a physiological condition of paticot 14, In other examples, IMD 20 can
transmit a plurality of pressure waves or a plurality of sets of pressure waves, and
determine the physiological condition of patient 14 based on only one or one sct of
pressure waves, Although time differences between pressure waves from free wall 54 of
housing 52 and reflected pressure waves are generally used heremn for detecting one or
more structures, reflected pressure waves of modulated frequencies and/or amplitude may
portion 31B of bladder 12} in other examples. In addition, the time delay between
produced pressure waves and reflected pressure waves can be dependent upon the
properties of the tissue and fluids through which the waves travel. In other wouds, the
speed of pressure wave propagation can be dependent upon the tissue or fhuid medium in
which the pressure wave travels. Therefore, these propertics of the tissues and fluids
through which the pressure waves travel may be used to determine distances between
anatornical structures or between IMD 20 and an anatomical structure.

{4034} In other examples, IMD 20 may be rotated such that free wall 54 generally faces
urcthra 34, Based on the detection of pressure waves produced by IMD 20 using free wall
54 and reflected by tissue of patient 14, IMID 20 may be capable of determining the rate of
urine flow, if any, out of vrethra 34, This unine flow may be used to determine 4 voiding
status for patient 14. In some examples, pressure waves with higher frequencies, e.g.,

ultrasound frequencies, may be used for flow monitoring, ¢.g., in order to detect fluid flow
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within urcthra 34 with free wall 54, In other examples, housing 52 may include multiple
portions, or free walls, to determine roultiple physiological conditions substantially
simultancously or at different times.

[B055] In other cxamples, free wall 54 may be used to determine two or more
physiological conditions simultanecusly. For example, depending on the frequency of
produced pressure waves and paramcters of free wall 54 (c.g., thickuess, stiffness, or
clasticity), IMI» 20 may be capable of identifving multiple different reflected pressure
wave {requencies and/or amplitudes from several different anatomical structures or fluids.
These differing reflected pressure waves may be originated from single frequency pressure
waves or produced pressure waves of differing frequencies. For example, BMD 20 may be
capable of determiving a bladder fullness state, a voiding status, and even a uterus
condition of patient 14. In this manner, the physiclogical condition determination
described herein 18 not Hmited to a single condition from one position of 1MD 20,

{0856} FIG 2B provides another example implant location and orientation for IMD 20 at
an internal location within patient 14, IMD 20 is implanted within abdomen 41 and
internal of abdominal muscles 43 such that free wall 54 of housing 52 substantially faces
bladder wall 30 of bladder 12, In this position, IMD 20 may be able 1o use pressure waves
to determine a bladder fullness state of bladder 12, With IMD 20 being internal of
abdorinal muscles 43, pressure waves may more easily travel between {ree wall 54 and
bladder wall 30. Although IMD 20 may be external of abdominal muscles 43, the muscles
may reduce the ability for pressure waves to travel between free wall 54 and the desired
anatoroical structures because rmuscles between free wall 54 and the target stracture may
atterruate or completely prevent the transmission of pressure waves.

{3857] In any of these examples or other examples, IMD 20 may be iroplanted within a
pocket created by a surgeon and remain in place with free wall 54 correctly positioned.
However, IMD 20 may require one or more anchors for free wall 54 to remain correctly
oriented within patient 14 after implantation. Any suitable anchoring mechanism can be
used. For examaple, one or more sutures may be used to anchor IMD 20 to surrcunding
tissue. In addition to or instead of the sutures, IMD 28 may inchude one or more
mechanical anchors {e.g., tines, barbs, balloons, adhesive, and the like) attached to or part
of housing 52 that cogages with surrounding fissue to substantially fix IMD 20 in place

and in a particular orientation. In some examples, the anchoring mechanism can be
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configured to cncourage tissue in-growth. In some examples, IMD 20 may include an
accelerometer or another seosor that may detect 1f IMD 20 bas shifted ovientations during
therapy.

{6038} In other examples, IMD 20 way be implauted at various locations within patient 14
to monitor and determine physiological conditions in addition to or instead of the
conditions discussed herein. For example, IMD 20 be positioned adjacent to colon 44
with free wall 54 oriented substantially towards colon 44, In this orientation, IMD 20 may
generate pressure waves with free wall 54, transmit the pressure waves toward colon 44,
and detect at least some of the pressure waves reflected by colon 44 to determine a colon
fullness state. A colon fullness state may be useful for monitoring fecal incontinence
patients. In some examples, IMD 20 may be positioned within patient 14 to monitor a
condition or status of uterus 40, the stomach, a portion of the small or large intestine, or
even abnormal/cancerous growth or atrophy of tissue.  Therefore, the techrnigues for
determining physiological conditions with free wall 54 are not limited to any particular
condition, anatomical structure, or location within paticnt 14

{30591 Although patient 14 has been described as female tn the examples of FIGS. 2A and
2B, paticut 14 may be roale in other cxamples. IMD 20 may be posttioned within any
anatomical space for the determination of physiological conditions using produced and
detected pressure waves with a portion of housing 52,

{30681 FIG. 3 1s a block diagram tllustrating example components of IMD 28, In the
example of FIG 3, IMD 20 includes processor 56, memory 3%, therapy delivery module
64, acoustic module 66, sensor 76, telemetry module 78, and power source 80, In the
example shown in FIG 3, memory 58 stores stimulation therapy programs 60 that specify
stimulation parameters for the one or more stimaulation therapies delivered to paticot 14 by
IMI» 20, Memory 58 also stores bladder data 62, which processor 56 may use for
controlling the tirning of the delivery of the stimulation therapy or which may be stored for
later analysis by a chinician {¢.g. the bladder data 62 may be a part of a voiding diary). For
example, bladder data 62 may mclude threshold valuces for a bladder fuliness status, past
bladder fullness states, past voiding events, or any other physiological data related to
treating urinary disorders.

{6061} Therapy debivery module 64 is configured to generate and deliver therapy (e.g,

stimulation signals} under the control of processor 56. In some examples, processor 56
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controls therapy delivery module 64 by accessing memory 38 for selectively accessing and
{ioading stimulation therapy programs 60 to therapy delivery module 64, Consistent with
the techniques described in this disclosure, processor 56 may load one of stimulation
therapy programs 60 to therapy delivery module 64 based on tnput recetved from acoustic
meodule 66, sensor 76, or an indication of patient input recetved from another device and
transmitied to IMD 20 via telemetry module 78.

{30621 By way of example, processor 56 may access memory 58 1o load one of
stimulation therapy programs 60 to therapy dehivery module 64 for delivering stimulation
therapy to patient 14. A clinician or patient 14 may select a particular program from
stimulation therapy programs 60 from a list using a programming device, such as
programuner 24 or a clinician prograrvacr.  Processor 36 may receive the selection via
telemetry module 78, Therapy delivery module 64 delivers the sclected stimulation
therapy to patient 14 according to the selected program for an exiended period of time,
such as hours, days, weeks, or until patient 14 or a clinician manually stops or changes the
program. The sclected one of stimulation therapy programs 60 may detine a schedule or
an “on cycle” and “off cycle” duration for the stimmlation therapy, such that a stimulation
signal is not continuously delivered to patient 14, but periedically delivered m accordance
with predetermined parameters for the first stimulation therapy.

{0063] In some cxaraples, processor 56 may access memory 58 to load a sccond or
additional stimulation therapy program from stimulation therapy programs 60 when
prompted by a user via progranumner 24 or the physiological condition determined by
processor 56 using acoustic module 66 and/or sensor 76, Therapy delivery module 64
may then deliver the second stimulation therapy according to the second or additional
stimulation therapy program uotid the second stimulation therapy is no longer desived or
needed, e.g., as determined by processor 56, For example, the additional stimulation
therapy program may time out after a predetermined period of time, a user may indicate
that it is no longer needed, or acoustic moduie 66 may indicate that the physiological
condition has changed.

{30641 Therapy delivery module 64 is configured to generate and deliver therapy, e.g.,
electrical stirnulation 1n the example shown i FIG. 3, according to stirnulation parameters,
such as voltage or current amplitude, pulse rate {(frequency), and pulse width specified by

therapy programs, such as stimulation therapy programs 60. In some examples, therapy
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delivery module 64 delivers therapy in the form of electrical pulses. In other examples,
therapy delivery module 64 delivers electrical stiroulation in the form of continuous
waveforms.

{3065} In some examples, the stimulation parameters for stimulation therapy programs 60
may be selected to relax bladder 12 (FIG 1) or close or maintain internal urinary sphincter
closure or urcthral tone. An cxample range of stimulation parameters for the first
stimulation therapy that may be effective in treating incontinence, e.g., when applied to the
sacral or pudendal nerves, are as follows:

i. Frequency: between approximately 8.5 Hz and approximately 500 Hz, such
as between approximately 10 Hz and approximately 250 Hz, or between approximately 10
Hz and approximately 25 Hz.

2. Amplitude: between approximately 0.1 volts and approximately 50 volts,
such as between approximately .5 volts and approximately 20 volts, or between
approximately 1 volt and approximately 10 volts.

3. Pulse Width: between approximately 10 microscconds  {(us) and
approximately 5000 us, such as between approximately 1060 us and approximately 1000
ws, ot between approximately 180 ps and approximately 450 us.

{#066] In other cxamples, the stimulation parameters defined by one or more of
stirnulation therapy programs 60 may be generally different than those of other programs
stored in memory 58, For example, stimmtlation parameter values may be configured to
maximize closure of one or more of internal urinary sphincter, external urinary sphincter,
and periurethral muscles. Stimulation parameter values may also be selected to munimize
muscle fatigue. Muscle fatigne may occur when the force-generating ability of a muscle
decreases as a result of the electrical stimulation.

{30671 An cxample range of stimulation pulse parameters for the second stimulation
therapy prograrus arc as follows:

i. Frequency: between approximately 15 Hz to approximately 30 Hz to
activate slow-twitch muscles to minimize muscle fatigue while providing some sphincter
closure, and between approximately 30 Hz and approximately 66 Hz to activate fast-twitch
muscles, which may maximize sphincter closure.

2. Amplitude: approxamately 2 — 4 tivoes rheobase for the target nerve or

muscle, such as about 0.5 volts to about 50 volts, or about 0.5 volts to about 10 volts, or
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about 4 volts to about 8 volts. Rheobase is the minimal electric current of infinite duration
that results in an action potential or muscle twitch.
3. Pulse Width: between about 100 microseconds (us) and about 1,000 ps.

{3068} In some examples, at least one of stiroulation therapy progravos 60 may include
more than one set of stimulation parameters. In such examples, one set of stimulation
parameters may be designed to activate fast-twitch muscle {ibers in order to maximize
closure of the urinary sphincter and/or periurethral muscles, and another set of stimulation
paramcters may be designed to activate slow-twitch muscle fibers in order to maintain
closure of the urinary sphincter and/or periurethral muscles while minimizing musele
fatigne. The fast-twitch and slow-twitch muscle fibers may be selectively activated by
activating specific nerve fibers with the samwe electrodes of a coromon lead, or different
electrodes of a common lead {e.g., segmented clectrodes specifically selected to target
particular nerve {ibers) or electrodes of separate leads or wicrostimulators.

{#069] As an example, in accordance with one of the stimulation therapy programs 60,
IMD 20 may generate and deliver stimulation pulses having a relatively high frequency
{c.g., about 66 Hz) for the first five seconds of the therapy interval to activate fast-twitch
muscle fibers, and subsequently generate and deliver stimwulation pulscs at a lower relative
frequency {e.g., 30 Hz) for the following 10 seconds to activate slow-twitch muscle fibers.
{0078] In the cxample of FIG 3, therapy dehivery module 64 drives a single lead 28,
Specifically, therapy delivery module 64 delivers electrical stimulation to tissue of patient
14 via selected electrodes 26 A-26D carried by lead 28, A proximal end of lead 28 extends
from the housing of IMD 20 and a distal end of lead 28 extends to target therapy sites
within the pelvic floor, such as tissue sites proximate a sacral nerve, a pudendal nerve, a
hypogastric nerve, a urtvary sphincier, or any combination thereof. In other exaroples,
therapy delivery module 64 may deliver electrical stimulation with electrodes on more
than one lead and cach of the leads may carry one or more electrodes. The leads may be
configured as an axial leads with ring clectrodes and/or paddle leads with electrode pads
arranged in 4 two-dimensional array. The clectrodes may operate in a bipolar or multi-
polar configuration with other electrodes, or may operate in a unipolar configuration
referenced to an clectrode carried by the device housing or “can” of IMD 20, ¢.g., housing

2.
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{4871} In some examples, processor 56 controls therapy deliver module 64 to generate and
deliver the second stimoulation therapy to paticnt 14 based ou signals received from
acoustic module 66. Acoustic module 66 may include one or more analog circuits,
processors, or even software modules. Acoustic roodule 66 may be configured to control
the production of transmitted pressure waves from the portion of housing 52 with actuator
circuit 68 and actuator element 72, When controlled by processor 56 to produce and
transmit pressure waves, acoustic module 66 controls actuator circuit 68 to produce
mechanical pressure waves with actuator clement 72, which contacts free wall 54 of
housing 52. Actuator element 72 may be permanently coupled to the interior of housing
52 or only contact the housing when needed to produce vibrations in housing 52.

{3072} Acoustic module 66 roay also be coufigured to control the detection of pressure
waves generated by free wall 54 and actuator element and reflected by tissue and/or bodily
fluids within patient 14, In the example shown m FIG 3, actuator module 66 includes
detector clement 74 and detector circuit 70, which is configured to detect of the reflected
pressure waves. When controlled by processor 56 to detect reflected pressure waves, or in
response to producing pressure waves, acoustic module 66 controls detector circuit 70 to
detect any pressure waves recetved by the housing 52, For exaraple, detector clement 74
may contact free wall 54 of housing 52 to detect free wall motion caused by impacting
reflected pressure waves. Dctector cireuit 70 may be connected to detector element 74 via
an electrical connection and/or a mechanical connection that trapsmits signals from
detector clement 74 to detector circuit 70, Detector circuit 70 may thus detect the
electrical or mechanical signals generated by detector element 74, Detector circuit 70 may
then relay the detection of reflected pressure waves to acoustic module 66.

{3073} Acoustic module 66 may communicate the produced and reflected pressure wave
information to processor 56. In some examples, processor 56 determines the physiological
condition, ¢.g., bladder fullness state, according to the detection and structions stored in
memory 58 and bladder data 62 and based on the rate detection signals from acoustic
rmodule 66. Bladder data 62 may include, for example, one or more thresholds for the
bladder fullness state that indicate when stimulation therapy is adjusted by processor 536 to
avoid undesired voiding. In some exaruples, processor 56 gencrates a notification (also
referred to as an alert) that is delivered to patient 14 to avoid a potential leakage event.

Processor 56 may also store the determined physiological condition in bladder data 62

}\}
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and/or use the determined physiological condition to adjust a stimulation parameter or
therapy prograrn. In other examples, acoustic module 66 or another processor of IMD 20
may determine the physiological condition based upon the detection of reflected pressure
waves and coromuuicate the condition to processor 56 to use and/or storage wn bladder
data 62.

{0074 Actuator clement 72 and detector element 74 may be any transducer, material, or
device capable of producing and detecting vibrations in the housing 52 corresponding to
pressure waves within patient 14, Example transducers may inchude clectroactive
polymers, microelectromechanical systems, accelerometers, or piczoelectric crystals. It is
also noted that one or both of actuator element 72 and detector element 74 may not need to
contact housing 52 to produce and detect pressure waves. For exarople, a speaker may use
air pressure within housing 52 to induce motion of the free wall of the housing to generate
pressure waves and a microphone may detect changes in air pressure within IMD 20
caused by reflected pressure waves contacting the free wall of housing 52.

{0075} In other exaraples, actuator element 72 and detector clermaent 74 may be a single
clement. Actuator ¢lement 72 and detector element 74 may be, for example, a single
piezoclectric clement that transforms cncrgy between mechanical and clectrical states.
Accordingly, in some examples, actuator circuit 68 and detector circuit 70 may be a single
clectrical circuit that both produces and detects pressure waves with housing 52 of IMD
28,

180761 In some examples, acoustic module 66 employs a blanking interval between
producing transmiited pressure waves and detection of reflected pressure waves. That is,
after the transmitted pressure waves are produced, there can be a period of time in which
no reflected pressure waves or noise 18 detected or when the detected pressure waves are
not used to determine a physiological condition of patient 14, For example, during the
blanking interval, acoustic module 66 may not actively detect any pressure waves
contacting the housing of IMD 20, Once the blanking interval has clapsed, acoustic
rodule 66 may actively detect reflected pressure waves or begin detecting pressure waves
that are later used to determine a physislogical condition of patient 14, The blanking
interval may be preset based upon the known distance between IMDP 20 and target

structures, known intervening structures, medium wave propagation speeds, or other
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criteria. The blanking interval may be stored by acoustic module 66 or memory 58 and
used by processor 56 to control acoustic module 66.

10677] In addition to acoustic module 66, in some cxamples, IMD 20 may include sensor
76, which processor 56 can use to obtain additional information regarding patient 14, For
example, sensor 76 may include a pressure sensor for detecting changes in bladder
pressure, clectrodes for sensing pudendal or sacral afferent nerve signals, electrodes for
sensing external urinary sphincter EMG signals { or anal sphincter signals in examples in
which IMD 20 provides fecal incontinence therapy), or any combination thercof. o
addition, or instead, sensor 76 way include a motion sensor, such as a two-axis
accelerometer, three-axis accelerometer, one or more gyroscopes, pressure fransducers,
piczoelectric crysials, or other sensors that generate a signal that changes as patient
activity level or posture state changes. Processor 56 may be configured to detect a patient
condition indicative of a high probability of apn incontinence event {e.g., bladder
contraction or abnormal detrusor muscle activity) or other cvents based on signals
received from sensor 76 in addition o acoustic module 66, As another exaraple, sensor 76
may also include a motion sensor that is responsive to tapping {e.g., by patient 14) on skin
superior to IMD 20 and, as previcusly deseribed, processor 56 may control therapy
delivery module 64 to deliver stimulation therapy, mamually abort delivery of stimulation
therapy, or inhibit the delivery of stimulation therapy, in response to detection of the
patient input via tapping,

10078] In examples in which sensor 76 includes a pressure sensor, processor 56 may be
configured to determine a pressure value based on sigoals received frovo the pressure
sensor and compare the determined pressure value to a threshold value stored as bladder
data 62 to determine whether the contractions of bladder 12 are indicative of an imminent
incontinence event. In examples in which sensor 76 inchudes an EMG sensor, processor
36 may be configured to generate an EMG from the reccived signals generated by sensor
76 {e.g., which may sense the muscle activity with one or more sensor positioned near the
target rmuscle) and compare the EMG to one or more templates stored as bladder data 62
to determine whether the contractions of bladder 12 are indicative of an imminent
mncontinence event. As another example, processor 56 may compare previously coliccted
EMGs to a current EMG to detect changes over time.  The technigues for detecting

bladder contractions may also be applied to detecting abnormal detrusor musele activities.
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Therefore, sensor 76 may be used to compioment the determination of the bladder fullness
state based on detected pressure waves generated by acoustic module 66 and reflected by
bladder 14. Sensor 76 may be used to confirm a determined physiological condition, e.g.,
bladder fullness state, mdicate when acoustic detection 1s inappropriate due to a patient
activity, or even indicate when acoustic module may require calibration.

{0079} Processor 56 may be configured to control therapy delivery module 64 to deliver
stimulation therapy based on patient input received via telemetry module 78, Telemetry
module 78 mchades any suitable hardware, firroware, software or any combination thercof
for communicating with another device, such as programmer 24 {FIG 1). Under the
control of processor 56, teleretry module 78 may receive downlink telemetry, ¢.g., patient
toput, from and send uplink telemetry, ¢.g., an alert, to programmer 24 with the aid of an
antenna, which may be internal and/or external. Processor 56 may provide the data to be
uplinked to programmer 24 and the control signals for the telemetry circuit within
telemetry module 78, and receive data from telemetry module 78.

{0088] Processor 56 may control telemetry module 78 to cxchange information with
medical device programmer 24, Processor 56 may transmit operational information and
recetve stimulation programs or stirmulation parameter adjustments via telemetry module
78. Also, in some examples, IMD 20 may communicate with other implanted devices,
such as stimulators, control devices, or scnsors, via telemetry module 78,

{3081} In an example in which telemetry module 78 recetves patient input indicating a
voluntary voiding covent, processor 56 may suspend delivery of stimulation therapy for a
pre~-deterroined peried of time, ¢.g., 2 minutes, in response to receiving the patient input.
i response to receiving the input, processor 56 may ignore signals indicative of the
patient parameter {c.g., processor 56 may unot fake any action based ou the patient
parameter), such as determination of changing bladder fulluess states or other
physiological conditions frorn acoustic module 66. Processor 56 may ignore these signals
for a pre-determined period of time, such as approximately two minutes.  After two
roinutes has elapse, processor 56 may continue monitoring paticnt 14 to detect the bladder
fullness state. Processor 56 may still monitor conditions of patient 14 without taking
action, ¢.g., monitoring & change in bladder fullness state or urine flow out of bladder 12.
{6082} The processors described m this disclosure, such as processor 56 and processing

circuifry in acoustic module 66 and other modules, may include one or more digital signal
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processors {(DSPs), general purpose microprocessors, application specific integrated
circuits {ASICs), field programmable logic arrays (FPGAS), or other equivalent integrated
or discreet logic circuitry, or combinations thereof. The functions attributed to processors
described herein may be provided by a hardware device and embodied as sofiware,
firmware, hardware, or any combination thereof., In some examples, the processing
circuitry of acoustic module 66 and/or detector circuit 70 that detects the pressure waves
or determines when to produce a pressure wave may be the same microprocessor, ASIC,
DISP, or other digital logic circuitry that forms at least part of processor 56.

{¢083] Memory 58 may alse store instructions for execution by processor 56, in addition
to stirnulation therapy prograrus 60 and bladder data 62, Information related to pressure
wave production and measurement and patient posture may be recorded for long-term
storage and retrieval by a user, or used by processor 56 for adjustment of stimulation
parameters, such as amplitude, pulse width, and pulse rate. Memory 58 way include one
memory or separate memories for storing instructions, electrical signal information,
stirnulation prograrns, and biadder data.

{1084} Memory 58, as well as other memories described herein, may inchude any volatile,
non-volatile, magnetic, optical, or electrical media, such as a random access memory
{RAM), read-only memory (ROM), non-volatile RAM (NVRAM), electrically-erasable
programunablec ROM (EEPROM), flash memory, and the like. Memory 58 may store
program instructions that, when executed by processor 56, cause IMID» 20 to perform the
functions ascribed to IMD 20 herein.

{6085} Power source RO is configured to deliver operating power to the coroponents of
IMD 20. Power source 80 may inchide a battery and a power generation circuit to produce
the operating power.  lo some examples, the battery may be rechargeable to allow
extended operation. Recharging may be accomplished through proximal inductive
inferaction between an external charger and an inductive charging coil within IMD 20, In
other examples, an external inductive power supply may transcutancously power IMD 20
whenever stimulation therapy 1s to occur.

{3086} FIG. 4 1s a block diagram illustrating example components of external programmer
24, While programmer 24 may generally be described as a hand-held computing device,
the programmer may be a notebook computer, a cell phone, or a workstation, for exarmple.

As illustrated in FIG 4, external programmer 24 may include a processor 82, memory 84,
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user interface 86, telemetry module 8%, and power source 90, Memory &4 may store
program wnstructions that, when executed by processor 82, cause processor 82 and external
programmer 24 to provide the functionality ascribed to cxternal programmer 24
throughout this disclosure.

{$087] In some cxamples, memory 84 may further include program information, ¢.g.,
therapy programs defining the type of stimulation therapy similar to those stored in
memory 38 of IMD 20, In other examples, memory 84 may also store two or more
therapy prograras to be cvaluated by patient 14 for efficacy. The stimulation programs
stored tn memory 84 may be downloaded into memory 58 of IMD 208, Memory 84 may
mclude any volatile, non-volatile, fixed, removable, magnetic, optical, or electrical media,
sach as RAM, ROM, CD-ROM, hard disk, removable magnetic disk, memory cards or
sticks, NVRAM, EEPROM, flash memory, and the like. Processor 82 can take the form
one or more racroprocessors, DSPs, ASICs, FPGAs, programmable logic cireuitry, or the
itke, and the functions attributed to processor 82 herein may be embodied as hardware,
firmware, software or any combination thercof.

{088} User interface 86 may include a button or keypad, lights, a speaker for voice
commands, a display, such as g hguid crystal (LCD), light-cmitting diode (LED), or
cathode ray tube (CRT). In some examples the display may be a touch screen. As
discussed i this disclosure, processor 82 may present and receive information relating to
stimulation therapy via user interface 86, For example, processor 82 may receive patient
input via user mterface 86, The input may be, for example, in the form of pressing a
button on a keypad or selecting an icon from a touch screen.

{¢089] Processor 82 may also be configured to present information to patient 14 or
avother user via user interface 86, e.g, in the form of alerts related to delivery of the
second stimulation therapy to patient 14, detection of a particular bladder fullness state,
and the like . Although not shown, cxternal programmer 24 may additionally or
alternatively inchude a data or network interface to another computing device, to facilitate
communication with the other device, and presentation of information relating to first and
second stimulation therapies or the bladder fullness state of patient 14 detected via IMD
20 via the other device.

[6098] Telemetry module BR supports wireless communication between IMD 20 and

external programmer 24 under the control of processor 82. Telemetry module 88 may also
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be configured to comnmnnicate with another computing device via wircless comnunication
techniques, or ditect communication through a wired counection. Telemetry module 8K
may be substantially similar to telemetry module 78 described above, providing wircless
communication via an RF or proximal inductive medium. In soroe examples, telemetry
module 88 may include an antenna, which may take on a variety of forms, such as an
mternal or external anfenma. An extornal antcona that 18 coupled to programmer 24 may
correspond to a programming head that may be placed over IMD 20,

10091} Exaroples of local wireless communication technigues that may be employed to
facilitate communication between programmer 24 and another computing device inchide
RF communication according to the 80211 or Bluctooth specification scis, infrared
communication, e.g., accordimg to the IrDA standard, or other standard or proprictary
telemetry protocols.  In this manner, other external devices may be capable of
comurunicating with programmer 24 without needing to establish a secure wireless
connection.

10092] IMD 20 and/or programamer 24 may countrol of the timing of the delivery of
different types of stimulation therapies that generate different physiological responses to
manage urinary or fecal incontinence. If external programamer 24 controls the stimulation,
programmer 24 may transmit therapy programs for implementation by IMD 20 to IMD 20
via telemetry module 88, A user {e.g., paticut 14 or a chimcian) may select the stimulation
therapy programs from a list provided via a display of user interface 86, Alternatively,
external programmer 24 may transmit a signal to IMD 20 indicating that IMD 20 should
execute locally stored programs or therapy routines. In such a manner, control over the
clectrical stimulation may be distributed between IMD 20 and external programmer 24, or
roay reside i etther one alone.

{30931 In one example, patient 14 may control the stimulation therapy delivered by IMD
20 via external programmer 24. For example, paticnt 14 may initiate or terminate delivery
of either the stimulation therapy delivered by IMB 20 via external programmer 24. For
example, patient 14 may sclectively control the delivery of the stiraulation therapy by
IMI» 20 through input entered via user interface 86, That is, IMD 20 may deliver
stimulation therapy based on and in response to patient input entered via user inferface 86.
In this way, patient 14 may use programmer 24 to deliver the one or more stimulation

therapies “on demand,” such as when patient 14 senscs the onset of a leakage episode or is
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notified of a particular bladder fullness state (e.g., a relatively full state in which an
imminent involuntary voiding event is hkely to occur).

{8094} In another example, programmer 24 may present a notification indicative of the
prospective delivery of a different or additional stimulation therapy to patient 14 via user
interface 86. In some examples, this other stinmtlation therapy may be selected based upon
the deterroined bladder fullness state indicated by acoustic module 66 of IMD 20, As an
example, prior to changing stimulation therapy, processor 82 of programmer 24 may
generate and present a notification that indicates the new stimulation therapy will be
delivered within an indicated period of time. IMID 20 may provide an indication to
programuner 24 via the respective telemetry modules 58, 88 that IMD 20 intends on
delivering the vew stimulation therapy. In some examples, programmer 24 may notify
patient 14 by presenting a warning message on a display of user interface 86, emitting an
audible alert, or generating a somatoscusory alert {e.g., a vibrating housing). In such an
example, programmer 24 may prompt patient 14 for input via a display of user interface
86. Patient 14 may enter input via user interface 86 that cither confirms delivery of the
new stimulation therapy or input for manually aborting the new stimulation therapy. In
either case, the pationt iput 1s transmitied to IMD 20 via telemctry roodule 88.

{#095] In some examples, patient 14 may also indicate an tntent to void via user interface
86, and processor 82 roay inttiate a stimulation blanking interval (separate from blanking
intervals used to detect reflected pressure waves) through communication of the indication
to IMD 20 via telemetry module 88, For cxample, processor 82 may transmit a comumand
signal to IMD 20 that indicates IMD 20 should temporarily suspend delivery of the
stimulation therapy. In some cases, this may permit voluntary voiding by patient 14, In
some examples, the length of tivae for a voiding event way be determined by pressing and
holding down a button of user interface 86 for the duration of a voiding event, pressing a
button a {irst time o inttiate voiding and a second time when voiding is complete, or based
on a predetermined period of time following the indication of vohmtary voiding provided
by patient 14, In cach case, programumer 24 causcs IMD 20 to temporarily suspend any
stimulation therapy so that voluntary voiding is possible.

{0096} In other cxamples, IMD 20 may automatically determunce when patient 14 18
attempting to voluntarily void, e.g., based on a voiding signature of an EMG signal

indicative of bladder activity or based on bladder pressure or contraction. The EMG
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signal can be generated by, for example, sensor 76 of IMD 20 (FIG. 3} or another sensor
that is external to patient 14 or jwaplanied within patient 14, In soch examples, IMD 20
may automatically suspend the delivery of stimulation therapy to permit patient 14 to
voluntary void. In sorue cases, suspension of stimulation by IMD 20 is not necessary to
facilitate voiding, and stimulation may occur substantially simultancously with the
voluntary voiding., For example, the bladder volume will eventually increase to a level to
trigger strong bladder contractions that prevatls over the second stimulation therapy to
allow voiding.

{$097] User interface 86 may also present the current bladder fullness state, or historic
bladder fullness states, to a user. For exaruple, user interface 86 may present the bladder
fullness state when notifying {or alerting) patient 14 that voiding may be irominent based
upon the detected pressure waves from the bladder. In addition, or instead, user interface
&6 may present the bladder fullness states over a previous period of time so that the user
may review trends in the physiclogical condition of patient 14. Based on this information,
bladder fullness state monitoring and/or stimulation therapy may be adpusted with
programmer 24 via user interface 86.

[0098] Power source 90 1s configured to deliver operating power to the cornponents of
programmer 24. Power source 90 may inchuade a battery and a power generation circutt to
produce the operating power. o somce examples, the battery may be rechargeable to allow
extended operation. Recharging may be accomplished by electrically coupling power
source 90 to a cradle or plag that is connected to an alternating current (AC) outlet. In
addifion or alternatively, recharging may be accoraphshed through proximal inductive
interaction between an external charger and an inductive charging coil within programmer
24. In other exaraples, traditional batteries (e.g., nickel cadroium or Uthium ion batteries)
may be used. In addition, programmer 24 may be directly coupled to an alternating
current outlet to power programmer 24. Power source 90 may include circuitry to monitor
power remaining within a battery. In this manner, user interface 86 may provide a current
battery level indicator or low battery level indicator when the battery needs to be replaced
or recharged. In some cases, power source 90 may be capable of estimating the remaining
timne of operation using the current battery.

{6099} FIG S is a conceptual diagrarn llustrating an example IMD 20 with free wall 54,

which is a portion of housing 52 that is used to produce and detect pressure waves., As
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shown in FIG. 5, IMD 20 includes ocuter housing 52, battery 98, operational circuitry 100,
acoustic module 66, actuator clement 72, detector element 74, and connector ribbons 92
and 94. Because FIG. 5 is a schematic cross-section of IMD 20, not all clements of IMD
20 are shown. In the example shown in FIG. 5, the majonity of volume within outer
housing 52 is occupied by battery 98 and operational circuitry 100, Battery 98 may be
part of power source 80 of FIG. 4 and operational circuttry may include such clements as
processor 56, memory 54, therapy delivery module 36, telemetry module 7¥, and sensor
76 of FIG. 4. Operational circuitry 100 is shown configured as a part of g flexible cireunit
to fit within housing 52, but operational circuitry 100 may be configured in any form in
other examplces.

{31068} Housing 52 of IMD 20 is a device housing, and the main housing that protects
components of IMD 20 from bodily tissues and fluids. Housing 52 substantially encloses
{e.g., corapletely encloses or nearly completely encloses) battery 98, operational circuitry
100, acoustic module 66, actuator clement 72, detector element 74, and connector ribbons
92 and 94, and, in some cxamples, is hermetically sealed. In the cxample of FIG. 5,
housing 52 includes mounting wall 95 that provides a mounting surface for battery 98,
opcrational circuitry 100, or other components. Housing 32 also inchudes free wall 54
Free wall 34 is a portion of housing 52 that is configured to move (e.g., vibrate or
oscillate) relative to other portions of housing 52, as well as relative to battery 9§,
operational circuitry 100, or other components of IMB 20 in some examples. Few, if any
{e.g., sometimes none), rigid components are attached or mounted to free wall 54, thereby
permitting free wall 54 freedom of motion to vibrate. Free space 96 is the volame of
space within housing 52 adjacent to free wall 54 that allows free wall 54 to move in
relation to the rest of housing 52. Free space 96 may be a vacuum ot filled with af, filled
with a gas mixture, or filled with an inert single gas. Although free space 96 may be of
any volume, the distance between the mside surface of free wall 54 and other components
is at least large enough to aliow free wall 534 ¢ move enough to produce the pressure
waves of the desired frequency or to receive the reflected prossure waves, In the example
shown in FIG. 5, the curved side walls of housing 52 provide a relatively stift support
structure for froe wall 54.

{G161] Actuator element 72 and detector element 74 contact free wall 54 erther directly or

indirectly {¢.g., via an intervening adhesive or other intervening component). Acoustic
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module 66 is electrically coupled to actuator element 72 via conductive ribbon 92 and
detector element 74 via conductive ribbon 94 passing through free space 96. As discussed
with regard to FIG. 3, actuator element 72 is configured to produce pressure waves by
causing motion of free wall 54 {c.g., oscillations of free wall 54). The produced pressure
waves are transmitted away from free wall 54 and IMD 20, At least some of the
transmitied pressure waves that reflect oft of anatomical structures or other changes in
medium density traverse back through patient 14 to contact free wall 54. The contact
made by the reflected pressure waves causes vibration or motion in free wall 54, Detector
element 74 contacting free wall 54 is configured to detect these vibrations or motions and
converts thern to clectrical signals with which acoustic module 66 may detcrmine a
bladder fullness state of patient 14, The degree of free wall 54 motion (also referred to
herein as deflection) may depend upon the frequency of the pressure waves produced and
recetved by free wall 54, As further discussed in FIG. 3, other exaroples may include
different variations of actuator element 72 and detector element 74, such as a single
transducer element.

{162} Free wall 54 may be constructed of a similar thickness as mounting wall 93 and the
rest of housing 52, In other cxamples, free wall 54 may be constructed with a smaller or
larger thickness to tune free wall 54 to the frequency of pressure waves required to
determine the desired physiological condition. In somc cxamples, the thickness of free
wall 54 may be between approximately 0.1 millimeters {imm} and 5 mm. However, free
wall 54 may be constructed with any thickness in other examples, which can be sclected to
generate the desired pressure wave frequency. The other dimeusions of free wall 54 may
also vary depending upon the type of pressure waves desired.

{3103} In some examples, free wall 54 way generally be circular n shape, although in
other cxamples, any other polygons or uregular shapes may be used. Distance D
represents the diameter of free wall 54 in the example shown m FIG. 5. In some
examples, distance B3 may generally be the length of the substantially flat {planar) portion
of housing 52, up to the curved side walls 97A and 97B. In some cxamples, distance D 18
between approximately 2.0 mm and 70 mm. However, free wall 54 may be constructed
with any width and surface area.

{3184} As shown in FIG. S, free wall 54 is substantially planar. However, m other

examples, free wall 54 may be constructed in various convex configurations, concave
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configurations or other curvilinear or nonplanar configurations. Different configurations
roay focus the transmission of pressure waves to desired anatomical stractures or collect
reflected pressure waves from multipic locations. In addition, free wall 54 may be
constructed with varying thickuesses across the free wall to appropriately tune free wall 54
to the destred pressure wave transmission and detection frequencies. As discussed herein,
in some examples, housing 52 may be configured with ruultiple free walls that are cach
capable of producing and/or detecting pressure waves.

{0165} Housing 52 may be constructed of a single material in some exaraples. Example
materials may include biocompatible materials such as metal alloys (e.g., stainless steel or
titaniurn alloys) pure metals, composites, or polymers. Alternatively, housing 52 may be
coustructed of various materials. For example, housing 52 may be generally constructed
of a titanium alloy while free wall 54 may be constructed of a ceramic composite.
Housing 32 may be cousiructed of any combination of materials. In addition, housing 52
may be constructed in any variety of shapes and sizes configured to implant IMD 20 at
specific locations within patient 14

{1166] In other examples, a material may be added to the external surface of free wall 54
to help transmit pressure waves between free wall 54 and the tissucs of patient 14, For
example, a biocompatible gel or polymer that maintains contact with tissue until the
healing process has completed after implantation may be positioned on an outer surface of
free wall 54 that contacts tissue of patient 14 when IMD 20 is implanted in patient 14, For
example, the material may be configured to degrade over time to allow a sufficient tissue-
housing interface to develop. In other exaroples, the waterial way be designed to
minimize dense scar tissue from developing against free wall 54 that may dampen the
transmaission of pressure waves between free wall 54 and adjacent patient tissue {e.g., an
anti-inflammatory agent steroid, or a biocompatible material).

{0167} FIG. 6 13 a flow diagram illustrating an exaraple techuique for determining a
bladder fullness state with pressure waves generated and detected by the housing of IMD
20, As shown in FIG. 6, IMD 20 delivers stimulation therapy according to one or more
therapy programs (110}, In response to determining that it is not time to monitor the
bladder fullness state, e.g., based upon a timer or patient 14 condition {“NO” branch of
block 112), processor 56 of IMD 20 continues to deliver therapy (110). A coundition of

patient 14 that may prevent monitoring the bladder fullness state may include, for
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example, voiding or activity detected that would interfere with accurate detection of the
bladder fullness state. In respounse to deterruining that the bladder fullness state should be
monitored ("YES” branch of block 112}, processor 56 controls acoustic module 66 to
produce and transtott pressure waves (114).

{#188] Acoustic module 66 controls actuator 72 to produce a pressure wave with free wall
54 of housing 52, where the pressure wave 18 transmitted away from IMD 20 (114}, In the
example shown in FIG. 6, acoustic module 66 waits for a duration of time, which can be
referred to as a blanking period, before detecting any reflected pressure waves (116}, As
described herein, the reflected pressure waves originate from anatomical structures or
other tissues contacted by the produced pressure wave transmutted away from IMD 20.
After the blanking period, acoustic module 66 controls detector 74 o detect reflected
pressure waves from the proximal wall of bladder 12 received by free wall 54 of housing
52 {118). Free wall 54 moves in respouse to pressure waves incident on free wall 54, and
detector 74 may detect movement of free wall 54 and generates a signal that is modulated
based on the movement of free wall 54,

{1169] Acoustic module 66 converts the detection signal from detector 74 to a signal
representative of the detection of pressure waves and communicates the signal to
processor 56. Processor 56 determines a bladder fullness state based upon the distance
indicated by the time delay between the time at which actuator 72 and froe wall 54
generated and transmitted the pressure wave into patient 14 and the time at which detector
74 detected the reflected pressure wave (120}, A decrease in the time delay may indicate
that the distance between free wall 54 and the proximate wall of bladder 12, which the
pressure wave reflected off, has decreased. This decrease in distance between free wall 54
and the proximate wall of bladder 12 may correlate to a increase in the volume of bladder
12. In some examples, acoustic module 66 may produce and detect multiple pressure
waves and processor 56 to determine the bladder fullness state based on multiple detected
pressure waves, e.g., ultrasound imaging technigues.

{3118} In response to deterruining the deterrmined bladder fullness state 18 below a fullness
threshold (“NO” branch of block 122}, processor 56 continues to control therapy delivery
module 64 (FIG. 3} to deliver therapy (110). The threshold for the bladder fullness state
may be defined as a time delay for the reflected pressure waves or a deterroined size of

bladder 12, depending upon the values used by processor 56, In response to determining
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the determined bladder fullness state is above the fullness threshold ("YES” branch of
block 122), processor 36 coutrols therapy delivery module 64 to deliver stimulation
therapy to patient 14, where the electrical stimulation is configured to compensate for the
deterromned bladder fulloess state (124), c.g., to help prevent an ncontinence event.
Stimulation control may be in the form of adjusting a single stimulation parameter, e.g.,
increasing a voltage araplitude value or {requency (e.g., according to therapy adjustment
instructions associated with the detected bladder fullness state in memory 38), or
delivering stimulation according to a different or additional therapy program {e.g., a
stimulation therapy program 60 associated with the detected bladder fullness state in
remory S8), or delivering a sccond stimulation therapy, c.g., a “boost” to the first
stimulation therapy already delivered to patient 14, Processor 56 then continues to control
therapy delivery module 64 (FIG. 3) to deliver therapy to patient 14 according to the
adjusted stimulation therapy (118},

{¢111} In other examples, processor 56 may adjust stimnulation at times other than when
the bladder fullness state is at or above the fullness threshold. For example, the bladder
fullness state may be compared to a stepped threshold table or algorithm in which multiple
therapy adjustments are made based upon the changing bladder fuliness state. For
example, processor 56 may incremeuntally change a stimulation parameter value or load
different therapy prograras based upon the most recent bladder fullness state
determination. These thresholds or algorithms may be selected or generated by a user for
more customized stimulation therapy.

{3112} In other examples, processor 56 may control acoustic modale 66 o produce more
than onc pressure wave in block 114, Processor 56 may instead control acoustic module
66 to produce a set of pressure waves or a wave train of wultiple pressure waves. These
pressure waves may be produced at a single predetermined frequency {e.g., known to
processor 56 prior to the gencration of the pressure waves). Upon detecting reflected
pressure waves with detector 74, acoustic module 66 or processor 56 may filter the
detected pressures for the frequency or frequency band of pressure waves produced by
acoustic module 66, or the frequency of pressure waves anticipated by acoustic module 66.
In this manner, acoustic module 66 may identity reflected pressure waves from noise or

other waves traveling through patient 14.
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{0113} FIG. 7 is flow diagram illustrating an example technigque for determining a
physiological condition of a patient based on pressure waves that indicate a distance
between opposing walls of bladder 12, FIG. 7 is similar to FIG. 6, but processor 56
determoines the bladder fuliness state using opposing walls of bladder 12; the distance
between the opposing walls of bladder 12 can indicate a current bladder volume. As
shown in FIG. 7, IMD 20 delivers stimulation therapy according to one or more therapy
programs (126). In response to determining that it is not time o mounitor the bladder
fullness state, ¢.g., based upon a timer or patient 14 condition ("NO” branch of block 128},
processor 56 continues to control therapy delivery module 64 to deliver therapy to patient
14 {126). In response to the bladder fullness state should be monttored (“YES” branch of
block 128), processor 56 countrols acoustic module 66 to produce and transmit pressure
waves (130}

{3114} Acoustic module 66 controls actuator 72 to produce a pressure wave with free wall
54 of housing 52, where the pressure wave 18 transmitted away from IMD 20, and acoustic
rmodule 66 waits for the predetermined blanking period before detecting any reflected
pressure waves (130). After the blanking period, acoustic module 66 controls detector 74
to detect a first reflected pressure wave, which likely reflected off of the proximal wall of
bladder 12 (1323, For example, acoustic module 66 may control detector 74 to detect
rmovernent of free wall 54 of housing 52, which may roove in response to pressure waves
incident on free wall 54, Detector 74 also detects a second reflected pressure wave, which
likely reflected off of the distal wall of bladder 12 (134). The second reflected pressure
wave may be detected after a predetermined blanking period or other predeterroined delay
to ignore oxtrancous reflected pressure waves and capture the reflected pressure waves
from the expected location of the distal wall of bladder 12. For exarople, after detecting
the first reflected pressure wave, acoustic module 66 may control detector 74 to detect
movement of free wall 54, which may move 1n response to pressure waves incident on free
wall 54. Detector 74 generates a signal that is modulated by movement of free wall 54.
{0115} Acoustic module 66 converts the detection signals from detector 74 to signals
representative of the detections and communicates the signals to processor 36. Processor
36 can then determine a bladder fullness state based upon the distance indicated by the
difference in time delay between the detected first reflected pressure wave and secound

reflected pressure wave (136). For cxample, a larger time delay between the first and
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second reflected pressure waves may indicate a full bladder fullness state. Conversely, a
small time delay between the first and second reflected pressure waves may indicate a
relatively cmpty bladder fullness state. The time delays that indicate the full bladder
fullness state, empty bladder fullness state, and, in some example, bladder fullness states
between the full and empty states, can be predetermined and stored as bladder data 62
(F1G. 3) by IMD 20 or stored by a merory of another device {¢.g., programmer 24). In
some examples, this acoustic module 66 may produce and detect multiple pressure waves
in order for processor 56 to determine the bladder fullness state from opposing walls of
bladder 12, e.g., ultrasound fmaging techoiques.

{3116} In response to deterruining the deterrmined bladder fullness state 18 below a fullness
threshold (“NO” branch of block 138), processor 56 continues to control therapy delivery
module 64 to deliver therapy to patient 14 (126). In response to determining the
deterroined bladder fullness state is above the fullness threshold (“YHS” braoch of block
1138}, then processor 56 controls stimulation therapy accordingly to compensate for the
determined bladder fullncss state (140).  Stimulation control may be in the form of
initiating delivery of therapy, adjusting a single stimulation parameter, e.g., increasing a
voltage araplitude value, or delivering stimulation according to a different or additional
therapy program. Processor 56 then continnes to deliver therapy according to the
adjustracnt {126},

{1117] In some cases, determination of a relative distance between proximate and distal
bladder walls may allow for greater specificity in the determination of the bladder fullness
state, compared to the determunation of bladder state based on a distance between free wall
54 and a single wall of bladder 14, as described with respect to FIG. 6. Although FIGS. 6
and 7 describe IMD 20 as delivering therapy, other examples of IMD 20 may joclade
determining a bladder fullness state, or other physiological condition, without delivering
therapy with IMD 20,

{$118] In some examples of the techniques of FIGS. 6 and 7, processor 56 may
periodically determine the bladder fullness state of patient 14, In some cases, processor 56
determines when to monitor, or update, the bladder fuliness state based upon an update
tiracr. When the update titner expires and in respounse to detecting the expiration of the
tivaer, processor 56 controls acoustic module 66 to use produced and detected pressure

waves to determine a current bladder fullness state. The update timer may generally be set
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to a duration between approximately | minute and 60 minutes. An example update timer
may be set to 10 roinute intervals.  In other examples, the update timer may be
substantially shorter such that the bladder fullness state is contimously updated. In
another example, the update timer way vary based on the activity of paticot 14 as detected
by sensor 76 or even completely overrnled based upon the activity or therapy of patient
14.

{3119} In other cxamples of FIGS. 6 or 7, processor 56 may generate a notification for
patient 14 or a clinician bascd on the bladder fullness state instead of or in addition to
automatically adjusting stimulation therapy. The notification can be transmitted to patient
14 using any suitable technique, such as by causing housing 52 io vibrate, or by
transmitiing a signal to programmer 24, which may then generate a visual, audio, and/or
somatosensory alert to patient via uscr interface 86. For example, upon the detection of 2
bladder fullness state associated with a relatively full bladder (in which a leakage event
may be likely to occur), processor 56 may generate a notification that instructs patient 14
to mitiate a “boost” of stimulation therapy with programmer 24 to prevent leakage. In
addition or instead, processor 54 may generate the notification that causes paticunt 14 to
void bladder 12 and avoid an incontinence event. The notification gencrated by processor
56 may be transmitted to programmer 24 via telemetry module 78, for example. In some
examples, processor 56 can gencrate a general notification, and patient 14 {or a patient
caretaker) may determine which course of action is best (¢.g., delivering a boost of
stinmulation or voluntary voiding) suited for patient 14.

{¢128] Although FIGS. 6 and 7 are described as bemng performed by different components
of IMD 20, such as acoustic module 66 and processor 56, in other examples, the technigue
shown in FIGS. 6 and 7 can be controlled by one compouent or any combination of
components, such as processor 82 of programmer 24.

{0121} FIG. § 15 a flow diagram itlustrating an cxample technique for calibrating acoustic
meodule 66 to specific bladder fullness states. As shown in FIG. 8, processor 56 of IMD 20
retrieves stored bladder data 62 (FIG. 3), c.g., time delays in reflected pressure waves or
determined bladder distances, from memory 58 of IMID} 16 or 2 memory of another device
{e.g., programumer 24) (146). In some cxamples, bladder data 62 stores bladder data for a
specific fime period, such as the past 24 hours. In other examples, the time period that

includes the stored bladder data may be shorter or longer than 24 hours. However, the
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time period may be selected to include a robust set of data that covers both an empty
bladder fullness state and a full bladder fullness state. For cabibration purposes, processor
56 can retrieve a subsct of the stored data (e.g., the bladder data for the past 12 hours) or
all of the stored bladder data.

{#122] Processor 56 analyzes the stored bladder data and sets the maximum measured
time delay as the empty bladder fullness state (148). Processor 56 then sets the minimum
measured time delay as the full bladder fullness state (150). In some examples where
IMD 20 utilizes more than an crapty and full bladder state, processor 56 may gencrate
other bladder fullness states between the empty and full bladder states. Processor 56 may
utilize a lincar interpolation technique or more complex equations to model the diameter
of bladder 12 and correlate this distance to specific bladder fullness states.  This
calibration is applicable to bladder fullness states determined with detection of only the
proximal wall of bladder 12. However, data indicating a distance between opposing walls
of bladder 12 may also be used. In this case, the minimum distance would be set to the
empty bladder fullness state and the maximum distance would be set to the full bladder
fullness state.

[0123] After the cahbration, processor 56 rescts the calibration timer (152) before
controlling therapy delivery module 64 to continuing to deliver therapy and monitor the
bladder fullness state (142). The calibration timer may be used fo determine when the
acoustic module 66 should be calibrated to the bladder fullness states. The calibration
tirner may be generally set to a time period of hours, weeks, months, or even years. For
exarple, the calibration timer may be set to seven days. A user may adjust the calibration
timer. In addition, or instead, processor 56 may initiate calibration upon determination of
bladder fulluess states that do not follow a logical progression.

{1124] Although FIG. 8 is directed to calibration of acoustic modude 66 to specific bladder
fullness states during therapy, the technique may be used outside of delivering stimulation
therapy. For example, the technique of FIG. 8 may be used initially after implantation and
betore any stiraulation therapy s delivered by IMD 20, In addition, or instead, the
calibration method may be used during bladder monitoring without any stimulation
therapy being dehivered.

{3125} FIG 9148 a flow diagram idlustrating an example techuique for calibrating acoustic

module 66 to specific bladder fullness states in response to a patient input. Processor 56
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of IMD 20 may monitor the bladder fullness state with acoustic module 66 (156).
Processor 56 then waits to calibrate acoustic wodule 66 uniil user interface 86 of
programmer 24 receives a user input for therapy (158). The user input may be a request
for additional stimmulation therapy, e.g., a “boost,” which patient 14 may request for
various reasons. These reasons may include, for example, a sensation of imminent
voiding or the undertaking of an activity that may increase the likehhood of a stress
incontinence event {¢.g., exercising, coughing, etc.). The user input may indicate that
bladder 12 is full of urine or at least patient 14 perceives the need to void. Once user
interface 86 receives the user input from patient 14 (“Yes” branch of block 138), processor
56 continucs with calibration. Processor 56 retricves the previous stored time delay from
memory 58, e.g., the most recent determined time delay from reflected pressare waves
indicative of the most recently determined bladder fullness state, and associates the time
delay with the full bladder fullness state (160). This full bladder fulluess state 1s selected
because patient 14 has indicated that voiding is imminent with the therapy adjustment
input,

{3126} Processor 56 next waits during the input delay period after the adjustment input
before continuing (162).  Because the bladder fullness state calibration includes a
detection of an empty bladder 12, the input delay period is set to allow time for patient 14
to void bladder 12 and achieve the erapty bladder state used n the calibration. Generally,
the input delay period may be set between approximately T minute and 60 minutes. For
example, the input delay period may be set to 3 minutes. The input delay period may be
immediately following receipt of the adjustment 1oput and set by the user to a fime period
greater than required for patient 14 to void bladder 12, In other examples, processor 56
roay wait for an input confirroing that voluntary voiding occurred. After the 1oput delay
pertod expires, processor 536 controls acoustic module 66 to produce transmitted pressure
waves and detect the reflected pressure waves with free wall 54 of IMD 20 to determine
the time delay between IMD 20 and bladder 12 (164). Processor 56 then sets this time
delay as the cmpty bladder fullness state because patient 14 just empticd bladder 12 (166).

{1271 After the calibration, processor 56 may reset the calibration timer (168} before
continuing to deliver therapy and monitor the bladder fullness state (154). Similar to FIG
&, the calibration tirner of FIG 9 may be used to deterroine when the acoustic module 66

should be calibrated to the bladder fullness states. The calibration timer may be generally
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set to a time peried of hours, wecks, months, or even years. For example, the calibration
timer may be set to seven days. In other examples, the user mnput may simply indicate that
patient 14 has voided and bladder 12 is empty. This input may be provided directly by
patient 14 using programmer 24,

{#128] Although both FIGS. 8 and 9 describe techniques for calibrating the bladder
fullness state, cach technique may be used to calibrate other physiological conditions to
the detected pressure waves from acoustic module 66, Furthermore, although the
techniques shown in FIGS. § and 9 are described as being performed by processor 56 of
IMD 20, in other examples, another processor can perform any part of the technique
shown in FIGS. € and 9, such as processor §2 of programmer 24 (FIG. 4).

{3129} The technigues described wn this disclosare may help reduce or elimainate leaking
episodes caused by urinary disorders. That is, by determining bladder fuliness states to
monitor the patient condition, therapy may be selected according to the volue of urine
within biadder 12. For example, stimulation therapy may be adjusted with a change to a
stiraulation parameter or delivery according to a different therapy prograrn based upon the
bladder fullness state. In other examples, one or more stimulation therapy programs may
be associated with different bladder fullucss states. Thercfore, stimmlation therapy may
change as cach subsequent bladder fullness state is detected. This type of therapy
progression may treat incontinence while also reducing paresthesia and increasing battery
life of IMD 20.

10130] In addition, the determination of a bladder fullness state or other physiological
conditions with pressure waves produced and detected by a portion housing 52 may be
completed without an additional implantabie device. Because housing 52 of IMD 20 is
configured to be implanted within the patient, no additional sensor needs to be tethered to
the IMI> housing via a lead or in commumication with the processor of the IMD. This
small and streamlined package may allow for an objective determination of a
physiological condition while reducing implant procedure time, device cost, tissue
tunneling, invasiveness, and cven system complexity.

{1131] Although a bladder fullness state is described herein, any physiological condition
may be determined with an acoustic module and detected pressure waves with the IMD
housimg.  Alternative physiological conditions may include colon fullness states, fecal

movement, urine flow, stomach volume, gastrointestinal movement, for example.
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{#132] As described herein, the disclosure includes different techniques, devices, and
systems.  In one exaruple, a method may include producing a pressure wave within a
patient with a portion of a housing of an implantable medical device, wherein the housing
substantially encloses a processor, detecting at least one reflected pressure wave with the
housing portion, and automatically determining a physiological condition of the patient
based on the at least one reflected pressure wave. The housing portion may be part of a
device housing configured to enclose operational circuitry of the implantable medical
device and the housing portion is tuned to one or more frequencics of the produced
pressure wave.

{0133] In some examples, producing the pressure wave may wnchude producing the
pressure wave from an internal location inferior {0 a bladder and lateral to a labia and
directing the pressure wave towards the bladder. The physiclogical condition may include
a bladder folluess state. In addition, 1o some exaruples, determining the physiological
condition may include measuring a time delay between the produced pressure wave and
the at least one reflected pressure wave and determining a distance between the portion of
the implantable medical device housing and an anatomical structure of the patient at which
the at least one reflected pressure wave originated based on the tirae delay.

{#134] In some examples, the at least one reflected pressure wave may include a first
reflected pressure wave and a second reflected pressure wave, and determining the
physiological condition may further include determining a first time delay between the
produced pressure wave and the first reflected pressure wave, determining a second time
delay between the produced pressure wave and the second reflected pressure wave, and
determining a distance between first and second anatomical structures of the patient at
which the first and second reflected pressure waves, respectively, originated based on a
difference between the first time delay and the second time delay.

{0135} In some cxamples, the method may also include receiving a therapy adjustment
input from the patient, determining the physiclogical condition after an input delay period
to sct a first state of the physiological condition, retrieving from a memory a last
physiological condition determination before the therapy adjustment input was received,
and setting 8 sccond state of the physiological condition as the last physiological condition
deferrotnation.  In some examples, the method may include delivering electrical

stimulation therapy with a therapy delivery module disposed within the implantable
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medical device and coupled to at least one medical lead and controlling electrical
stimulation therapy based on the physiological condition. In addition, in some exaroples,
the method may inchide generating a patient notification based on the physiological
condition. In some examples, producing the pressure wave roay onclude oscillating the
portion of a housing of an implantable medical device.

{0136} In another cxample, a system may include an implantable medical device
comprising a device housing, an acoustic module configured to produce a pressure wave
within a paticnt with a portion of the device housing and detect at least one retlected
pressure wave with the housing portion, and a processor configured to automatically
determine a physiological condition of the patient based on the at lcast onc reflected
pressure wave, wherein the device housing substauvtially encloses the processor. The
device housing may be configured to enclose operational circuitry of the implantable
medical device, and 1s tuned to one or more frequencies of the pressure wave.

{#137] The implantable medical device may be configured to be implanted at an internal
location nferior to a bladder and lateral to a labta. The physiological condition may
include a bladder fulluess state. The acoustic module may be configured to determine a
timne delay between the produced pressure wave and the at least one reflected pressure
wave, and determine a distance between the housing portion and an anatomical struchire
of the paticot at which the at least one retlected pressure wave origimated based on the
time delay. The at least one reflected pressure wave may include a first reflected pressure
wave and a second reflected pressure wave, and the acoustic module may be configured to
deterroine a first time delay between the produced pressure wave and the first reflected
pressure wave and determine a second time delay between the produced pressure wave
and the second reflected pressure wave, and deternune a distance between first and second
anatomical structures of the patient at which the first and second reflected pressure waves,
respectively, originated based on a difference between the first tirne delay and the second
time delay.

{0138} In some cxamples, the system may include an external programmer that inclades a
user interface that receives a therapy adjustment input from the patient, wherein the
processor determaines the physiological condition with the acoustic module after an jnput
delay period to set a first state of the physiological condition, retrieves from a memwory a

iast physiological condition determination before the therapy adjustment input was
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received, and scts a second state of the physiological condition as the last physiclogical
condition determination.

13139} In other examples, the system may include at least one medical lead coupled to the
implantable medical device and a therapy delivery meodale disposed within the device
housing and configured to deliver electrical stimulation therapy to the patient via the at
icast one medical lead, wherein the processor is configured to control clectrical stimulation
therapy based on the physiclogical condition. The system may also inchide an external
programmer configured to present @ notification to the patient based on the physiological
condition. The acoustic moduie may be configured to produce the pressure wave with the
portion of the device housing by at least causing the portion of the housing to osciliate.
{3148} In another exaraple, a system may include means for producing a pressure wave
within a patient with a portion of a housing of an implantabic medical device, wherein the
housing substantially encloses a processor. The systern may further include mcans for
detecting at least one reflected pressure wave with the housing portion, and means for
automatically deterraining & physiological condition of the patient based on the at least one
reflected pressure wave. In some cxamples, the housing may be configured to enclose
opcrational circuitry of the implantable medical device, and the housing portion may be
tuned to a frequency of the at least one reflected pressure wave. In addition, in some
examples, the means for producing a pressure wave may be configured to be implanted at
an internal location inferior to a bladder and lateral to a labia. In some examples, the
systern may further include means for delivering electrical stimmlation therapy from a
therapy delivery rmaodule disposed within the implantable medical device and coupled to at
icast onc medical lcad, and means for controlling electrical stimulation therapy based upon
the physiological condition.

{1141} The techniques described in this disclosure may be implemented in hardware,
software, firmware, or any combination thercof. In particular, the techniques may be
implemented in a hardware device, such as a wireless communication device or network
device, cither of which may include software and/or firmware to support the
implementation. For portions implemented in software, the techniques may be realized in
part by a computer-readable medivm comprising program code containing instructions
that, when executed, performs one or more of the methods described above. In this case,

the computer readable medimm may comprise RAM {ec.g., synchronous dynamic random
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access memory (SDRAM)), ROM, NVRAM, EEPROM, FLASH memory, magnetic or
optical data storage media, and the hke.

13142] The program code may be executed by one or more processors, such as one or
more DS8Ps, general purpose wicroprocessors, ASICs, FPGAs, or other equivalent
integrated or discrete logic circuitry. In this sense, the techniques are implemented in
hardware, whether fraplemented entirely in hardware or i hardware such as a processor
executing computer-readable code.  Accordingly, the term “processor,” as used herein
may refer to any of the foregoing structure or any other structurc suitable for
implementation of the techniques deseribed herein.

{10143] Many exaraples of the disclosure have been described. These and other examples
are within the scope of the following claims. Various modifications may be roade without

departing from the scope of the claims.

46



WO 2012/103108 PCT/US2012/022388

WHAT IS CLAIMED Is:

I. A system comprising:

an implantable medical device comprising a device bousing;

an acoustic module configured to produce a pressure wave within a patient with a
portion of the device housing and detect at least one reflected pressure wave with the
housing portion; and

a processor configured to autoratically determine a physiological condition of the
patient based on the at least one reflected pressure wave, wherein the device housing

substantially encloses the processor.

2. The system of claim 1, wherein the device housing is configured to enclose
operational circuriry of the implantable wedical device, and wherein the device housing s
tuned to one or more frequencies of the pressure wave.

3. The system of any of claims 1 and 2, wherein the implantable medical device is
configured to be implanted at an internal location mferior to a bladder and lateral to a

labia.

4. The system of any of claims 1 to 3, wherein the physiological condition includes a

bladder fullness state.

5. The system of any of claims 1 to 4, wherein the acoustic module is configured to:
determine a time delay between the prodoced pressare wave and the at least one
reflected pressure wave; and
determine g distance between the housing portion and an anatomical structure of
the patient from which the at least one reflected pressure wave originated based on the

time delay.
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6. The system of any of claims 1 to 5, wherein the at least one reflected pressure
wave comprises a first reflected pressure wave and a second reflected pressure wave,
and wherein the acoustic module is configured to:

determine a first time delay between the produced pressure wave and the first
reflected pressure wave;

determine a second time delay between the produced pressure wave and the
second reflected pressure wave; and

determine a distance between first and second anatomical structures of the
patient from which the first and second reflected pressure waves, respectively,
originated based on a difference between the first time delay and the second time delay.

7. The system of any of claims 1 to 6, further comprising an external programmer
comprising a user interface, wherein the user interface is configurcd to receive a therapy
adjustment input from the patient, the therapy adjustment input indicating an adjustment
to therapy delivered by the implantable medical device.

8. The system of claim 7, further comprising a memory, wherein the processor is
configured to;

determine the physiological condition with the acoustic module after an input
delay period immediatcly following receipt of the therapy adjustment input by the
external programmecr and set a first state of the patient based on the physiological
condition;

retrieve, from the memory, a last physiological condition determination before
the therapy adjustment input was received; and

sct a second state of the patient based on the last physiological condition
determination.

9. The system of claim 8, wherein the implantable medical device comprises the
memory and a telemetry module configured to receive the therapy adjustment from the

external programmer.

10. The system of any of claims 7 to 9, wherein the external programmer is
configured to present a notification to the patient based on the physiological condition.
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11.  The system of any of claims 1 to 10, further comprising:

at least one medical lead coupled to the implantable medical device; and

a therapy delivery module disposed within the device housing and configured to
deliver clectrical stimulation therapy to the patient via the at least one medical lead,
wherein the processor is configured to control electrical stimulation therapy based on
the physiological condition.

12.  The system of any of claims 1 to 11, wherein the acoustic module is configured
to produce the pressure wave with the portion of the device housing by at least causing
the portion of the housing to oscillate.

49
RECTIFIED SHEET (RULE 91) ISA/EP



WO 2012/103108

EXTERNAL
PROGRAMMER
24

110

10

PCT/US2012/022388

14




WO 2012/103108 PCT/US2012/022388

210

FIG. 2A



WO 2012/103108 PCT/US2012/022388

3/10

FIG. 2B



WO 2012/103108

4/10

A

PCT/US2012/022388

ACOUSTIC MODULE
86
ACTUATOR
CIRCUIT THERAPY DELIVERY
88 == MODULE
84
DETECTOR
CIRGUIT
70
b
TELEMETRY
SENSOR PROCESSOR ODULE
i 26
78
MEMORY
58
STIMULATION THERAPY
PROGRAMS
60
BLADDER DATA
62 POWER
- SOURGE
80




WO 2012/103108 PCT/US2012/022388

510

{24

MEMORY .| USER INTERFACE
84 . 88

I

PROCESSOR
82

i

TELEMETRY
MODULE
88

POWER SOURCE
20




WO 2012/103108 PCT/US2012/022388

6/10

20

g7A 878

88 100
95



PCT/US2012/022388

WO 2012/103108
7710
110
e DELIVER THERAPY »
112
\_—"" MONITOR ~~__ NO
“~_ BLADDER? _— |
114
\.]  PRODUCE PRESSURE
WAVE
116 %
\.J  WAIT FOR BLANKING
PERIOD
118 %
| DETECT REFLECTED
PRESSURE WAVE
420 | DETERMINE BLADDER
\_| FULLNESS STATE BASED
ON DISTANCE INDICATED
BY TIME DELAY
122
\__—"STATE ABOVE ™~__NO
“~_THRESHOLD? Y
124
\_| CONTROL STIMULATION
THERAPY




WO 2012/103108 PCT/US2012/022388

8/10

126
“o|  DELIVER THERAPY |
128
"7 MONITOR ™~ NO
“~.._ BLADDER?  \
130
.| PRODUCE PRESSURE WAVE &
WAIT FOR BLANKING PERIOD
132 %
\_|  DETECT FIRST REFLECTED
PRESSURE WAVE
134 é
\_| DETECT SECOND REFLECTED
PRESSURE WAVE
136 | DETERMINE BLADDER FULLNESS
o  STATE BASED ON DISTANCE
INDICATED BY TIME DIFFERENCE
138
" STATE ABOVE . NO
. THRESHOLD? 2
Tves
140
\_| CONTROL STIMULATION

THERAPY




WO 2012/103108

148

148

150

152

9/10

RETRIEVE BLADDER DATA

'

SET MAXIMUM MEASURED
TIME DELAY AS EMPTY
BLADDER FULLNESS
STATE

v

SET MINIMUM MEASURED
TIME DELAY AS FULL
BLADDER FULLNESS

STATE

‘

RESET CALIBRATION TIMER

PCT/US2012/022388



WO 2012/103108

10/10

PCT/US2012/022388

156
N MONITOR BLADDER »
FULLNESS STATE
YES Lg
RECEW ~_NO

< ADJUSTMENT
S NPUT?

[ ves

RETRIEVE PREVIOUS
160 | DETERMINED TIME DELAY
N AND SET AS FULL
RLADDER FULLNESS
STATE

162

o] WAIT INPUT DELAY PERIOD
AFTER ADJUSTMENT INPUT

:

164 PRODUGCE AND DETECT
“d  PRESSURE WAVES TO
DETERMINE TIME DELAY

166 %

o) SET TIME DELAY AB EMPTY
BLADDER STATE

168 %

N RESET CALIBRATION TIMER




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/022388
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B8/08 A61B8/12 A61B5/20 A61IN1/36
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B AG61N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2007/027494 Al (GERBER MARTIN T [US])
1 February 2007 (2007-02-01)

Y paragraphs [0020] - [0026] 6
paragraphs [0030] - [0034]
paragraph [0040]
paragraphs [0057] - [0060]
figures

1-5,7-12

Y WO 86/06606 Al (INT BIOMEDICS INC [US]) 6
20 November 1986 (1986-11-20)

page 9, line 5 - page 11, Tine 16
figures 1-2

A FR 2 920 087 Al (UNIV GRENOBLE 1 [FR])
27 February 2009 (2009-02-27)
page 7, line 11 - page 8, line
page 16, lines 8-25

figure 1

1-12
37

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 May 2012

Date of mailing of the international search report

23/05/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bataille, Frédéric

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/022388

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 39 32 718 Al (PREUSSNER PAUL ROLF DIPL
PHYS [DE]) 18 April 1991 (1991-04-18)

the whole document

US 2007/027495 Al (GERBER MARTIN T [US])
1 February 2007 (2007-02-01)

paragraphs [0025] - [0031]

figures 1-5

US 2005/216069 Al (COHEN EHUD [IL] ET AL)
29 September 2005 (2005-09-29)

paragraphs [0210] - [0212]

pages 217-218

1-12

1-12

1-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/022388
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007027494 Al 01-02-2007 US 2007027494 Al 01-02-2007
US 2010240949 Al 23-09-2010
US 2011190844 Al 04-08-2011
WO 8606606 Al 20-11-1986  EP 0221994 Al 20-05-1987
WO 8606606 Al 20-11-1986
FR 2920087 Al 27-02-2009  EP 2185102 Al 19-05-2010
FR 2920087 Al 27-02-2009
US 2011124955 Al 26-05-2011
WO 2009027196 Al 05-03-2009
DE 3932718 Al 18-04-1991  NONE
US 2007027495 Al 01-02-2007  NONE
US 2005216069 Al 29-09-2005 AU 2002358934 Al 18-06-2004
EP 1461117 Al 29-09-2004
US 2005216069 Al 29-09-2005
WO 2004047914 Al 10-06-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report

