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DEVICES, SYSTEMS, AND METHODS FOR PROMOTING VOIDING IN
SUBJECTS WITH UNDERACTIVE BLADDERS

RELATED APPLICATIONS
[6801}]  This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/880,239 filed July 30, 2019, which is incorporated herein by reference in

its entirety for all purposes.
FIELD

{0002}  This present disclosure provides devices, systems, and methods for the treatment of
conditions pertaining to bladder control. In particular, the present disclosure provides devices,
systems, and methods directed to the application of electrical stimulation to the proximal
urethra and associated nervous tissue to elicit voiding contractions that normalize bladder

function.
BACKGROUND

{0003} The International Continence Society broadly characterizes underactive bladder
(UAB) by a “slow urinary stream, hesitancy and straining to void, with or without a feeling of
incomplete bladder emptying sometimes with storage symptoms.” Detrusor Underactivity
(DU), however, is a more specific pressure-flow urodynamic diagnosis with multiple
formulaic definitions. DU is associated with bladder emptying symptoms, upper urinary tract
deterioration, and recurrent urinary tract infections. Neurogenic etiologies include spinal
trauma and congenital disease, stroke, peripheral nerve trauma secondary to pelvic surgeries
and trauma, diabetes mellitus, and neurological disorders. Myogenic etiologies include
diabetes mellitus and long-term bladder outlet obstruction. DU was observed in 9-28% of
men <50 years of age and in 48% of men >70 years of age with “non-neurogenic” lower
urinary tract symptoms, suggesting a role for aging. Overall, it is very difficult to ascertain
true prevalence of DU because only those with symptoms significant enough to justify
invasive urodynamic testing receive a diagnosis.

[00064] DU has few available treatment options. Medically, drug options included alpha-
blockers, 5-alpha reductase inhibitors, and poorly efficacious, non-specific
parasympathomimetics. Catheterization has become a mainstay of the management of DU

patients of various etiologies; however, infections, urethral trauma, and bladder stones are not
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uncommon consequences. Sacral neuromodulation, utilized for overactive bladder, also
appears to be somewhat efficacious for non-obstructive urinary retention, but the mechanisms

for these effects are poorly understood.
SUMMARY

{8005] Embodiments of the present disclosure include a system that comprises an
electrical pulse generator configured to deliver a plurality of pulses based on input associated
with inducement of at least one physiological response, and a plurality of electrodes
functionally coupled to the pulse generator and configured for placement on proximal urethra
tissue (including and any associated nerves (e.g., nerves within and immediately adjacent to
the urethral tissue)) of a subject. In accordance with these embodiments, the pulse generator
includes a power source, and activation of the pulse generator causes the plurality of pulses to
be delivered from the plurality of electrodes, thereby inducing the at least one physiological
response in the subject.

[8006}] In some embodiments, the plurality of pulses are delivered at a frequency from
about 1 Hz to about 100 Hz. In some embodiments, the plurality of pulses are delivered at a
frequency from about 10 Hz to about 75 Hz. In some embodiments, the plurality of pulses are
delivered at a frequency from about 20 Hz to about 50 Hz.

{0007  In some embodiments, the plurality of pulses are delivered at about 1 V to about 75
V. In some embodiments, the plurality of pulses are delivered at about 10 V to about 50 V.
[8608] In some embodiments, plurality of pulses are delivered at durations from about
0.01 to about 1.0 ms. In some embodiments, the plurality of pulses are delivered at durations
of about 0.1 ms.

[6009] In some embodiments, the plurality of pulses are delivered at a 30s on/60s off
pattern. In some embodiments, the plurality of pulses are delivered at a 60s on/120s off
pattern.

{0010} In some embodiments, the at least one physiological response comprises at least
one of bladder voidance contractions, voiding-associated rhabdosphincter relaxation, and
urethral circumferential smooth muscle relaxation.

{6611} In some embodiments, the plurality of electrodes comprises any electrodes ranging
from monopolar electrodes to dipolar electrodes. In some embodiments, the plurality of
electrodes are placed orthogonally across the proximal urethra and immediate margins and

spaced about 0.1 cm to about 2.0 cm apart. In some embodiments, the plurality of electrodes
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comprises a flexible electrode support comprising integrated bipolar electrodes. In some
embodiments, the thin flexible electrode support comprising integrated bipolar electrodes is
placed in the mid-to-proximal urethra area.

{8012}  In some embodiments, the at least one physiological response is induced in the
subject in the absence of a somatomotor response.

[8013} In some embodiments, the pulse generator is external to the subject, and wherein
the pulse generator is wirelessly coupled to the plurality of electrodes. In some embodiments,
the pulse generator is internal to the subject, and wherein the pulse generator is directly
coupled to the plurality of electrodes.

[0014] In some embodiments, the system further includes an external controller
functionally coupled to the pulse generator; the controller provides input to the pulse
generator to induce the at least one physiological response.

[0015] In some embodiments, the pulse generator comprises a programmable
MICroProcessor.

[6016] In some embodiments, the power source comprises a battery external to the
subject. In some embodiments, the power source comprises a battery internal to the subject.
{0017f  Embodiments of the present disclosure also include a method for delivering a
plurality of electrical pulses to proximal urethra and any associated nerves (e.g., nerves
within and immediately adjacent to the urethral tissue) of a subject using any of the
embodiments of the system described above. In accordance with these embodiments, the
method includes manipulating a controller to provide input to the pulse generator, and
activating the pulse generator to cause a plurality of pulses to be delivered to a plurality of
electrodes to induce at least one physiological response.

{0018} In some embodiments, the at least one physiological response comprises bladder
voidance contractions.

[0819] In some embodiments, manipulating the controller comprises selecting pre-
determined input parameters associated with the at least one physiological response. In some
embodiments, the pre-determined input parameters comprise one or more of pulse frequency,
voltage, duration, amplitude and/or pattern.

[6626}  In some embodiments, the method improves at least one symptom associated with
underactive bladder in the subject

{80211  Embodiments of the present disclosure also include use of any of the embodiments

of the system described above in a method for delivering a plurality of electrical pulses to
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proximal urethra and any associated nerves (e.g., nerves within and immediately adjacent to
the urethral tissue) of a subject. In accordance with these embodiments, the method includes
manipulating a controller to provide input to the pulse generator, and activating the pulse
generator to cause a plurality of pulses to be delivered to a plurality of electrodes to induce at
least one physiological response.

{0022} Embodiments of the present disclosure also include a method of treating
underactive bladder in a subject. In accordance with these embodiments, the method includes
manipulating a controller to provide input associated with inducement of at least one
physiological response to a pulse generator, the pulse generator configured to generate a
plurality of pulses based on the input, and activating the pulse generator to cause the plurality
of pulses to be delivered from a plurality of electrodes. The plurality of electrodes are
functionally coupled to the pulse generator and in contact with proximal urethra and any
associated nerves (e.g., nerves within and immediately adjacent to the urethral tissue) in the
subject such that activation of the pulse generator induces the at least one physiological
response in the subject.

[0023}]  In some embodiments, the subject has been diagnosed with Detrusor Underactivity
(DU).

{9024} In some embodiments, the at least one physiological response comprises at least
one of bladder voidance contractions, voiding-associated rhabdosphincter relaxation, and
urethral circumferential smooth muscle relaxation.

[6025] In some embodiments, manipulating the controller comprises selecting pre-
determined input parameters associated with the at least one physiological response.

[6826] In some embodiments, the pre-determined input parameters comprise one or more
of pulse frequency, voltage, duration, amplitude and/or pattern.

{00277  In some embodiments, the method improves at least one symptom of underactive
bladder in the subject.

[0028}] In some embodiments, the method further comprises administering a therapeutic
agent to the subject before, during, or after the activation of the pulse generator.

[6029] In some embodiments, the therapeutic agent comprises one or more of a
nonspecific or M3 specific muscarinic agonist, a parasympathomimetic, an M3 muscarinic
receptor positive allosteric modulator, a sensory afferent transmission enhancing compound,
a GABA receptor antagonist, and/or a Glycine receptor antagonist, and any combinations

thereof.
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{6038} Embodiments of the present disclosure also include use of an electrical stimulation
system in a method for treating underactive bladder in a subject. In accordance with these
embodiments, the method includes manipulating a controller to provide input associated with
inducement of at least one physiological response to a pulse generator, the pulse generator
configured to generate a plurality of pulses based on the input, and activating the pulse
generator to cause the plurality of pulses to be delivered from a plurality of electrodes. The
plurality of electrodes are functionally coupled to the pulse generator and in contact with
proximal urethra and any associated nerves (e.g., nerves within and immediately adjacent to
the urethral tissue) in the subject such that activation of the pulse generator induces the at

least one physiological response in the subject.
BRIEF DESCRIPTION OF THE DRAWINGS

{8031}  FIGS. 1A-1B: FIG. 1A includes a representative schematic of a system for the
application of electrical stimulation to the proximal urethra to elicit voiding contractions in a
subject. FIG. 1B includes representative images corresponding to the testing of the system in
adult female Sprague-Dawley rats (Phase one preparation via laparotomy). Note cystometric
transvesical catheter, bilateral ureteral diversion catheters, and exposed urethra after
symphysectomy with electrode placement (left panel). Asymmetric (left-side only) voiding
contraction after right pelvic nerve transection (PNx), phase two preparation (right panel).
Note that preparation utilizes a thin flexible electrode support with integrated bipolar
electrodes.

[8032} FIG. 2. Phase one cystometrogram with scoring. From right-to-left, 20Hz with
increasing voltage. Note no contraction at 20V (score of 0), contractions without lower
extremity somatomotor activity at 30V and 40V (score of +2), and contraction with lower
extremity somatomotor activity at SOV (score of +1).

{0033} FIG. 3: Phase one frequency and voltage responses. Note overall positive scores
for 20Hz and 50Hz across voltages (n=17 rats).

{0034}  FIG. 4. Representative results validating unilateral pelvic nerve transection (PNXx;
black bars; n=17). Data demonstrates significant increases in true bladder capacity (TBC; left
panel) and significant decreases in VE (right panel) when compared to control (sham PNx
rats; gray bars; n=8). For TBC: #P<0.0001 vs. Prel-3 by Tukey’s multiple comparison test
(MCT), *P=0.0027, PP=0.0335 and *P=0.0066 for PNx vs Control by Sidak’s MCT. P<0.0001
for Interactions, P<0.0001 for Pre- vs Post-PNx, and P=0.0079 for PNx vs. Control by
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nonparametric 2-Way repeated measures ANOVA (NP 2-Way RM ANOVA). For VE:
¥P<0.0001 vs. Prel-3 by Tukey’s multiple comparison test (MCT), *P=0.0002, PP=0.0001 and
#P=0.0001 for PNx vs Control by Sidak’s MCT. P<0.0001 for Interactions, P<0.0001 for Pre-
vs Post-PNx, and P=0.0005 for PNx vs. Control by NP 2-Way RM ANOVA.

[60835}  FIG. 5: Proportional responses to PUES after right pelvic nerve transection (left
panel; n=31 trials for each stimulus frequency). Red = voiding contraction; Blue = Non-
voiding Contraction; Black = No Response. Average voiding efficiency (from left-to-right)
for pre-PNx single-fill cystometrograms, post-PNx cystometrograms, and when voiding
contractions were present from PUES (right panel; n=14 across all conditions). It is important
to note that 60-70% VE is normal for urethane anesthetized rats with open abdomens.

P<0.0001 by Friedman Test, *** P<0.001 and **** P<0.0001 by Dunn’s MCT.
DETAILED DESCRIPTION

{0836}  Section headings as used in this section and the entire disclosure herein are merely

for organizational purposes and are not intended to be limiting.
1. Definitions

[6037}  Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art. In case of conflict,
the present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equivalent to those described
herein can be used in practice or testing of the present disclosure. All publications, patent
applications, patents and other references mentioned herein are incorporated by reference in
their entirety. The materials, methods, and examples disclosed herein are illustrative only and
not intended to be limiting.

[8038] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms

133

a,” “and” and “the” include plural references unless the context clearly dictates otherwise.

% <<

The present disclosure also contemplates other embodiments “comprising,” “consisting of”
and “consisting essentially of,” the embodiments or elements presented herein, whether

explicitly set forth or not.
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{6639}  For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-
9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated.
Recitation of ranges of values herein are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise-
Indicated herein, and each separate value is incorporated into the specification as if it were
individually recited herein. For example, if a concentration range is stated as 1% to 50%, it is
intended that values such as 2% to 40%, 10% to 30%, or 1% to 3%, etc., are expressly
enumerated in this specification. These are only examples of what is specifically intended,
and all possible combinations of numerical values between and including the lowest value
and the highest value enumerated are to be considered to be expressly stated in this
disclosure.

[0048]  “Subject” and “patient” as used herein interchangeably refers to any vertebrate,
including, but not limited to, a mammal (e.g., cow, pig, camel, llama, horse, goat, rabbit,
sheep, hamsters, guinea pig, cat, dog, rat, and mouse, a non-human primate (e.g., a monkey,
such as a cynomolgus or rhesus monkey, chimpanzee, etc.) and a human). In some
embodiments, the subject may be a human or a non-human. In one embodiment, the subject
is a human. The subject or patient may be undergoing various forms of treatment.

[0041} “Treat,” “treating” or “treatment” are each used interchangeably herein to describe
reversing, alleviating, or inhibiting the progress of a disease and/or injury, or one or more
symptoms of such disease, to which such term applies. Depending on the condition of the
subject, the term also refers to preventing a disease, and includes preventing the onset of a
disease, or preventing the symptoms associated with a disease. A treatment may be either
performed in an acute or chronic way. The term also refers to reducing the severity of a
disease or symptoms associated with such disease prior to affliction with the disease. Such
prevention or reduction of the severity of a disease prior to affliction refers to administration
of a treatment to a subject that is not at the time of administration afflicted with the disease.
“Preventing” also refers to preventing the recurrence of a disease or of one or more
symptoms associated with such disease.

{60421  “Therapy” and/or “therapy regimen” generally refer to the clinical intervention
made in response to a disease, disorder or physiological condition manifested by a patient or

to which a patient may be susceptible. The aim of treatment includes the alleviation or
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prevention of symptoms, slowing or stopping the progression or worsening of a disease,
disorder, or condition and/or the remission of the disease, disorder or condition. In some
embodiments, the treatment comprises electrical stimulation to the proximal urethra to elicit
voiding contractions that normalize bladder function.

6643} Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those
of ordinary skill in the art. For example, any nomenclatures used in connection with,
and techniques of, cell and tissue culture, molecular biology, neurobiology, microbiology,
genetics, electrical stimulation, neural stimulation, neural modulation, and neural prosthesis
described herein are those that are well known and commonly used in the art. The meaning
and scope of the terms should be clear; in the event, however of any latent
ambiguity, definitions provided herein take precedent over any dictionary or extrinsic
definition. Further, unless otherwise required by context, singular terms shall include

pluralities and plural terms shall include the singular.
2. Devices and Systems for Urethral Electrostimulation

[8044}  This present disclosure provides devices, systems, and methods for the treatment of
conditions pertaining to bladder control. In particular, the present disclosure provides devices,
systems, and methods directed to the application of electrical stimulation to the proximal
urethra and associated nervous tissue to elicit voiding contractions that normalize bladder
function.

[0045] As context for the inventive subject matter described herein, Barrington’s
discoveries of urethra-to-bladder reflexes in cats from the early 1900s provide a potential
therapeutic target for treating certain bladder conditions. Barrington’s Reflexes (BR) 2, 3, and
7 resulted in excitatory detrusor activity via afferents from the proximal urethra. BR2 is a
pudendal nerve reflex stimulating a voiding contraction, BR3 is a hypogastric reflex
stimulating a non-voiding contraction, and BR7 is a pelvic nerve reflex stimulating a voiding
contraction. Another reflex, BR4 results in relaxation of the rhabdosphincter via pudendal
afferents in response to intraluminal flow, which also promoted voiding. Flow-dependent
urethra-to-bladder reflexes have also been described. Collectively, these reflexes represent a
positive feedback mechanism for efficient voiding.

[0046] Based on Barrington’s reflexes, extraluminal proximal urethral electrical

stimulation (PUES) was developed to induce bladder contractions. Electrodes were placed in
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the mid-to-proximal pelvic urethra area, where the pelvic and hypogastric afferents course
proximal-to-distal from the major pelvic ganglia and the pudendal afferents course distal-to-
proximal from the sacral plexus. By field stimulating the urethral serosal surface and
immediately adjacent tissue, afferent fibers from all nerves both intramurally and
extramurally were included. A two-phase exploratory rat study was conducted to apply
stimulation under conditions of neurogenic UAB. In phase one, electrical field stimulation
(EFS) was applied with bipolar electrodes positioned over the exposed ventral proximal
urethra in normal rats. In phase two, experiments were conducted to investigate whether a
thin flexible electrode support with integrated bipolar electrodes, placed dorsally in an
anatomically-similar position to that of a urethral sling, could improve bladder function in the
setting of underactive bladder (UAB) caused by unilateral pelvic nerve transection (PNx).
{88477  In accordance with the above, electrical field stimulation of the proximal urethras
of urethane-anesthetized rats was performed in order to produce bladder contractions in the
settings of neurologically-intact, and unilateral pelvic nerve transected rats (latter two
conditions as proxies for underactive bladder). Results described further herein demonstrate
that proximal urethral electrical stimulation elicits voiding contractions that normalize
bladder function in setting of a validated unilateral pelvic nerve transection model for
underactive bladder in rats. In particular, in spinal-intact rats, PUES at 20Hz and 30-40V
elicited reliable bladder contractions, often in the absence of somatomotor responses; thin
flexible electrode support-mounted electrodes between urethra and vagina prevented
somatomotor response in subsequent experiments. The validated unilateral PNx model
induces conditions of increased TBC and decreased VE which effectively proxy for
underactive bladder. Following PNx, PUES with posterior stimulation at 20-30Hz (50V)
reliably elicited voiding contractions with normal VE at greatly reduced (normal) fill volumes
without somatomotor activation, thereby normalizing functional voiding in this underactive
bladder model.

[0048]  Phase one results demonstrated reliable and consistent bladder contractions from
PUES in spinal-intact rats within a specific range of stimulus parameters. The PUES
approach does not discriminate among which nerve’s afferents (pelvic, hypogastric or
pudendal) contributed to the reflex. Regardless, the results following SCI demonstrate that
the observed PUES-evoked contractions are not due to direct detrusor stimulation because the
bladders did not respond to PUES after SCI but did still contract with direct contact.

Additionally, BRs appear to require some suprasacral spinal involvement. The latter finding
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is interesting as sacral bladder-to-urethra external urethral sphincter guarding and smooth
muscle relaxant reflexes remain intact under the same conditions (unpublished observations).
{0049}  Pelvic surgery is a known etiology for UAB presumed to involve at least unilateral
pelvic nerve injury. A significant increase in TBC and a decrease in VE was found after
unilateral PNx that was not demonstrated in sham-PNx rats, thereby eliminating the
possibility that results were due to the cystometric testing procedure over time and validating
the model. Both unilateral and bilateral pelvic nerve transection have previously been
described as models for underactive bladder; however, the results provided herein are the first
fully validated acute model with appropriate in series and parallel controls.

{00567  Although yet to be validated in a human subject, other studies have demonstrated
that in chronic spinal cord injured men with sufficient bladder volumes, electrical stimulation
of the proximal urethral can stimulate detrusor contraction. Such results may, however,
represent a mass reflex, rather than a voiding reflex one would expect from BR. Interestingly,
successful surgical repair of SUI in mixed urge-stress incontinent women results in a cure of
the urge component in 50-75% of patients. This finding suggests that urine in the proximal
urethra may trigger a voiding contraction in humans, and therefore, represents evidence of an
excitatory BR in humans and the likely applicability of PUES. As more experiments are
performed to determine the exact mechanism and utility of PUES in animal models,
investigations have also started to define an initial subset of human subjects who may benefit
from PUES; first index patients would be otherwise neurologically intact women with DU
clearly time-associated with pelvic surgery. Obviously, patients who would not achieve
benefit would be those with complete bilateral losses of urethral afferents and bladder
efferent nerve connectivity.

{0051}  As described further herein, embodiments of the present disclosure include a
system (e.g., to carry out the PUES approach described herein) that comprises an electrical
pulse generator configured to deliver a plurality of electrical pulses based on input associated
with inducement of at least one physiological response, and a plurality of electrodes
functionally coupled to the pulse generator and configured for placement on proximal urethra
tissue of a subject sufficient to stimulate associated nerves (e.g., autonomic and pudendal
sensory nerves). In accordance with these embodiments, the pulse generator generally
includes a power source, and activation of the pulse generator causes the plurality of pulses to
be delivered from the plurality of electrodes, thereby inducing the at least one physiological

response in the subject.
10
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[6052}]  For example, FIG. 1A includes a representative schematic of systems and devices
of the present disclosure for applying electrical stimulation to the proximal urethra to elicit
voiding contractions in a subject. As shown, the system includes a plurality of electrodes (1),
or stimulating electrodes (e.g., bipolar electrodes), that are placed on the proximal tissue of
the urethra of a subject, including any associated nervous tissue. In some embodiments, the
plurality of electrodes (1) are coupled directly to lead wires (2) that extend to a pulse
generator or stimulation unit (3). In some embodiments, the pulse generator (3) is implantable
in the subject (FIG. 1A). For example, the pulse generator can be a magnetically-triggered
implantable stimulation unit that includes a rechargeable battery, although other
configurations of pulse generators can also be used, as would be recognized by one of skill in
the art based on the present disclosure. In some embodiments, the pulse generator is external
to the subject, and the pulse generator is wirelessly coupled to the plurality of electrodes. In
some embodiments, the pulse generator is internal to the subject, and the pulse generator is
directly coupled to the plurality of electrodes.

[6053] In some embodiments, the plurality of electrodes comprises any electrodes ranging
from monopolar electrodes to dipolar electrodes. In some embodiments, the plurality of
electrodes are placed orthogonally across the proximal urethra and immediate margins and
spaced about 0.1 cm to about 2.0 cm apart. In some embodiments, the plurality of electrodes
are spaced about 0.1 cm to about 1.5 cm apart. In some embodiments, the plurality of
electrodes are spaced about 0.1 cm to about 1.0 cm apart. In some embodiments, the plurality
of electrodes are spaced about 0.5 ¢m to about 2.0 ¢m apart. In some embodiments, the
plurality of electrodes are spaced about 0.5 cm to about 1.5 cm apart. In some embodiments,
the plurality of electrodes are spaced about 0.5 cm to about 1.0 cm apart. In some
embodiments, the plurality of electrodes comprises a flexible electrode support comprising
integrated bipolar electrodes. In some embodiments, the flexible electrode support
comprising integrated bipolar electrodes is placed in the mid-to-proximal urethra area.

[0054} In some embodiments, the system can include an external magnetic or radio unit
(4) that can be configured to activate/deactivate the pulse generator (3). This external
controller can be used to send activation/deactivation signals (e.g., on-demand) to the pulse
generator (3) to induce the generation of a plurality of electrical pulses from the electrodes
(1), which stimulate bladder voidance contractions in the subject for a certain period of time

sufficient to induce bladder voidance. Additionally, the systems and devices of the present
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disclosure can also include a power source, such as an external charging unit (5), for
providing power to the pulse generator.

{0055}  In some embodiments, the pulse generator can include a power source comprising
a battery and a programmable microprocessor coupled to the battery, and the pulse generator
can be generally configured to generate electrical signals for delivering a plurality of
electrical pulses having certain characteristics or a certain pattern of electrical stimulation
capable of inducing a physiological response in a subject. In some embodiments, the system
further includes a controller comprising hardware, software, firmware, or combinations
thereof for implementing functionality described herein. For example, the controller can be
implemented by one or more microprocessors and memory. The controller can be operatively
connected to the pulse generator to facilitate the generation of electrical signals and applying
temporal patterns of electrical stimulation to targeted urethral tissue. The output signals may
be received by the connection lead and carried to the electrode or electrodes for the delivery
of electrical stimulation to targeted urethral tissue. In some embodiments, such as when both
the pulse generator and power source are implanted in a subject, activation of the pulse
generator can include activation using a smartphone (e.g., smartphone application as the
controller). In some cases, activation of the pulse generator using a smartphone can serve as a
backup in the event a main controller is inoperable or out of range.

[8836]  As would be recognized by one of ordinary skill in the art based on the present
disclosure, the systems and devices described herein are used to deliver a plurality of
electrical pulses to a subject in an effort to induce a desired physiological response in the
subject (e.g., induce bladder avoidance contractions to treat underactive bladder conditions).
In accordance with these embodiments, the systems and devices of the present disclosure can
be used to deliver a variety of electrical stimulations based on pre-determined input
parameters that include, but are not limited to, pulse frequency, voltage, duration, amplitude
and/or pattern. These input parameters can be adjusted based on a variety of clinical factors to
treat a patient, such as but not limited to, the condition being treated, patient characteristics,
biomarker information, and/or information from a clinical diagnosis.

[6057} In some embodiments, the physiological response is induced to treat one or more
symptoms associated with a bladder condition, such as underactive bladder. In some
embodiments, the physiological response includes, but is not limited to, bladder voidance
contractions, voiding-associated rhabdosphincter relaxation, and urethral circumferential

smooth muscle relaxation. Other physiological responses currently known or subsequently
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discovered to be associated with a bladder disease or condition can also be induced using the
systems and methods of the present disclosure. As described further herein, the physiological
response can be induced in the subject in the absence of an undesired physiological response
in the subject. For example, the systems and devices of the present disclosure can be used to
induce bladder voidance contractions without concomitant activation of a somatomotor
response.

[0058] In some embodiments, the plurality of pulses are delivered at a frequency from
about 1 Hz to about 100 Hz. In some embodiments, the plurality of pulses are delivered at a
frequency from about 10 Hz to about 75 Hz. In some embodiments, the plurality of pulses are
delivered at a frequency from about 20 Hz to about 50 Hz. In some embodiments, the
plurality of pulses are delivered at a frequency from about 10 Hz to about 60 Hz. In some
embodiments, the plurality of pulses are delivered at a frequency from about 10 Hz to about
50 Hz. In some embodiments, the plurality of pulses are delivered at a frequency from about
10 Hz to about 40 Hz. In some embodiments, the plurality of pulses are delivered at a
frequency from about 10 Hz to about 30 Hz.

[0059]  In some embodiments, the plurality of pulses are delivered at about 1 V to about 75
V. In some embodiments, the plurality of pulses are delivered at about 10 V to about 50 V. In
some embodiments, the plurality of pulses are delivered at about 10 V to about 40 V. In some
embodiments, the plurality of pulses are delivered at about 10 V to about 30 V. In some
embodiments, the plurality of pulses are delivered at about 10 V to about 20 V. In some
embodiments, the plurality of pulses are delivered at about 20 V to about 100 V. In some
embodiments, the plurality of pulses are delivered at about 20 V to about 90 V. In some
embodiments, the plurality of pulses are delivered at about 20 V to about 80 V. In some
embodiments, the plurality of pulses are delivered at about 20 V to about 70 V. In some
embodiments, the plurality of pulses are delivered at about 20 V to about 60 V. In some
embodiments, the plurality of pulses are delivered at about 30 V to about 60 V. In some
embodiments, the plurality of pulses are delivered at about 40 V to about 60 V.

[0068] In some embodiments, plurality of pulses are delivered at durations from about
0.01 to about 1.0 ms. In some embodiments, plurality of pulses are delivered at durations
from about 0.05 to about 1.0 ms. In some embodiments, plurality of pulses are delivered at
durations from about 0.1 to about 1.0 ms. In some embodiments, plurality of pulses are
delivered at durations from about 0.1 to about 0.5 ms. In some embodiments, the plurality of

pulses are delivered at durations of about 0.1 ms, 0.2 ms, 0.3 ms, 0.4 ms, or 0.5 ms.
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[6061}] In some embodiments, the plurality of pulses are delivered at a 30s on/30s off
pattern. In some embodiments, the plurality of pulses are delivered at a 30s on/60s off
pattern. In some embodiments, the plurality of pulses are delivered at a 30s on/90s off
pattern. In some embodiments, the plurality of pulses are delivered at a 30s on/120s off
pattern. In some embodiments, the plurality of pulses are delivered at a 60s on/30s off
pattern. In some embodiments, the plurality of pulses are delivered at a 60s on/60s off
pattern. In some embodiments, the plurality of pulses are delivered at a 60s on/90s off
pattern. In some embodiments, the plurality of pulses are delivered at a 60s on/120s off
pattern. In some embodiments, the plurality of pulses are delivered at a 30s off/90s on
pattern. In some embodiments, the plurality of pulses are delivered at a 30s off/120s on
pattern. In some embodiments, the plurality of pulses are delivered at a 60s off/90s on
pattern. In some embodiments, the plurality of pulses are delivered at a 60s off/120s on
pattern.

[0062] In some embodiments, the plurality of electrical pulses can have a waveform(s)
that is optimized for a given function. Waveform(s) that can be generated using the systems
and devices of the present disclosure can have any suitable shape, including but not limited to
square waves, rectangular waves, triangular waves, and saw-toothed waves. Waveform(s) of
the present disclosure can also be uni-directional, bi-directional, periodic, non-periodic,
symmetrical, non-symmetrical, simple, or complex. In some embodiments, the shape of the
optimized waveform can be described as or based on a sum of sinusoidal functions, a sum of
Gaussian functions, or a sum of any other functional forms, as would be recognized by one of
ordinary skill in the art based on the present disclosure.

[6863] In some embodiments, the systems and devices of the present disclosure include an
external computing device that is not implanted within a subject. The computing device can
communicate with a device or system via any suitable communication link (e.g., a wired,
wireless, or optical communication link). The communication link may also facilitate battery
recharge. In one embodiment, a clinician or medical professional may interact with a user
interface of the computing device for programming the output of the implanted pulse
generator, for example, based on pre-determined input parameters associated with inducing a
particular physiological response in a subject. In accordance with these embodiments,
systems and methods of the present disclosure can be used to deliver a plurality of electrical
pulses, as described herein, to treat a symptom of a bladder condition. In some embodiments,

systems and methods of the present disclosure can be implemented as an algorithm within a
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pulse generator device. A controller can deliver multiple frequencies and patterns of electrical
pulses through different output channels to different contacts on the stimulation electrode in
contact with proximal urethra tissue and associated nervous tissue (e.g., autonomic and
pudendal sensory nerves). Alternatively, the system can be pre-programmed with specific
combinations of input parameters.

[0064}] In some embodiments, computer readable program instructions for carrying out
methods of the present disclosure, including programming the pulse generator to output the
plurality of electrical pulses, can be assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent instructions, microcode, firmware
instructions, state-setting data, or either source code or object code written in any
combination of one or more programming languages, including an object oriented
programming language such as Java, Smalltalk, C++ or the like, and conventional procedural
programming languages, such as the “C” programming language or similar programming
languages. The computer readable program instructions may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user’s computer
through any type of network, including a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the
Internet using an Internet Service Provider). In some embodiments, electronic circuitry
including, for example, programmable logic circuitry, field-programmable gate arrays
(FPGA), or programmable logic arrays (PLA) may execute the computer readable program
instructions by utilizing state information of the computer readable program instructions to
personalize the electronic circuitry, in order to perform aspects of the subject matter of the

present disclosure.
3. Methods of Treatment

{0065}  Embodiments of the present disclosure include a method for delivering a plurality
of electrical pulses to proximal urethra tissue and associated nervous tissue of a subject using
any of the embodiments of the systems and devices described herein. In accordance with
these embodiments, the method includes manipulating a controller to provide input to the
pulse generator. The input provided to the pulse generator can include any information or

signals pertaining to the operation of the pulse generator, including but not limited to,
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activating/deactivating the pulse generator for certain periods of time (prescribed or on-
demand), as well as adjusting one or more input parameters (e.g., pulse frequency, voltage,
duration, amplitude and/or pattern) associated with the plurality of pulses generated by the
electrodes. In this manner, the user (patient or medical professional) can manipulate the
controller to cause the pulse generator to deliver a plurality of electrical pulses to tissue of the
proximal urethra in order to induce a desired physiological response (e.g., stimulate bladder
voidance contractions). Thus, in some embodiments, the method includes activating the pulse
generator to cause a plurality of pulses to be delivered to a plurality of electrodes to induce at
least one physiological response. In some embodiments, the physiological response that is
induced includes, but is not limited to, a physiological response intended to treat or alleviate a
symptom of a bladder condition. In some embodiments, the physiological response that is
induced is at least one of bladder voidance contractions, voiding-associated rhabdosphincter
relaxation, and urethral circumferential smooth muscle relaxation, although other responses
can also be induced.

[6066] In some embodiments, manipulating the controller comprises selecting pre-
determined input parameters associated with the at least one physiological response. In some
embodiments, the pre-determined input parameters include, but are not limited to, one or
more of pulse frequency, voltage, duration, amplitude and/or pattern. These input parameters
can be adjusted by the user or medical professional based on a variety of factors in an effort
to administer a treatment for a disease or condition associated, for example, with underactive
bladder. The input parameters can be adjusted based on the specific symptom or condition
being treated, individual patient characteristics, biomarker information, and/or information
associated with a clinical assessment of the patient.

[0067F  As described further herein, embodiments of the present disclosure include use of
any of the embodiments of the devices/systems described herein in a method for delivering a
plurality of electrical pulses to proximal urethra and associated nervous tissue of a subject to
improve (e.g., treat, alleviate, etc.) at least one symptom associated with underactive bladder
in the subject. In accordance with these embodiments, the method includes manipulating a
controller to provide input associated with inducement of at least one physiological response
to a pulse generator, the pulse generator configured to generate a plurality of pulses based on
the input, and activating the pulse generator to cause the plurality of pulses to be delivered

from a plurality of electrodes. The plurality of electrodes are functionally coupled to the pulse
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generator and in contact with proximal urethra tissue in the subject such that activation of the
pulse generator induces the at least one physiological response in the subject.

{0068} In some embodiments, the subject has been diagnosed with Detrusor Underactivity
(DU). DU is generally defined as a contraction of reduced strength and/or duration, resulting
in prolonged bladder emptying and/or a failure to achieve complete bladder emptying within
a normal time span. DU may influence the clinical presentation and impede the therapy of
disorders as common and as disparate as detrusor overactivity, urinary retention, and benign
prostatic hyperplasia. Urodynamically, nearly two-thirds of incontinent nursing home
residents exhibit DU. The clinical diagnosis of DU when present alone or in association with
other bladder conditions such as detrusor overactivity (detrusor hyperactivity with impaired
contractility (DHIC)) is challenging, because symptoms lack adequate precision. DU has few
available treatment options. Medically, these include non-specific drug options included
alpha-blockers, 5-alpha reductase inhibitors, and poorly efficacious parasympathomimetics.
Catheterization has become a mainstay of the management of DU patients of various
etiologies; however, infections, urethral trauma, and bladder stones are not uncommon
consequences. Thus, the systems, devices, and methods of the present disclosure provide a
novel approach for treating subjects diagnosed with DU in a manner that is minimally
invasive and significantly more effective than current treatment options.

[8869] Methods of the present disclosure also include assessing whether a subject
diagnosed as having DU is a candidate for being treated with urethral electrostimulation
designed to elicit a bladder voidance response, as described further herein, including the
likelihood that such treatment will be effective. In some embodiments, assessing whether a
subject is a candidate for urethral electrostimulation includes performing a diagnostic test. In
some embodiments, the diagnostic test includes assessing the candidate subject using various
clinical evaluations (e.g., voidance frequency, volume, efficiency, etc.). In some
embodiments, the diagnostic test includes assessing the subject using biochemical approaches
(e.g., biomarker data, genetic profiling, etc.).

{0078}  Once sufficient diagnostic information is received regarding the suitability of the
candidate subject for treatment with urethral electrostimulation, the methods provided herein
can also include treating the subject with urethral electrostimulation in an effort to improve a
symptom associated with a bladder condition, using the systems and devices of the present
disclosure. In some embodiments, the method includes administering a therapeutic agent to

the subject before, during, or after the pulse generator delivers electrostimulation to the
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subject. In some embodiments, the therapeutic agent comprises one or more of a nonspecific
or M3 specific muscarinic agonist, a parasympathomimetic (e.g., bethanechol), an M3
muscarinic receptor positive allosteric modulator (e.g., ASP8302), a sensory afferent
transmission enhancing compound (e.g., glutamate receptor agonists such as NMDA), a
GABA receptor antagonist (e.g., bicucilline, securinine, metrazol, and flumazenil), and/or a
Glycine receptor antagonist (e.g., brucine, tutin and caffeine), and any combinations thereof.
The therapeutic agent can be administered in accordance with accepted methods (e.g., orally,
intravenously, intramuscularly, intraperitoneally, etc.). In some embodiments, the therapeutic
agent is administered peripherally or intrathecally in small quantities at the level of the sacral

spinal cord.
4, Examples

{8071} It will be readily apparent to those skilled in the artthat other suitable
modifications and adaptations of the methods of the present disclosure described herein are
readily applicable and appreciable, and may be made using suitable equivalents without
departing from the scope of the present disclosure or the aspects and embodiments disclosed
herein. Having now described the present disclosure in detail, the same will be more clearly
understood by reference to the following examples, which are merely intended only to
illustrate some aspects and embodiments of the disclosure, and should not be viewed as
limiting to the scope of the disclosure. The disclosures of all journal references, U.S. patents,
and publications referred to herein are hereby incorporated by reference in their entireties.

[0072} The present disclosure has multiple aspects, illustrated by the following non-

limiting examples.

Example 1

{00731  For phase one, the proximal urethral ventral surface was stimulated using a bipolar
electrode onlay (5-100Hz, 10-50V) after pubic symphysectomy. The presence/absence of
bladder contractions and lower extremity motor activity were recorded. For phase two, a
novel approach was used, which included a thin flexible electrode support with integrated
bipolar electrodes, placed in an anatomically similar position to a mid-urethral sling and
stimulated following unilateral pelvic nerve transection. Total bladder capacities and voiding
efficiencies were measured before and after pelvic nerve transection.

[0074]  In phase one, seventeen urethane-anesthetized (1.5 g/kg sc) adult female Sprague-

Dawley rats received a transvesical cystometry catheter (fire-flared tipped PE-50) and
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bilateral ureteral diversion catheters (PE-10). The pubis was removed to expose the proximal
urethra (FIG. 1B, left). Following continuous cystometry at flow rate of 0.1 ml/min to ensure
spontaneous reflex activity (=20 min), the bladder infusion was stopped immediately
following a voiding contraction. If no further contractions were observed within a 5 minute
period, the bladder was deemed stable and PUES was applied using two ~0.6cm long, S0um
diameter Teflon-coated electrodes (M. T. Giken, Tokyo, Japan) placed orthogonally across the
proximal urethra and immediate margins (~0.3cm apart). PUES was applied for a 30s on/60s
off pattern using 0.1ms pulse durations, with frequencies and intensities systematically varied
(5-100Hz in 1/3 log steps and 10-50V in decade steps, respectively) using a Grass S88
Stimulator (Grass Technologies, West Warwick, RI). A broad range of frequencies based on
test parameters found in the literature utilizing pudendal, tibial, and sacral neurostimulation
were chosen.

[8075] Measurements included presence or absence of bladder contractions and/or lower
extremity motor activity. Stimulation responses were assigned a score of +2 if bladder only
response, +1 for bladder and somatomotor response, O for no observable response, and -1 for
only somatomotor response. Data were analyzed graphically and stimulation frequencies with
non-negative results across the voltage ranges were further analyzed using mixed-effects
analysis with Sidak’s MCT.

[8676] In phase one, reliable and consistent bladder contractions were observed in
response to PUES. FIG. 2 is a representative cystometrogram at stable bladder volume with
associated scoring of responses to 20-50V, 20Hz PUES trials. Overall positive responses
were observed at 20Hz (0-86% success across V) and 50Hz (0-75% success across V) (FIG.
3). The success rate of PUES was significantly greater at 40 and 50V compared to 10-30V
(P<0.0001). There were no significant differences seen between 20 and 50Hz at any voltage.
{00777  Duke University and Durham Veteran Affairs Medical Center Institutional Animal
Care and Use Committees approved this study, and all experiments were performed at the
Durham Veteran Affairs Medical Center. Rats were housed with 12:12-h light-dark cycles,

72°F with food and water available ad libitum.

Example 2
{00781  In phase two, twenty-five urethane-anesthetized adult female Sprague-Dawley rats
underwent the same surgical preparation up to electrode placement. Because regular gross

oscillations of the urethra during PUES-induced bladder contractions were visually observed

19



WO 2021/022020 PCT/US2020/044218

in some non-voiding and all voiding contractions in phase one, reminiscent of phasic
electromyographic and pressure recordings associated with voiding (6-10Hz), it was reasoned
that the electrode overlay may have mechanically obstructed the urethra. Therefore, an
electrode-bearing thin flexible electrode support was developed for anatomical placement
similar to a mid-urethral sling. Use of pubic symphysectomy was continued for experimental
purposes because of ease of access. Following symphysectomy, the urethra was carefully
hydrodissected from the vagina and a 3mm-wide thin flexible electrode support (fiberglass
screen; Clear Advantage; New York Wire, Grand Island, NY) with integrated 50um diameter
Teflon-coated bipolar electrodes was placed between the proximal urethra and vagina (FIG.
1B, right). The right pelvic nerve was also exposed and marked for future PNx. Following 3
hours of continuous cystometry, 3 single-fill cystometrograms were performed prior to PNx
(8 of 25 rats served as sham PNx controls). Subsequently, all animals underwent 1 hour of
continuous cystometry, and 3 single-fill cystometrograms were again performed.

[0079] In PNx rats, the bladder was then filled to the largest pre-PNx TBC or 75% of
lowest post-PNx TBC (the lower of two volumes was tested first) and PUES was performed
at 20, 30, 40, and 50Hz (varied randomly) at 50V for 60s on/120s off between stimulations.
Because no lower extremity somatomotor activity was observed with stimulation, tests were
performed at 50V. PUES was then repeated at the higher of the two test volumes. When
voiding occurred, bladders were emptied and refilled to the test volumes. Residual volumes
were recorded during emptying. Measurements included TBC and voiding efficiency (VE;
residual volume/(residual volume+TBC)) of spontaneous voiding contractions before and
after PNx, the presence or absence of voiding and non-voiding bladder contractions evoked
by PUES, and VE of the former. Data were analyzed using non-parametric repeated measures
2-Way ANOVA for sham PNx vs PNx comparisons of TBC and VE, and contingency
analysis (CA) for comparisons of different test fill volumes, and sequence and frequency of
PUES.

[0088}] In phase two experiments, PUES was applied to the dorsal urethral surface,
including immediate periurethral tissue, using a thin, flexible fiberglass mesh support (FIG.
1B, right). When PUES was applied after right-sided PNx at either the largest pre-PNx
bladder capacity or 75% of the lowest Post-PNx bladder capacity, substantial improvements
in voiding function were observed (FIG. 5). The selected lower bladder capacities were for
PUES after PNx for two reasons: first, pre-PNx bladder capacity was considered to be

normal, so normalization of voiding function was anticipated using stimulation; second,
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attempts were made to avoid false positive spontaneous bladder contractions, which might be
present if the new post-PNx bladder capacity were approached. It was acknowledged that not
every stimulation (even at the most successful frequency, 20 Hz) resulted in a void or even a
contraction. This may be attributed to the preparation, changes in electrode resistance in vivo,
or potentially dampening vs. additive effects from repeated stimulations. As stimulation
frequencies were randomized, the effect of frequency order on bladder response was able to
be assessed, and no significant effect was noted. Still, at 20 Hz (50 V), 61% of stimulations
resulted in a contraction and 84% of these resulted in a void (FIG. 5, left panel). What is most
exciting is that when the rats voided, their voiding efficiency returned to that of the pre-PNx
state (FIG. 5, right panel), essentially reversing the pathological effects of unilateral PNx.
{00811 In both experimental phases, cystometric data were collected using a PowerLab
8/35 and Lab-Chart Pro 8.0 (ADInstruments, Colorado Springs, CO). All statistical analyses
were performed using GraphPad Prism (version 8.1.2 (322), GraphPad Software, La Jolla,
CA) or JMP Pro (version 14.0.0, Cary, NC).
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CLAIMS
What is claimed is:

1. A system comprising:

an electrical pulse generator configured to deliver a plurality of pulses based on input
associated with inducement of at least one physiological response, the pulse generator
comprising a power source; and

a plurality of electrodes functionally coupled to the pulse generator and configured for
placement on proximal urethra tissue of a subject;

wherein activation of the pulse generator causes the plurality of pulses to be delivered
from the plurality of electrodes thereby inducing the at least one physiological response in the

subject.

2. The system according to claim 1, wherein the plurality of pulses are delivered at a

frequency from about 1 Hz to about 100 Hz.

3. The system according to claim 1, wherein the plurality of pulses are delivered at a

frequency from about 10 Hz to about 75 Hz.

4, The system according to claim 1, wherein the plurality of pulses are delivered at a

frequency from about 20 Hz to about 50 Hz.

5. The system according to any of claims 1 to 4, wherein the plurality of pulses are

delivered at about 1 V to about 75 V.

6. The system according to any of claims 1 to 4, wherein the plurality of pulses are

delivered at about 10 V to about 50 V.

7. The system according to any of claims 1 to 6, wherein the plurality of pulses are

delivered at durations from about 0.01 to about 1.0 ms.

8. The system according to any of claims 1 to 6, wherein the plurality of pulses are

delivered at durations of about 0.1 ms.
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9. The system according to any of claims 1 to 8, wherein the plurality of pulses are

delivered at a 30s on/60s off pattern.

10.  The system according to any of claims 1 to 8, wherein the plurality of pulses are

delivered at a 60s on/120s off pattern.

11.  The system according to any of claims 1 to 9, wherein the at least one physiological
response comprises at least one of bladder voidance contractions, voiding-associated

rhabdosphincter relaxation, and urethral circumferential smooth muscle relaxation.

12.  The system according to any of claims 1 to 11, wherein the plurality of electrodes

comprises any electrodes ranging from monopolar electrodes to dipolar electrodes.

13.  The system according to any of claims 1 to 12, wherein the plurality of electrodes are
placed orthogonally across the proximal urethra and immediate margins and spaced about 0.1

cm to about 2.0 cm apart.

14.  The system according to any of claims 1 to 13, wherein the plurality of electrodes

comprises a flexible electrode support comprising integrated bipolar electrodes.

15. The system according to claim 14, wherein the flexible electrode support comprising

integrated bipolar electrodes is placed in the mid-to-proximal urethra area.

16.  The system according to any of claims 1 to 15, wherein the at least one physiological

response is induced in the subject in the absence of a somatomotor response.
17. The system according to any of claims 1 to 16, wherein the pulse generator is external

to the subject, and wherein the pulse generator is wirelessly coupled to the plurality of

electrodes.
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18. The system according to any of claims 1 to 16, wherein the pulse generator is internal
to the subject, and wherein the pulse generator is directly coupled to the plurality of

electrodes.

19. The system of according to any of claims 1 to 18, further comprising an external
controller functionally coupled to the pulse generator, wherein the controller provides input

to the pulse generator to induce the at least one physiological response.

20. The system according to any of claims 1 to 19, wherein the pulse generator comprises

a programmable microprocessor.

21. The system according to any of claims 1 to 20, wherein the power source comprises a

battery external to the subject.

22. The system according to any of claims 1 to 20, wherein the power source comprises a

battery internal to the subject.

23, A method for delivering a plurality of electrical pulses to proximal urethra tissue of a
subject using the system of any of claims 1 to 22, the method comprising:

manipulating a controller to provide input to the pulse generator; and

activating the pulse generator to cause a plurality of pulses to be delivered to a

plurality of electrodes to induce at least one physiological response.

24, The method according to claim 23, wherein the at least one physiological response

comprises bladder voidance contractions.

25.  The method according to claim 23 or claim 24, wherein manipulating the controller
comprises selecting pre-determined input parameters associated with the at least one

physiological response.

26. The method according to claim 25, wherein the pre-determined input parameters

comprise one or more of pulse frequency, voltage, duration, amplitude and/or pattern.
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27.  The method according to any of claims 23 to 26, wherein the method improves at

least one symptom associated with underactive bladder in the subject

28. A method of treating underactive bladder in a subject, the method comprising:

manipulating a controller to provide input associated with inducement of at least one
physiological response to a pulse generator, wherein the pulse generator is configured to
generate a plurality of pulses based on the input; and

activating the pulse generator to cause the plurality of pulses to be delivered from a
plurality of electrodes, wherein the plurality of electrodes are functionally coupled to the
pulse generator and in contact with proximal urethra tissue in the subject;

wherein activation of the pulse generator induces the at least one physiological

response in the subject.

29, The method according to claim 28, wherein the subject has been diagnosed with

Detrusor Underactivity (DU).

30. The method according to claim 28 or claim 29, wherein the at least one physiological
response comprises at least one of bladder voidance contractions, voiding-associated

rhabdosphincter relaxation, and urethral circumferential smooth muscle relaxation.

31. The method according to claim 28 to 30, wherein manipulating the controller
comprises selecting pre-determined input parameters associated with the at least one

physiological response.

32, The method according to claim 31, wherein the pre-determined input parameters

comprise one or more of pulse frequency, voltage, duration, amplitude and/or pattern.

33.  The method according to any of claims 28 to 32, wherein the method improves at

least one symptom of underactive bladder in the subject.

34, The method according to any of claims 28 to 33, wherein the method further
comprises administering a therapeutic agent to the subject before, during, or after the

activation of the pulse generator.
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35. The method of claim 34, wherein the therapeutic agent comprises one or more of a
nonspecific or M3 specific muscarinic agonist, a parasympathomimetic, an M3 muscarinic
receptor positive allosteric modulator, a sensory afferent transmission enhancing compound,
a GABA receptor antagonist, and/or a Glycine receptor antagonist, and any combinations

thereof.
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