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ured to generate an electrical waveform. An electrode can be
electrically coupled to the waveform generator and config
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SYSTEMIS AND METHODS THAT PROVIDE
ELECTRICAL STMULATION TO ANERVE
TO REDUCE AREFLEXTHAT AFFECTA
BODILY FUNCTION
RELATED APPLICATIONS

0001. This application claims the benefit of U.S. Provi
sional Application No. 61/827.024, filed May 24, 2013,
entitled “Surface Electrical Stimulation for Sensory Feed
back to Improve Bladder Voiding in Neurological Disorders.”
the entirety of which is hereby incorporated by reference for
all purposes.
GOVERNMENT FUNDING

0002 This work was supported, at least in part, by grant
number DK077089 and grant number EB004314 from the
Department of Health and Human Services, National Insti
tutes of Health. This work was also supported, at least in part,
by grant number RR&D668 from the Department of Veterans
Affairs. The United States government may have certain
rights in this invention.
TECHNICAL FIELD

0003. The present disclosure relates generally to neural
stimulation and, more specifically, to Systems and methods
that can provide electrical stimulation to a nerve to reduce a
reflex that affects a bodily function.
BACKGROUND

0004 Individuals with neurologic disease or injury can
Suffer from disordered genitourinary function. For example,
in the majority of individuals with spinal cord injuries (SCIs)
spinal reflexes (e.g., external urethral sphincter (EUS)
reflexes) can become hyper-responsive to sensory input from
the bladder and other pelvic nerves, prevent coordinated blad
der-sphincter contraction, and inhibit bladder evacuation,
leading to urine retention and increased bladder pressure,
which can damage the bladder, the kidneys, or other parts of
the urinary tract.
0005. Current clinical standards for treating urethral
spasms include intermittent catheterization, Sphincterotomy,
urethral Stents, pudendal nerve transection and/or pudendal
nerve block. However, each of these clinical standards is

limited by factors, including severe spasticity, poor upper
limb function or urinary incontinence. Sacral anterior root
stimulation combined with dorsal rhizotomy can combat
these factors by abolishing the urethral reflexes that inhibit
bladder evacuation. However, dorsal rhizotomy is not widely
accepted because it can eliminate residual bowel and sexual
functions.

0007. In one aspect, the present disclosure can include a
system for electrical stimulation. A waveform generator can
be configured to generate an electrical waveform. An elec
trode can be electrically coupled to the waveform generator
and configured to deliver the electrical waveform to a nerve to
reduce at least one reflex that affects a bodily function.
0008. In another aspect, the present disclosure can include
a method for affecting a bodily function in a subject. The
method can include the step of generating, by a waveform
generator, an electrical waveform. The method can also
include the step of delivering, by an electrode coupled to the
waveform generator, the electrical waveform to a nerve that
includes an afferent nerve fiber of the subject to stimulate the
afferent nerve fiber to affect the bodily function.
0009. In a further aspect, the present disclosure can
include a neural prosthesis that can provide urinary bladder
controlina Subject. The neural prosthesis can include a wave
form generator configured to generate an electrical wave
form. The electrical waveform can be configured to reduce at
least one urethral reflex that can impede urine flow from a
urinary bladder of the subject. The neural prosthesis can also
include an electrode configured to deliver the electrical wave
form to a nerve of the subject. The electrical waveform can
cause an afferent nerve fiber within the nerve to generate at
least one action potential to reduce the at least one urethral
reflex and facilitate voiding of the urinary bladder.
BRIEF DESCRIPTION OF THE DRAWINGS

0010. The foregoing and other features of the present dis
closure will become apparent to those skilled in the art to
which the present disclosure relates upon reading the follow
ing description with reference to the accompanying drawings,
in which:

0011 FIG. 1 is a schematic block diagram showing a
system for electrical stimulation that can stimulate a reflex of
a subject in accordance with an aspect of the present disclo
Sure;

0012 FIG. 2 is a schematic diagram showing an example
of a spinal reflex that can be stimulated by the system shown
in FIG. 1;

0013 FIG. 3 is a process flow diagram illustrating a
method for electrical stimulation that can stimulate a reflex of

a Subject in accordance with another aspect of the present
disclosure;

0014 FIG. 4 is a process flow diagram illustrating an
example application of the method shown in FIG.3 for elec
trical stimulation of an afferent nerve fiber of a nerve to affect

the reflex of the subject;
0015 FIG. 5 is a process flow diagram illustrating an
example application of the method shown in FIG.3 for elec
trical stimulation of the afferent fiber of the nerve to reduce

SUMMARY

0006. The present disclosure relates generally to neural
stimulation and, more specifically, to Systems and methods
that can provide electrical stimulation to a nerve to reduce a
reflex that affects a bodily function. As an example, the elec
trical stimulation can affect one or more urethral reflexes that

cause disordered urinary bladder function in individuals with
spinal cord injuries (SCIs) to provide effective bladder evacu
ation without interfering with existing neural capacities (e.g.,
residual bowel and sexual functions).

the urethral reflex to facilitate voiding the urinary bladder of
the subject;
0016 FIG. 6 is an example of surface electrode placement
and patterned stimulus waveforms used to reduce aberrant
urethral reflexes of a feline;

0017 FIG. 7 includes example plots showing the suppres
sion of aberrant urethral reflexes after chronic spinal cord
injury (SCI) in felines;
0018 FIG. 8 shows an example diagram illustrating the
spatial selectivity of stimulus location for reducing aberrant
urethral reflexes in felines;
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0019 FIG. 9 shows an example diagram illustrating that
the choice of stimulus parameters affects the reduction of

cause one or more nerve fibers to generate an action potential.

aberrant urethral reflexes in felines;

waveform, a heat waveform, a light waveform, and/or a radio
frequency waveform.
0029. As used herein, the term “electrical waveform can
refer to an electrical signal that can be generated by a wave
form generator and applied to a nerve with an electrode to

0020 FIG. 10 shows sample voiding traces in felines with
an without afferent stimulation;

0021

FIG. 11 shows a plot of feline voiding under light

anesthesia with afferent stimulation;

0022 FIG. 12 shows a plot of awake feline voiding with
afferent stimulation compared to manual expression; and
0023 FIG. 13 shows a plot of feline daily maintenance
voiding with afferent stimulation over time.
DETAILED DESCRIPTION

I. Definitions

0024. In the context of the present disclosure, the singular
forms “a” “an and “the can also include the plural forms,
unless the context clearly indicates otherwise. The terms
“comprises and/or "comprising as used herein, can specify
the presence of stated features, steps, operations, elements,
and/or components, but do not preclude the presence or addi
tion of one or more other features, steps, operations, ele
ments, components, and/or groups. As used herein, the term
“and/or can include any and all combinations of one or more
of the associated listed items. Additionally, although the
terms “first.” “second, etc. may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are only used to distinguish one
element from another. Thus, a “first element discussed
below could also be termed a “second’ element without

departing from the teachings of the present disclosure. The
sequence of operations (or acts/steps) is not limited to the
order presented in the claims or figures unless specifically
indicated otherwise.

0025. As used herein, the term “reflex” can refer to an
involuntary and nearly instantaneous response to a stimulus
that involves a nerve impulse passing inward from a receptor
to the spinal cord and outward to an effector without reaching
the level of consciousness. In some instances, a 'spinal
reflex” can occur without passing to the brain. An example of
a spinal reflex is an afferent-mediated spinal reflex.
0026. As used herein, the term “bodily function' can refer
to a process of a subject’s body. In some instances, a bodily
function can be affected by one or more reflexes. Examples of
bodily functions can include urination (bladder voiding), def
ecation, digestion, and the like. The terms “bodily function'
and “biological function' can be used interchangeably
herein.

0027. As used herein, the term “neural stimulation” can
refer to application of a stimulus waveform to a nerve that can
Substitute for a neurological function (e.g., motor function,
sensory function, cognitive function, etc.) that has been dam
aged (e.g., as a result of a neurological disorder). In some
instances, neural stimulation can be used to relax or Suppress
a spinal cord reflex that affects a bodily function. For
example, neural stimulation of a nerve can cause a muscle
associated with a reflex motion to relax and allow the bodily
function to occur. The terms “neural stimulation' and “neural

modulation' can be used interchangeably herein. A “neural
prosthesis' can refer to one or more devices that can accom
plish neural stimulation.
0028. As used herein, the term “stimulus waveform can
refer to a signal that can be applied to a nerve to accomplish
neural stimulation. For example, the stimulus waveform can

In some instances, a stimulus waveform can be an electrical

achieve neural stimulation. In some instances, the electrical

waveform can be a mathematical description of a change in
Voltage over time (or “voltage controlled) or a change in
current overtime (or “current controlled'). In some instances,
the electric waveform can be a monophasic waveform with an
anodic phase or a cathodic phase. In other instances, the
electric waveform can be a biphasic waveform with an anodic
phase and a cathodic phase.
0030. As used herein, the term “nerve' can refer to a fiber
or bundle of fibers that can transmit signals. One example of
a nerve is a “peripheral nerve.’ Generally, a peripheral nerve
can refer to a nerve in a subjects body other than brain and
spinal cord. A peripheral nerve can include a bundle of fibers
(including motor and/or autonomic (“efferent’) and sensory
("afferent') fibers) that can connect the brain and spinal cord
to the rest of the patient’s body. In some instances, the periph
eral nerve can conduct information bi-directionally (e.g., pro
viding both motor control and sensory feedback). Other
examples of nerves can include a bladder efferent nerve, an
afferent-mediated peripheral nerve, a sacral spinal cord
nerve, a sacral root nerve, and a lumber spinal cord nerve
0031. As used herein, the term “afferent nerve' can refer to
one or more nerve fibers that can carry a signal from a sensory
receptor to the spinal cord. One example of an afferent nerve
is a sensory nerve.
0032. As used herein, the term “efferent nerve' can refer to
one or more nerve fibers that can carry a signal from the spinal
cord to a muscle receptor and/or organ.
0033. As used herein, the term “signal' can refer to one or
more action potentials generated within one or more nerve
fibers and conducted through the one or more nerve fibers to
a synapse to facilitate the release of one or more neurotrans
mitters.

0034. As used herein, the term “subject' can refer to any
warm-blooded organism including, but not limited to, a
human being, a pig, a rat, amouse, a dog, a cat, a goat, a sheep,
a horse, a monkey, an ape, a rabbit, a cow, etc. The terms
“subject' and “patient can be used interchangeably herein.
II. Overview

0035. The present disclosure relates generally to neural
stimulation and, more specifically, to systems and methods
that can provide electrical stimulation to a nerve to reduce a
reflex that affects a bodily function. The systems and methods
described herein can provide electrical stimulation to one or
more nerves to reduce a reflex that affects a bodily function.
An electrical waveform configured to reduce the reflex can be
generated and delivered to one or more nerves. One or more
fibers within the nerve can be activated to reduce at least one

reflex that affects a bodily function. Accordingly, the bodily
function can proceed uninhibited by the reflex.
0036. In some instances, the bodily function can be blad
der and/or urethra control. Trauma to the central nervous

system (e.g., due to a spinal cord injury (SCI) or a neurologi
cal disorder) can lead to a disruption in Voluntary control over
the muscles and organs below the level of injury. Subjects that
have experienced Such trauma can experience loss of bladder
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control and the emergence of dyssynergic reflex patterns.
Reflex contractions of the external urethral sphincter (EUS)
can become uncoordinated from bladder contractions, which

can result in high bladder pressures, uterovesical reflux, and
poor bladder emptying, which can lead to serious medical
complications. The systems and methods described herein
can apply neural stimulation to one or more spinal circuits
(e.g., Sacral circuits and/or lumbar circuits) to reduce bladder
and sphincter (e.g., external urethral sphincter (EUS))
reflexes and improve bladder control in subjects that have
experienced trauma to the central nervous system without
requiring a dorsal rhizotomy.
III. Systems
0037. One aspect of the present disclosure can include a
system that can apply electrical stimulation to stimulate a
reflex of a subject. In some instances, the system can provide
electrical stimulation via an electrical waveform to one or

more nerves (that include one or more afferent nerve fibers) to
reduce a reflex that affects a bodily function. For example, the
electrical waveform can be a patterned waveform. The pat
terned waveform can include a base frequency. Each cycle of
the base frequency can include a stimulus waveform. For
example, the stimulus waveform can occupy at least 50% of
each cycle of the base frequency. In another example, the
stimulus waveform can be a burst waveform (generally of the
form described by Bhadra et al. in U.S. patent application Ser.
No. 12/417.529, the contents of which are hereby incorpo
rated by reference herein). In a further example, electrical
waveform can be a burst waveform (generally of the form
described by Bhadra et al. in U.S. patent application Ser. No.
12/417,529).
0038. As shown in FIG. 1, one aspect of the present dis
closure can include a system 10 configured to apply electrical
stimulation to stimulate a reflex of a Subject. In some
instances, the electrical stimulation can activate one or more

sensory fibers within the nerve. The activation of the one or
more sensory fibers can reduce one or more reflexes that can
impede a bodily function. For example, the bodily function
can be voiding the bladder, and the reflexes can include one or
more urethral reflexes. Although system 10 is described with
respect to urethral reflexes and urinary voiding, it will be
understood that the electrical stimulation of system 10 can be
used in connection with any bodily function that can be
impeded or facilitated by one or more reflexes (e.g., bowel
evacuation, digestion, etc.).
0039. The system 10 can include components including at
least a waveform generator 12 and an electrode 14. In some
instances, the waveform generator 12 can include a non
transitory memory and/or a processor. The non-transitory
memory can store instructions, and the processor can facili
tate execution of the instructions to generate an electrical
waveform.

0040. The waveform generator 12 can be configured to
generate an electrical waveform (EW). The electrical wave
form (EW) can be configured to facilitate reduction of at least
one reflex that affects a bodily function. For example, the
electrical waveform (EW) can be a patterned waveform.
0041. The patterned waveform can include a base fre
quency (an example of a patterned waveform in shown in
FIG. 6). In some instances, the base frequency can be 10 HZ
or less. In other instances, the base frequency can be 5 Hz or
less. In still other instances, the base frequency can be 1 Hz or
less.

0042. A stimulation waveform can be delivered during
each duration of the base frequency. In some instances, the
stimulation waveform can be delivered during 50% or more
of each duration of the base frequency. In other instances, the
stimulation waveform can be delivered during 60% or more
of each duration of the base frequency. In still other instances,
the stimulation waveform can be delivered during 75% or
more of the base frequency. In another instance, the stimula
tion waveform can be delivered during 100% of the base
frequency.
0043. The stimulation waveform can be of a greater fre
quency than the base frequency. In some instances, the stimu
lation waveform can have a frequency of more than 5 Hz. In
other instances, the stimulation waveform can have a fre

quency of 15 Hz or more. In still other instances, the stimu
lation waveform can have a frequency of 20 Hz or more.
0044) The electrode 14 can be electrically coupled to the
waveform generator to receive the electrical waveform (EW)
from the waveform generator 12. The electrode 14 can
include one or more contacts to facilitate delivery of the
electrical waveform (EW) to facilitate activation of the nerve
16. In some instances the electrode 14 can be a surface elec

trode that can deliver the electrical waveform (EW) to a nerve
that is located in proximity to the skin (e.g., a dermatome). In
other instances, the electrode 14 can be a Subcutaneous elec

trode that can deliver the electrical waveform (EW) to a nerve
that is located either in proximity to the skin or at a distance
below the skin.

0045. The electrode 14 can be configured to deliver the
electrical waveform (EW) to stimulate a nerve 16 to reduce at
least one reflex that affects a bodily function. For example, the
electrical waveform (EW) can stimulate the nerve 16 to pro
duce a signal, including one or more action potentials (AP)
that can ultimately reduce the one or more reflexes. In some
instances, the electrical waveform (EW) can be configured to
stimulate at least an afferent nerve fiber of the nerve 16 to

generate a signal that can include an action potential (AP) and
transmit the signal to the spinal cord. The spinal cord can
reflexively send a signal that can include an action potential
through at least one efferent nerve fiber to affect one or more
muscles associated with the reflex. An action of the muscles

that can be induced by the signal from the efferent nerve fiber
can affect a bodily function.
0046. An example of an afferent-mediated reflex pathway
20 is shown in FIG. 2. The reflex pathway 20 can include an
afferent nerve fiber (AFF) and an efferent nerve fiber (EFF).
Although the afferent nerve fiber (AFF) and the efferent nerve
fiber (EFF) are illustrated as separate, in some instances,
these fibers can be included in the same nerve. Additionally,
although the afferent nerve fiber (AFF) and the efferent nerve
fiber (EFF) are illustrated as single fibers, in some instances,
the afferent nerve fiber and/or the efferent nerve fiber can
include one or more nerve fibers.

0047. The afferent nerve fiber (AFF) can receive a sensory
input and transmit a signal (AP) to a portion of the spinal cord
22 (e.g., the Sacral portion of the spinal cord or the lumbar
portion of the spinal cord). For example, the sensory input can
be received by a dermatome linked to a certain portion of the
spinal cord.
0048. In response, the spinal cord 22 can transmit a signal
(AP) along one or more efferent nerve fibers (EFF). The
signal (AP) can be transmitted by the efferent nerve fibers to
activate or disable a reflex action that can affect an organ 26.
In some instances, the efferent nerve fibers (EFF) can be
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autonomic nerve fibers (e.g., sympathetic nerve fibers and/or
parasympathetic nerve fibers).
0049. One example of a reflex can include a urethral reflex
(e.g., an external urethral sphincter reflex or an internal ure
thral sphincter reflex). The urethral reflex can impede one or
more bodily functions (e.g., voiding the urinary bladder). For
example, the system 10 of FIG. 1 can selectively void the
urinary bladder when the urethral reflex is reduced.
0050. The system 10 can provide a non-destructive, mini
mally-invasive treatment for spastic urethral reflex contrac
tions. The urethral reflex can be reduced by stimulating a
nerve that includes one or more afferent fibers (e.g., a periph
eral nerve, a sacral spinal cord nerve, a sacral root nerve,
and/or a lumber spinal cord nerve) with the electrical wave
form (EW). In some instances, the electrical waveform (EW)
can be a patterned electrical waveform that can include a
stimulus during at least a portion of the duty cycle. In some
instances, the stimulus waveform can be a burst waveform.

0051. The one or more afferent nerve fibers can relay the
send a signal induced by the stimulus waveform to the spinal
cord. The spinal cord can signal one or more efferent nerve
fibers to relax the spastic urethral reflex. When the spastic
urethral reflex is relaxed, the urinary bladder can be voided.
0052. In some instances, the voiding of the urinary bladder
can be activated by a bladder driver. For example, the bladder
driver can apply an electrical stimulation to at least one of a
sacral root, a bladder efferent nerve, and an afferent-mediated

peripheral nerve to activate the urinary bladder for voiding.
The bladder driver can also be a bladder reflex elicited by an
individual such as bladder tapping or bladder pressure gen
erated by crede or Valsalva maneuvers.
IV. Methods

0053 Another aspect of the present disclosure can include
methods that can utilize electrical stimulation to stimulate a

reflex of a Subject. In some instances, the methods can pro
vide electrical stimulation via an electrical waveform to one

or more nerves (that include one or more afferent nerve fibers)
to reduce a reflex that affects a bodily function. For example,
the electrical waveform can be a patterned waveform. The
patterned waveform can include a base frequency. Each
period of the base frequency can include a stimulus wave
form. For example, the stimulus waveform can occupy at least
50% of each period of the base frequency. In another
example, the stimulus waveform can be a burst waveform.
0054 Although the methods are described with respect to
urethral reflexes and urinary voiding, it will be understood
that the electrical stimulation of system 10 can be used in
connection with any bodily function that can be impeded or
facilitated by one or more reflexes (e.g., bowel evacuation,
digestion, etc.).
0055 An example of a method 30 that can use electrical
stimulation to stimulate a reflex of a subject is shown in FIG.
3. Another example of a method 40 that can use electrical
stimulation to activate an afferent nerve fiber to affect the

reflex of the subject is shown in FIG. 4. A further example of
a method 50 that can use electrical stimulation of the afferent

fiberto reduce a urethral reflex to facilitate voiding the urinary
bladder of the subject is shown in FIG. 5.
0056. The methods 30, 40, and 50 of FIGS. 3, 4, and 5,
respectively, are illustrated as process flow diagrams with
flowchart illustrations. For purposes of simplicity, the meth
ods 30, 40, and 50 are shown and described as being executed
serially; however, it is to be understood and appreciated that

the present disclosure is not limited by the illustrated order as
Some steps could occur in different orders and/or concur
rently with other steps shown and described herein. More
over, not all illustrated aspects may be required to implement
the methods 30, 40, and 50.

0057 Referring to FIG. 3, an aspect of the present disclo
sure can include a method 30 for electrical stimulation that

can stimulate a reflex of a subject. The reflex can be at least
one reflex that can impede a bodily function. For example, the
reflex can be aurethral reflex that can impede urinary voiding.
0058. At 32, an electrical waveform (e.g., EW) can be
generated (e.g., by a waveform generator 12). The electrical
waveform can be configured to facilitate reduction of the at
least one reflex that affects a bodily function. For example, the
electrical waveform can be a patterned waveform. The pat
terned waveform can include a base frequency. In some
instances, the base frequency can be 10 Hz or less. In other
instances, the base frequency can be 5 Hz or less. In still other
instances, the base frequency can be 1 Hz or less.
0059 A stimulation waveform can be delivered during
each duration of the base frequency. In some instances, the
stimulation waveform can be delivered during 50% or more
of each duration of the base frequency. In other instances, the
stimulation waveform can be delivered during 60% or more
of each duration of the base frequency. In still other instances,
the stimulation waveform can be delivered during 75% or
more of the base frequency. In further instances, the stimula
tion waveform can be delivered during 100% of the base
frequency.
0060. The stimulation waveform can be of a greater fre
quency than the base frequency. In some instances, the stimu
lation waveform can have a frequency of more than 10 Hz. In
other instances, the stimulation waveform can have a fre

quency of 15 Hz or more. In still other instances, the stimu
lation waveform can have a frequency of 20 Hz or more.
0061. At 34, the electrical waveform can be delivered to a
nerve (e.g., by an electrode 14). In some instances the elec
trode can deliver the electrical waveform to the nerve via one
or more Surface contacts and/or Subcutaneous contacts. For

example, the nerve can be located in proximity to the skin
(e.g., a dermatome). In another example, nerve can be located
at a distance below the skin.

0062. At 36, the nerve can be stimulated (e.g., by EW) to
reduce a reflex that affects a bodily function. In some
instances, the stimulation by the electrical waveform can
activate one or more sensory fibers within the nerve (e.g., to
generate one or more action potentials). The activation of the
one or more sensory fibers can ultimately reduce one or more
reflexes that can impede (or otherwise affect) the biological
function. In some instances, the activated afferent fibers can

signal the spinal cord, which can activate one or more efferent
fibers to reduce the one or more reflexes. For example, the one
or more efferent fibers can reduce one or more spastic urethral
reflexes, which can impede voiding the urinary bladder.
0063 FIG. 4 shows an example application of the method
30 shown in FIG. 3. The method 40 of FIG. 4 relates to
electrical stimulation of an afferent nerve fiber of a nerve to

affect the reflex of the subject. In some instances, the afferent
nerve fiber can be a sensory nerve fiber that can signal the
spinal cord, which can activate one or more efferent fibers to
reduce the reflex. For example, the one or more efferent fibers
can reduce one or more spastic urethral reflexes, which can
impede Voiding the urinary bladder.
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0064. At 42, an electrical waveform (e.g., EW) can be
generated (e.g., by waveform generator 12). The electrical
waveform can be configured to facilitate reduction of the at
least one reflex that affects a bodily function. For example, the
electrical waveform can be a patterned waveform. The pat
terned waveform can include a base frequency. In some
instances, the base frequency can be 10 Hz or less. In other
instances, the base frequency can be 5 Hz or less. In still other
instances, the base frequency can be 1 Hz or less.
0065. A stimulation waveform can be delivered during
each duration of the base frequency. In some instances, the
stimulation waveform can be delivered during 50% or more
of each duration of the base frequency. In other instances, the
stimulation waveform can be delivered during 60% or more
of each duration of the base frequency. In still other instances,
the stimulation waveform can be delivered during 75% or
more of the base frequency.
0066. The stimulation waveform can be of a greater fre
quency than the base frequency. In some instances, the stimu
lation waveform can have a frequency of more than 10 Hz. In
other instances, the stimulation waveform can have a fre

quency of 15 Hz or more. In still other instances, the stimu
lation waveform can have a frequency of 20 Hz or more.
0067. At 44, an afferent nerve fiber within a nerve can be
stimulated with the electrical waveform (e.g., applied by elec
trode 14). At 46, a reflex function can be affected.
0068. The afferent nerve fiber can receive a sensory input
(e.g., due to the electrical waveform) and transmit a signal
(e.g., including one or more action potentials) to a portion of
the spinal cord (e.g., the sacral portion of the spinal cord or the
lumbar portion of the spinal cord). For example, the sensory
input can be received by a dermatome linked to a certain
portion of the spinal cord.
0069. In response, the spinal cord can transmit a signal
along one or more efferent nerve fibers. The signal (e.g.,
including one or more action potentials) can be transmitted by
the efferent nerve fibers to activate or disable a reflex action

that can affect an organ. In some instances, the efferent nerve
fibers can be autonomic nerve fibers (e.g., sympathetic nerve
fibers and/or parasympathetic nerve fibers).
0070. One example of a reflex can include a urethral reflex
(e.g., an external urethral sphincter reflex or an internal ure
thral sphincter reflex). A method 50 for reducing at least one
urethral reflex is shown in FIG. 5. The urethral reflex can

impede one or more bodily functions (e.g., voiding the uri
nary bladder), and the method 50 can enable the one or more
bodily functions.
0071. The method 50 can provide a non-destructive, mini
mally-invasive treatment for spastic urethral reflex contrac
tions. At 52, an electrical waveform (e.g., EW) can be gener
ated (e.g., by waveform generator 12). The electrical
waveform can be configured to reduce a urethral reflex that
impedes urine flow from a urinary bladder of the subject. For
example, the electrical waveform can be a patterned wave
form. The patterned electrical waveform that can include a
stimulus during at least a portion of the duty cycle. In some
instances, the stimulus waveform can be a burst waveform.
0072 At 54, the electrical waveform can be delivered to a
nerve that contains at least one afferent nerve fiber. The nerve

that includes one or more afferent fibers can be a peripheral
nerve, a sacral spinal cord nerve, a sacral root nerve, and/or a
lumber spinal cord nerve. The one or more afferent nerve
fibers can relay the send a signal induced by the stimulus
waveform to the spinal cord. The spinal cord can signal one or

more efferent nerve fibers to relax the spastic urethral reflex.
When the spastic urethral reflex is relaxed, the urinary bladder
can be voided. Accordingly, at 56, the urethral reflex can be
reduced to facilitate voiding the urinary bladder.
0073. In some instances, the voiding of the urinary bladder
can be activated by a bladder driver. For example, the bladder
driver can apply an electrical stimulation to at least one of a
sacral root, a bladder efferent nerve, and an afferent-mediated

peripheral nerve to activate the urinary bladder for voiding.
V. EXAMPLES

0074 The following examples are for the purpose of illus
tration only and are not intended to limit the scope of the
appended claims.
Example 1
0075. This example shows that patterned sacral der
matome stimulation (dependent on Stimulation location and
stimulus pattern) can provide a non-destructive and non-in
vasive approach to reduce urethral abnormal reflexes follow
ing chronic spinal cord injury (SCI).
Methods
Chronic SCI Animal Model

0076 Four sexually intact adult male cats had extradural
sacral electrodes implanted for on-demand bladder drive; a
second Surgery to transect the spinal cord was carried out after
the electrodes had stabilized and animals were deemed

behaviorally suitable for chronic SCI maintenance. All pro
cedures were carried out under general anesthesia (ketamine
induction, isoflurane maintenance), with prior approval from
the Case Western Reserve University IACUC.
0077 Animals first underwentalaminectomy at the L7-S2
level. Tripolar spiral cuff electrodes (Ardiem Medical, Indi
ana, Pa.) of 1.25 mm diameter were implanted on the extra
dural sacral roots eliciting the greatest bladder pressures
intraoperatively (verified S2 roots post mortem). Electrode
leads were tunneled Subcutaneously to exit in the inter-scapu
lar region. Animals were fitted with jackets (Lomir Biomedi
cal, Inc., Malone, N.Y.) to protect the lead exit sites.
0078 Animals underwent surgical spinal transection at
the T10-T12 vertebral level (after 17 weeks in animals 1-2, 6
weeks in animals 3-4). The dura was exposed through a
laminectomy, and the cord cut through a small incision made
in the dura with local application of intradural Marcaine
0.25% (Hospira, Inc., Lake Forest, Ill.). Completeness of
transection was visually confirmed prior to closure. Follow
ing recovery, animals received manual bladder expression 2-3
times daily; reflex defecation circumvented the need for assis
tive bowel care. A 9 week survival period established a
chronic model of abnormal LUT reflexes.

0079 Post mortem dissection was carried out to confirm
the spinal root levels, identify any damage to the Sacral root or
electrode implants, and Verify completeness of spinal transec
tion.
Terminal Procedure

0080 Nine weeks post-SCI animals were anesthetized
with an IV infusion of alpha-chloralose (75 mg/kg induction,
19 mg/kg Supplemental maintenance as needed) (Sigma
Alderitch, St. Louis, Mo.). Sub-cutaneous buprenorphine
(0.01 mg/kg) was given every 12 hours. Each animal was
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instrumented with a suprapubic bladder catheter for bladder
filling and draining, and measuring bladder pressure. Exter
nal sphincter and proximal urethral pressures were measured
using a 3.5 French catheter (Gaeltec, Isle of Skye, Scotland)
mounted with two microtransducer pressure sensors placed
into the urethra. The transducer was zeroed to atmospheric
pressure prior to use. The gain of the transducer was calcu
lated using a mercury manometer and two-point linear slope.
Active urethral pressure profiles (UPP) were conducted to
determine the position of the EUS from the external meatus.
0081 Sacral dermatome levels more effectively deliver
sensory stimulation to the spinal circuits generating
unwanted urethral reflexes. To investigate Surface localiza
tion effects, the L4 through S4 dermatomes were shaved and
prepped with a medical depilatory prior to application of
Surface electrode patches. Dermatome locations were esti
mated from published dermatome maps. "Large Surface
electrodes (4 cmx4 cm square, Re-Ply Unipatch: Covidien,
San Francisco Calif.) were used for gross dermatome local
ization effects (lumbar vs. sacral dermatomes). “Small elec
trodes (2 cm diameter round, Cardinal Health) were used for
finer resolution within lumbar and sacral dermatomes. FIG.

6A shows placement of large and Small electrodes for spatial
differentiation and the general pattern of electrical stimula
tion.

reflexes. All data was recorded in a custom designed data
acquisition program (Labview, National Instruments, Austin,
Tex.).
I0086. Urethral sphincter spasms were observed as EUS
pressure “spikes' in all animals, due to high-fidelity
microtransducer recording (FIG. 7). Spike rate and spike
amplitude were used as the primary measures of reflex EUS
activity. Spikes were defined as pressure increases 1 standard
deviation above a 0.5 second moving average, quantified in
Matlab (Mathworks, Natick, Mass.). Absolute pressure was
used rather than pressure evoked above baseline. Baseline
urethral pressure was consistent at ~15 cmH2O. Variables
reduced from identified spikes include: Pur-Average urethral
spikepressure amplitude (cmH2O)and Rur-Average urethral
spike rate (number/sec) calculated over the period of der
matome stimulation (typically 60 seconds), with a corre
sponding length chosen for comparative control trials.
I0087. For each animal one-way ANOVAs were used to
analyze the effect of dermatomestimulation on reflex activity
when compared to control trials. Additionally ANOVAs were
calculated for stimulus patterns at each electrode location,
and across locations for each pattern. The Tukey-Kramer
method was used to determine which parameter combina
tions differed significantly; only reductions from baseline
which reached (P<0.05) significance were labeled “suppres
sion.

Data Collection Stimulation Protocol

0082 Bladder contractions were evoked using 5-10 sec
onds of 20 Hz, stimulation on sacral root electrodes. Control

trials consisting of bladder drive without any dermatome
stimulation were used to consistently evoke EUS reflex activ
ity. Baseline EUS spasticity was defined as the pressure
spikes following root stimulation.
0083) Dermatome stimulation consisted of monophasic
constant-current pulses of 100 us (DS7A, Digitimer, Hert
fordshire, England). Afferent neurons typically utilize bursts
of action potentials with varying burst durations, frequency
and inter-burst intervals suggesting that particular stimulation
patterns will provide more effective reflex modulation than
others. We used cycle time (s), duty cycle (%), and base
frequency (HZ) to generate patterned stimuli. Cycle time was
fixed at 1 s for all patterns. Duty cycle was varied (25%, 50%,
75%, 100%) for a fixed base frequency (20 Hz). Cycle time
and duty cycle are simultaneously described though stimula
tion ON time and OFF time (FIG. 6B). At 100% duty cycle,
representing continuous stimulation, base frequency was var
ied between 10, 20 and 40 Hz for all animals (except animal
2, which did not respond to 20 Hz). Stimulation amplitude
was determined by visible muscle fasciculation; all trials
reported were conducted at 90% of fasciculation threshold.
0084 Voiding improvement was investigated by adding
(0.75 ON 0.25 OFF, 20 Hz) dermatome stimulation to inter
mittent sacral root stimulation (2.0 ON 4.0OFF, 20 Hz) in one
animal (#2). Surface stimulation was limited to the “middle’
2 cm round surface electrode (electrode 5. FIG. 6A). Void
ing was limited to 4 paired, bladder volume matched control/
dermatome runs. Voiding percentages were calculated for
each run; voiding to completion was not attempted.
Data Analysis
0085. In the same animal a 22 gauge stainless steel needle
was inserted through the same location and stimulated with
(0.75 ON 0.25 OFF, 20 Hz) to test the effect of on urethral

Results

Reflex Activity Following Chronic SCI
I0088 Prior to SCI, no animals displayed urethral reflex
activity under light isoflurane anesthesia. Neither EUS nor
bladder activity was evoked when applying dermatome
stimulation at sub-fasciculation (4.5-12.5mA) threshold lev
els, and current amplitudes high enough to produce urethral
pressure changes were inseparable from motion artifact due
to hind limb muscle contractions.

I0089. The bulbocavernosus reflex reappeared in all ani
mals within 12 hours after SCI and LUT reflexes appeared
within 1 week. All animals displayed distention evoked blad
der reflexes and the progressive development of spastic ure
thral sphincter reflexes that were observed under light isoflu
rane or alpha-chloralose. These EUS reflexes were
consistently evoked following sacral root stimulation, how
ever they also occurred spontaneously or with urethral cath
eter movement. Baseline reflex activity with effective and
ineffective patterned surface stimulation are shown in FIG. 7.
0090 Three animals had confirmed complete transection
of the spinal cord. Animal 1 had partial Voluntary stepping
and visceral sensation caudal to transection, Suggesting
incomplete injury. All animals had at least one working sacral
root electrode capable of producing greater than 50 cm H2O
intra-vesicular pressure and greater than 70 cm H2O urethral
sphincter pressure. The right S2 root was damaged in animal
2 during the week after spinal transection.
Effect of Dermatome Stimulation on Urethral Reflex

Suppression
0091 Significant, reproducible suppression of urethral
reflexes was achieved in 2 of 4 animals when effective stimu

lus parameters were used (FIG. 7). Reflex reduction was
observed within 2 seconds of the start of dermatome stimu

lation, and was able to be maintained for over 60 seconds.
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Statistically significant Suppression was only achieved for a
limited combination of electrode locations and stimulus patterns. Urethral reflexes were reduced by dermatomestimulation at all locations tested in responder animals (1 and 2), but
only sacral dermatome locations significantly reduced urethral activity compared to control and were classified as Suppression (FIG. 8).
0092 Rur was reduced 92.6% and Pur reduced 61.4%
(P<0.001) using the large electrode location S (animal 1, 20
HZ continuous). Sacral ISI stimulation with (0.75 ON 0.25
OFF, 20 Hz) produced comparable suppression to 20 Hz
continuous stimulation (FIG. 9); 20 HZ continuous data are

(0098. Subcutaneous stimulation reduced Rur (P<0.01)
and Pur (P<0.001) when compared with control trials. Sub
cutaneous stimulation was not significantly different from
surface stimulation using the same (0.75 ON 0.25 OFF, 20
Hz) pattern (Rur (P=0.362), Pur (P=0.771)). In 7 subcutane
ous trials, (Rur–0.0208+0.019/sec. Pur-83.95+88.21 cm
HO).
Example 2
0099. This example shows that patterned sacral afferent
stimulation can produce effective voiding
in animals with
chronic SCI. However, stimulation parameters and locations
- in
described below that are used to produce effective voiding
animals may be need to be changed to produce effective
Voiding in Run
9.
p
9.
Methods

presented as lumbar stimulation L was not attempted using
(0.75 ON 0.25 OFF, 20 Hz).

0093. Finer resolution of the sacral skin beneath SI using
smaller electrodes 1-5 (animal 2) demonstrated finer spatial
resolution within the sacral dermatomes. Locations 4 and
5 both significantly Suppressed urethral reflexes. Location
5 reduced Pur 80.8% and Rur 86.1% (P<0.001) using (0.75
ON 0.25 OFF 20 Hz). Suppression was not achieved at elec-

Chronic SCI Animal Model
O1C
18 VOC

trodes 1-4 for any other patterns tested (data not shown).
0094. Data shown in FIGS. 8 and 9 were normalized to the
control for each animal. The Pur and Rur, control values for

0100 Four sexually intact adult male cats had extradural
sacral electrodes implanted to generate on-demand bladder
pressure. Spinal transection was carried out after electrode

all animals are shown in Table 1.

performance was verified and animals were deemed behav
TABLE 1.

CONTROL

ANIMAL

DERMATOME

Trials

Rur

Pur

Trials

Rur

Pur

(n)

(spikes sec)

(cm H2O)

(n)

(spikes sec)

(cmH2O)

1

2O

0.438

O.171

167.893.4

2
3
4
Pooled

24
21
24
89

O.O88,
O.188
O.O54
O.181 -

O.O41
OO12
O.O31
0.061

355.5 - 1864
167.2 100.8
140.3 59.0
210.8 - 110.9

::::::

83
49
132

0.199 O.O99
0.078 O.O32
O.1540.1OO

Listing the Individual and Pooled Baseline Urethrall Reflex
Measures (Pur, Rur, Control) for All Four Animals.
0095. The pooled values for all dermatome stimulation
trials are also shown for animals 3 and 4, where no differences
were observed between surface stimulation and control for

any stimulus locations or patterns tested. Only (0.75 ON 0.25
OFF, 20 Hz) patterned stimulation produced suppression in
both responder animals, when applied at effective locations.
Increasing duty cycle from 25% to 75% led to progressive
reductions in spike rate Rurand amplitude Pur, however only
75% produced suppression compared to control and were
classified as suppression. FIG. 9 shows patterned stimuli
tested at electrode locations S (animal 1) and 5 (animal 2).
Data are normalized to the control for each animal.

0096 Continuous (20 Hz) stimulation produced suppres
sion in animal 1, but not animal 2. In animal 1, 10 HZ con

tinuous reduced Rur by 82.4% (P<0.001) and Pur by 28.2%,
(P=0.053) and 40 Hz continuous reduced Pur 38.1% (P=0.
289) and Rur 60.1% (P=0.084).
0097 Bladder emptying was improved from 30.3%+3.8%
(8.95+2.2 mL) without dermatomestimulation to 41.93%+6.
6% (12.43+2.9 mL) with stimulation (P<0.5) in single blad
der drive-limited stimulus runs. When normalized to control

voided volumes, this represents a 38.3%+21.7% increase
with the addition of effective surface stimulation. Bladder
Volume for all trials was 29.3 mLit3.5 mL.

157.3
205.2
1751

121.1
79.3
109.7

iorally suitable for chronic SCI (6 weeks post-implant). Ani
mals underwent a terminal experiment under alpha-chloral
ose anesthesia 9 weeks post SCI; a suprapubic bladder
catheter was placed to measure bladder pressures during the
terminal experiment. All Surgical procedures were carried out
under general anesthesia (ketamine induction, isoflurane
maintenance), with prior approval from the Case Western
Reserve University IACUC.
Urethral Reflex Suppression
0101 Animals were tested every two weeks under light
propofol IV anesthesia (PropoFlo 28, Abbot Animal Health: 1
mg/kg induction, 0.4–0.6 mL/min maintenance, 10 mg/mL)
beginning one week post spinal transection. Urethral reflexes
were continuously monitored using a high-fidelity 3.5 French
microtransducer catheter (Gaeltec, Isle of Skye, Scotland).
Stimulation parameters and paradigms were consistent with
methods reported previously. Sacral (L7-S3) dermatomes
were shaved and prepped with a medical depilatory prior to
application of surface electrode patches. Effective der
matome locations were found by probing a 2 cm round
Ag/AgCl disk electrode (Cardinal Health, US) across the
sacral dermatomes thinly coated with electrolytic gel (Spec
tra 360, Parker Laboratories). Stimulation patterns previously
found to produce effective urethral reflex suppression were
delivered to the sacral dermatomes, typically (0.75 sec ON,
0.25 sec OFF, 20 Hz) and 20 Hz continuous stimulation.
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Stimulation amplitude was set to 90% of the visible muscle
fasciculation threshold. Skin locations that visibly reduced
EUS spike activity were marked and surface patch electrodes
(2 cm diameter round, Cardinal Health) were placed over the
effective location. The target electrode was bounded by addi
tional electrodes in the rostral/caudal and medial/lateral

directions to verify spatial selectivity.
Voiding Protocol: Voiding under Anesthesia
0102 Bladder contractions were produced using sacral
root stimulation (20 Hz, 2 SON, 4s OFF) to obtain consistent,
reproducible bladder pressures. Intermittent stimulation is
utilized in existing human neuroprostheses because sacral
stimulation activates both the bladder and sphincter; voiding
occurs during the stimulation OFF periods. However urethral
reflexes after SCI prevent voiding and sacral dorsal rhizotomy
is required to achieve clinically acceptable voiding in
humans.

0103 Bladder voiding was evaluated during bladder acti
vation with and without PSAS. Voiding was initially tested
under propofol anesthesia before being tested in awake-be
having animals. During anesthetized tests bladder and
sphincter pressures were evaluated under isoVolumetric con
ditions prior to voiding. FIG. 10 illustrates the typical bladder
pressure and Voiding pattern produced by the control and
afferent voiding paradigms.
Awake Voiding
0104. Unanesthetized tolerance for sacral root stimulation
was verified before awake voiding was conducted. Intermit
tent root stimulation was delivered for 60 to 90 seconds in

each run. Runs were repeated 5 (range 3-7) times with 3
minutes of rest in between to allow recovery of any detrusor
muscle fatigue. Voided volumes were measured in mL for
each stimulation run. Residual volumes were calculated for
anesthetized voids via intraurethral catheterization. Residual

Volumes for awake Voiding trials were found via manual
expression following electric Voiding, or by bladder palpation
during the bladder maintenance phase. Palpation estimates
were calibrated during acute testing sessions with known
bladder volumes.

Daily Maintenance Voiding
0105 Electric voiding was considered successful if the
total percentage emptied was greater than or equal to the
average manually expressed percentage for each animal.
Manual expression is the clinical standard of care for main
taining chronic SCI cats. After demonstrating Successful
awake voiding with PSAS, an animal was transitioned to the
electric maintenance phase replacing twice daily manual
expression with electric Voiding as the primary method of
bladder emptying. Electric maintenance was Suspended tem
porarily when animals were transferred out of the facility on
weekends, holidays, and for bi-weekly anesthetized testing
sessions. Animals were voided twice (range 1-4) daily with
electrical stimulation separated by 8-12 hours. Voiding was
repeated at shorter intervals in cases of high urine output or
large estimated residuals.
Subcutaneous Stimulation and Cutaneous Anesthesia

0106 During the terminal test in animal 4, afferent stimu
lation was delivered subcutaneously through a 22 gauge
hypodermic needle inserted parallel to the skin Surface imme
diately beneath the effective surface location (left side). Void

ing with needle stimulation was conducted in 2 sets of control
and afferent runs following Successful reflex Suppression.
0107. In the same experiment lidocaine gel (Topicaine
4%, ESBA Laboratories) was applied topically to the effec
tive dermatome location (right side) to produce local anes
thesia of cutaneous afferents. The gel was removed after 10
minutes, and Surface stimulation reapplied to the effective
area. Standard reflex measures were compared for (0.75 ON,
0.25 OFF 20 HZ) stimulation afferent suppression before and
after lidocaine anesthesia.

Data Analysis
0.108 Reflex activity was quantified by pressure spike rate
and spike height. Each metric was compared between control
conditions (without PSAS) and with PSAS and analyzed as
described previously. Voiding efficiency was compared
between conditions (intermittent root voiding with and with
out PSAS, and manual expression) using bladder Volumes
and total percentage Voided. For each animal one-way
ANOVA was used to analyze the effect of dermatomestimu
lation on bladder voiding when compared to control stimula
tion and hand expression. Tests were conducted separately for
Volumes and percentages. The Tukey-Kramer method was
used to identify post-hoc significance (C=0.05).
Results

Suppression of EUS Reflex Activity
0.109 All animals demonstrated active urethral reflexes
within 1 week after SCI, and reflex bladder contractions by 3
weeks post SCI. Urethral reflex suppression was achieved in
two of four animals (animals 1, 4) using PSAS patterns pre
viously identified (0.75 ON, 0.25 OFF 20 Hz) and (20 Hz
continuous). Suppression was first achieved during propofol

anesthetized tests 35 days (3"test, animal 1) and 21 days (2"

test, animal 4) after SCI. Unilateral sacral dermatomestimu
lation reduced reflex spike rate from (0.129-0.014 to
0.016+0.012 spikes/second, p<0.001) and spike amplitude
from (141.8+14.8 to 80.2+15.4 cmHO, p<0.001). Surface
Suppression was achieved on only the left side dermatomes in
animal 1 and on both sides in animal 4. PSAS amplitudes for
Successful Suppression leading to voiding were 5.6 t 1.7 mA.
0110. Two animals (animals 2, 3) did not demonstrate a
significant reduction in urethral reflex activity in response to
any PSAS parameters tested. These animals therefore did not
advance to the Voiding stages of the protocol. All animals had
complete spinal transections, confirmed post mortem. Ure
thral reflex activity features were consistent for all types of
anesthesia used (propofol IV, alpha-chloralose) across all
animals. The ability to demonstrate Suppression of reflexes
and Voiding improvement was independent of anesthetic,
including unanesthetized conditions.
Voiding under Anesthesia
0111 Bladder voiding with PSAS was superior to sacral
root stimulation alone under light propofol anesthesia in both
animals (FIG. 11). Data are pooled across animals. Sacral
root stimulation alone (n=5) produced 48.3+11.75% bladder
emptying, with an average voided volume of 22.0+10.76 mL.
Reducing urethral pressures with PSAS (n=7) improved void
ing to 83.9-6.2% (p<0.01), with an average voided volume of
37.8+7.0 mL (p<0.05). The addition of deep isofluraneanes
thesia completely eliminated urethral reflexes and provided a
measure of the maximum voiding efficiency possible. Con
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trol sacral root stimulation under isoflurane (n-3) produced
85.3+3.0%, 38.2-9.2 mL voiding, not significantly improv
ing percentage (p=0.629) or volume (p=0.949) from afferent
Voiding.
0112 Isovolumetric pressure recordings confirmed that
Surface stimulation did not impact bladder pressures during

0119 From the above description, those skilled in the art
will perceive improvements, changes and modifications.
Such improvements, changes and modifications are within
the skill of one in the art and are intended to be covered by the
appended claims.

sacral root stimulation driven contractions. Surface stimula

1. A system comprising:
a waveform generator configured to generate an electrical

tion also did not affect the magnitude or duration of disten
sion-evoked reflex bladder pressures. Therefore increased
bladder pressure was not the cause of improved voiding.
Awake and Daily Maintenance Voiding
0113. Following voiding improvement with PSAS under
anesthesia, animals 1 and 4 began awake testing 50 and 22
days post SCI, respectively. Forty-four total sessions of affer
ent voiding and eighteen control sessions were completed
across both animals. Eight afferent sessions and two control
sessions were excluded from awake statistical analysis due to
electrode connectivity issues in one or more stimulation runs.
0114 Bladder voiding with PSAS (84.6+10.9%) was
superior to voiding without PSAS (54.3+17.9%) under
awake-behaving conditions in both animals (FIG. 12).
Manual expression voided 76% (n=112) of bladder volume in
animal 1 and 80% (n=48) in animal 4. Twenty-nine of thirty
six voids with PSAS were equivalent to or greater than
manual expression. Zero of sixteen control Voids were greater
than manual expression.
0115 Additional awake stimulation runs produced dimin
ishing returns toward total voided Volume. The percentage of
total starting volume contributed by individual stimulation
runs were 13.4%; 12.3%; 9.1%; 7.9%; 7.3% for control and
32.2%; 21.7%; 22.8%; 3.6%; 2.1% when PSAS was added.
All awake Voids used at least 5 stimulation runs to maximize

bladder emptying.
0116. Both animals transitioned to the maintenance void
ing phase (animal 1: 65 days post-SCI; animal 4: 36 days
post-SCI) where electric voiding was used twice daily to
replace manual expression (FIG. 13). Six maintenance voids
shown in FIG. 13 had stimulation problems in the first 5 runs
and were therefore excluded from statistical analysis (not
shown in FIG. 12). Twenty-five of twenty-eight afferent voids
were greater than manual expression percentage while Zero of
nine control maintenance Voids were. Both animals main

tained low residual volumes without habituation or appre
ciable loss of reflex Suppression during daily use. Stimulation
(6.6+1.9 minutes/episode, range 5.0-10.5) was delivered
1.9-0.7 (range 1-4) times/day. At most, stimulation of 30
minutes/day was sufficient to replace other bladder mainte

What is claimed is:

waveform; and

an electrode configured to deliver the electrical waveform
to stimulate a nerve to reduce at least one reflex that

affects a bodily function.
2. The system of claim 1, wherein the at least one reflex
comprises a urethral reflex.
3. The system of claim 2, wherein the urethral reflex is at
least one of a reflex controlling an external urethral sphincter
or a reflex controlling an internal urethral sphincter.
4. The system of claim 2, wherein the urethral reflex
impedes the bodily function.
5. The system of claim 4, wherein the bodily function
comprises voiding the urinary bladder.
6. The system of claim 5, further comprising a bladder
driver configured to selectively void the urinary bladder when
the urethral reflexes are reduced.

7. The system of claim 6, wherein the bladder driver is
configured to apply electrical stimulation to at least one of a
sacral root, a bladder efferent nerve, and an afferent-mediated

peripheral nerve to activate the urinary bladder for voiding.
8. The system of claim 1, wherein the electrode is a surface
electrode or a Subcutaneous electrode.

9. The system of claim of claim 1, wherein the nerve is at
least one of a peripheral nerve, a sacral spinal cord nerve, a
sacral root nerve, and a lumber spinal cord nerve.
10. The system of claim 9, wherein the nerve comprises an
afferent nerve fiber.

11. The system of claim 1, wherein the electrical waveform
comprises a base frequency, wherein the stimulation is deliv
ered during a period of the base frequency,
12. A method for affecting a bodily function in a subject,
the method comprising the steps of
generating, by a waveform generator, an electrical wave
form; and

delivering, by an electrode coupled to the waveform gen
erator, the electrical waveform to a nerve comprising an
afferent nerve fiber of the subject to stimulate the affer
ent nerve fiber to affect the bodily function.
13. The method of claim 12, wherein the electrode is a

nance methods.

Surface electrode or a Subcutaneous electrode.

Subcutaneous Stimulation and Cutaneous Anesthesia

form comprises a burst waveform.

0117 Subcutaneous afferent stimulation (20.9 ma)
reduced EUS pressures consistent with surface stimulation
(0.071+0.129 spikes/second; 56.8+51.6 cmH2O). Voiding
using subcutaneous PSAS (91.9-1.7%) was comparable to
Voiding using Surface afferent stimulation.
0118 Lidocaine gel eliminated surface reflex suppression.
Surface stimulation of (0.75 ON 0.25 OFF, 20 Hz) on the right
S1-S2 dermatome Suppressed reflex spikes prior to gel appli
cation. Repeating afferent stimulation after cutaneous anes
thesia failed to produce any reduction in either spike rate or
spike amplitude.

14. The method of claim 12, wherein the electrical wave
15. The method of claim 12, wherein the electrical wave
form stimulates the afferent nerve to reduce urethral reflexes

that impede urine flow.
16. The method of claim 15, wherein the bodily function
comprises voiding the urinary bladder.
17. The method of claim 16, further comprising stimulat
ing, by a bladder driver, a second nerve to activate the urinary
bladder to facilitate the voiding when the urethral reflexes are
reduced.

18. A neural prosthesis for providing urinary bladder con
trol in a Subject, the neural prosthesis comprising:
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a waveform generator configured to generate an electrical
waveform configured to reduce at least one urethral
reflex that impedes urine flow from a urinary bladder of
the Subject; and
an electrode configured to deliver the electrical waveform
to a nerve of the subject;
wherein the electrical waveform causes the nerve to gen
erate at least one action potential to reduce the at least
one urethral reflex and facilitate voiding of the urinary
bladder.

19. The neutral prosthesis of claim 18, wherein the elec
trode is a Surface electrode or a Subcutaneous electrode.

20. The neural prosthesis of claim 18, wherein the nerve
comprises an afferent nerve fiber, and
wherein the electrical waveform is configured to stimulate
an afferent nerve to reduce the urethral reflex.
k

k

k

k

k

