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Method and System for Cyclical Neural
Modulation Based on Activity State

Inventor(s): Ralph G. Dacey, Jr., Gregory J. Della
Rocca, Colin P. Derdeyn, Joshua L. Dowling, Eleanor
V. Goodall, Roderick A. Hyde, Muriel Y. Ishikawa,
Jordin T. Kére, Eric C. Leuthardt, Nathan P. Myhrvold,
Michael A. Smith, Lowell L. Wood, Jr., Victoria Y.H.
qud, Gregory J. Zipfel

SUMMARY

In one aspect, a method of modulating neural activity includes but is not
limited to applying a blocking stimulus sufficient to produce a reversible conduction
block of at least a portion of a peripheral neural structure of a subject with a cyclical
application pattern, a cycle of the cyclical application pattern including a blocking
period during which the blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of the peripheral neural structure of the subject
is applied at least intermittently, the blocking period coinciding at least in part with a
first activity state in the subject; and a release period during which no blocking
stimulus is applied, the release period coinciding at least in part with a second activity
state in the subject.

In another aspect, a method of modulating neural activity includes but is not
limited to detecting the onset of a first activity state in the subject; initiating a
blocking period during which a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of the peripheral neural structure of the subject
is applied at least intermittently responsive to detecting the onset of a first activity

state in the subject; and applying the blocking stimulus sufficient to produce a
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reversible conduction block of at least a portion of a peripheral neural structure of a
subject with a cyclical application pattern, a cycle of the cyclical application pattern
including a blocking period during which the blocking stimulus sufficient to produce
a reversible conduction block of at least a portion of the peripheral neural structure of
the subject is applied at least intermittently, the blocking period coinciding at least in
part with a first activity state in the subject; and a release period during which no
blocking stimulus is applied, the release period coinciding at least in part with a
second activity state in the subject.

In yet another aspect, a method of modulating neural activity may include
applying a blocking stimulus sufficient to produce a reversible conduction block of at
least a portion of a peripheral neural structure of a Subject with a cyclical application
pattern, a cycle of the cyclical application pattern including a blocking period during
which the blocking stimulus sufficient to produce a reversible conduction block of at
least a portion of the peripheral neural structure of the subject is applied at least
intermittently, the blocking period coinciding at least in part with a first activity state
in the subject; a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second activity state in the subject;
detecting the onset of a second activity state in the subject; and initiating a release
period during which no blocking stimulus is applied responsive to detecting second
activity state in the subject.

In addition to the foregoing, other method aspects are described in the claims,
drawings, and text forming a part of the present disclosure.

In one aspect, a neural modulation system includes but is not limited to a
signal input structure configured to receive a signal indicative of an activity state of at
least a portion of a body of a subject innervated by a peripheral neural structure; a
sensor operatively connected to the signal input structure and configured to generate
the signal indicative of an activity state of the at least a portion of the body of the
subject innervated by the peripheral neural structure responsive to an activity of the at
least a portion of the body of the subject; and a signal processing portion configured
to distinguish a first activity state of the at least a portion of the body of the subject

innervated by the peripheral neural structure from a second activity state of the at
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least a portion of the body of the subject innervated by the peripheral neural structure
from the signal received at the signal input structure and generate a blocking stimulus
control signal for driving production of a blocking stimulus configured to reversibly
block conduction in the peripheral neural structure of the subject during at leasta
portion of the first activity state. The sensor may be a physiological sensor or a
physical activity sensor, for example.

In another aspect, a neural modulation system may include a signal input

structure configured to receive a signal indicative of an activity state of at least a

portion of a body of a subject innervated by a peripheral neural structure; a user input

device operatively connected to the signal input structure and configured to generate a
signal responsive to a user input indicative of an activity state of at least a portion of a
body portion innervated by the peripheral neural structure; and a signal processing
portion configured to distinguish a first activity state of the at least a portion of the
body of the subject innervated by the peripheral neural structure from a second
activity state of the at least a portion of the body of the subject innervated by the
peripheral neural structure from the signal received at the signal input structure; and
generate a blocking stimulus control signal for driving production of a blocking
stimulus configured to reversibly block conduction in the peripheral neural structure
of the subject during at least a portion of the first activity state.

In addition to the foregoing, other system aspects are described in the claims,
drawings, and text forming a part of the present disclosure. |

In one or more various aspects, related systems include but are not limited to
circuitry and/or programming, including instructions carried on signal bearing media,
for effecting the herein-referenced method aspects.

In one aspect, a system may include a signal-bearing medium bearing one or
more instructions related to producing a reversible conduction block in a peripheral
neural structure of a subject while the subject is in a first activity state, one or more
instructions related to reversing the reversible conduction block in the peripheral
neural structure of the subject to permit conduction in the peripheral neural structure
when the subject is in a second activity state, and one or more instructions related to

repeating the steps of producing a reversible conduction block in a peripheral neural
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structure of a subject while the subject is in a first activity state and reversing the
reversible conduction block in the peripheral neural structure of the subject to permit
conduction in the peripheral neural structure when the subject is in a second activity
state.

In another aspect, a system may include a signal-bearing medium bearing one
or more instructions related to receiving an input indicative of an activity state of the
subject, one or more instructions related to producing a reversible conduction block in
a peripheral neural structure of a subject while the subject is in a first activity state;
one or more instructions related to reversing the reversible conduction block in the
peripheral neural structure of the subject to permit conduction in the peripheral neural
structure when the subject is in a second activity state, and one or more instructions
related to repeating the steps of producing a reversible conduction block in a
peripheral neural structure of a subject while the subject is in a first activity state and
reversing the reversible conduction block in the peripheral neural structure of the
subject to permit conduction in the peripheral neural structure when the subjectis ina
second activity state.

In yet another aspect, a system may include a signal-bearing medium bearing
one or more instructions related to producing a reversible conduction block in a
peripheral neural structure of a subject while the subject is in a first activity state; one
or more instructions related to receiving an input indicative of a user instruction; one
or more instructions related to reversing the reversible conduction block in the
peripheral neural structure of the subject to permit conduction in the peripheral neural
structure when the subject is in a second activity state; and one or more instructions
related to repeating the steps of producing a reversible conduction block in a
peripheral neural structure of a subject while the subject is in a first activity state and
reversing the reversible conduction block in the peripheral neural structure of the
subject to permit conduction in the peripheral neural structure when the subjectisina
second activity state.

In still another aspect, a system may include a signal bearing medium bearing:
one or more instructions related to applying a blocking stimulus sufficient to produce

a reversible conduction block of at least a portion of a peripheral neural structure of a
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subject with a cyclical application pattern, a cycle of the cyclical application pattern
including a blocking period during which the blocking stimulus sufficient produce a
reversible conduction block of at least a portion of the peripheral neural structure of
the subject is applied at least intermittently, the blocking period coinciding at least in
part with a first activity state in the subject; and a release period during which no
blocking stimulus is applied, the release period coinciding at least in part with a
second activity state in the subject.

In still another aspect, a system may include a signal bearing medium bearing
one or more instructions related to applying a blocking stimulus sufficient to produce
a reversible conduction block of at least a portion of a peripheral neural structure of a
subject with a cyclical application pattern, a cycle of the cyclical application pattern
including a blocking period during which the blocking stimulus sufficient produce a
reversible conduction block of at least a portion of the peripheral neural structure of
the subject is applied at least intermittently, the blocking period coinciding at least in
part with a first activity state in the subject; and a release period during which no
blocking stimulus is applied, the release period coinciding at least in part with a
second activity state in the subject; one or more instructions related to detecting the
onset of the first activity state in the subject; and one or more instructions related to
initiating a blocking period during which a blocking stimulus sufficient produce to
reversible conduction block of at least a portion of the peripheral neural structure of
the subject is applied at least intermittently responsive to detecting the onset of the
first activity state in the subject.

In another aspect, a system may include a signal bearing medium bearing one
or more instructions related to applying a blocking stimulus sufficient to produce a
reversible conduction block of at least a portion of a peripheral neural structure of a
subject with a cyclical application pattern, a cycle of the cyclical application pattern
including a blocking period during which the blocking stimulus sufficient produce a
reversible conduction block of at least a portion of the peripheral neural structure of
the subject is applied at least intermittently, the blocking period coinciding at least in
part with a first activity state in the subject; and a release period during which no

blocking stimulus is applied, the release period coinciding at least in part with a
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second activity state in the subject; one or more instructions related to detecting the
onset of the second activity state in the subject; and one or more instructions related
to initiating a release period during which no blocking stimulus is applied responsive
to detecting the onset of the second activity state in the subject.

In addition to the foregoing, various other method and/or system and/or signal
bearing medium/program product aspects are set forth and described in the teachings
such as text (e.g., claims and/or detailed description) and/or drawings of the present
disclosure.

The foregoing is a summary and thus may contain simplifications,
generalizations, inclusions, and/or omissions of detail; consequently, those skilled in
the art will appreciate that the summary is illustrative only and is NOT intended to be
in any way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by

reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is an illustration of conduction in a single nerve fiber;

FIG. 1B is an illustration of conduction block in the single nerve fiber
depicted in FIG. 1A,

FIG. 2A is an illustration of conduction in nerve;

FIG. 2B is a cross-sectional view of the nerve illustrated in FIG. 2A;

FIG. 2C is an illustration of the effect of a complete conduction block in a
nerve;

FIG. 2D is a cross-sectional view of the nerve illustrated in FIG. 2C;

FIG. 2E is an illustration of the effect of a partial conduction block in a nerve;

FIG. 2F is a cross-sectional view of the nerve illustrated in FIG. 2E;

FIG. 3 is a schematic diagram of a system for producing conduction block in
a peripheral neural structure;

FIG. 4 is a flow diagram of method of modulating neural activity;

FIG. 5 is an illustration of application patterns for blocking stimuli;

FIG. 6 is an illustration of further application patterns for blocking stimuli;
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FIG. 7 is an illustration of types of blocking stimuli;

FIG. 8 is a flow diagram of a method of modulating neural activity;

FIG. 9 is a flow diagram of a method of modulating neural activity;

FIG. 10 is a block diagram of an example of a neural modulation system;

FIG. 11 is a block diagram of another example of a neural modulation system;

FIG. 12 is a block diagram of an example of a neural modulation system;

FIG. 13 is a block diagram of a further example of a neural modulation
system;

FIG. 14 is a block diagram of a further example of a neural modulation
system,

FIG. 15 is a block diagram of another example of a neural modulation system;

FIG. 16 is a block diagram of a signal processing portion of a neural
modulation system,;

FIG. 17 is a block diagram of a system including a signal-bearing medium
bearing instructions related to operation of a neural modulation system;

FIG. 18 is a block diagram of a system including a signal-bearing medium
bearing instructions related to operation of a neural modulation system;

FIG. 19 is a block diagram of a system including a signal-bearing medium
bearing instructions related to operation of a neural modulation system;

FIG. 20 is a block diagram of a system including a signal-bearing medium
bearing instructions related to operation of a neural modulation system;

FIG. 21 is a block diagram of a system including a signal-bearing medium
bearing instructions related to operation of a neural modulation system; and

FIG. 22 is a block diagram of a system including a signal-bearing medium

bearing instructions related to operation of a neural modulation system.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically

identify similar components, unless context dictates otherwise. The illustrative
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embodiments described in the detailed description, drawings, and claims are not
meant to be limiting. Other embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject matter presented here.

Although the following terms are known in the art, they are generally defined
below for the convenience of the reader:

DEFINITIONS

Central Nervous System (CNS) — the brain, spinal cord, optic nerves and
retina.

Peripheral Nervous System (PNS) — all the nerves in the body that lie outside
of the brain and spinal cord, i.e., the cranial nerves, spinal nerves, nerve plexuses, and
their associatéd spinal and autonomic ganglia.

Autonomic Nervous System (ANS) — the portion of the nervous system that
regulates involuntary body functions, including heart and circulation, respiration,
digestion, temperature regulation, etc. The Autonomic nervous system includes two
divisions, the sympathetic nervous system and the parasympathetic nervous system.

Sympathetic nervous system — the division of the autonomic nervous system,
which, broadly speaking, functions to mobilize the body’s energy and resources
during times of stress and arousal to prepare for “fight or flight”, e.g., it accelerates
heart rate, constricts blood vessels, elevates blood pressure, etc.

Parasympathetic nervous system — the division of the autonomic nervous
system that regulates body functions during relaxed states.

Neuron — a nerve cell, the basic functional unit of the nervous system. A
neuron typically includes a cell body, and one or more processes called axons and
dendrites.

Axon - An axon is a long slender process of a nerve cell that conducts
electrical impulses away from the cell body.

Action Potential — a brief, regenerative change in membrane potential that
propagates actively along membrane of neuron or other excitable cells.

Dendrite - A dendrite is a process of a nerve cell that conducts electrical
impulses toward the cell body. Often, a neuron may have multiple, relatively short

dendrites.
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Nerve Fiber - The term “nerve fiber” may be used in connection with
peripheral neurons to describe long slender processes (either axons or dendrites) that
may conduct electrical impulses away from or toward the cell body.

Nerve — a cable-like bundle of multiple nerve fibers, capable of carrying
signals between the central nervous system and other organs and tissues of the body.
Cranial nerves may connect directly to parts of the brain.

Fascicle — a bundle of nerve fibers within a nerve. Each fascicle is surrounded
by a dense sheath of tissue called perineurium, while a group of fascicles that make
up a nerve are surrounded and held together by looser connective tissue called
epineurium.

Nerve Plexus — a region of crossover and regrouping of nerve fibers from
multiple nerves

Ganglion — in the peripheral nervous system, a cluster of nerve cell bodies;
sensory (afferent) ganglia lie along spinal column on the dorsal roots. Autonomic
ganglia (containing the cell bodies of autonomic neurons) may lie parallel to the
spinal column or in or near their target organs.

Spinal Root — root portion of spinal nerve, as it branches off of spinal cord and
passes through bony canal through vertebra.

FIG. 1A depicts conduction of action potentials (referred to collectively as
“neural activity™) in a single nerve fiber 10 (an elongated nerve process, or axon or
dendrite) when no conduction block is present. Neural activity may be sensed from
nerve fiber 10 with an electrode 12 located at a first position 14 on nerve fiber 10.
Sensed neural activity may be represented by trace 16, which includes action
potentials 18a, 18b, 18c and 18d occurring at times t, ty, tc and tg. The direction of
conduction of action potentials along nerve fiber 10 is indicated by the arrow. Trace
20, sensed with electrode 22 at a second position 24 located at a distance / from first
position 14 on nerve fiber 10, includes action potentials 18a, 18b, 18c and 18d
occurring at times ty+ teg, tot ted, tet teq and to+ teq, Where teq is the conduction delay
time, or the time for the action potentials to conduct down nerve fiber 10 from first

position 14 to second position 24. Conduction delay time tcq is equal to [ /v, where /
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is the distance between first position 14 and second position 24 and v is the
conduction velocity.

FIG. 1B depicts the effect of a conduction block in nerve fiber 10, indicated
by cross-hatching in blocked region 30. When conduction is blocked at region 30,
action potentials 28e, 281, 28g and 28h occurring at times te, t;, t; and t; in trace 26
may be sensed with electrode 12 at first position 14. However, conduction of the
action potentials in the direction indicated by the arrow is blocked so they cannot
travel past region 30 to second position 24. Accordingly, trace 32, sensed with
electrode 22 at second position 24, will not contain any action potentials.

FIGS. 2A - 2F illustrate the effects of complete and partial conduction block
on a nerve made up of multiple nerve fibers. A nerve 50 is shown in longitudinal
section in FIG. 2A , and in cross section (taken at section line 2B-2B) in FIG.2B.
Nerve 50 contains multiple nerve fibers 54. An electrode 56 at first position 58 may
record a compound signal 60 from nerve 50. Compound signal 60 is made up of the
summation of action potentials produced by multiple individual nerve fibers. If the
direction of conduction is as indicated by the arrow, an electrode 62 at second
position 64 may record compound signal 66. Because action potentials on individual
nerve fibers may travel at different conduction velocities, action potentials that sum to
form compound signal 60 at first position 58 may not arrive at second position 64 at
the same delays relative to each other. Accordingly, compound signal 66 may
represent the summation of the same action potentials that made up compound signal
60, but because they arrive at position 64 at different relative delays, compound
signal 66 may have a different shape than compound signal 60.

FIG. 2C depicts nerve 50 in longitudinal section, with a complete conduction
block in region 70, as indicated by cross-hatching. Conduction block is indicated in
region 74 in the cross-section of the same nerve, taken at section line 2D-2D and
shown in FIG. 2D. Compound signal 75 sensed at position 58 is unchanged relative
to compound signal 60 shown in FIG. 1A, but compound signal 76, sensed at position
64 with electrode 62, includes no activity, because conduction of action potentials

was blocked in all fibers at the blocked region as indicated at 70 and 74.
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FIG. 2E depicts nerve 50 with a partial conduction block in area 80 in
longitudinal view, as indicated by cross-hatching. Conduction block is indicated by
area 84 in the cross-section shown in FIG. 2F, taken along section line 2F-2F in FIG.
2E. Compound signal 85 sensed at position 58 is unchanged relative to compound
signal 60 as shown in FIG. 2A, but compound signal 86, sensed at position 64 with
electrode 62, is of lower amplitude because conduction of action potentials was
blocked in the subset of fibers passing through the blocked region as indicated at
areas 80 and 84. Accordingly, compound signal 86 is formed by the summation of
action potentials from those fibers lying outside of area 80, i.e. fibers lying within
region 88 in cross-section 82. As seen in cross-section 82, in “partial conduction”
block of a nerve, a subset of the nerve fibers (lying within area 84) may be blocked,
and another subset of the nerve fibers (lying within region 88) may conduct as usual.
In the example shown in FIG. 2C, the blocked subset of nerve fibers falls within a
particular spatial distribution. In some cases, a subset of nerve fibers within a nerve
may be blocked based on fiber diameter, fiber type, presence of a biomarker, or other
parameter instead of or in addition to the location of the nerve fiber with the nerve.

Blockage of conduction in peripheral nerves may be produced by application
of appropriately configured electrical stimuli as just described, or by various other
approaches as described elsewhere herein or as known to those of skill in the art.

Effects of peripheral nerve block depend at least in part on the type of nerve
or nerve fibers blocked and the target organ or tissue innervated by the blocked nerve
or nerve fibers. Modulation of peripheral neural activity may be used for various
purposes, including, for example, modulating blood pressure and metabolic activity,
controlling pain, and controlling activation of smooth and skeletal muscles (e.g. in
micturation, FES, etc.). Elimination of activity from sensory neurons innervating the
pancreas may prevent development of diabetes (see Razavi et al., “TRPV1+ sensory
neurons control B cell stress and islet inflammation in autoimmune diabetes™; Cell;
December 15, 2006; pp. 1123-1135; Vol. 127, which is incorporated herein by
reference in its entirety), and elimination of activity from sensory neurons innervating
a limb or digit may prevent development of arthritis in the area innervated by the

nerve (as described in Kane et al.; “Protective effect of sensory denervation in
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inflammatory arthritis: evidence of regulatory neuroimmune pathways in the arthritic
joint; Ann. Rheum. Dis.; 2005; pp. 325-327; Vol. 64; originally published online 21
May 2004, which is incorporated herein by reference in its entirety).

While blocking of neural activity in some contexts may produce desirable
and/or therapeutic effects, for example as described herein above, in some contexts
blockage of nerve conduction may produce undesirable effects. For example,
blockage of conduction in a motor nerve may cause decreased muscle force or
control, while blockage of conduction in a sensory nerve may lead to decreased
sensation and/or numbness. It is believed that, in some contexts, delivery of blocking
stimuli coinciding at least in part with particular activity states in a subject may allow
desired effects of blocking to be produced while limiting inconvenience, discomfort,
and/or other undesired effects. Blocking stimuli may be delivered during periods of
reduced activity of the subject (including, but not limited to, physical activity,
physiological activity, or other measures of activity, in all or a portion of the body of
the subject) in order to minimize discomfort, inconvenience, or other undesired
effects.

FIG. 3 is a schematic diagram illustrating a system 100 for producing
conduction block in a peripheral neural structure. A body portion of a subject is
indicated generally at 120, including skin surface 130 overlying peripheral nerve 140
and surrounding tissue 150. System 100 includes blocking stimulus source 160,
which is capable of generating blocking stimulus 170 to block conduction in region
180 of peripheral neural structure 140 (in this example, a peripheral nerve). Sensor
190 senses at least one parameter indicative of an activity state in the subject, which
may be an overall activity level of the subject, or a level of use or activity of a body
portion innervated by peripheral neural structure 140. A signal from sensor 190 is
connected to input 192 of signal processing portion 110, and a signal for driving
production of blocking stimulus 170 with blocking stimulus source 160 is produced
by signal processing portion 110, based at least in part upon the activity state in the
subject, as determined from the signal from sensor 190. Systems of the type depicted

in FIG. 3 and described in greater detail subsequently may be used for modulating
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neural activity by blocking conduction in at least a portion of a peripheral neural
structure.

An example of a method of modulating neural activity is outlined in FIG. 4.
As shown at step 200, the method may include applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a peripheral
neural structure of a subject with a cyclical application pattern. The application
pattern may include a blocking period during which the blocking stimulus sufficient
to produce a reversible conduction block of at least a portion of the peripheral neural
structure of the subject is applied at least intermittently, the blocking period
coinciding at least in part with a first activity state in the subject, and a release period
during which no blocking stimulus is applied, the release period coinciding at least in
part with a second activity state in the subject.

The term “activity state” refers to one of at least two possible categories of
activity that are characterized by and distinguishable from each other by one or more
quantifiable parameters. Activity may refer to overall activity of the subject or use or
activity of a body portion innervated by the peripheral neural structure. Activity may
include or be reflected by physical activity, physiological activity, or other measures
or indicators of activity, as described in greater detail elsewhere herein.

In general, according to the present method, at least two activity states may be
defined, with appropriate values or value ranges of the one or more quantifiable
parameters associated therewith. The different activity states may differ with regard
to the level of activity, or, in some cases, the nature of the activity. In some cases, the
overall activity of the subject may be lower in the first activity state than in the
second activity state. For example, the first activity state may be a “sleep state” and
the second activity state may be a “waking state.” Alternatively, the first activity
state may be a “resting,” “lying down” or “sitting” activity state while the second

&

activity state may be a “moving about,” “standing” or “walking” activity state.

The activity or use of a specific portion of the subject’s body, rather than the
overall activity of the subject, may be of interest. For example, the first and second
activity states may be defined such that the use of a body portion innervated by the

peripheral neural structure by the subject is lower in the first activity state than in the
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second activity state. If the body portion innervated by the peripheral neural structure
is the subject’s arm, a low use state may be obtained when the arm is resting in the
subject’s lap, on an arm rest or table top, or in a sling, while the subject stands or
walks. Low use or activity of the subject’s arm may also be obtained while the
overall activity of the subject is low, e.g. the subject is lying down or sleeping.
Conversely, a moderate or high use or activity state of a body portion, e.g., the
subject’s arm, may be obtained while the subject’s overall activity level is either high
or low. For example, the subject could use the arm for writing, typing, holding a
book, knitting, etc. while sitting quietly with a generally low overall activity level. A
subject may also have a high use or activity state of the arm in combination with an
overall high activity level.

Examples of representative cyclical patterns for application of blocking
stimuli are illustrated in FIG. 5. A cyclical applicétion pattern may include a
blocking period during which the blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of the peripheral neural structure of the subject
is applied at least intermittently and a release period during which no blocking
stimulus is applied. The blocking period coincides with the first activity state in the
subject and the release period coincides at least in part with a second activity state in
the subject.

Trace 250 in FIG. 5 illustrates the activity state in a subject, which may be an
overall activity state or an activity or use state of at least a portion of the body of the
subject, as discussed above. In this example, the activity in the subject is classified
into one of two possible activity states, a first activity state and a second activity state.
Trace 260 depicts a blocking stimulus pattern that corresponds directly to the activity
state, with blocking stimulus applied (“on”) while the subject is in the first activity
state and the blocking stimulus removed (“off”’) while the subject is in the second
activity state. Trace 270 depicts a blocking stimulus pattern in which a blocking
stimulus is applied at the onset of the first activity state and removed after a time t,
after the onset of the first activity state. Trace 280 depicts a blocking stimulus pattern
in which a blocking stimulus is applied at a time t; after the onset of the first activity

state and removed at a time t. after was applied. In this example, the period during
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which the blocking stimulus is applied or “on” may extend into the second activity
state in the subject. Trace 290 depicts a blocking stimulus pattern in which a
blocking stimulus is applied (turned “on”) at the onset of the first activity state in the
subject. The blocking stimulus is removed (turned “off”) at a time tq after the end of
the first activity state and onset of the second activity state. Trace 300 depicts a
blocking stimulus pattern in which a blocking stimulus is applied at a time t, after the
onset of the first activity state, and removed at a time tq after the end of the first
activity state and onset of the second activity state.

In some embodiments of the method as described herein, the cyclical
application pattern may be repeated at a rate of one cycle per day. For example, the
blocking stimulus may be applied for a blocking period each night while the subject is
sleeping. Other rates of repetition may be used, without limitation. For example, in
some applications it may be preferable to repeat the cyclical application pattern twice
a day, on alternating days, every three days, once a week, and so forth.

The cyclical application pattern may be repeated for a duration or period that
is expected or determined to produce a desired effect. For example, the cyclical
application pattern may be repeated over a period of time sufficient to produce
modulation of an immune response. In another example, the cyclical application
pattern may be repeated over a period of time sufficient to produce modulation of an
inflammatory response. In a further embodiment, the cyclical application pattern may
be repeated over a period of time sufficient to produce modulation of a metabolic
response.

For example, modulation of a metabolic response using a method or system as
described herein, including the materials incorporated herein by reference, may
involve the provision of total or partial blocking stimulus to TRPV1(+) neurons
innervating the pancreas. Such stimulus would effectively reduce or eliminate the
TRPV 1(+) neural activity preventing T-cell mediated death of pancreatic beta cells.

As a further example, modulation of an immune response using a method or
system as described herein may involve the provision of total or partial blocking
stimulus to sensory nerves innervating an inflamed or damaged region. See, for

example, Pham-Marcou et al., “Effect of neurolytic nerve block on systemic
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carrageenan-induced inflammatory response in mice,” British Journal of Anaesthesia
95(2): 243-246, (2005), doi:10.1093/bja/aei1 50, Advance Access publication April
29, 2005, which is incorporated herein by reference in its entirety.

Modulation of an inflammatory response using a method or system as
described herein, including the materials incorporated herein by reference, may
involve the provision of total or partial blocking stimulus to a sensory nerve
innervating a limb, join, or digit, e.g. as described in Kane et al., “Protective effect of
sensory denervation in inflammatory arthritis (evidence of regulatory neuroimmune
pathways in the arthritic joint),” Ann Rheum Dis 2005;64:325-327. doi:
10.1136/ard.2004.022277, which is incorporated herein by reference in its entirety.

Trace 350 in FIG. 6 is an illustration of a sensed activity of the type that might
be detected from a subject over ‘the course of several days, with times marked along
the x-axis. Trace 350 does not represent any specific type of signal (it could be, for
example, a physiological signal such as a heart rate or respiration rate, or a physical
signal such as motion detection or pressure signal). It is assumed that higher values
of the signal indicate that the subjeét is awake and active and lower values of the
signal indicate that the subject is resting. By setting an appropriate threshold value,
as indicated at 352, it may be possible to distinguish between the awake/active state
(during which the value of trace 350 is above the threshold value) and the resting
state (during which the value of trace 350 is below the threshold value). Trace 360
indicates the activity state of the subject as thus determined. The activity state of the
subject is also indicated in FIG. 6 by shaded regions that denote periods of reduced
activity (e.g., sleep) and unshaded areas that denote periods of activity or
wakefulness. As can be seen, the subject is usually sleeping or resting at night, as
represented by shaded areas 370, 378, 382, 386, and 390, and awake or active during
the day, as represented by unshaded areas 368, 372, 380, and 384, but sometimes
rests during the day (shaded area 374) or is awake in the late evening (unshaded area
376) or very early the morning (unshaded area 388).

A blocking stimulus may be applied with a cyclical application pattern
according to a detected signal indicative of at least one activity state in the subject,

where the at least one activity state of the subject has a substantially cyclical expected
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pattern of occurrence. For example, if the application pattern is based on detection of
a sleep state in a subject, in most cases it may reasonably be assumed that application
pattern will be cyclical, since the subject’s sleep pattern is substantially cyclical with
a one day cycle time. However, variations in the cycle may sometimes occur, as
illustrated in trace 360 of FIG. 6.

In some embodiments, a blocking stimulus may be applied with a cyclical
application pattern according to a pre-set schedule. Trace 400 represents a blocking
stimulus delivered according to a pre-set schedule. In this example, the blocking
stimulus is turned “on” every 24 hours, from 2am — 4am, as indicated at 402, 404,
406, and 408. As can be seen, such an application pattern will normally coincide with
a sleep state in the subject (i.e., at 402, 404, 406). However, as indicated at 408, a
blocking stimulus delivered according to a pre-set schedule may occasionally
coincide with a waking/active state rather than a rest/sleep state.

In some embodiments the cyclical application pattern may be determined in
part by a pre-set schedule and in part by a sensed activity state. Either a pre-set
schedule or sensed activity state may be set as the default, with the possibility to
override the default in case of conflicts. The specific configuration may be selected
depending on the needs of the particular subject. In one example, as depicted in trace
420 in FIG. 6, a blocking stimulus may be applied cyclically every night based on a
pre-set schedule as a default, e.g. as indicated at 422, 424 and 426. However,
blocking stimulus application may be overridden if the subject is not asleep at night
as expected, as determined by sensing the activity state of the subject. At 428 in FIG.
6, for example, the subject is not asleep so the blocking stimulus is not delivered at
the scheduled time (indicated by dashed line). However, the blocking stimulus may
be applied for the remaining portion of its scheduled delivery time if the subject
returns to sleep (e.g., as shown at 430). Similarly, if the subject is asleep at the
scheduled time for blocking stimulus application, as expected, but awakens during the
scheduled blocking period, blocking stimulus application may be terminated earlier
than scheduled, in response to the change in the activity state of the subject.

In a related embodiment, a blocking stimulus may be applied based on

detection of a sleep state, operating on the assumption that sleep will occur nightly.

17



10

20

25

30

WO 2009/073222 PCT/US2008/013442

However, if a sleep state is detected during the day (i.e., during a day-time nap)
blocking stimulus application may be overridden because the sleep state is not
occurring at night as expected.

In some embodiments, a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural structure of a subject may
be applied substantially continuously during the blocking period. See, for example,
FIG. 7. Trace 500 of FIG. 7 represents the activity state of a subject as a function of
time, as indicated on axis 562. Trace 510 depicts an example of a blocking stimulus
that is applied substantially continuously during each blocking period, with the
blocking periods corresponding to occurrences of a first activity state, as indicated in
trace 500.

In other embodiments, a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural structure of a subject may
be applied intermittently during the blocking period. For example, a blocking
stimulus sufficient to produce a reversible conduction block of at least a portion of a
peripheral neural structure of a subject may be applied intermittently at a fixed
repetition rate during the blocking period. Traces 520 and 530 in FIG. 7 are two
examples of blocking stimuli applied intermittently during the blocking period.
Blocking stimuli may include different combinations of pulse duration, pulse
amplitude, pulse frequency, duty cycle, etc. In trace 530, pulse amplitude varies over
time during the blocking period. In trace 540 pulse duration and interval vary over
time during the blocking period. In some embodiments, the blocking stimulus may
be applied according to a programmed pattern during at least a portion of the blocking
period. The programmed pattern may specify a blocking stimulus amplitude that
varies over time during the blocking period, as depicted in trace 550. In addition, a
programmed pattern may specify application of blocking stimulus pulses
intermittently during the blocking period in which the amplitude of the stimulus
pulses varies over time during the blocking period, as illustrated in trace 530, or in
which one or both of the duration of the stimulus pulses or interval between the
stimulus pulses varies over time during the blocking period, as illustrated in trace

540.
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Various configurations of stimulus may be used; while for simplicity
rectangular pulses have been depicted in most of the figures, the pulse may ramp up
gradually when it is applied, and/or may decay gradually when removed, as depicted
in Trace 560 of FIG. 7, or may have various other waveforms, as illustrated in trace
550.

A blocking stimulus sufficient to produce a reversible conduction block of at
least a portion of a peripheral neural structure of a subject may be applied with a
cyclical application pattern having a period of about one day. A blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a peripheral
neural structure of a subject may be applied with a cyclical application pattern for a
fixed number of cycles, or for a fixed duration.

A blocking stimulus sufficient to produce a reversible conduction block of at
least a portion of a peripheral neural structure of a subject may be sufficient to
produce substantially complete blockage of conduction in the peripheral neural
structure of the subject, i.e. to produce substantially complete blockage of all fibers,
of all types and sizes, and at all positions, e.g. as illustrated in FIG. 2B. In some
embodiments, applying a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural structure of a subject with
a cyclical application pattern may include applying a blocking stimulus sufficient to
produce blockage of a subset of nerve fibers in the peripheral neural structure of the
subject, e.g. as illustrated in FIG. 2C. The blocked subset of nerve fibers may include
fibers within a selected diameter range, within a selected spatial distribution within
the peripheral neural structure of the subject (as shown in the example of FIG. 2C), or
within selected fascicles within the peripheral neural structure of the subject.

Various methods of exciting or blocking nerve fibers selectively with respect
to fiber diameter, location within a nerve or nerve bundle, or within a fascicle are
described, for example, in Tarler and Mortimer (“Selective and independent
activation of four motor fascicles using a four contact nerve-cuff electrode”; 2004;
IEEE Trans. Neural Syst. Rehab. Eng.”; Vol. 12; pp. 251-257), Vessela et al.
(“Peripheral nerve magnetic stimulation: influence of tissue non-homogeneity”

BioMedical Engineering OnLine; 23 December 2003; located at:
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http://www.biomedical-engineering-online.com/content/2/1/19), Olree and Horch
(“Differential activation and block of peripheral nerve fibers by magnetic fields”,
Muscle & Nerve; 2006; pp. 189-196; Vol. 34, Wiley Periodicals), and U.S. Patent
5,540,730, all of whibh are fully incorporated herein by reference.

In another embodiment, as shown in FIG. 8, a method of modulating neural
activity may include detecting the onset of a first activity state in the subject, as
shown at step 600; initiating a blocking period responsive to detecting the onset of a
first activity state in the subject, the blocking period coinciding at least in part with
the first activity state in the subject, as shown at step 602; and applying, pursuant to a
cyclical application pattern, a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural structure of the subject, a
cycle of the cyclical application pattern including a blocking period during which the
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of the peripheral neural structure of the subject is applied at least
intermittently; and a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second activity state in the subject, as
shown at step 604.

Initiation of the blocking period and the release period may be made
dependent on various factors. In some embodiments, the method may include
initiating the blocking period substantially immediately upon detecting the onset of a
first activity state in the subject (for example as illustrated in FIG 5, traces 260, 270
and 290). Alternatively, the blocking period may be initiated at a delay interval after
detecting the onset of a first activity state in the subject (for example, as illustrated
FIG 5, traces 280 and 300).

The release period during which no blocking stimulus is applied may be
initiated after an interval determined relative to the initiation of the blocking period,
in order to provide a blocking period of fixed duration (for example, as depicted in
FIG. 5, traces 270 and 280). Alternatively, the release period may be initiated
responsive to detecting the onset of a second activity state in the subject. The release
period may be initiated substantially immediately upon detecting the onset of the

second activity state in the subject, as illustrated in FIG. 5, trace 260, or at a delay
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interval after detecting the onset of the second activity state in the subject, as
illustrated in FIG. 5, traces 290 and 300.

The method may include initiating a release period during which no blocking
stimulus is applied responsive to detecting an override signal. In general, the override
signal may be indicative of any type of circumstance under which it is no longer
desirable to apply the blocking stimulus, for reasons that include but are not limited to
reasons of safety, comfort, or convenience. The override signal may be indicative of
a condition of the body of the subject, or indicative of a condition external to the body
of the subject (e.g., in the environment of the subject). In some cases the override
signal may be detected from a user input device, and may indicate the desire of a user
to discontinue blocking and initiate a release period.

In a related embodiment, as shown in FIG. 9, a method of modulating neural
activity may include applying a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural structure of a subject with
a cyclical application pattern, a cycle of the cyclical application pattern including: a
blocking period during which the blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of the peripheral neural structure of the subject
is applied at least intermittently, the blocking period coinciding at least in part with a
first activity state in the subject; and a release period during which no blocking
stimulus is applied, the release period coinciding at least in part with a second activity
state in the subject, as indicated at step 650; detecting the onset of a second activity
state in the subject, as indicated at step 652; and initiating a release period during
which no blocking stimulus is applied responsive to detecting second activity state in
the subject, as indicated at step 654. Traces 260, 290 and 300 of FIG. 5 are examples
of blocking stimuli that fit this pattern, however, it should be noted that this pattern is
not limited to cases in which the blocking period occurs at a fixed latency relative to
onset of the first activity state. The method may include initiating the release period
substantially immediately upon onset of a second activity state in the subject (as in
plot 260 of FIG. 5), or at a delay interval after detecting the onset of a second activity

state in the subject, as depicted in plots 290 and 300 of FIG. 5.
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Methods of neural modulation as described herein may be implemented with a
neural modulation system 700 as illustrated generally in FIG. 10. Basic components
of neural modulation system 700 include a signal input structure 702, sensor 704, and
signal processing portion 706. Signal input structure 702 may be operatively
connected to sensor 704 and configured to receive a signal indicative of an activity
state of at least a portion of a body of a subject 705 innervated by a peripheral neural
structure. Signal input structure 702, and other signal input structures described
elsewhere herein, may be of various types configured to accept or receive signals of
various types. Such signal input structures are known to those of skill in the art, and
may include, but are not limited to, analog or digital input‘s capable of accepting or
receiving electrical, optical, acoustic, electromagnetic, or other types of signals.
Signals may be accepted or received at a signal input structure through direct physical
contact (e.g., an electrical contact), or by reception of a signal transmitted through or
across a medium (e.g., via an inductive, optical, or electromagnetic link). Sensor 704
may be operatively connected to the signal input structure 702 and configured to
generate the signal indicative of an activity state of the at least a portion of the body
of the subject 705 innervated by the peripheral neural structure responsive to an
activity of the at least a portion of the body of the subject 705. Signal processing
portion 706 may be configured to distinguish a first activity state of the at least a
portion of the body of the subject innervated by the peripheral neural structure from a
second activity state of the at least a portion of the body of the subject 705 innervated
by the peripheral neural structure at least partially based on the signal received by the
signal input structure 702 and generate a blocking stimulus control signal 708 for
driving production of a blocking stimulus 710 configured to reversibly block
conduction in the peripheral neural structure 712 of the subject during at least a
portion of the first activity state. Blocking stimulus control signal 708 may drive
production of blocking stimulus 710 by blocking stimulus source 714, which may be
responsive to the blocking stimulus control signal to produce the blocking stimulus
710 configured to reversibly block conduction in the peripheral neural structure 712

of the subject during the at least a portion of the first activity state.
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For example, in the system 700 depicted in the example of FIG. 10, signal
processing portion 706 and signal input structure 702 may be packaged together in
package 716 and sensor 704 and blocking stimulus source 714 may be packaged
separately.

In some embodiments, blocking stimulus source 714 or portion thereof may
be located outside the body of the subject, and the blocking stimulus may pass
through the skin and underlying tissue to reach the neural structure that is to be
blocked. In other embodiment, a blocking stimulus source may be positioned within |
the body of the subject (either permanently or temporarily). Suitable positioning of
the blocking stimulus source will depend upon the type of blocking stimulus source
being used and the type and location of the neural structure to be blocked.

In some embodiments, a blocking stimulus source may be implanted within
the body of a subject. For example, electrical current may be delivered via a tripolar
arrangement of ring electrodes in insulating cuff , as described in van den Honert et
al. (“A technique for collision block of peripheral nerve: single stimulus analysis”;
IEEE Transactions on biomedical engineering, May 1981; pp. 373-378; Vol. BME-
28), which is incorporated herein by reference in its entirety. Electrical blocking
stimuli may be delivered with other types of implantable electrodes, including ring or
spiral electrodes designed to fully or partially encircle a nerve, or electrodes designed
to be positioned adjacent a nerve. Implanted electrodes may be connected to a power
source within or external to the body of the subject, via a wired or wireless
connection (see, e.g. US 2006/0190053, which is incorporated herein by reference in
its entirety.)

High frequency alternating current delivered, for example, with one or more
electrodes, may be used to produce blocking of neural structures. See, for example,
Kilgore and Bhadra (“Nerve conduction block utilizing high-frequency alternating
current”; Medical & Biological Engineering & Computing; 2004; pp. 394-406; Vol.
42), Zhang et al. (*Simulation analysis of conduction block in Myelinated axons
induced by high-frequency biphasic rectangular pulses”; IEEE Transactions on
Biomedical Engineering; July 2006; pp. 1433-1436; Vol. 53, No. 7), Zhang et al.

(“Mechanism of nerve conduction block induced by high-frequency biphasic
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electrical currents”; IEEE Transactions on Biomedical Engineering; December 2006;
pp. 2445-2434; Vol. 53, No. 12.), and Tai et al. (“Simulation analysis of conduction
block in unmyelinated axons induced by high-frequency biphasic rectangular
electrical currents”; IEEE Transactions on Biomedical Engineering; July 2005; pp.
1323-1332; Vol. 52, No. 7), all of which are incorporated herein by reference in their
entirety. _

Surface electrodes placed on the skin of a subject over a neural structure may
be used to stimulate or block a neural structure, e.g. as described in Bostock et al.
(“Threshold tracking techniques in the study of human peripheral nerve”; Muscle &
Nerve; February 1998; pp. 137-158), which is incorporated herein by reference in its
entirety.

Other sources for blocking and/or excitatory stimuli include thermal sources,
which may be made implanted or placed on the body surface (for neural structures
located sufficiently near the body surface). For example, cooling devices such as
Peltier devices or liquid heat-transfer devices may be used to block neural
conduction, as described in U.S. patents 6,746,474; 6,364,899; and 6,248,126; which
are incorporated fully herein by reference. Nerves may be activated by thermal
stimulation, whiéh may be produced by a resistive element, by low intensity pulsed
infrared (IR) light, for example, as described in Wells et al. (“Biophysical
mechanisms of transient optical stimulation of peripheral nerve; Biophysical Journal;
October 2007; pp. 2567-2580; Volume 93) and Wells et al. (“Pulsed laser versus
electrical energy for peripheral nerve stimulation”; Journal of Neuroscience Methods;
2007; Vol. 163; pp. 326-337), which are incorporated fully herein by reference, by
appropriately configured Peltier devices, or by other heating elements as known to
those of skill in the art.

Various chemical agents may also be used to block nerve conduction.
Examples of nerve blocking agents include local anesthetics (e.g. amino esters such
as Benzocaine, Chloroprocaine, Cocaine, Procaine, and Tetracaine/Amethocaine, and
amino amides such as Bupivacaine, Levobupivacaine, Lidocaine/Lignocaine,
Mepivacaine, Prilocaine, Ropivacaine, Articaine, and Trimecaine), tricyclic

antidepressants (e.g. amitriptyline), neurotoxins (e.g. tetrodotoxin, saxitoxin), or any
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other agent that blocks nerve conduction. See “Local anaesthetics and nerve

conduction,” The Virtual Anaesthesia Textbook, (http://www .virtual-anaesthesia-

textbook.com), which is incorporated herein by reference in its entirety. Further
examples of chemical agents include Anticholinergics, including Muscarinic receptor
antagonists (e.g. Belladonna alkaloids such as Atropine (D/L-Hyosycamine) and
Scopolamine (L-Hyoscine) or Synthetic and Semisynthetic substances such as
Dicyclomine, Flavoxate, Ipratropium, Oxybutynin, Pirenzepine, Tolterodine,
Tropicamide) and Nicotinic receptor antagonists (e.g., Ganglionic blocking agents
such as Trimethaphan; Nondepolarizing neuromuscular blocking agents such as
Atracurium, Doxacurium, Mivacurium, Pancuronium, Tubocurarine, Vecuronium; or
Depolarizing neuromuscular blocking agents such as Suxamethonium chloride).
Chemical agents may also include Beta Blockers, including Non-selective agents
(e.g., Alprenolol, Carteolol, Levobunolol, Mepindolol, Metipranolol, Nadolol,
Oxprenolol, Penbutolol, Pindolol, Propranolol, Sotalol, or Timolol), f1-Selective
agents (e.g., Acebutolol, Atenolol, Betaxolol, Bisoprolol[16], Esmolol, Metoprolol, or
Nebivolol), Mixed a1/B-adrenergic antagonists (e.g., Carvedilol, Celiprolol, or
Labetalol), or f2-Selective agents (e.g. Butaxamine). Still other chemical agents
include analgesics, such as Paracetamol, NSAIDs (non-steroidal anti-inflammatory
drugs), COX-2(cyclooxygenase-2) inhibitors, and Opiates and morphinomimetics
such as codeine, oxycodone, hydrocodone, diamorphine, pethidine. Still other
chemical agents may include Benzodiazepines, e.g., alprazolam (Xanax),
bromazepam (Lexotanil or Lexotan), chlordiazepoxide (Librium), clonazepam
(Klonopin), diazepam (Valium), estazolam (ProSom), flunitrazepam (Rohypnol),
flurazepam (Dalmane), lorazepam (Ativan), lormetazepam (Loramet), mexazolam
(Sedoxil), midazolam (Dormicum), nitrazepam (Mogadon), oxazepam (Serax),
temazepam (Restoril), or triazolam (Halcion). Aside from the main
neurotransmitters of the peripheral nervous system, acetylcholine and noradrenaline,
other neurotransmitters exiest, jointly labeled Non-noradrenergic, non-cholinergic
(NANC) transmitters, and drugs that alter their effects may also be used as chemical
agents to block neural activity. Examples of such transmitters include non-peptides

(e.g., adenosine triphosphate, gamma-amino butyric acid, dopamine, nitric oxide),
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and peptides (e.g., neuropeptide Y, vasoactive intestinal peptide, gonadotropin
releasing hormone, Substance P and calcitonin gene-related peptide.)

Chemical blocking agents may be delivered locally to a neural structure, e.g.
with an implantable pump, as described in U.S. Patent 6,978,174, which is
incorporated herein by reference in its entirety. See also U.S. Patent 7,162,303,
which is incorporated herein by reference in its entirety. Chemical agents may be
used singly or in combination with other chemical agents. See, for example, Walsh et
al. (“Reversible conduction block produced by lipid-insoluble quaternary ammonium
ions in cetyltrimethylammonium bromide-treated nerves”; Am. J. Physiol; 1959; pp.
547-550; Vol. 197.), which is incorporated herein by reference in its entirety. Some
chemicals or combinations of chemical may selectively block certain types of
neurons. (e.g., nociceptors, as described in “Treatment blocks pain without disrupting
other functions”; Physorg.com; October 3, 2007
http://www.physorg.com/news| 10637008.html, which is incorporated herein by

reference in its entirety), sympathetic neurons, parasympathetic neurons, or other
neuron types for which a characteristic biomarker can be identified).

Some chemical agents may be delivered topically to the skin of the subject to
block neural structures. Examples of such chemical agents include Dibucaine,
benzocaine, cocaine, tetracaine, dyclonine, pramoxine, lidocaine, priocaine, as
described in Windle (“‘Anesthesia, topical””; WebMD.com, printed September 28,
2007, Original publication date Mar 14, 2007), which is incorporated herein by
reference in its entirety.

Ultrasonic stimuli have been shown to produce reversible conduction block in
patients with painful polyneuropathy (see Hong, “Reversible nerve conduction block
in patients with polyneuropathy after ultrasound thermotherapy at therapeutic
dosage”; Arch. Phys. Med. Rehabil.; February 1991; pp. 132-137; Vol. 72(2)
(Abstract only), which is incorporated herein by reference in its entirety). Ultrasound
may also be used in nerve stimulation, either alone or in combination with magnetic
or electrical stimuli. See, for example, Norton (“Can ultrasound be used to stimulate
nerve tissue?”’; BioMedical Engineering OnLine; Published 4 March 2003;

http://www.biomedical-engineering-online.com/content/2/1/6) and Tsui et al., (“In
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Vitro Effects of Ultrasound with Different Energies on the Conduction Properties of
Neural Tissue”; ScienceDirect-Ultrasonics; 2005; pp. 560-565; Vol. 43; Elsevier

B.V.; located at: www.elsevier.com/locate/ultras), both of which are incorporated

fully herein by reference.

Optionally, neural modulation system 700 may include override signal input
structure 720, as indicated by the dashed box in FIG. 10. Override signal input
structure may be configured to receive a signal indicative of a condition of the body
of the subject, and the signal processing portion 706 may be configured to override
generation of the blocking stimulus control signal responsive to a signal indicative of
an override condition of the body of the subject on override signal input structure
720. Alternatively, override signal input structure 720 may be configured to receive a
signal indicative of a condition external to the body of the subject, and signal
processing portion 706 may be configured to override generation of the blocking
stimulus control signal responsive to a signal indicative of an override condition
external to the body of the subject on the override signal input. Alternatively, or in
addition, override signal input structure 720 may be configured to receive a signal
from a user input device, and the signal processing portion may be configured to
override generation of the blocking stimulus control signal responsive to a signal
indicative of a user override request on the override signal input. As noted
previously, the override signal to be received on override signal input structure 720
indicate that it is no longer desirable to apply the blocking stimulus, for reasons of
safety, comfort, or convenience, for example. The override signal may be indicative
of a condition of the body of the subject, or indicative of a condition external to the
body of the subject (e.g., in the environment of the subject). If the override signal is
detected from a user input device, it may be the same user input device used in
normal operation of the system, and the override signal input structure may be the
same as the signal input structure that normally receives input from a user input
device.

Sensor 704 as depicted generally in FIG. 10 may include any of a variety of
different types of sensors, including, but not limited to, pressure sensors, force

sensors, chemical sensors (including but not limited to sensors capable of sensing pH,
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gas, ions, proteins, or biomolecules), temperature sensors, electrical sensors (for
sensing current, potential, charge, resistance, resistivity, capacitance, or other
electrical parameters), magnetic sensors, optical sensors, motion sensors, etc. A
single sensor or multiple sensors, of the same or multiple types, may be used.

In some embodiments, a physiological sensor may be used. Insuch
embodiments, a neural modulation system may include a signal input structure
configured to receive a signal indicative of an activity state of at least a portion of a
body of a subject innervated by a peripheral neural structure; a physiological sensor
operatively connected to the signal input structure and configured to generate the
signal indicative of an activity state of the at least a portion of the body of the subject
innervated by the peripheral neural structure, the physiological sensor being
responsive to a physiological parameter of the at least a portion of the body of the
subject; and a signal processing portion configured to distinguish a first activity state
of the at least a portion of the body of the subject innervated by the peripheral neural
structure from a second activity state of the at least a portion of the body of the
subject innervated by the peripheral neural structure at least partially based on the
signal received at the signal input structure and generate a blocking stimulus control
signal for driving production of a blocking stimulus configured to reversibly block
conduction in the peripheral neural structure of the subject during at least a portion of
the first activity state.

The physiological sensor may be configured to generate a signal indicative of
activity of the heart of the subject, activity of brain of the subject, activity of a
peripheral neural system of the subject, activity of a muscle of the subject, respiration
of the subject, body temperature of the subject, or other physiological signals that
may be indicative of an activity state of all or a portion of the body of the subject.
The detection of these and other physiological signals is known to those of skill in the
art. Examples of some possible physiological signals that may indicate activity of all
or a portion of a body of a subject include electroencephalographic signals (EEG),
electromyographic signals (EMG), electrocardiographic signals (ECG), heart rate,
blood pressure, blood oxygenation, respiration rate, respiratory volume, or body

temperature. Specific activity states such as sleep may be indicated by particular
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chemical indicators, e.g. concentration of melatonin in body fluid or other measures
(seé, for example, U.S. Patent Publication 2005/0215947, which is incorporated
herein by reference in its entirety).

In some embodiments, a physical activity sensor may be used. In such
embodiments, a neural modulation system may include a signal input structure
configured to receive a signal indicative of an activity state of at least a portion of a
body of a subject innervated by a peripheral neural structure; a physical activity
sensor operatively connected to the signal input structure and configured to generate
the signal indicative of an activity state of the at least a portion of the body of the
subject innervated by the peripheral neural structure responsive to physical activity of
the at least a portion of the body of the subject; and a signal processing portion
configured to distinguish a first activity state of the at least a portion of the body of
the subject innervated by the peripheral neural structure from a second activity state
of the at least a portion of the body of the subject innervated by the peripheral neural
structure at least partially based on the signal received by the signal input structure
and generate a blocking stimulus control signal for driving prodﬁction of a blocking
stimulus configured to reversibly block conduction in the peripheral neural structure
of the subject during at least a portion of the first activity state.

The physical activity sensor may be configured to generate a signal indicative
of motion or acceleration of the at least a portion of the body of the subject innervated
by the peripheral neural structure. In some embodiments, the physical activity sensor
may be configured to generate a signal indicative of a body position or posture of the
subject. Physical activity sensors may sense various aspects of posture or movement
(amplitude, frequency, direction, etc.) and may include various types of sensors,
singly or in combination, including but not limited to switches, force or pressure
sensors, accelerometers, gyros, mercury switch, piezoelectric devices, and other
activity sensing devices as known to those of skill in the art.

Sensor 704 may be located external to the body of the subject or internal to
the body of the subject.

Components of neural modulation systems as described herein may be

packaged in various manners. In some cases, all components of a system may be
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packaged together. Such a package may be designed for use outside the body, or
designed for use inside the body in an implantable system. However, in many cases it
may be desirable to package certain components of the system separately.

FIG. 11 depicts an example of a neural modulation system 750 in which a
sensor (motion sensor 752) and blocking stimulus source (electrical blocking stimulus
source 754) are packaged with signal processing portion 756 in package 758. Motion
sensor 752 provides an input to signal processing portion 756 via signal input
structure 760. Signal processing portion 756 generates blocking stimulus control
signal 762 which drives production of blocking stimulus 764 by electrical blocking
stimulus source 754. Package 758 may be adapted to be positioned external to the
body of subject 705, and electrical blocking stimulus 764 may pass through body
tissues to reach peripheral neural structure 712. Electrical blocking stimulus source
may include electrodes configured to deliver an electrical field to the body of the
subject sufficient to produce blocking of a nerve. Package 758 may be configured to
secured to a limb (e.g., with a strap or elastic band) over a peripheral neural structure
712, so that the electrical blocking stimulus may be delivered to the peripheral neural
structure. Generation of blocking stimulus control signal 762 by signal processing
portion 756 may be responsive to a signal from motion sensor 752, such that a
blocking stimulus may be delivered to the peripheral neural structure when the limb is
not in motion, for example. The peripheral neural structure may be, for example, a
sensory nerve, blockage of neural activity therein may, for example, reduce or limit
pain or inflammation, e.g. of arthritis, peripheral vascular disease, etc. In related
embodiments, sensor 752 may be any of various types of sensors, as described
elsewhere herein.

FIG. 12 depicts an example of a neural modulation system 300 in which an
implanted sensor and implanted blocking stimulus source are used. In this example,
the implanted sensor may be sensing electrode 802, and the blocking stimulus source
may be cuff electrode 804. Cuff electrode 804 may include electrode contacts within
an insulating cuff, for example as described in U.S. Patent Publication 2006/0190053
and U.S. Patent 5,755,750, which are incorporated herein by reference in their

entirety. Sensing electrode 802 and cuff electrode 804 may be implanted within the
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body of subject 705, such that sensing electrode 802 may sense neural or muscular
aétivity representative of activity of at least a portion of the body of the subject, and
cuff electrode 804 may deliver blocking stimulus 806 to a peripheral neural structure,
peripheral nerve 712. As used herein, “implanted” means located or positioned,
either temporarily or permanently, within the body of the subject. Signal processing
portion 808 may be packaged separately, e.g. in package 810. Sensing electrode 802
may provide an input to signal processing portion 808 via signal input structure 812.
Signal processing portion 808 may generate blocking stimulus control signal 814 for
driving production of blocking stimulus 806 by cuff electrode 804. Package 810 may
be implanted within the body of subject 705, or located external to body of subject
705. In either case, signals may be transmitted between signal processing portion 808
and sensing electrode 802 and cuff electrode 804 via a wire or cable, optical ink,
acoustic link, radiofrequency or other electromagnetic link, or other wireless
communication link, as is known to those of skill in the art. As discussed in
connection with FIG. 13, blockage of neural activity may reduce or limit pain or
inflammation. In one application, for example, sensing electrode 802 and cuff
electrode 804 may be implanted on a sensory nerve innervating a limb, appendage, or
joint (for example, a knee) that has suffered injury and/or damage, with the goal of
limiting the progression of arthritis that would otherwise be associated with the injury
or damage.

FIG. 13 depicts in further detail an example of a system 850 in which
components are packaged so that some can be used locally (e.g. implanted in the body
or positioned on or near the body surface) while others are used remotely, which in
this context may be in a separate package located relatively close by (i.e. in, on or
near the body), or at a distant location such as across a room, in a separate room, Or in
a separate building). System 850 includes local portion 852 and remote portion 8354.
Local portion 852 may be implanted in the body of a subject or positioned on or near
the body surface, while remote portion 854 may be located remotely from local
portion 852. Local portion 852 may include sensor 856 and blocking stimulus source
858. Local portion 852 may also include local circuitry portion 360 and

receiver/transmitter 862. A corresponding receiver/transmitter 864 in remote portion
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854 permits the transmission of data and instructions between local portion 852 and
remote portion 854. In some embodiments, power may also be transmitted between
remote portion 854 and local portion 852. Alternatively, or in addition, one or both of
local portion 852 and remote portion 854 may include a power source (e.g., a battery
or other power source as known to those of skill in the art). Remote portion 854 may
include remote circuitry 866, which may include signal processing portion 368. The
signal processing portion of the system may include only signal processing portion
868 in remote portion 834, or it may include both signal processing portion 868 in
remote portion 854 and signal processing circuitry 864 in local portion 852.
Alternatively, in some embodiments, the signal processing portion may include signal
processing circuitry 864 in local portion 852 and remote circuitry 866 may be devoted
to other functions.

Components packaged separately may be operatively connected to other
components by cables, a wireless link (which may be optical, electromagnetic,
acoustic, etc.). Separately packaged components may be suited for use outside or
inside the body. In some embodiments, some components may be positioned inside
the body while other are positioned outside the body during use. In some
embodiments, the signal processing portion may be configured to perform encryption
of signals transmitted to separately packaged and/or remote components or device
portion, e.g. a blocking stimulus control signal. Similarly, the signal processing
portion may be configured to perform decryption of signals received from, e.g., a user
input device, via a signal input structure or override signal input structure.
Encryption/decryption may be performed by standard methods as known to those of
skill in the art, for example, as used in computers, networks, mobile telephones,
wireless microphones, wireless intercom systems, Bluetooth devices, and so forth.
Encryption/decryption may be used in order to provide secure transmission of
information, for example for protecting privacy of personal information and/or for
avoiding interference between multiple devices used in the same area.

In some embodiments, a user input device may be used in place of (or in
addition to) a sensor in order to provide indication of an activity or use state of all or a

portion of the body of the subject. Such a system is depicted in schematic form in
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FIG. 14. As shown in FIG. 14, neural modulation system 900 may include a signal
input structure 902 configured to receive a signal 904 indicative of an activity state of
at least a portion of a body of a subject 906 innervated by a peripheral neural structure
908; a user input device (switch 910) operatively connected to the signal input
structure 902 and configured to generate a signal 904 responsive to a user input
indicative of an activity state of at least a portion of a subject 906 innervated by the
peripheral neural structure 908. For example, switch 910 may be set to the “on”
setting when the subject is entering a first activity state, and set to the “off” setting
when the subject is entering a second activity state. Neural modulation system 900
also includes signal processing portion 912 configured to distinguish a first activity
state of the at least a portion of the body of the subject 906 innervated by the
peripheral neural structure 908 from a second activity state of the at least a portion of
the body of the subject 906 innervated by the peripheral neural structure 908 from the
signal 904 received at the signal input structure 902 (e.g., by detecting the “on” or
“off” setting of switch 910); and generate a blocking stimulus control signal 914 for
driving production of a blocking stimulus 916 configured to reversibly block
conduction in the peripheral neural structure 908 of the body of subject 906 during at
least a portion of the first activity state. Blocking stimulus 916 is produced by a
blocking stimulus source (in this example, magnetic field source 920) responsive to
blocking stimulus control signal 914.

A user of the system depicted in FIG. 14 (the subject or another party, such as
a medical care-giver or assistant) may use user input device (e.g., switch 910) to
indicate that the subject is currently resting or inactive (e.g., sitting in a chair or lying
in bed) or about to begin a period of rest or inactivity, (e.g., by changing the setting of
switch, as described above). Similarly, a user of the system may also use the user
input device to indicate the end of a period of rest or inactivity. The user input device
may include various types of user input devices, as are known to those of skill in the
art. For example, the user input device may include one or more of the following: a
voice-activated or other sound-activated input device, e.g. a microphone, a user-
activated switch or knob, a keyboard, a mouse or other pointing device, a touch-

screen or other user activated input devices.
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The foregoing are examples, and various other devices that allow the subject
or other user to signal a change (or expected change) in activity state may be used in
practice.

As discussed in connection with systems in which sensors are used to provide
indication of an activity or use state of all or a portion of the body of the subject, the
various components of the system may be packaged together or separately, located
locally or remotely, inside or outside the body of the subject, as depicted in FIGS. 10-
13. For example, FIG. 14 shows an example of a system in which switch 910 is
packaged separately from the signal processing portion 912 and is located outside of
the body of subject 906, while magnetic field source 920 is packaged with signal
processing portion 912. Signal processing portion 912 and magnetic field source 920
may be in a package configured to be placed against the subject’s body as the subject
rests, while switch 910 may be connected to signal processing portion 912 with a
cable, for example (or, alternatively, a wireless connections such as an optical or RF
connection). The subject may toggle switch 910 to indicate the beginning or end of a
rest period during which the blocking stimulus is to be delivered. Magnetic field
source 920 may be configured to generate a magnetic field sufficient to block
conduction in peripheral neural structure 908 (see, e.g. Olree and Horch (“Differential
activation and block of peripheral nerve fibers by magnetic fields”; Muscle & Nerve;
2006; pp. 189-196; Vol. 34, Wiley Periodicals), which is incorporated herein by
reference in its entirety. Peripheral neural structure 908 may be blocked with the goal
of producing a particular beneficial effect, such as to limit the progression of an
inflammatory process (e.g. in diabetes, arthritis, vascular disease).

FIG. 15 depicts a further example of a system 950 in which user input device
952 is packaged separately from signal processing portion 954, providing signal 956
to signal input structure 958. Signal processing portion 954 generates blocking
stimulus control signal 960, which is provided (e.g., transmitted) to blocking stimulus
source 962, which is implanted within the body of subject 906. As discussed
previously, blocking stimulus source 962 generates blocking stimulus 964 for
blocking conduction in peripheral neural structure 908 in body of subject 906. Other

arrangements of system components are possible, and systems as described generally
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herein are not limited to the specific arrangements of components depicted in the
figures.

A schematic diagram showing components and operation of a signal
processing portion 1000 of a neural modulation system 1002 is shown in FIG. 16.
The functional relationship of signal processing portion 1000 to other components of
neural modulation system 1002 is also shown. As noted previously, signal processing
portion 1000 and other system components may be powered by a single power
source, as shown in Figure 16 as power source 1004; or multiple power sources.
Signal processing portion 1000 may receive as input signals from one or more sensors
1006 and/or one or more user input devices 1008 via signal input structure 1009, and
optionally, a signal from override signal input structure 1030. Signal processing
portion 1000 may generate as output blocking stimulus control signal 1010 for
driving blocking stimulus source 1012 to produce a blocking stimulus.

Signal processing portion 1000 may include electrical circuitry 1014 for
performing signal processing functions including but not limited to amplification,
filtering, signal averaging, thresholding, variable-changing, waveform analysis,
variable (e.g., time- or spatial-frequency) domain transformation, convolution, cross-
spectral analysis, feature or pattern recognition or extraction, processing performed
relative to data-stored-in-memory, etc., or a combination or concatenation of any or
all of these, as is known to those of skill in the art of signal processing, whether such
operations may be done in software, firmware or hardware or combinations of these.
Electrical circuitry 1014 inay also be configured to generate blocking stimulus control
signal 1010 for driving blocking stimulus source 1012.

As noted previously, the blocking stimulus may be applied with a cyclical
application pattern according to a detected signal indicative of at least one activity
state in the subject and/or according to a pre-set schedule. Signal processing portion
1000 may include at least one signal bearing medium 1016 that may contain blocking
stimulus pattern 1018, which specifies the configuration (e.g. waveform and timing of
application) of a blocking stimulus. Signal bearing medium 1016 may also including
blocking stimulus parameters 1020 related to generating blocking stimulus control

signal 1010 according to a detected signal from sensor 1006 or user input 1008.
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Stimulus parameters 1020 may include constants and/or variables to be used in
calculations of blocking stimulus control signal 1010 as a function of the detected
signal. Signal bearing medium 1016 may include instructions 1022, which may relate
to one or more of receiving or acquiring signals on signal input structure 1009,
processing the signals, generating blocking stimulus control signal 1010, storing data
(e.g. signals or parameters representing some or all of sensor or user input, blocking
stimulus control signal, etc.) in data storage location 1024, and instructions related to
transmitting and/or receiving data or instructions via transmitter/receiver circuitry
1026.

In a general sense, those of skill in the art will recognize that the various
aspects described herein that can be implemented, individually and/or collectively, by
a wide range of hardware, software, firmware, or any combination thereof can be
viewed as being composed of various types of "electrical circuitry." Consequently, as
used herein "electrical circuitry" includes, but is not limited to, electrical circuitry
having at least one discrete electrical circuit, electrical circuitry having at least one
integrated circuit, electrical circuitry having at least one application specific
integrated circuit, electrical circuitry forming a general purpose computing device
configured by a computer program (e.g., a general purpose computer configured by a
computer program that at least partially carries out processes and/or devices described
herein, or a microprocessor configured by a computer program that at least partially
carries out processes and/or devices described herein), electrical circuitry forming a
memory device (e.g., forms of random access memory), and/or electrical circuitry
forming a communications device (e.g., a modem, communications switch, or optical-
electrical equipment). Those having skill in the art will recognize that the subject
matter described herein may be implemented in an analog or digital fashion or some
combination thereof.

Operation of neural modulation devices as described herein may be performed
under the control of hardware (e.g. analog or digital electronic circuitry). Circuitry
for switching, signal generation, sensing, timing control etc. is well known and may
be constructed by those of skill in the art of electronics. In some embodiments,

control of neural modulation devices as described herein may be performed under
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microprocessor control. Instructions to be executed by a microprocessor may be
stored in hardware, firmware, or software (e.g. as an ASIC, instructions burned into
an EEPROM, instructions stored in various types of memory devices/structures) on
various types of signal-bearing media. Instructions for controlling neural modulation
devices as described herein may be used, for example to implement methods as
outlined, e.g. in FIGS. 4, 8 and 9. Instructions carried on a signal bearing medium
may form a permanent or temporary component of a system including additional
device components. Signal bearing media used, e.g. as depicted in FIG. 16, may
include both instructions for controlling neural modulation device, and also stored
data or parameters. Data, parameters, and instructions may be stored on more than
one types of media during the practice of the invention (e.g., partially in device
memory, partially on a removable medium, etc.).

As illustrated in FIG. 17, in one embodiment, a system 1050 may include a
signal-bearing medium 1052 bearing: one or more instructions related to producing a
reversible conduction block in a peripheral neural structure of a subject while the
subject is in a first activity state, as indicated at 1054; one or more instructions related
to reversing the reversible conduction block in the peripheral neural structure of the
subject to permit conduction in the peripheral neural structure when the subject is in a
second activity state, as indicated at 1056; and one or more instructions related to
repeating the steps of producing a reversible conduction block in a peripheral neural
structure of a subject while the subject is in a first activity state and reversing the
reversible conduction block in the peripheral neural structure of the subject to permit
conduction in the peripheral neural structure when the subject is in a second activity
state, as indicated at 1058. System 1050, represented in FIG. 17 as a box, may
include all or part of a neural modulation system. In some embodiments, a portion of
a neural modulation system may include a fixed or removable data storage device that
includes signal-bearing medium 1052.

The signal bearing medium may bear one or more instructions related to
repeating the steps of producing a reversible conduction block in a peripheral neural
structure of a subject while the subject is in a first activity state and reversing the

reversible conduction block in the peripheral neural structure of the subject to permit
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conduction in the peripheral neural structure when the subject is in a second activity
state cyclically, wherein each cycle includes a blocking period during which a
blocking stimulus sufficient to produce reversible conduction block in a peripheral
neural structure of a subject is produced while the subject is in a first activity state
and a release period during which no blocking stimulus is delivered.

The signal bearing medium may bear one or more instructions related to
repeating the steps of producing a reversible conduction block in a peripheral neural
structure of a subject while the subject is in a first activity state and reversing the
reversible conduction block in the peripheral neural structure of the subject to permit
conduction in the peripheral neural structure when the subject is in a second activity
state cyclically at a rate of one cycle per day.

In some embodiments, the signal bearing medium may bear one or more
instructions related to producing the reversible conduction block and reversing the
reversible conduction block in alternation according to a pre-set schedule, e.g. to
produce a blocking stimulus as depicted in trace 400 in FIG. 6. Alternatively, the
signal-bearing medium may bear one or more instructions related to producing the
reversible conduction block and reversing the reversible conduction block in
alternation according to a detected signal indicative of at least one activity state in the
subject, wherein the at least one activity state of the subject has a substantially
cyclical expected pattern of occurrence, e.g., to produce a blocking stimulus as
depicted in trace 360 of FIG. 6.

The signal-bearing medium may be carried by a neural modulation device.
For example, the signal-bearing medium may include a non-volatile memory in the
neural modulation device. The non-volatile memory may be, for example, selected
from a ROM, PROM, EPROM, EEPROM, or Flash memory.

In some embodiments, the signal-bearing medium may be carried in part by a
neural modulation device and in part by a remote device, for example, as depicted in
FIG. 13.

In connection with embodiments in which signals sent and received by the
device are encrypted or decrypted, as described elsewhere herein, the signal bearing

medium may bear one or more instructions related to at least one of encrypting or

38



10

20

25

WO 2009/073222 PCT/US2008/013442

decrypting an input indicative of an activity state of the subject, or one or more
instructions related to at least one of encrypting or decrypting an input indicative of a
user instruction.

The signal-bearing medium may include one or more of a computer-readable
medium, a recordable medium, or a communications medium. A communications
medium may be, for example, at least one optical fiber, at least one wire, or a wireless
communications medium.

In a further embodiment, as illustrated in FIG. 18, a system 1050 may include
a signal-bearing medium 1052 bearing one or more instructions related to receiving
an input indicative of an activity state of the subject (as indicated at 1104); one or
more instructions related to producing a reversible conduction block in a peripheral
neural structure of a subject while the subject is in a first activity state (as indicated at
1106); one or more instructions related to reversing the reversible conduction block in
the peripheral neural structure of the subject to permit conduction in the peripheral
neural structure when the subject is'in a second activity state (as indicated at 1108);
and one or more instructions related to repeating the steps of producing a reversible
conduction block in a peripheral neural structure of a subject while the subject is ina
first activity state and reversing the reversible conduction block in the peripheral
neural structure of the subject to permit conduction in the peripheral neural structure
when the subject is in a second activity state (as indicated at 1110).

In some embodiments, the one or more instructions related to receiving an
input indicative of an activity state of the subject may include one or more
instructions related to receiving an input indicative of overall activity of the subject.
The signal bearing medium may bear one or more instructions related to
distinguishing an input indicative of a first activity state from an input indicative of a
second activity state, wherein the first activity state is characterized by relatively
lower overall activity of the subject than the second activity state.

In some embodiments, the one or more instructions related to receiving an
input indicative of an activity state of the subject may include one or more
instructions related to receiving an input indicative of use of a body portion

innervated by the peripheral neural structure by the subject, rather than overall
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activity of the subject. The signal bearing medium may bear one or more instructions
related to distinguishing an input indicative of a first activity state from an input
indicative of a second activity state, wherein the first activity state is characterized by
relatively lower use of the body portion innervated by the peripheral neural structure
by the subject than the second activity state.

The one or more instructions related to receiving an input indicative of an
activity state of the subject may include instructions related to receiving an input
indicative of physiological activity of the subject, including, but not limited to an
input indicative of a heart rate, a brain activity, a muscle activity, respiration, a
peripheral nervous system, or a body temperature of the subject.

Alternatively, or in addition, the one or more instructions related to receiving
an input indicative of an activity state of the subject may include one or more
instructions related to receiving an input indicative of physical activity of the subject,
for example, an input indicative of motion, body position, or posture of the subject.

Instructions related to receiving an input indicative of an activity state of the’
subject may include instructions related to receiving an input from of pressure sensor,
force sensor, chemical sensor, temperature sensor, eléctrical sensor, magnetic sensor,
optical sensor, motion sensor, a switch, or various other types of sensors as known to
those of skill in the art and as described elsewhere herein.

In another embodiment, as shown in FIG. 19, the system 1150 may include a
signal-bearing medium 1152 bearing one or more instructions related to producing a
reversible conduction block in a peripheral neural structure of a subject while the
subject is in a first activity state (as indicated at 1154); one or more instructions
related to receiving an input indicative of a user instruction (as indicated at 1156); one
or more instructions related to reversing the reversible conduction block in the
peripheral neural structure of the subject to permit conduction in the peripheral neural
structure when the subject is in a second activity state (as indicated at 1158); and one
or more instructions related to repeating the steps of producing a reversible
conduction block in a peripheral neural structure of a subject while the subject is in a

first activity state and reversing the reversible conduction block in the peripheral
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neural structure of the subject to permit conduction in the peripheral neural structure
when the subject is in a second activity state (as indicated at 1160).

The one or more instructions related to receiving an input indicative of a user
instruction include one or more instructions related to receiving an input from a user
input device, such as a voice-activated or other sound-activated input device, e.g. a
microphone, a user-activated switch or knob, a keyboard, a mouse or other pointing
device, a touch-screen or other user activated input devices.

In still other embodiments, as illustrated in FIG. 20, a system 1200 may
include a signal bearing medium 1202 bearing: one or more instructions related to
applying a blocking stimulus sufficient to produce a reversible conduction block of at
least a portion of a peripheral neural structure of a subject with a cyclical application
pattern, a cycle of the cyclical application pattern including a blocking period during
which the blocking stimulus sufficient produce a reversible conduction block of at
least a portion of the peripheral neural structure of the subject is applied at least
intermittently, the blocking period coinciding at least in part with a first activity state
in the subject; and a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second activity state in the subject, as
indicated at 1204.

The signal bearing medium may bear one or more instructions related to
receiving an input indicative of an activity state of the subject, wherein the input is
indicative of at least one of the first activity state and the second activity state of the
subject. The one or more instructions may be related to receiving an input indicative
of an overall activity state of the subject, wherein the first activity state represents a
relatively lower overall activity of the subject and the second activity state represents
a relatively higher overall activity of the subject. In some embodiments, the
instructions may be related to receiving an input indicative of use of a body portion
innervated by the peripheral neural structure by the subject, wherein the first activity
state represents a relatively lower use of a body portion innervated by the peripheral
neural structure by the subject and the second activity state represents a relatively
higher use of a body portion innervated by the peripheral neural structure by the

subject.
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In some embodiments, the one or more instructions related to applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject with a cyclical application pattern
may include one or more instructions related to applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a peripheral
neural structure of a subject substantially continuously during the blocking period. In
some embodiments, they may be related to applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject intermittently during the blocking period. In some
embodiments, the one or more instructions may be related to applying a blocking
stimulus sufficient to produce a reversible conduction block of at least a portion of a
peripheral neural structure of a subject intermittently at a fixed repetition rate during
the blocking period.

The one or more instructions related to applying a blocking stimulus sufficient
to prbduce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern may include one or more
instructions related to applying a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural structure of a subject with
a cyclical application pattern having a period of about one day, or other period as
described elsewhere herein.

A system may include one or more instructions related to applying a blocking
stimulus sufficient to produce a reversible conduction block of at least a portion of a
peripheral neural structure of a subject with a cyclical application pattern for a fixed
number of cycles, or for fixed duration.

In some embodiments of systems as described herein, the signal-bearing
medium may include a computer-readable medium. In some embodiments, the
signal-bearing medium may include a recordable medium. In some embodiments, the
signal-bearing medium may include a non-volatile memory, such as ROM, PROM,
EPROM, EEPROM, or Flash memory, for example. In some embodiments, the
signal-bearing medium may include a communications medium, such as at least one

optical fiber or wire, or a wireless communications medium.

42



10

20

WO 2009/073222 PCT/US2008/013442

In a further embodiment, as shown in FIG. 21, a system 1250 may include a
signal bearing medium 1252 bearing one or more instructions related to applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject with a cyclical application pattern,
a cycle of the cyclical application pattern including a blocking period during which
the blocking stimulus sufficient produce a reversible conduction block of at least a
portion of the peripheral neural structure of the subject is applied at least
intermittently, the blocking period coinciding at least in part with a first activity state
in the subject; and a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second activity state in the subject, as
indicated at 1254; one or more instructions related to detecting the onset of the first
activity state in the subject, as indicated at 1256; and one or more instructions related
to initiating a blocking period during which a blocking stimulus sufficient produce to
reversible conduction block of at least a portion of the peripheral neural structure of
the subject is applied at least intermittently responsive to detecting the onset of the
first activity state in the subject, as indicated at 1258. |

The instructions related to initiating a blocking period during which a
blocking stimulus sufficient produce to reversible conduction block of at least a
portion of the peripheral neural structure of the subject is applied at least
intermittently responsive to detecting the onset of a first activity state in the subject
may include one or more instructions related to initiating the blocking period
substantially immediately upon detecting the onset of the first activity state in the
subject, or, at a delay interval after detecting the onset of the first activity state in the
subject. In some embodiments, the one or more instructions related to initiating a
blocking period during which a blocking stimulus sufficient produce to reversible
conduction block of at least a portion of the peripheral neural structure of the subject
is applied at least intermittently responsive to detecting the onset of a first activity
state in the subject include one or more instructions related to initiating a release
period during which no blocking stimulus is applied after an interval determined

relative to the initiation of the blocking period.
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Another embodiment, as shown in FIG. 22, a system 1300 may include a
signal bearing medium 1302 bearing: 6ne or more instructions related to applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject with a cyclical application pattern,
a cycle of the cyclical application pattern including a blocking period during which
the blocking stimulus sufficient produce a reversible conduction block of at least a
portion of the peripheral neural structure of the subject is applied at least
intermittently, the blocking period coinciding at least in part with a first activity state
in the subject; and a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second activity state in the subject, as
indicated at 1304; one or more instructions related to detecting the onset of the second
activity state in the subject, as indicated at 1306; and one or more instructions related
to initiating a release period during which no blocking stimulus is applied responsive
to detecting the onset of the second activity state in the subject, as indicated at 1308.

The one or more instructions related to initiating a release period during which
no blocking stimulus is applied responsive to detecting the onset of the second
activity state in the subject may include one or more instructions related to initiating
the release period substantially immediately upon onset of the second activity state in
the subject, or at a delay interval after detecting the onset of the second activity state
in the subject, as described elsewhere herein.

Those having skill in the art will recognize that the state of the art has
progressed to the point where there is little distinction left between hardware and
software implementations of aspects of systems; the use of hardware or software is
generally (but not always, in that in certain contexts the choice between hardware and
software can become significant) a design choice representing cost vs. efficiency
tradeoffs. Those having skill in the art will appreciate that there are various vehicles
by which processes and/or systems and/or other technologies described herein can be
effected (e.g., hardware, software, and/or firmware), and that the preferred vehicle
will vary with the context in which the processes and/or systems and/or other
technologies are deployed. For example, if an implementer determines that speed and

accuracy are paramount, the implementer may opt for a mainly hardware and/or
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firmware vehicle; alternatively, if flexibility is paramount, the implementer may opt
for a mainly software implementation; or, yet again alternatively, the implementer
may opt for some combination of hardware, software, and/or firmware. Hence, there
are several possible vehicles by which the processes and/or devices and/or other
technologies described herein may be effected, none of which is inherently superior
to the other in that any vehicle to be utilized is a choice dependent upon the context in
which the vehicle will be deployed and the specific concerns (e.g., speed, flexibility,
or predictability) of the implementer, any of which may vary.

The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples.
Insofar as such block diagrams, flowcharts, and/or examples contain one or more
functions and/or operations, it will be understood by those within the art that each
function and/or operation within such block diagrams, flowcharts, or examples can be
implemented, individually and/or collectively, by a wide range of hardware, software,
firmware, or virtually any combination thereof. In one embodiment, several portions
of the subject matter described herein may be implemented via Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), digital signal
processors (DSPs), or other integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed herein, in whole or in part,
can be equivalently implemented in integrated circuits, as one or more computer
programs running on one or more computers (e.g., as One or More programs running
on one or more computer systems), as One oOr more programs running on one or more
processors (e.g., as one or more programs running on one or More MmMicroprocessors),
as firmware, or as virtually any combination thereof, and that designing the circuitry
and/or writing the code for the software and or firmware would be well within the
skill of one of skill in the art in light of this disclosure. In addition, those skilled in the
art will appreciate that the mechanisms of the subject matter described herein are
capable of being distributed as a program product in a variety of forms, and that an
illustrative embodiment of the subject matter described herein applies regardless of
the particular type of signal bearing medium used to actually carry out the

distribution. Examples of a signal bearing medium include, but are not limited to, the
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following: a recordable type medium such as a floppy disk, a hard disk drive, a
Compact Disc (CD), a Digital Video Disk (DVD), a digital tape, a computer memory,
etc.; and a transmission type medium such as a digital and/or an analog
communication medium (e.g., a fiber optic cable, a waveguide, a wired
communications link, a wireless communication link, etc.).

One skilled in the art will recognize that the herein described components
(e.g., steps), devices, and objects and the discussion accompanying them are used as
examples for the sake of conceptual clarity and that various configuration
modifications are within the skill of those in the art. Consequently, as used herein,
the specific exemplars set forth and the accompanying discussion are intended to be
representative of their more general classes. In general, use of any specific exemplar
herein is also intended to be representative of its class, and the non-inclusion of such
specific components (e.g., steps), devices, and objects herein should not be taken as
indicating that limitation is desired.

With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations are not expressly set forth herein for sake of
clarity.

The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. It is to
be understood that such depicted architectures are merely exemplary, and that in fact
many other architectures can be implemented which achieve the same functionality.
In a conceptual sense, any arrangement of components to achieve the same
functionality is effectively "associated" such that the desired functionality is achieved.
Hence, any two components herein combined to achieve a particular functionality can
be seen as "associated with" each other such that the desired functionality is achieved,
irrespective of architectures or intermedial components. Likewise, any two
components so associated can also be viewed as being "operably connected", or
"operably coupled", to each other to achieve the desired functionality, and any two

components capable of being so associated can also be viewed as being "operably
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couplable", to each other to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically mateable and/or
physically interacting components and/or wirelessly interactable and/or wirelessly
Interacting components and/or logically interacting and/or logically interactable
components.

In some instances, one or more components may be referred to herein as
“configured to.” Those skilled in the art will recognize that “configured to” can
generally encompass active-state components and/or inactive-state components
and/or standby-state components, etc. unless context requires otherwise.

In some instances, one or more components may be referred to herein as
“configured to.” Those skilled in the art will recognize that “configured to” can
generally encompass active-state components and/or inactive-state components
and/or standby-state components, unless context requires otherwise.

While particular aspects of the present subject matter described herein have
been shown and described, it will be apparent to those skilled in the art that, based
upon the teachings herein, changes and modifications may be made without departing
from the subject matter described herein and its broader aspects and, therefore, the
appended claims are to encompass within their scope all such changes and
modifications as are within the true spirit and scope of the subject matter described
herein. Furthermore, it is to be understood that the invention is defined by the
appended claims. It will be understood by those within the art that, in general, terms
used herein, and especially in the appended claims (e.g., bodies of the appended
claims) are generally intended as “open” terms (e.g., the term “including” should be
interpreted as “including but not limited to,” the term “having” should be interpreted
as “having at least,” the term “includes” should be interpreted as “includes but is not
limited to,” etc.). It will be further understood by those within the art that ifa
specific number of an introduced claim recitation is intended, such an intent will be
explicitly recited in the claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the following appended claims may
contain usage of the introductory phrases "at least one" and "one or more" to

introduce claim recitations. However, the use of such phrases should not be
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construed to imply that the introduction of a claim recitation by the indefinite articles
"a" or "an" limits any particular claim containing such introduced claim recitation to
inventions containing only one such recitation, even when the same claim includes
the introductory phrases "one or more" or "at least one" and indefinite articles such as
"a" or "an" (e.g., “a” and/or “an” should typically be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced
claim recitation is explicitly recited, those skilled in the art will recognize that such
recitation should typically be interpreted to mean at least the recited number (e.g., the
bare recitation of "two recitations," without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., “ a systern having at least one of A, B, and C” would include but not
be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). In those instances
where a convention analogous to “at least one of A, B, or C, etc.” is used, in general
such a construction is intended in the sense one having skill in the art would
understand the convention (e.g., “ a system having at least one of A, B, or C” would
include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). It
will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For example, the phrase
“A or B” will be understood to include the possibilities of “A” or “B” or “A and B.”
Further, the phrase “A and/or B” will be understood to include the possibilities of “A”
or “B” or “A and B.”

With respect to the appended claims, those skilled in the art will appreciate
that recited operations therein may generally be performed in any order. Examples of

such alternate orderings may include overlapping, interleaved, interrupted, reordered,
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incremental, preparatory, supplemental, simultaneous, reverse, or other variant
orderings, unless context dictates otherwise. With respect to context, even terms like
“responsive to,” “related to,” or other past-tense adjectives are generally not intended
to exclude such variants, unless context dictates otherwise.

While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the true scope and spirit being indicated by the following
claims.

What is claimed is:
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CLAIMS

(VS

A method of modulating neural activity comprising:
applying a blocking stimulus sufficient to produce a reversible conduction block

of at least a portion of a peripheral neural structure of a subject with a

cyclical application pattern, a cycle of the cyclical application pattern

including:

a blocking period during which the blocking stimulus sufficient to produce
areversible conduction block of at least a portion of the peripheral
neural structure of the subject is applied at least intermittently, the
blocking period coinciding at least in part with a first activity state
in the subject; and

a release period during which no blocking stimulus is applied, the release
period coinciding at least in part with a second activity state in the

subject.

The method of claim 1, wherein an overall activity of the subject is lower in the

first activity state than in the second activity state.

The method of claim 1, wherein the use of a body portion innervated by the
peripheral neural structure by the subject is lower in the first activity state than in

the second activity state.

The method of claim 1, wherein the cyclical application pattern is repeated over a
period of time sufficient to produce modulation of an immune response in at least

a region innervated by the peripheral neural structure.
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The method of claim 1, wherein the cyclical application pattern is repeated over a
period of time sufficient to produce modulation of a metabolic 'response in at least

a region innervated by the peripheral neural structure.

The method of claim 1, wherein the cyclical application pattern is repeated over a
period of time sufficient to produce modulation of an inflammatory response in at

least a region innervated by the peripheral neural structure.

The method of claim 1, wherein the cyclical application pattern occurs according

to a pre-set schedule.

The method of claim 1, wherein the cyclical application pattern occurs according
to a detected signal indicative of at least one activity state in the subject, wherein
the at least one activity state of the subject has a substantially cyclical expected

pattern of occurrence.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject substantially continuously

during the blocking period.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a

blocking stimulus sufficient to produce a reversible conduction block of at least a
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11.

12.

14.

portion of a peripheral neural structure of a subject intermittently during the

blocking period.

The method of claim 10, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject intermittently at a fixed

repetition rate during the blocking period.

The method of claim 10, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject according to a programmed

pattern during at least a portion of the blocking period.

The method of claim 12, wherein the programmed pattern specifies a blocking

stimulus amplitude that varies over time during the blocking period.

The method of claim 12, wherein the programmed pattern specifies application of
blocking stimulus pulses intermittently during the blocking period, wherein a

duration of the stimulus pulses varies over time during the blocking period.
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16.

17.

18.

19.

The method of claim 12, wherein the programmed pattern specifies application of
blocking stimulus pulses intermittently during the blocking period, wherein an

interval between the stimulus pulses varies over time during the blocking period.

The method of claim 12, wherein the programmed pattern specifies application of
blocking stimulus pulses intermittently during the blocking period, wherein an

amplitude of the stimulus pulses varies over time during the blocking period.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject with a cyclical application

pattern having a period of about one day.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject with a cyclical application

pattern for a fixed number of cycles.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce a reversible conduction block of at least a
portion of a peripheral neural structure of a subject with a cyclical application

pattern for a fixed duration.
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20.

21.

22.

23.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce substantially complete blockage of

conduction in the peripheral neural structure of the subject.

The method of claim 1, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce blockage of a subset of nerve fibers in the

peripheral neural structure of the subject.

The method of claim 21, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce blockage of a subset of nerve fibers within

a selected diameter range in the peripheral neural structure of the subject.

The method of claim 21, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern includes applying a
blocking stimulus sufficient to produce blockage of a subset of nerve fibers within

a selected spatial distribution within the peripheral neural structure of the subject.

The method of claim 21, wherein applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral neural

structure of a subject with a cyclical application pattern includes applying a
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25.

26.

27.

28.

blocking stimulus sufficient to produce blockage of a subset of nerve fibers within

selected fascicles within the peripheral neural structure of the subject.

A method of modulating neural activity comprising:
detecvting the onset of a first activity state in a subject;
initiating a blocking period responsive to detecting the onset of the first activity
state in the subject, the blocking period coinciding at least in part with the
first activity state in the subject; and
applying, pursuant to a cyclical application pattern, a blocking stimulus sufficient
to produce a reversible conduction block of at least a portion of a
peripheral neural structure of the subject, a cycle of the cyclical
application pattern including:
the blocking period during which the blocking stimulus sufficient to
produce the reversible conduction block of the at least a portion of
the peripheral neural structure of the subject is applied at least
intermittently; and
a release period during which no blocking stimulus is applied, the release
period coinciding at least in part with a second activity state in the

subject.

The method of claim 25, including initiating the blocking period substantially

immediately upon detecting the onset of the first activity state in the subject.

The method of claim 235, including initiating the blocking period at a delay

interval after detecting the onset of the first activity state in the subject.

The method of claim 235, including initiating the release period during which no
blocking stimulus is applied after an interval determined relative to the initiation

of the blocking period.
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29.

32.

(8]
|98

The method of claim 25, including initiating the release period during which no
blocking stimulus is applied responsive to detecting the onset of a second activity

state in the subject.

The method of claim 29, including initiating the release period substantially

immediately upon detecting the onset of the second activity state in the subject.

The method of claim 29, including initiating the release period at a delay interval

after detecting the onset of the second activity state in the subject.

The method of claim 25, including initiating a release period during which no

blocking stimulus is applied responsive to detecting an override signal.

The method of claim 32, including detecting an override signal indicative of a

condition of the body of the subject.

The method of claim 32, including detecting an override signal indicative of a

condition external to the body of the subject.

The method of claim 32, including detecting an override signal from a user input

device.
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36. A method of modulating neural activity comprising:
applying a blocking stimulus sufficient to produce a reversible conduction block

of at least a portion of a peripheral neural structure of a subject with a

cyclical application pattern, a cycle of the cyclical application pattern

including:

a blocking period during which the blocking stimulus sufficient to produce
the reversible conduction block of the at least a portion of the
peripheral neural structure of the subject is applied at least
intermittently, the blocking period coinciding at least in part with a
first activity state in the subject; and

a release period during which no blocking stimulus is applied, the release
period coinciding at least in part with a second activity state in the
subject;

detecting the onset of a second activity state in the subject; and
initiating the release period during which no blocking stimulus is applied

responsive to detecting second activity state in the subject.

37. The method of claim 36, including initiating the release period substantially

immediately upon onset of the second activity state in the subject.

38. The method of claim 36, including initiating the release period at a delay interval

after detecting the onset of the second activity state in the subject.

39. A neural modulation system comprising:
a sensor configured to generate a signal indicative of an activity state of at least a
portion of a body of a subject innervated by a peripheral neural structure,

responsive to an activity of the at least a portion of the body of the subject;
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a signal input structure operatively connected to the sensor and configured to
receive the signal indicative of the activity state of at least the portion of
the body of the subject innervated by the peripheral neural structure;

and

a signal processing portion configured to:
distinguish a first activity state of the at least a portion of the body of the

subject innervated by the peripheral neural structure from a second
activity state of the at least a portion of the body of the subject
innervated by the peripheral neural structure, at least partially
based on the signal received by the signal input structure; and
generate a blocking stimulus control signal for driving production of a
blocking stimulus configured to reversibly block conduction in the
peripheral neural structure of the subject during at least a portion

of the first activity state.

40. The neural modulation system of claim 39, wherein the sensor is a pressure
Sensor.

41. The neural modulation system of claim 39, wherein the sensor is a force sensor.

42. The neural modulation system of claim 39, wherein the sensor is a chemical
Sensor.

43, The neural modulation system of claim 39, wherein the sensor is a temperature
Sensor.
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44,

45.

46.

47.

48.

49.

50.

The neural modulation system of claim 39, wherein the sensor is an electrical

Sensor.

The neural modulation system of claim 39, wherein the sensor is a magnetic

Sensor.

The neural modulation system of claim 39, wherein the sensor is an optical

sENSor.

The neural modulation system of claim 39, wherein the sensor is a motion sensor.

The neural modulation system of claim 39, further comprising a blocking stimulus
source response to the blocking stimulus control signal to produce the blocking
stimulus configured to reversibly block conduction in the peripheral neural

structure of the subject during the at least a portion of the first activity state.

The neural modulation system of claim 39, including an override signal input
structure configured to receive a signal indicative of a condition of the body of the
subject, wherein the signal processing portion is configured to override generation
of the blocking stimulus control signal responsive to a signal indicative of an
override condition of the body of the subject on the override signal input

structure.

The neural modulation system of claim 39, including an override signal input

structure configured to receive a signal indicative of a condition external to the

59



WO 2009/073222 PCT/US2008/013442

51.

52.

54.

body of the subject, wherein the signal processing portion is configured to
override generation of the blocking stimulus control signal responsive to a signal
indicative of an override condition external to the body of the subject on the

override signal input structure.

The neural modulation system of claim 39, including an override signal input
structure configured to receive from a user input device, wherein the signal
processing portion is configured to override generation of the blocking stimulus
control signal responsive to a signal indicative of a user override request on the

override signal input structure.

The neural modulation system of claim 39, wherein the signal processing portion
is configured to perform at least one of encryption or decryption of at least one of
the blocking stimulus control signal and the signal received by the signal input

structure.

The neural modulation system of claim 51, wherein the signal processing portion
is configured to perform at least one of encryption or decryption of at least one of
the blocking stimulus control signal, the signal received by the signal input

structure, or the signal indicative of a user override request on the override signal

input structure.

A neural modulation system comprising:
a signal input structure configured to receive a signal indicative of an activity
state of at least a portion of a body of a subject innervated by a peripheral

neural structure;
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a physiological sensor operatively connected to the signal input structure and
configured to generate the signal indicative of an activity state of the at
least a portion of the body of the subject innervated by the peripheral
neural structure, the physiological sensor being responsive to a
physiological parameter of the at least a portion of the body of the subject;
and

a signal processing portion configured to:
distinguish a first activity state of the at least a portion of the body of the

subject innervated by the peripheral neural structure from a second
activity state of the at least a portion of the body of the subject
innervated by the peripheral neural structure, at least partially
based on the signal received by the signal input structure; and
generate a blocking stimulus control signal for driving production of a
blocking stimulus configured to reversibly block conduction in the
peripheral neural structure of the subject dufing at least a portion

of the first activity state.

55.  The neural modulation system of claim 54, wherein the physiological sensor is

configured to generate a signal indicative of activity of a heart of the subject.

56. The neural modulation system of claim 54, wherein the physiological sensor is

configured to generate a signal indicative of activity of brain of the subject.

57. The neural modulation system of claim 54, wherein the physiological sensor is
configured to generate a signal indicative of activity of a peripheral neural system

of the subject.

58. The neural modulation system of claim 54, wherein the physiological sensor is

configured to generate a signal indicative of activity of a muscle of the subject.
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59.

60.

61.

62.

The neural modulation system of claim 54, wherein the physiological sensor is

configured to generate a signal indicative of respiration of the subject.

The neural modulation system of claim 54, wherein the physiological sensor is

configured to generate a signal indicative of a body temperature of the subject.

The neural modulation system of claim 54, further comprising a blocking stimulus
source responsive to the blocking stimulus control signal to produce the blocking
stimulus configured to reversibly block conduction in the peripheral neural

structure of the subject during the at least a portion of the first activity state.

A neural modulation system comprising:

a signal input structure configured to receive a signal indicative of an activity
state of at least a portion of a body of a subject innervated by a peripheral
neural structure;

a physical activity sensor operatively connected to the signal input structure and
configured to generate the signal indicative of an activity state of the at
least a portion of the body of the subject innervated by the peripheral
neural structure responsive to physical activity of the at least a portion of
the body of the subject; and

a signal processing portion configured to:
distinguish a first activity state of the at least a portion of the body of the

subject innervated by the peripheral neural structure from a second
activity state of the at least a portion of the body of the subject
innervated by the peripheral neural structure at least partially based

on the signal received by the signal input structure; and
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64.

66.

67.

generate blocking stimulus control signal for driving production of a
blocking stimulus configured to reversibly block conduction in the
peripheral neural structure of the subject during at least a portion

of the first activity state.

The neural modulation system of claim 62, wherein the physical activity sensor is
configured to generate a signal indicative of motion of the at least a portion of the

body of the subject innervated by the peripheral neural structure.

The neural modulation system of claim 62, wherein the physical activity sensor is
configured to generate a signal indicative of acceleration of the at least a portion

of the body of the subject innervated by the peripheral neural structure.

The neural modulation system of claim 62, wherein the physical activity sensor is
configured to generate a signal indicative of a body position or posture of the

subject.

The neural modulation system of claim 62, further comprising a blocking stimulus
source responsive to the blocking stimulus control signal to produce the blocking
stimulus configured to reversibly block conduction in the peripheral neural

structure of the subject during the at least a portion of the first activity state.

A neural modulation system comprising:
a signal input structure configured to receive a signal indicative of an activity
state of at least a portion of a body of a subject innervated by a peripheral

neural structure;
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a user input device operatively connected to the signal input structure and
configured to generate a signal responsive to a user input indicative of an
activity state of at least a portion of a body of a subject innervated by the
peripheral neural structure; and
a signal processing portion configured to:
distinguish a first activity state of the at least a portion of the body of the
subject innervated by the peripheral neural structure from a second
activity state of the at least a portion of the body of the subject
innervated by the peripheral neural structure from the signal
received at the signal input structure; and

generate a blocking stimulus configured to reversibly block conduction in
the peripheral neural structure of the subject during at least a

portion of the first activity state.

68. The neural modulation system of claim 67, wherein the user input device includes

a voice-activated input device.

69.  The neural modulation system of claim 67, wherein the user input device includes

a user-activated switch.

70.  The neural modulation system of claim 67, further comprising a blocking stimulus
source responsive to the blocking stimulus control signal to produce the blocking
stimulus configured to reversibly block conduction in the peripheral neural

structure of the subject during the at least a portion of the first activity state

71. A system comprising:

a signal-bearing medium bearing:
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72.

one or more instructions related to producing a reversible conduction block in a

peripheral neural structure of at least a portion of a body of a subject while

the at least a portion of a body of a subject is in a first activity state;

one or more instructions related to reversing the reversible conduction block in

the peripheral neural structure of the at least a portion of a body of a
subject to permit conduction in the peripheral neural structure when the at
least a portion of the body of the subject is in a second activity state; and
one or more instructions related to repeating the steps of producing a reversible
conduction block in the peripheral neural structure of the at least a portion
of the body of the subject while the at least a portion of the body of the
subject is in a first activity state and reversing the reversible conduction
block in the peripheral neural structure of the at least a portion of a body
of a subject to permit conduction in the peripheral neural structure when

the at least a portion of the body of the subject is in a second activity state.

The system of claim 71, wherein the signal bearing medium bears one or more
instructions related to repeating the steps of producing a reversible conduction
block in a peripheral neural structure of a subject while the subject is in a first
activity state and reversing the reversible conduction block in the peripheral
neural structure of the subject to permit conduction in the peripheral neural
structure when the subject is in a second activity state cyclically, wherein each
cycle includes a blocking period during which a blocking stimulus sufficient to
produce reversible conduction block in a peripheral neural structure of a subject is
produced while the subject is in a first activity state and a release period during

which no blocking stimulus is delivered.

The system of claim 72, wherein the signal bearing medium bears one or more
instructions related to repeating the steps of producing a reversible conduction

block in a peripheral neural structure of a subject while the subject is in a first
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74.

76.

77.

78.

79.

activity state and reversing the reversible conduction block in the peripheral
neural structure of the subject to permit conduction in the peripheral neural
structure when the subject is in a second activity state cyclically at a rate of one

cycle per day.

The system of claim 71, wherein the signal bearing medium bears one or more
instructions related to producing the reversible conduction block and reversing the

reversible conduction block in alternation according to a pre-set schedule.

The system of claim 71, wherein the signal-bearing medium bears one or more

instructions related to producing the reversible conduction block and reversing the
reversible conduction block in alternation according to a detected signal indicative
of at least one activity state in the subject, wherein the at least one activity state of

the subject has a substantially cyclical expected pattern of occurrence.

The system of claim 71, wherein the signal-bearing medium is carried by a neural

modulation device.

The system of claim 76, wherein the signal-bearing medium includes a non-

volatile memory in the neural modulation device.

The system of claim 77, wherein the non-volatile memory is selected from a

ROM, PROM, EPROM, EEPROM, or Flash memory.

The system of claim 71, wherein the signal-bearing medium is carried in part by a

neural modulation device and in part by a remote device.
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80.

81.

82.

85.

36.

The system of claim 71, wherein the signal-bearing medium includes a computer-

readable medium.

The system of claim 71, wherein the signal-bearing medium includes a recordable

medium.

The system of claim 71, wherein the signal-bearing medium includes a

communications medium.

The system of claim 82, wherein the signal-bearing medium includes at least one

optical fiber.

The system of claim 82, wherein the signal-bearing medium includes at least one

wire.

The system of claim 82, wherein the signal-bearing medium includes a wireless

communications medium.

A system comprising:
a signal-bearing medium bearing:
one or more instructions related to receiving an input indicative of an
activity state of at least a portion of a body of a subject;
one or more instructions related to producing a reversible conduction
block in a peripheral neural structure of at least a portion of a body
of a subject while the at least a portion of a body of a subjectisina
first activity state;
one or more instructions related to reversing the reversible conduction

block in the peripheral neural structure of the at least a portion of a
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87.

38.

39.

body of a subject to permit conduction in the peripheral neural
structure when the at least a portion of a body of a subjectisina
second activity state; and

one or more instructions related to repeating the steps of producing a
reversible conduction block in a peripheral neural structure of a
subject while the at least a portion of a body of a subjectisina
first activity state and reversing the reversible conduction block in
the peripheral neural structure of the at least a portion of a body of
a subject to permit conduction in the peripheral neural structure
when the at least a portion of a body of a subjectis in a second

activity state.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of overall activity of the

subject.

The system of claim 87 wherein the signal bearing medium bears one or more
instructions related to distinguishing an input indicative of a first activity state
from an input indicative of a second activity state, wherein the first activity state
is characterized by relatively lower overall activity of the subject than the second

activity state.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of use of a body portion

innervated by the peripheral neural structure by the subject.
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90. The system of claim 89, wherein the signal bearing medium bears one or more
instructions related to distinguishing an input indicative of a first activity state
from an input indicative of a second activity state, wherein the first activity state
is characterized by relatively lower use of the body portion innervated by the

peripheral neural structure by the subject than the second activity state.

91. The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of physiological activity of the

subject.

92. The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input indicative of a heart rate of the subject.

93. The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input indicative of a brain activity of the

subject.

94,  The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input indicative of a muscle activity of the

subject.
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95.

96.

97.

98.

99.

100.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input indicative of respiration of the subject.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of a peripheral nervous system

activity of the subject.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of a body temperature of the

subject.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of physical activity of the

subject.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input indicative of motion of the subject.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of a body position or posture

of the subject.
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101.

102.

104.

105.

106.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a pressure sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a force sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a chemical sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a temperature sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from an electrical sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a magnetic sensor.
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107.

108.

109.

110.

111

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from an optical sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a motion sensor.

The system of claim 86, wherein the one or more instructions related to receiving
an input indicative of an activity state of the subject include one or more

instructions related to receiving an input from a switch.

The system of claim 86, wherein the signal bearing medium bears one or more
instructions related to at least one of encrypting or decrypting the input indicative

of an activity state of the subject.

A system comprising:
a signal-bearing medium bearing:
one or more instructions related to producing a reversible conduction
block in a peripheral neural structure of a subject while the subject
is in a first activity state;
one or more instructions related to receiving an input indicative of a user
instruction;
one or more instructions related to reversing the reversible conduction
block in the peripheral neural structure of the subject to permit
conduction in the peripheral neural structure when the subject is in

a second activity state; and
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112.

114.

115.

116.

one or more instructions related to repeating the steps of producing a
reversible conduction block in a peripheral neural structure of a
subject while the subject is in a first activity state and reversing the
reversible conduction block in the peripheral neural structure of the
subject to permit conduction in the peripheral neural structure

when the subject is in a second activity state.

The system of claim 111, wherein the one or more instructions related to
receiving an input indicative of a user instruction include one or more instructions

related to receiving an input from a user input device.

The system of claim 112, wherein the one or more instructions related to
receiving an input indicative of a user instruction include one or more instructions

related to receiving an input from a voice-activated input device.

The system of claim 112, wherein the one or more instructions related to
receiving an input indicative of a user instruction include one or more instructions

related to receiving an input from a user-activated switch.

The system of claim 111, wherein the signal bearing medium bears one or more
instructions related to at least one of encrypting or decrypting the input indicative

of a user instruction.

A system comprising:
a signal bearing medium bearing:
one or more instructions related to applying a blocking stimulus sufficient

to produce a reversible conduction block of at least a portion of a
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117.

118.

119.

peripheral neural structure of a subject with a cyclical application

pattern, a cycle of the cyclical application pattern including:

a blocking period during which the blocking stimulus sufficient
produce a reversible conduction block of at least a portion
of the peripheral neural structure of the subject is applied at
least intermittently, the blocking period coinciding at least
in part with a first activity state in the subject; and

a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second

activity state in the subject.

The system of claim 116, wherein the signal bearing medium bears:
one or more instructions related to receiving an input indicative of an activity
state of the subject, wherein the input is indicative of at least one of the

first activity state and the second activity state of the subject.

The system of claim 117, wherein the one or more instructions related to
receiving an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of an overall activity state of
the subject, wherein the first activity state represents a relatively lower overall
activity of the subject and the second activity state represents a relatively higher

overall activity of the subject.

The system of claim 117, wherein the one or more instructions related to
receiving an input indicative of an activity state of the subject include one or more
instructions related to receiving an input indicative of use of a body portion
innervated by the peripheral neural structure by the subject, wherein the first
activity state represents a relatively lower use of a body portion innervated by the

peripheral neural structure by the subject and the second activity state represents a
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122.

[V8)

relatively higher use of a body portion innervated by the peripheral neural

structure by the subject.

The system of claim 116, wherein the one or more instructions related to applying
a blocking stimulus sufficient to produce a reversible conduction block of at least
a portion of a peripheral neural structure of a subject with a cyclical application
pattern include one or more instructions related to applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a
peripheral neural structure of a subject substantially continuously during the

blocking period.

The system of claim 116, wherein the one or more instructions related to applying
a blocking stimulus sufficient to produce a reversible conduction block of at least
a portion of a peripheral neural structure of a subject with a cyclical application
pattern include one or more instructions related to applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a

peripheral neural structure of a subject intermittently during the blocking period.

The system of claim 121, wherein the one or more instructions related to applying
a blocking stimulus sufficient to produce a reversible conduction block of at least
a portion of a peripheral neural structure of a subject with a cyclical application
pattern include one or more instructions related to applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a

peripheral neural structure of a subject intermittently at a fixed repetition rate

during the blocking period.

The system of claim 116, wherein the one or more instructions related to applying
a blocking stimulus sufficient to produce a reversible conduction block of at least

a portion of a peripheral neural structure of a subject with a cyclical application
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125.

126.

128.

pattern include one or more instructions related to applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a
peripheral neural structure of a subject with a cyclical application pattern having a

period of about one day.

The system of claim 116, wherein the one or more instructions related to applying
a blocking stimulus sufficient to produce a reversible conduction block of at least
a portion of a peripheral neural structure of a subject with a cyclical application
pattern include one or more instructions related to applying a blocking stimulus
sufficient to produce a reversible conduction block of at least a portion of a
peripheral neural structure of a subject with a cyclical application pattern for a

fixed number of cycles.

The system of claim 116, wherein the signal-bearing medium includes a

computer-readable medium.

The system of claim 116, wherein the signal-bearing medium includes a

recordable medium.

The system of claim 116, wherein the signal-bearing medium includes a non-

volatile memory.

The system of claim 127, wherein the non-volatile memory is selected from a

ROM, PROM, EPROM, EEPROM, or Flash memory.

The system of claim 116, wherein the signal-bearing medium includes a

communications medium.
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130.

132.

The system of claim 129, wherein the signal-bearing medium includes at least one

optical fiber.

The system of claim 129, wherein the signal-bearing medium includes at least one

wire.

The system of claim 129, wherein the signal-bearing medium includes a wireless

communications medium.

A system comprising:
a signal bearing medium bearing:
one or more instructions related to applying a blocking stimulus sufficient

to produce a reversible conduction block of at least a portion of a

peripheral neural structure of a subject with a cyclical application

pattern, a cycle of the cyclical application pattern including:

a blocking period during which the blocking stimulus sufficient
produce a reversible conduction block of at least a portion
of the peripheral neural structure of the subject is applied at
least intermittently, the blocking period coinciding at least
in part with a first activity state in the subject; and

a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second
activity state in the subject;

one or more instructions related to detecting the onset of the first activity
state in the subject; and

one or more instructions related to initiating a blocking period during
which a blocking stimulus sufficient produce to reversible

conduction block of at least a portion of the peripheral neural
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13

4.

5.

6.

7.

structure of the subject is applied at least intermittently responsive

to detecting the onset of the first activity state in the subject.

The system of claim 133, wherein the one or more instructions related to initiating
a blocking period during which a blocking stimulus sufficient produce to
reversible conduction block of at least a portion of the peripheral neural structure
of the subject is applied at least intermittently responsive to detecting the onset of
a first activity state in the subject include one or more instructions related to
initiating the blocking period substantially immediately upon detecting the onset

of the first activity state in the subject.

The system of claim 133, wherein the one or more instructions related to initiating
a blocking period during which a blocking stimulus sufficient produce to
reversible conduction block of at least a portion of the peripheral neural structure
of the subject is applied at least intermittently responsive to detecting the onset of
a first activity state in the subject include one or more instructions related to
initiating the blocking period at a delay interval after detecting the onset of the

first activity state in the subject.

The system of claim 133, wherein the one or more instructions related to initiating
a blocking period during which a blocking stimulus sufficient produce to
reversible conduction block of at least a portion of the peripheral neural structure
of the subject is applied at least intermittently responsive to detecting the onset of
a first activity state in the subject include one or more instructions related to
initiating a release period during which no blocking stimulus is applied after an

interval determined relative to the initiation of the blocking period.

A system comprising:

a signal bearing medium bearing:
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13

8.

9.

one or more instructions related to applying a blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of a peripheral
neural structure of a subject with a cyclical application pattern, a cycle of
the cyclical application pattern including:

a blocking period during which the blocking stimulus sufficient produce a
reversible conduction block of at least a portion of the peripheral
neural structure of the subject is applied at least intermittently, the
blocking period coinciding at least in part with a first activity state
in the subject; and

a release period during which no blocking stimulus is applied, the release
period coinciding at least in part with a second activity state in the
subject;

one or more instructions related to detecting the onset of the second activity state
in the subject; and

one or more instructions related to initiating a release period during which no
blocking stimulus is applied responsive to detecting the onset of the

second activity state in the subject.

The system of claim 120, wherein the one or more instructions related to initiating
a release period during which no blocking stimulus is applied responsive to
detecting the onset of the second activity state in the subject include one or more
instructions related to initiating the release period substantially immediately upon

onset of the second activity state in the subject.

The system of claim 120, wherein the one or more instructions related to initiating
a release period during which no blocking stimulus is applied responsive to
detecting the onset of the second activity state in the subject include one or more
instructions related to initiating the release period at a delay interval after

detecting the onset of the second activity state in the subject.
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applying a blocking stimulus sufficient to produce a reversible
conduction block of at least a portion of a peripheral neural
structure of a subject with a cyclical application pattern, the
cyclical application pattern including:

a blocking period during which the blocking stimulus sufficient
to produce a reversible conduction block of at least a
portion of the peripheral neural structure of the subject is
applied at least intermittently, the blocking period
coinciding at least in part with a first activity state in the
subject; and

a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second

activity state in the subject.
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detecting the onset of a first activity state in the subject

initiating a blocking period responsive to detecting the onset of a first activity state
in the subject, the blocking period coinciding at least in part with the first activity
state in the subject 602

A4

applying, pursuant to a cyclical application pattern, a blocking stimulus

sufficient to produce a reversible conduction block of at least a

portion of a peripheral neural structure of the subject, a cycle of the

cyclical application pattern including:

a blocking period during which the blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of
the peripheral neural structure of the subject is applied at least
intermittently; and

a release period during which no blocking stimulus is applied, the
release period coinciding at least in part with a second

activity state in the subject
604
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applying a blocking stimulus sufficient to produce a reversible conduction block

of at least a portion of a peripheral neural structure of a subject with a

cyclical application pattern, a cycle of the cyclical application pattern

including:

a blocking period during which the blocking stimulus sufficient to
produce a reversible conduction block of at least a portion of the
peripheral neural structure of the subject is applied at least
intermittently, the blocking period coinciding at least in part with
a first activity state in the subject; and

a release period during which no blocking stimulus is applied, the release

period coinciding at least in part with a second activity state in
the subject; 650

detecting the onset of a second activity state in the subject

N
\93 )
[\

initiating a release period during which no blocking stimulus is applied responsive to
detecting second activity state in the subject 654
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