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o~ ASYNCRONOUSLY STIMULATE AN AIRWAY-PATENCY-RELATED NERVE,
705 ACCORDING TO A FIRST STIMULATION PROTOCOL OF STIMULATION CYCLES
INCLUDING A STIMULATION PERIOD AND A NON-STIMULATION

PERIOD

Fig. 17A

120 72 E

VIAATHERAPY MANAGER, PROVIDE CONVERTIBLE OPERATION

724 BETWEEN AN ASYNCHRONOUS FIRST STIMULATION MODE AND A SECOND

STIMULATION MODE OF STIMULATING THE AIRWAY-PATENCY-RELATED NERVE
SYNCHRONOUS WITH A CHARACTERISTIC OF THE SENSED RESPIRATORY

WAVEFORM

Y

THE CONVERTIBLE OPERATION INCLUDING:

726

OPERATION IN THE FIRST MODE FORAT LEASTAFIRST
PREDETERMINED PERIOD OF TIME

¥

728"

CONVERTING OPERATION INTO THE SECOND MODE UPON AT
LEAST ONE PARAMETER OF THE SENSED RESPIRATORY
WAVEFORM MEETING A SENSOR SIGNAL QUALITY CRITERIA

¥

730

REVERTING OPERATION INTO THE FIRST MODE FOR AT LEAST THE
FIRST PREDETERMINED PERIOD OF TIME UPON THE AT LEAST ONE
PARAMETER QF THE SENSED RESPIRATORY WAVEFORM FAILING TO
MEET THE SENSOR SIGNAL QUALITY CRITERIA

Fig. 17B
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STIMULATION FOR TREATING SLEEP
DISORDERED BREATHING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This 371 National Phase Application claims benefit
of PCT Patent Application No. PCT/US2016/022611, filed
Mar. 16, 2016, entitled STIMULATION FOR TREATING
SLEEP DISORDERED BREATHING, which claims benefit
from U.S. Provisional Patent Application 62/135,305, filed
Mar. 19, 2015, both of which are incorporated by reference
herein.

BACKGROUND

[0002] Targeted electrical stimulation of a nerve shows
great promise in a number of therapies. In one example, such
stimulation of a hypoglossal nerve is known to alleviate
obstructive sleep apnea by helping to maintain and/or restore
upper airway patency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A is a block diagram schematically illustrat-
ing a stimulation element, according to one example of the
present disclosure.

[0004] FIG. 1B is a block diagram schematically illustrat-
ing a therapy manager, according to one example of the
present disclosure.

[0005] FIG. 2A is a diagram schematically illustrating an
at least partially implantable stimulation system relative to a
patient, according to an example of the present disclosure.
[0006] FIG. 2B is a block diagram schematically illustrat-
ing an implantable pulse generator, according to one
example of the present disclosure.

[0007] FIG. 2C is a block diagram schematically illustrat-
ing a control portion for the at least partially implantable
stimulation system, according to one example of the present
disclosure.

[0008] FIG. 2D is block diagram schematically illustrating
a stimulation system, according to one example of the
present disclosure.

[0009] FIG. 2E is top view schematically illustrating a
stimulation electrode, according to one example of the
present disclosure.

[0010] FIG. 3A is a diagram schematically illustrating a
respiratory cycle in one example breathing pattern, accord-
ing to one example of the present disclosure.

[0011] FIG. 3B is a diagram schematically illustrating a
series of reference respiratory cycles juxtaposed relative to
a stimulation protocol, according to one example of the
present disclosure.

[0012] FIG. 3C is a diagram schematically illustrating a
series of reference respiratory cycles juxtaposed relative to
a stimulation protocol, according to one example of the
present disclosure.

[0013] FIG. 3D is a diagram schematically illustrating a
series of reference respiratory cycles juxtaposed relative to
a stimulation protocol, according to one example of the
present disclosure.

[0014] FIG. 3E is a diagram schematically illustrating a
series of reference respiratory cycles juxtaposed relative to
a stimulation protocol, according to one example of the
present disclosure.

May 3, 2018

[0015] FIG. 4 is a block diagram schematically illustrating
a plurality of stimulation parameters, according to one
example of the present disclosure.

[0016] FIG. 5 is a block diagram schematically illustrating
a stimulation protocol element, according to one example of
the present disclosure.

[0017] FIG. 6 is a block diagram schematically illustrating
power source components of the at least partially implant-
able stimulation system, according to one example of the
present disclosure.

[0018] FIG. 7A is a block diagram schematically illustrat-
ing a sensing element of the at least partially implantable
stimulation system, according to one example of the present
disclosure.

[0019] FIG. 7B is a diagram schematically illustrating an
at least partially implantable stimulation system relative to a
patient and including sensing elements, according to an
example of the present disclosure.

[0020] FIG. 8 is a block diagram schematically illustrating
therapeutic respiratory parameters, according to one
example of the present disclosure.

[0021] FIG. 9 is a block diagram schematically illustrating
a control portion of an at least partially implantable stimu-
lation system, according to one example of the present
disclosure.

[0022] FIG. 10 is a block diagram schematically illustrat-
ing aspects of a control portion, according to one example of
the present disclosure.

[0023] FIG. 11A is a block diagram schematically illus-
trating a user interface, according to one example of the
present disclosure.

[0024] FIG. 11B is a block diagram schematically illus-
trating a user interface, according to one exaniple of the
present disclosure.

[0025] FIG. 12 is a block diagram schematically illustrat-
ing a stimulation protocol element, according to one
example of the present disclosure.

[0026] FIG. 13 is a block diagram schematically illustrat-
ing a respiratory-dependent stimulation element, according
to one example of the present disclosure.

[0027] FIG. 14 is a diagram schematically illustrating at
least some aspects of stimulation protocol selection, accord-
ing to one example of the present disclosure.

[0028] FIG. 15A is a block diagram schematically illus-
trating a stimulation protocol element, according to one
example of the present disclosure.

[0029] FIG. 15B is a diagram schematically illustrating at
least some aspects of stimulation protocol selection, accord-
ing to one example of the present disclosure.

[0030] FIG. 15C is a block diagram schematically illus-
trating a stimulation protocol selector, according to one
example of the present disclosure.

[0031] FIG. 15D is a diagram schematically illustrating at
least some aspects of stimulation protocol selection. accord-
ing to one example of the present disclosure.

[0032] FIG. 16A is a diagram schematically illustrating a
stimulation protocol, according to one example of the pres-
ent disclosure.

[0033] FIG. 16B is a diagram schematically illustrating a
stimulation protocol, according to one example of the pres-
ent disclosure.

[0034] FIG. 17A is a flow diagram schematically illustrat-
ing a method of nerve stimulation, according to one example
of the present disclosure.
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[0035] FIG. 17B is a flow diagram schematically illustrat-
ing a method of nerve stimulation, according to one example
of the present disclosure.

[0036] FIG.17C is a flow diagram schematically illustrat-
ing a method of nerve stimulation, according to one example
of the present disclosure.

[0037] FIG. 18 is a block diagram schematically illustrat-
ing a therapy manager, according to one example of the
present disclosure.

[0038] FIG. 19 is a block diagram schematically illustrat-
ing a therapy manager, according to one example of the
present disclosure.

DETAILED DESCRIPTION

[0039] In the following Detailed Description, reference is
made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
examples in which the invention may be practiced. In this
regard, directional terminology, such as “top,” “bottom,”
“front,” “back,” “leading,” “trailing,” etc., is used with
reference to the orientation of the Figure(s) being described.
Because components of examples can be positioned in a
number of different orientations, the directional terminology
is used for purposes of illustration and is in no way limiting.
Tt is to be understood that other examples may be utilized
and structural or logical changes may be made without
departing from the scope of the present disclosure. The
following detailed description, therefore, is not to be taken
in a limiting sense.

[0040] At least some examples of the present disclosure
are directed to methods of treating obstructive sleep apnea
via applying nerve stimulation. By doing so, upper airway
patency may be maintained and/or increased while prevent-
ing or minimizing collapse of the upper airway. At the same
time, by using targeted stimulation, one can limit the overall
volume of stimulation applied to a given nerve or set of
nerves.

[0041] In some examples, nerve stimulation is applied
during a treatment period. In some examples, a treatment
period corresponds to the patient engaging in sleeping
behavior, and during which sleep disordered breathing is to
be avoided. The treatment period can be manually initiated
by the patient or automatically initiated by a device that
applies the nerve stimulation.

[0042] In some examples, an at least partially implantable
stimulation system for treating sleep disordered breathing
includes an independent stimulation element to stimulate an
airway-patency-related nerve without synchronization rela-
tive to characteristics of respiratory wave form. Accordingly,
in some examples, the independent stimulation element
forms part of a system that omits any sensing elements. In
some examples, the stimulation element comprises a stimu-
lation engine to determine and administer a stimulation
protocol. In some examples, the stimulation element further
includes and/or acts in cooperation with a pulse generator
and stimulation electrode to deliver the stimulation to a
target nerve. In such examples, the pulse generator includes
the stimulation engine or the stimulation engine is in com-
munication with the pulse generator. In some examples, the
pulse generator is implantable and in some examples, the
pulse generator is external to the patient’s body. In some
examples, the stimulation element is in communication with
a therapy manager or is incorporated within a therapy
manager. In some examples, the therapy manager is in
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communication with the pulse generator and/or incorporated
within the pulse generator. In some examples, at least some
components, functions, elements, etc. of the therapy man-
ager are incorporated within a physician programmer extet-
nal to the patient or a patient remote external to the patient.
[0043] Insome examples, the at least partially implantable
stimulation system includes sensing element(s) to receive
and/or obtain respiratory information but that information is
not employed to trigger stimulation by synchronizing the
stimulation relative to characteristics of the sensed respira-
tory waveform. Rather, in these examples, the sensed respi-
ratory information is used to detect and evaluate sleep
disordered breathing behavior. When the detected behavior
meets or exceeds a severity threshold, the therapy manager
generally activates stimulation via the independent stimula-
tion element. In some examples, the severity threshold is
based on at least a frequency and/or an intensity of apneic
events. In some instances, the severity threshold also may be
expressed as an obstructive sleep apnea (OSA) burden, i.e.
a quantity and/or intensity of apneas which are occurring. In
some examples, the severity threshold or OSA burden is
expressed as an Apnea-Hypopnea Index (AHI). However,
despite the respiratory sensing occurring in these examples,
the stimulation is performed via a protocol that remains
independent of the particular characteristics of a real-time
sensed respiratory waveform. In other words, individual
stimulation periods are not triggered and/or synchronized
relative to respiratory characteristics, such as the inspiratory
phase.

[0044] In some examples, the independent stimulation
element is configured to asynchronously stimulate an air-
way-patency-related nerve, according to a first stimulation
protocol independent of sensed respiratory information and
in which each stimulation cycle includes a stimulation
period and a non-stimulation period. In some instances, the
first stimulation protocol is referred to as being independent
because the first stimulation protocol is not synchronized
relative to sensed respiratory information. In some instances,
the independence of the first stimulation protocol also may
be referred to as being an asynchronous stimulation protocol
because the first stimulation protocol is not synchronized
relative to the sensed respiratory information.

[0045] In some examples, each stimulation period within
a stimulation cycle includes continuous stimulation. In some
examples, continuous stimulation refers to a train of stimu-
lation pulses which occur in a relatively short time frame.
For instance, in some examples, continuous stimulation
corresponds to at least a finite number (e.g. 5, 10, etc.) of
stimulation pulses per second. In some examples, continu-
ous stimulation corresponds to at least 20 stimulation pulses
per second. In some examples, continuous stimulation cot-
responds to at least 30 stimulation pulses per second. In
some examples, the number of stimulation pulses per second
is selectable by an operator via a control portion (e.g. 56 in
FIG. 20).

[0046] In some examples, during the above-described
continuous stimulation, each stimulation pulse within a train
of stimulation pulses includes a primary stimulation pulse
followed by a separate recharge pulse, which is in turn
followed by a non-stimulation phase before the next primary
stimulation pulse.

[0047] In some examples, the stimulation period has a
minimum duration equal to or greater than an inspiratory
reference. In some examples, the inspiratory reference cor-
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responds to a duration of an inspiratory phase of a reference
respiratory cycle. In some examples, each stimulation cycle
of the first stimulation protocol includes the stimulation
period having a duration greater than a duration of the
inspiratory reference followed by the non-stimulation
period, which has a duration less than the duration of the
stimulation period.

[0048] In some examples, the reference respiratory cycle
is defined by a historical patient-specific average respiratory
cycle for stable respiration. In some examples, the reference
respiratory cycle is defined by a multi-patient average respi-
ratory cycle for stable respiration.

[0049] Because the overall duration of the stimulation
cycle (both stimulation period and non-stimulation period)
intentionally does not match the duration (R) of the refer-
ence respiratory cycle in at least some examples, the stimu-
lation protocol ensures that each successive stimulation
period within the series of stimulation cycles will fall along
a different portion of each of the successive reference
respiratory cycles. Accordingly, even though the stimulation
is not synchronized relative to a characteristic (e.g. inspira-
tion) of reference respiratory waveform (which includes the
series of reference respiratory cycles), no matter where the
stimulation protocol is started relative to the ongoing pattern
of reference respiratory cycles, the stimulation period of
each stimulation cycle will overlap with at least a portion of
the inspiratory phase of the respective reference respiratory
cycles for a significant majority of the treatment period.
Accordingly, even if the stimulation protocol happens to be
initiated at a time that the non-stimulation period of the
initial stimulation cycle at least partially overlaps with the
inspiratory phase of a reference respiratory cycle, the stimu-
lation periods of the successive stimulation cycles will at
least partially overlap the inspiratory phase of the next
reference respiratory cycles. Moreover, at least some of the
later successive stimulation periods will significantly over-
lap (e.g. overlap at least a majority of the inspiratory phase)
the inspiratory phase of the at least some of the respective
successive reference respiratory cycles. In some instances,
such significant overlap may include a complete overlap of
the inspiratory phase.

[0050] Via this arrangement, it becomes feasible to stimu-
late an airway-related-nerve to treat sleep disordered breath-
ing either without any sensing elements at all or with
minimal use of sensing elements. In this sense, the stimu-
lation is performed asynchronously, i.e. without synchroni-
zation relative to sensed respiratory information. Among
other benefits, this may reduce the cost of the stimulation
system, may simplify its implantation, and may simplify
operation of the stimulation systen. Moreover, the presence
of non-stimulation periods helps to minimize potential
muscle fatigue that might otherwise be caused. Finally,
providing asynchronous stimulation via the independent
stimulation element may help to overcome situations in
which sensor-based systems or synchronous systems are
unable to achieve synchronization and/or the sensing signal
become unstable (or is unavailable).

[0051] However, it will be understood that in some
examples, an asynchronous independent stimulation proto-
col is implemented while still performing sensing respira-
tory information for non-synchronization purposes, such as
evaluating stimulation therapy effectiveness and/or provide
information to adjust parameters of the independent stimu-
lation protocol.
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[0052] 1In another aspect, providing stimulation asynchro-
nously via the independent stimulation element may enable
leveraging a greater number of different stimulation proto-
cols because of fewer constraints on how the stimulation
cycles of the stimulation protocols relate to characteristics of
a respiratory waveform. Moreover, in some examples, the
stimulation element applies nerve stimulation while rotating
application through the plurality of different stimulation
protocols, which in some instances provides a more robust
therapy than using a single stimulation protocol. In some
examples, this rotation also can be used to sort through the
relative effectiveness of the different stimulation protocols
and select the most effective stimulation protocol for a
particular patient.

[0053] Insome examples, an independent stimulation pro-
tocol is implemented in which the inspiratory phase of a
majority of reference respiratory cycles are at least partially
overlapped by a stimulation period, with more occurrences
of such overlapping being preferred over fewer such occur-
rences. Similarly, in some examples, it is generally preferred
to implement such an independent stimulation protocol via
providing the sequence of stimulation periods to result in a
greater degree of overlap with the inspiratory phase of the
reference respiratory cycles rather than a lesser degree of
overlap.

[0054] In some examples, the therapy manager includes a
stimulation protocol element that provides convertible
operation between the above-described independent (i.e.
asynchronous) first stimulation mode and a synchronous
second stimulation mode of stimulating the airway-patency-
related nerve synchronous with a characteristic of the sensed
respiratory waveform. In this arrangement, the therapy man-
ager causes: operation in the first stimulation mode for at
least a first predetermined period of time; conversion of
operation into the second stimulation mode upon at least one
parameter of the sensed respiratory waveform meeting a
sensor signal quality criteria; and reversion of operation into
the first stimulation mode for at least the first predetermined
period of time upon the at least one parameter of the sensed
respiratory waveform failing to meet the sensor signal
quality criteria. Accordingly, in one aspect, the first stimu-
lation mode comprises the default mode of stimulation.
[0055] Insome examples, the conversion between the first
stimulation mode and the second stimulation mode is auto-
matic. In some examples, the therapy manager includes a
user selection function to enable user selection of either the
first mode or the second mode as a default mode.

[0056] In some examples, the therapy manager includes an
operator selection function to selectively cause conversion
between the two different stimulation modes. In one aspect,
such selective conversion can be implemented manually
during operator titration of the therapeutic treatment as the
operator adjusts parameters of the stimulation protocols for
a particular patient.

[0057] Insome examples the first predetermined period of
time corresponds to a period sufficient to establish a steady
state in which filtering is established, inspiration and expi-
ration are being detected reliably, signal gain control is
realized, etc. In some examples, the first predetermined
period of time does not correspond to a test mode for
evaluating the operational fitness of the stimulation system.
Stated differently, activities occurring during the first pre-
determined period of time may sometimes be referred to as
a non-test mode.
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[0058] Via this arrangement, the independent stimulation
element first establishes a stable respiratory pattern. This
arrangement therapeutically achieves airway patency while
simultaneously increasing the likelihood of later successful
synchronization of a respiratory-dependent stimulation pro-
tocol. In particular, because some examples dictate that
stimulation is not implemented until or unless sleep disor-
dered breathing behavior (above a severity threshold) is
detected, the available respiratory signal will likely be a poor
signal which attempt synchronization of a stimulation sig-
nal.

[0059] Accordingly, rather than attempt a likely problem-
atic synchronization, at least some examples of the present
disclosure first establish independent nerve stimulation that
does not depend on synchronization. This independent
stimulation, in turn, helps to establish a stable respiratory
pattern or signal, which then in turn, significantly increases
the success of later synchronizing a respiratory-dependent
stimulation protocol relative to the respiratory signal. Once
a robust synchronization is established, then the system is
well positioned to maintain a stable respiratory period using
less overall stimulation by stimulating on a synchronized
basis in which stimulation is limited to generally coinciding
with an inspiratory phase (or other characteristic of the
sensed respiratory waveform).

[0060] Of course, in the event the sensed respiratory signal
changes in a way that hinders synchronization and/or deliv-
ery of effective therapeutic stimulation, then in at least some
examples, the therapy manager will cause operation to revert
to the independent stimulation mode.

[0061] With this arrangement, the independent stimulation
mode enables initially applying a higher intensity stimula-
tion to establish and ensure a stable respiratory pattern,
which in turn, increases the likelihood of being able to later
establish and maintain a lower intensity stimulation via the
synchronized, respiratory-dependent stimulation mode. In
this way, it is expected that overall muscle fatigue is
minimized because of the likelihood of the synchronization
mode successfully operating for a longer period of time than
if the independent stimulation mode were not applied first.
[0062] Accordingly, in some examples, an independent
stimulation element is implemented alone to treat sleep
disordered breathing. However, in some examples, treat-
ment is accomplished via a complementary combination of
an independent (i.e. asynchronous) stimulation mode and a
synchronous stimulation mode.

[0063] As noted above, in some examples, a stimulation
protocol element may provide convertible operation
between the above-described independent (i.e. asynchro-
nous) first stimulation mode and a synchronous second
stimulation mode of stimulating the airway-patency-related
nerve synchronous with a characteristic of the sensed respi-
ratory waveform. However, in one example arrangement,
the therapy manager causes: operation in the second stimu-
lation mode and conversion of operation into the first
stimulation mode upon at least one parameter of the sensed
respiratory waveform failing to meet a sensor signal quality
criteria. Later, reversion of operation into the second stimu-
lation mode is made upon the at least one parameter of the
sensed respiratory waveform meeting the sensor signal
quality criteria. Accordingly, in one aspect, the second
stimulation mode comprises the default mode of stimulation.
[0064] These examples, and other examples, are further
described in association with at least FIGS. 1-19.
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[0065] FIG. 1A is block diagram schematically illustrating
a stimulation element 12, according to one example of the
present disclosure. In some examples stimulation element 12
directs and controls nerve stimulation to treat obstructive
sleep apnea. In some examples, stimulation element 12
includes an independent stimulation function 14, which in
general terms, applies electrical stimulation via a stimulation
protocol to an airway-patency-related nerve to treat upper
airway obstructions. In some examples, such airway-pat-
ency-related nerves include at least the protrusor branches of
the hypoglossal nerve.

[0066] In some examples, the independent stimulation
fanction 14 operates to stimulate an airway-patency-related
nerve, according to a first stimulation protocol not synchro-
nized relative to sensed respiratory information and in which
each stimulation cycle includes a stimulation period and a
non-stimulation period. Accordingly, in some examples, via
the independent stimulation function 14, nerve stimulation is
applied independent of characteristics of sensed respiratory
information. In other words, once the independent stimula-
tion function 14 has been activated, the initiation and
termination of individual nerve stimulation periods is not
synchronized relative to a characteristic, such as onset of the
inspiratory phase of the patient respiratory cycle and/or
other characteristics. In at least this context, operation of
independent stimulation function 14 (FIG. 1A) may be
referred to as an asynchronous stimulation function or mode.
[0067] Insome examples, once a treatment period begins,
such as when the patient is engaging in sleeping behavior
(and during which sleep disordered breathing is to be
avoided), the nerve stimulation function 14 is always in an
“on” or active mode, and therefore stimulation cycles are
applied to the nerve. In such examples, activation or deac-
tivation of the independent stimulation function 14 is inde-
pendent of whether or not apneas are occurring. For
instance, the general activation and/or deactivation of the
independent stimulation function 14 can be controlled
according to a selectable time schedule, such as a predeter-
mined start time (e.g. 10 p.m.) and predetermined end time
(e.g. 6 am.).

[0068] FIG. 1B is a block diagram schematically illustrat-
ing a therapy manager 16, according to one example of the
present disclosure. In general terms, therapy manager 16
directs a therapeutic regimen for controlling sleep disor-
dered breathing such as, but not limited to, obstructive sleep
apnea. The therapy manager 16 operates as part of, or in
cooperation with, an at least partially implantable nerve
stimulation system. In some examples, therapy manager 16
forms at least part of a control portion such as, but not
limited to, control portion 360 as later described in associa-
tion with at least FIGS. 9-10, and as such, in some examples,
therapy manager 16 includes at least some of substantially
the same features and attributes as therapy manager 371
described in association with at least FIG. 9.

[0069] In some examples, therapy manager 16 is in com-
munication with and/or incorporates at least some aspects of
stimulation element 12. In some examples, the therapy
manager has access to physiologic sensing information via
sensing elements (e.g. at least FIGS. 7A-7B). In such
examples, general activation and/or general deactivation of
the independent stimulation function 14 is controlled
according to a likelihood of sleep behavior, which is deter-
mined according to at least body position, body posture,
body motion, and/or body activity parameters, which can be
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sensed via an accelerometer or other sensing elements. In
some examples, determining likelihood of sleep behavior is
supplemented via additional sensed physiologic informa-
tion, including but not limited to sensed respiratory infor-
mation.

[0070] In some of the examples in which the therapy
manager 16 has access to sensed physiologic information (at
least FIGS. 7A-8), once a treatment period begins, the nerve
stimulation function 14 is not generally activated and/or
deactivated to stimulate a nerve until prompted to do so
based on respiratory behavior criteria (e.g. whether apneas
are likely or are occurring, etc.). This determination is
separate from, and independent of, timing or synchronizing
individual stimulation periods relative to particular charac-
teristics (e.g., inspiration, expiration, etc.) of sensed respi-
ratory information. Accordingly, in these examples, whether
or not a patient receives any stimulation at all is governed by
whether or not the patient experiences a sufficient quantity,
frequency, or intensity of apneas.

[0071] Inother words, in some examples, therapy manager
16 operates to apply stimulation when the patient is expe-
riencing apneas or likely to experience apneas. In this way,
nerve stimulation is limited to an as needed basis, thereby
conserving energy of the stimulation system 20 and reducing
potential muscle fatigue. As to the particular strength of the
stimulation signal and whether it is applied in view of the
relative severity of the sleep disordered respiratory behavior,
at least some examples of automatic adjustment of a level of
stimulation therapy is described in at least Christopherson,
METHOD OF TREATING SLEEP DISORDERED
BREATHING, published on Oct. 27, 2011 as US 2011-
0264164.

[0072] Insome examples, the detection of flow limitations
and/or associated apneas, as well as the detection of the
beginning and end of the respective inspiratory and expira-
tory phases of the respiratory cycle, is performed according
to, or in cooperation with, known methods and devices for
doing so. Some non-limiting examples of such devices and
methods to recognize and detect the various features and
patterns associated with respiratory effort and flow limita-
tions include, but are not limited to: PCT Publication
WO0/2010/059839, titled A METHOD OF TREATING
SLEEP APNEA, published on May 27, 2010; Christopher-
son U.S. Pat. No. 5,944,680, titled RESPIRATORY
EFFORT DETECTION METHOD AND APPARATUS; and
Testerman U.S. Pat. No. 5,522,862, titled METHOD AND
APPARATUS FOR TREATING OBSTRUCTIVE SLEEP
APNEA.

[0073] In some examples, the stimulation element 12
comprises a stimulation engine to determine and administer
a stimulation protocol. In some examples, the stimulation
element 12 further includes and/or acts in cooperation with
a pulse generator and stimulation electrode to deliver the
stimulation to a target nerve, such as later described in
association with at least FIGS. 2A-2D and 7B. In such
examples, the pulse generator includes the stimulation
engine or the stimulation engine is in communication with
the pulse generator.

[0074] In some examples, the therapy manager 16 is in
communication with the pulse generator and/or incorporated
within the pulse generator. In some examples, at least some
components, functions, elements, etc. of the therapy man-
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ager 16 are incorporated within a physician programmer
external to the patient or a patient remote external to the
patient.

[0075] Details regarding particular stimulation protocols
implemented via the independent stimulation function 14 are
later described in association with at least FIGS. 3B-3E. In
particular, at least some details are provided regarding how
asynchronous stimulation may increase therapeutic effec-
tiveness in treating sleep disordered breathing.

[0076] FIG. 2A is a schematic diagram of an at least
partially implantable stimulation system 20, according to an
example of the present disclosure. In general terms, the
stimulation element 12 of FIG. 1A (and/or therapy manager
16 of FIG. 1B) is incorporated within and/or operates in
association with stimulation system 20 to deliver stimula-
tion.

[0077] As illustrated in FIG. 2A, in one example system
20 includes an implantable pulse generator (IPG) 35 and a
stimulation lead 32 electrically coupled with the IPG 35 via
a connector (not shown) positioned within a connection port
of the IPG 35. In some examples, the IPG 35 is surgically
positioned within a pectoral region of a patient 22. The lead
32 includes a stimulation electrode portion 45 and extends
from the IPG 35 so that the stimulation electrode portion 45
is positioned in contact with a desired nerve, such as an
airway-patency-related nerve 33 of the patient 10, to enable
stimulation of the nerve 33, as described below in detail. In
some examples, the stimulation electrode portion 45 com-
prises a self-sizing cuff such as described in U.S. Pat. No.
8,340,785 to Bonde et al. In some examples, in association
with electrode 45, lead 32 includes at least some of the
features and attributes described in U.S. Patent Publication
20110160827 to Bonde et al. In some examples, lead 32
includes features and attributes at least consistent for use in
an implantable stimulation system as described in U.S. Pat.
No. 6,572,543 to Christopherson et al.

[0078] As later described more fully in association with at
least FIGS. 9-10, in some examples the therapy manager 16
controls the IPG 35, and is implemented externally of the
IPG 35, entirely within the IPG 35, or partially within the
IPG 35.

[0079] Insome examples, stimulation electrode portion 45
comprises a cuff electrode including a single operative
contact group of at least two electrodes through which the
stimulation is deliverable non-selectively to the airway-
patency-related nerve. FIG. 2E is a top view schematically
illustrating one example of such an electrode 50 including a
single operative contact group of at least two electrodes 52.
In some examples, the stimulation electrode portion 45
comprises a cuff electrode including at least one operative
contact group through which the stimulation is deliverable
non-selectively to the airway-patency-related nerve.
Accordingly, more than one operative contact group of
electrodes can be incorporated in a single cuff electrode. In
some examples, the stimulation electrode portion 45 can
include multiple, separate cuff electrodes with each having
at least one operative contact group of electrodes.

[0080] Insome examples, the stimulation system for treat-
ing obstructive sleep apnea is a totally implantable system
which provides therapeutic solutions for patients diagnosed
with obstructive sleep apnea. However, in some examples,
one or more components of the system are not implanted in
a body of the patient, thereby providing an at least partially
implantable system. A few non-limiting examples of such
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non-implanted components include an external processing
unit and/or an external power source, as later noted in
association with at least FIG. 6.

[0081] Insome examples, the at least partially implantable
stimulation system 20 does not include any sensing ele-
ments. Accordingly, to the extent that the system 20 and its
therapy manager 16 apply stimulation protocols to treat
respiratory behavior, any patient-specific respiratory infor-
mation would be received and/or obtained prior to, and/or
during, implantation of the system 20. Alternatively, a
temporary external sensing system could be employed to
periodically calibrate and/or evaluate therapeutic efficacy of
the at least partially implantable stimulation system 20
operating according to an independent stimulation function
14 (FIG. 1A).

[0082] At least some examples of the sensor-less stimu-
lation system 20 use significantly less power than some
sensor-based systems and are easier to implant. Moreover, in
such examples, the system 20 is significantly easier to
construct and/or operate because the sensors, certain sens-
ing-related circuitry, and certain operational programming
can be omitted.

[0083] However, it will be understood that in some
examples, the stimulation system 20 includes sensing ele-
ments, at least in the manner later described in association
with at least FIGS. 7A-7B. In at least some of these
examples, the sensing elements are used to evaluate therapy
and particular stimulation protocols but are not used to
synchronize stimulation relative to characteristics of the
sensed respiratory waveforms.

[0084] FIG. 2B is block diagram of an implantable pulse
generator (IPG) 50, according to one example of the present
disclosure. In some examples, IPG 50 includes at least some
of substantially the same features and attributes as IPG 35
(FIG. 2A). However, in some examples, IPG 50 includes at
least some features and attributes different than those in IPG
35 (FIG. 2A). As such, in some examples, IPG 50 can take
different forms and be implanted in locations other than
those shown in FIG. 2A (and also FIG. 7B).

[0085] With further reference to FIG. 2B, in some
examples the implantable pulse generator 50 includes a
stimulation element 52 and a communication element 54.
The stimulation element 52 generates and applies a neuro-
stimulation signal via electrode(s) (such as stimulation elec-
trode(s) 45 in FIG. 2A) according to a treatment regimen
programmed by a physician and/or in cooperation with
therapy manager 16. In some examples, stimulation element
52 comprises at least some of substantially the same features
and attributes as stimulation element 12 as previously
described in association with FIG. 1A.

[0086] The communication element 54 provides a com-
munication pathway to enable transmission of data, power,
and/or controls signals both to and from the implanted
portions of the system 20 relative to the external portions of
the system 20. For instance, in some examples, the commu-
nication element 54 is configured to report activities of the
IPG 50 (including sensed physiologic data, stimulation
history, number of apneas detected, etc.) and is configured to
receive initial or further programming of the IPG 50 from an
external source, such as a patient programmer, clinician
programmer, etc. as later noted in association with at least
FIG. 10. In some examples, the communication element 54
utilizes a radiofrequency (RF) telemetry link or other wire-
less communication protocols.
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[0087] Insome examples, the implantable pulse generator
50 includes a control portion or at least part of a control
portion such as control portion 56 shown in FIG. 2C. In
general terms, control portion 56 directs operation of the
pulse generator 50 and the at least partially implantable
stimulation system. Further details regarding such a control
portion 56 are described later in association with at least
FIGS. 9-10. Moreover, in some examples, control portion 56
is operable in association with a user interface, such as
described later in association with at least FIGS. 11A-11B.
[0088] FIG. 2D is a block diagram 70 schematically
illustrating an at least partially implantable stimulation sys-
tem 80, according to an example of the present disclosure.
In some examples, system 80 includes at least some of
substantially the same features and attributes as system 20
(FIG. 2A), pulse generator 50 (FIG. 2B), and control portion
56 (FIG. 2C), except for system 80 having some portions in
a non-pectoral location and located in close proximity to a
target nerve to be stimulated, as further illustrated in asso-
ciation with at least FIG. 2D.

[0089] In some examples, system 80 is a sensor-less
system in a manner substantially similar to the above-
described system 20. In other words, as at least partially
implanted in the patient’s body, system 80 omits a sensor.
[0090] As shown in FIG. 2D, in some examples system 80
includes a nerve-coupling electrode portion 82 and a pulse
generator 84. In some examples, the nerve-coupling elec-
trode portion 82 comprises an element which is at least
electrically coupled relative to a target nerve 72 suitable to
maintain or restore airway patency, such as but not limited
to, the hypoglossal nerve.

[0091] In some examples, the electrode portion 82 com-
prises a cuff, such as one of the stimulation electrode
portions 45 described in association with FIG. 2A in which
the electrode portion is both mechanically and electrically
coupled relative to the nerve 72. However, in some
examples, the nerve-coupling electrode portion 82 com-
prises a cuff-less structure that is both mechanically and
electrically coupled relative to the nerve 72.

[0092] In some examples, the nerve-coupling electrode
portion 82 is not mechanically coupled to the nerve 72, but
is mechanically coupled or secured in a location in close
proximity to the nerve 72 and that enables electrically
coupling of the electrode portion 82 relative to the nerve 72.
In one instance, such examples include the electrode portion
82 being delivered to the target nerve 72 via a percutaneous
access delivery. In one instance, such examples include the
electrode portion 82 being delivered to the target nerve 72
via a transvenous delivery method in which the electrode
portion 82 is delivered on a lead maneuvered within and
through the vasculature of the patient.

[0093] Insome examples, in a manner consistent with the
previously described pulse generator 50 (FIG. 2B) pulse
generator 84 includes a stimulation element 52 and a com-
munication element 54. In some examples, pulse generator
84 includes solely internal components 90, which are inter-
nally within the body below the skin/tissue. However, in
some examples, pulse generator 84 includes a combination
of some internal components 90 and some external compo-
nents 92, which are external to the body being above or
outside the skin/tissue.

[0094] In some examples, via communication element 54
(FIG. 2B), system 80 includes a wired communication path
94 and/or a wireless communication path 96 between the
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pulse generator 84 and the nerve-coupling electrode portion
82, as shown in FIG. 2D. In some examples, either or both
such communication pathways 94, 96 are also employable
for communication between internal and external compo-
nents 90, 92 of a pulse generator 84.

[0095] In some examples, in order to utilize and/or evalu-
ate sensed respiratory information, the therapy manager 16
uses a reference point, such as a normal breathing pattern
150, as shown in FIG. 3A. Of course, variances may exist
from patient-to-patient so it will be understood that the
normal breathing pattern 150 is a representative example
provided for illustrative purposes and is not intended to
strictly define a breathing pattern that is universally normal
for all patients. With this in mind, in some examples, the
system 20 uses the particular breathing pattern of a specific
patient (to which the method is applied) as the reference
point to utilize and/or evaluate sensed respiratory informa-
tion.

[0096] In the example of normal breathing pattern 150
shown in FIG. 3A, a respiratory cycle 160 includes an
inspiratory phase 162 and an expiratory phase 170. The
inspiratory phase 162 includes an initial portion 164, inter-
mediate portion 165, and end portion 166 while expiratory
phase 170 includes an initial portion 174, intermediate
portion 175, end portion 176, and an expiratory peak 177. A
first transition 180 occurs at a junction between the end
inspiratory portion 166 and the initial expiratory portion 174
while a second transition 182 occurs at a junction between
the end expiratory portion 176 and the initial inspiratory
portion 164. In some instances, end expiratory portion 176
includes and/or is referred to as an expiratory pause that
occurs just prior to onset of the initial inspiratory portion
164.

[0097] FIG. 3B is a diagram 200 schematically illustrating
a stimulation protocol 210 implemented via independent
stimulation function 14 (FIG. 1A), according to one example
of the present disclosure. In some examples, after initializing
the system according to the known/applicable respiratory
cycle for that patient and after general activation of the
independent stimulation function 14, the initiation, opera-
tion, and termination of the stimulation protocol 210 opet-
ates without regard to sensed respiratory information. In one
aspect, FIG. 3B illustrates a respiratory pattern 202 includ-
ing a series of reference respiratory cycles 204A-204H, with
each cycle having substantially the same features and attri-
butes as the respiratory cycle 160. Accordingly, each refer-
ence respiratory cycle 204A-204H has a duration R.
[0098] In one aspect, the pattern 202 represents a stable
respiratory pattern that occurs during normal daytime
breathing and/or that results from application of stimulation
protocol 210.

[0099] In some examples, because stimulation via the
stimulation protocol 210 is not synchronized relative to
characteristics of actively-sensed respiratory cycles (such as
via real-time measure of respiratory effort), the stimulation
protocol 210 operates based on a reference respiratory cycle.
In some examples, the reference respiratory cycle includes
at least one of a historical patient-specific average respira-
tory cycle for stable respiration and a multi-patient average
respiratory cycle for stable respiration. This historical and/or
predictive information is employed in at least some
examples in which the therapy manager 16 (FIG. 1B) is not
actively sensing respiratory waveforms during operation of
the at least partially implantable stimulation system 20.
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[0100] As shown in FIG. 3B, stimulation protocol 210
includes a series of separate stimulation periods (e.g. pulses)
212A-212] spaced apart by a non-stimulation periods 218 A-
2811, each of which are interposed between an adjacent pair
of stimulation periods. For instance, non-stimulation period
218B is interposed between stimulation periods 212B,
212C. In one aspect, each stimulation period (212A-2121)
has a first end 214 and an opposite second end 216.
[0101] In some examples, in order to demonstrate the
manner in which the stimulation protocol 210 is juxtaposed
relative to the respiratory pattern 202, FIG. 3B further
illustrates each respiratory cycle being apportioned into a
discrete number (e.g. 3, 4, 5, 6, 7, 8, etc.) time units, with
each time unit having a duration t. In the example shown in
FIG. 3B, each respiratory cycle has a duration R and is
divided into six time units t.

[0102] Insome examples, the duration R is patient specific
and is based on a long term average duration of a respiratory
cycle. In some examples, the duration R is not patient
specific and is based on an average duration of a respiratory
cycle for many different patients. In some examples, dura-
tion R is about 3 to about 6 seconds. In some examples, via
therapy manager 16, the duration R can be adjusted to a
preferred duration. In some examples, the therapy manager
16 uses the patient-specific information regarding durations.
[0103] However, in some examples, where such informa-
tion is not available or is problematic, the therapy manager
16 uses multi-patient information. For instance, for at least
some patient populations a duration of an entire respiratory
period is about 3 to 6 seconds, which corresponds to a
general respiratory rate of about 10-18 breaths/minute.
Moreover, generally speaking inspiration (e.g. an inspiratory
phase) is a minority of the entire respiratory period which
includes inspiration, expiration, and expiratory pause.
[0104] In at least some patient populations, an apnea
and/or hypopnea has a minimum duration of about 10
seconds, which corresponds to a minimum duration about
2-3 breaths.

[0105] In some examples, an apnea may be avoided via
implementation of a stimulation protocol which avoids
missing (either completely missing or significantly missing)
stimulation for more than one breath (e.g. one inspiratory
phase).

[0106] With further reference to FIG. 3B, as represented
by the legend 209, the stimulation protocol 210 operates
according to a stimulation cycle in which the duration of the
stimulation cycle is less than the duration (R) of the refer-
ence respiratory cycle. In some examples, the duration of the
stimulation period exceeds the duration of the non-stimula-
tion period by a factor of 3. In some examples, as shown by
legend 209, the stimulation period and the non-stimulation
period are in a proportion of 4 to 1. In such examples, each
stimulation cycle includes a continuous stimulation period
of 4 time units followed by a non-stimulation period of 1
time units, with this stimulation cycle being repeated con-
tinuously when nerve stimulation is generally activated. The
total duration of the stimulation cycle (e.g. 4 time units of
stimulation and 1 time unit of non-stimulation) is 5 time
units, which is less than the duration R of the respiratory
period, which is 6 time units in this example. In one aspect,
this example arrangement in which the stimulation period is
in much greater proportion to the non-stimulation period
may benefit some patients by minimizing tongue rubbing by
minimizing the frequency or total volume of tongue motion
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incident to tongue protrusion intentionally caused by the
stimulation therapy to restore airway patency.

[0107] In FIG. 3B, the first end 214 of stimulation period
212A is shown as coinciding with the beginning of an
inspiratory phase 162 of the respiratory cycle 204A. How-
ever, it will be understood that the beginning 214 of the
stimulation period 212A is not synchronized relative to the
inspiratory phase 162. Rather, the beginning 214 of stimu-
lation period 212A is shown as coinciding with the begin-
ning of inspiratory phase 162 for illustrative simplicity in
juxtaposing the stimulation protocol 210 relative to the
respiratory cycles 204A-204H. Accordingly, it will be
understood that when stimulation (according to stimulation
protocol 210) is initiated during a treatment period, the
beginning of the stimulation period 212A may coincide with
a different portion of the respiratory cycle (e.g. 204A) than
shown in FIG. 3B.

[0108] With further reference to the stimulation protocol
210 in FIG. 3B, in one aspect, each respective non-stimu-
lation period 218A-2181 has a duration less than a duration
of each respective stimulation periods 212A-212J. In one
aspect, the duration of the stimulation period 212A is less
than a duration (R) of the reference respiratory cycle 204A.
In one aspect, the relative duration of the respective stimu-
lation periods (e.g. 212A) and non-stimulation periods (e.g.
218A) causes each successive stimulation period (e.g. 212B)
to begin at a different place along a successive respiratory
cycle, such that the stimulation pattern is independent of (i.e.
not synchronized relative to) the characteristics of the respi-
ratory cycle. For instance, it can be seen from FIG. 3B that
the first end 214 of stimulation period 212D coincides with
a portion of the expiratory phase 170 of respiratory cycle
204C while the first end 214 of stimulation period 212E
coincides with a portion of inspiratory phase 162 of the
successive respiratory cycle 204D,

[0109] As shown in FIG. 3B, each of the respective
stimulation periods 212A, 212B, 212C overlaps the entire
inspiratory phase 162 of the respective respiratory cycles
204A-204C while stimulation period 212D at least partially
overlaps the inspiratory phase 162 of respiratory cycle
204D.

[0110] Because the overall duration of the stimulation
cycle (both stimulation period and non-stimulation period)
does not match the duration (R) of the reference respiratory
cycle, the stimulation protocol 210 ensures that each suc-
cessive stimulation period within the series of stimulation
cycles will fall along a different portion of the successive
respiratory cycles. Accordingly, even though the stimulation
is not synchronized relative to a characteristic (e.g. inspira-
tion) of the respiratory waveform, no matter where the
stimulation protocol 210 is started relative to a series of
respiratory cycles, the stimulation periods will overlap with
at least a portion of the inspiratory phase of the respective
reference respiratory cycles for a significant majority of the
treatment period. Accordingly, even if the stimulation pro-
tocol 210 happens to be initiated at a time that the non-
stimulation period (e.g. 218D, 218E) at least partially over-
laps with the inspiratory phase 162 of a respiratory cycle
(e.g. 204D, 204E), the succeeding stimulation periods 212F,
212G, etc. at least partially overlaps the inspiratory phase
162 of the next respiratory cycle 204F, 204G, etc., with these
later successive stimulation periods significantly overlap-
ping (e.g. stimulation period 212F, which overlaps by at
least a majority) or even completely overlapping (e.g. stimu-
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lation period 212G) the inspiratory phase 162 of the respec-
tive successive respiratory cycles (e.g. 204F, 204G).

[0111] In one aspect, in stimulation protocol 210 the
duration of each stimulation period (e.g. 212A-212]) is less
than a duration (R) of the reference respiratory cycles
(204A-204H) but greater than a duration of the inspiratory
phase 162 of an individual respiratory cycle (e.g. 204A).

[0112] Inone aspect, a duty cycle for the stimulation cycle
varies on a respiratory cycle-by-respiratory cycle basis. For
instance, during respiratory cycles 204A, 204B, 204C,
204D, 204F, 204G, 204H the duty cycle is 5 time units of
continuous stimulation and 1 time unit of non-stimulation,
which equals about 83%. However, during respiratory cycle
204E, the duty cycle is 4 time units of continuous stimula-
tion and 2 time units of non-stimulation, which equals about
67%. Every 5 respiratory cycles, the series of stimulation
cycles repeats itself, as illustrated at respiratory cycle 204F,
at which the first end 214 of the stimulation period 212G
once again coincides with the beginning of the inspiratory
phase 162 of the respiratory cycle 204F in a manner similar
to respiratory cycle 204A. Accordingly, in one aspect, the
long term duty cycle over an indefinite number of respira-
tory cycles (or average duty cycle over a sufficient number
of time frames) is about 80%.

[0113] In some examples, via stimulation protocol 210, no
sequence of four respiratory cycles occurs without a stimu-
lation period significantly overlapping the inspiratory phase
162 (e.g. overlapping at least majority of the inspiratory
phase 162) of respiratory cycles in FIG. 3B. This criteria is
based on the longest period of time, in at least some
examples, that a patient can go without a breath while
avoiding a respiratory-event related arousal and/or to main-
tain near normal blood oxygenation.

[0114] In some examples, via stimulation element 12
(FIG. 1A) and/or therapy manager 16 (FIG. 1B) a clinician
can implement a stimulation protocol in which a quantity
(e.g. 2,3, 4) is selected by the operator regarding how many
respiratory cycles can pass without a significantly overlap-
ping stimulation period, according to a predetermined
amount of time and/or a predetermined number of respira-
tory cycles for a particular patient.

[0115] Tt will be understood that each inspiratory phase
162 of each respiratory cycle (204A-204H) is shown in its
ideal form in FIG. 3B, and that in some instances where the
inspiratory phase 162 at least partially coincides with one of
the respective non-stimulation periods (e.g. 218D), the
inspiratory phase may sometimes have an irregular shape
compared to the idealized shape shown in FIG. 3B.

[0116] Accordingly, via stimulation protocol 210, the
independent stimulation function 14 of stimulation element
12 (FIG. 1A) employs asynchronous nerve stimulation to
achieve stable respiration despite potential sleep disordered
breathing.

[0117] With the example of pattern 202 and stimulation
protocol 210 as a foundation, it will be understood that in
some examples, a stimulation protocol is adopted in which
the duration of the stimulation period of each stimulation
cycle is at least 50 percent of the duration of the reference
respiratory cycle. In at least some contexts, this arrangement
may ensure that the probability of entirely missing inspira-
tion in an asynchronous stimulation protocol is less than
50%, such that a majority of the treatment period, stimula-
tion will be delivered during at least a portion of inspiration,
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which may be sufficient to minimize or prevent sleep dis-
ordered breathing (e.g. apneas).

[0118] In some examples, a stimulation protocol is
adopted in which the duration of the stimulation period of
each stimulation cycle is 80 percent of the duration of the
reference respiratory cycle. For instance, such an arrange-
ment might be employed in some example patients having
severe obstructive sleep apnea in which an inspiration can be
missed for no more than 1 of 5 breaths. When applied
asynchronously, such a duty cycle may likely ensure effec-
tive treatment (assuming other stimulation parameters are
effective) while still allowing the protrusor muscles to rest
sufficiently.

[0119] While not depicted in FIG. 3B, in some examples,
a stimulation protocol is adopted in which the duration of the
stimulation period of each stimulation cycle is at least 25
percent of the duration of the reference respiratory cycle.
When employed in an asynchronous arrangement, such an
arrangement will likely ensure that at least one stimulation
period significantly overlaps with the inspiratory phase at
least one breath (e.g. one respiratory cycle) out of every
three breaths (i.e. three respiratory cycles). For some
patients which exhibit less severe apneas, this arrangement
can be suflicient to prevent obstructive events.

[0120] FIG.3C s a diagram 221 schematically illustrating
a stimulation protocol 220 implemented via independent
stimulation function 14 (FIG. 1A), according to one example
of the present disclosure. In one example, diagram 221
includes at least some of substantially the same features and
attributes as diagram 201, except for having a different
stimulation protocol 220.

[0121] Moreover, as represented by the legend 229, the
stimulation protocol 220 operates according to a stimulation
cycle in which the duration of the stimulation cycle is greater
than the duration (R) of the reference respiratory cycle. In
some examples, the duration of the stimulation period
exceeds the duration of the non-stimulation period by a
factor of at least 1.5. As represented via legend 229, in some
examples stimulation protocol 220 includes a stimulation
cycle including a stimulation period of 4% time units and a
non-stimulation period of 2% time units, with the overall
stimulation cycle of 7 time units having a duration greater
than the duration R of the respiratory cycle (e.g. 204A) of 6
time units.

[0122] In a manner substantially the same as previously
noted for stimulation protocol 210, even though stimulation
protocol 220 is not synchronized relative to a characteristic
(e.g. inspiration) of the respiratory waveform, no matter
where the stimulation protocol 220 is started relative to a
series of respiratory cycles, the stimulation periods will
overlap with at least a portion of the inspiratory phase of the
respective reference respiratory cycles for a significant
majority of the treatment period. For instance, even if the
stimulation protocol happens to be initiated at a time that the
non-stimulation period 228B generally coincides with the
inspiratory phase 162 of a respiratory cycle 204C, the
succeeding stimulation period 222C at least partially over-
laps the inspiratory phase 162 of the next respiratory cycle
204D, and with later successive stimulation periods signifi-
cantly overlapping (e.g. stimulation period 222D, exhibiting
at least a majority overlap) or completely overlapping (e.g.
stimulation period 222E) the inspiratory phase 162 of the
respective successive respiratory cycles (e.g. 204E, 204F).
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[0123] Insome examples, a stimulation protocol is applied
in which a total duration of stimulation via the first stimu-
lation protocol during a treatment period is greater than 30
percent of the total duration of the treatment period.
[0124] In one aspect, in stimulation protocol 220 the
duration of each stimulation period (e.g. 222A-222G) is less
than a duration (R) of the respiratory cycles 204A-204H) but
greater than a duration of the inspiratory phase 162 of an
individual respiratory cycle (e.g. 204A).

[0125] In one aspect, a duty cycle exhibited by the repeat-
ing stimulation cycle varies on a respiratory cycle-by-
respiratory cycle basis. For instance, during respiratory
cycles 204D, 204E, 204F, 204G the stimulation duty cycle
is 3% time units of continuous stimulation and 2% time
units of non-stimulation, which equals about 58%. However,
during respiratory cycles 204A and 204B the stimulation
duty cycle is 4% time units of continuous stimulation and
1% time units of non-stimulation, which equals about 75%.
Meanwhile, during respiratory cycles 204C, the duty cycle
is 4 time units of continuous stimulation and 2 time units of
non-stimulation, which equals about 67%. Every 8 respira-
tory cycles, the series of stimulation cycles repeats itself, as
illustrated at respiratory cycle 204H, at which the first end
224 of the stimulation period 222G once again coincides
with the beginning of the inspiratory phase 162 of the
respiratory cycle 204H in a manner similar to respiratory
cycle 204A. Accordingly, in one aspect, the long term or
average duty cycle over a long period of time is about 64%.
[0126] In some examples, via stimulation protocol 220 no
more than four respiratory cycles occur without a stimula-
tion period significantly overlapping (e.g. at least a majority
of the) inspiratory phase 162 of respiratory cycles in FIG.
3C.

[0127] FIG. 3D is a diagram 231 schematically illustrating
a stimulation protocol 230 implemented via independent
stimulation function 14 (FIG. 1A), according to one example
of the present disclosure. In one example, diagram 231
includes at least some of substantially the same features and
attributes as diagram 201 (FIG. 3B) or diagram 221 (FIG.
3C), except for having a different stimulation protocol 230.
[0128] Moreover, as represented by the legend 239, the
stimulation protocol 220 operates according to a stimulation
cycle in which the duration of the stimulation cycle is greater
than the duration (R) of the reference respiratory cycle. In
some examples, the duration of the stimulation period
exceeds the duration of the non-stimulation period by a
factor of at least 3. As represented via legend 239 in FIG.
3D, in some examples stimulation protocol 230 includes a
stimulation cycle including a continuous stimulation period
of 7Y time units and a non-stimulation period of 2% time
units, with the overall stimulation cycle of 10 time units
having a duration greater than the duration R of the respi-
ratory cycle (e.g. 204A) of 6 time units.

[0129] In a manner substantially the same as previously
noted for stimulation protocols 210, 220, even though stimu-
lation protocol 230 is not synchronized relative to a char-
acteristic (e.g. inspiration) of the respiratory waveform, no
matter where the stimulation protocol 230 is started relative
to a series of respiratory cycles, the stimulation periods will
overlap with at least a portion of the inspiratory phase of the
respective respiratory cycles for a significant majority of the
treatment period. Accordingly, even if the stimulation pro-
tocol happens to be initiated at a time that the non-stimu-
lation period 238B generally coincides with the inspiratory
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phase 162 of a respiratory cycle 204D, the succeeding
stimulation period 232C at least partially overlaps the
inspiratory phase 162 of the next respiratory cycle 204E.
[0130] In one aspect, in stimulation protocol 230 the
duration of each stimulation period (e.g. 232A-232D) is
greater than a duration (R) of the respiratory cycles 204A-
204G) and greater than a duration of the inspiratory phase
162 of an individual respiratory cycle (e.g. 204A).

[0131] In one aspect, a duty cycle exhibited by the repeat-
ing stimulation cycle varies on a respiratory cycle-by-
respiratory cycle basis. For instance, during respiratory
cycle 204A, the duty cycle is 6 time units of continuous
stimulation, which equals 100%. However, during respira-
tory cycles 204B and 204E the stimulation duty cycle is 3%
time units of continuous stimulation and 2'5 time units of
non-stimulation, which equals about 58%. Meanwhile, dur-
ing respiratory cycle 204C, the duty cycle is 5% time units
of continuous stimulation and Y4 time units of non-stimula-
tion, which equals about 92 percent. Meanwhile, during
respiratory cycle 204D, the duty cycle is 4 time units of
continuous stimulation and 2 time units of non-stimulation,
which equals about 66 percent.

[0132] Every 5 respiratory cycles, the series of stimulation
cycles repeats itself, as illustrated at respiratory cycle 204F,
at which the first end 234 of the stimulation period 232D
once again coincides with the beginning of the inspiratory
phase 162 of the respiratory cycle 204F in a manner similar
to respiratory cycle 204A.

[0133] In one aspect, the long term (i.e. average) duty
cycle over a sufficient number of respiratory cycles is about
75 percent.

[0134] In one aspect, this stimulation protocol provides an
occasional 100% duty cycle (e.g. stimulation petriod 232D)
to ensure that an inspiratory phase will be not missed during
a stimulation period, while the overall average duty cycle is
75 percent. In some examples, such stimulation protocols
are suitable for a patient in which the pattern of the respi-
ratory waveform varies considerably but where effective
therapy can be achieved without using continuous stimula-
tion.

[0135] In some examples via stimulation protocol 230 no
sequence of four respiratory cycles occurs without a stimu-
lation period at least significantly overlapping the inspira-
tory phase 162 of respiratory cycles in FIG. 3D.

[0136] FIG. 3E is a diagram 241 schematically illustrating
a stimulation protocol 240 implemented via independent
stimulation function 14 (FIG. 1A), according to one example
of the present disclosure. In one example, diagram 241
includes at least some of substantially the same features and
attributes as diagram 201, except for having a different
stimulation protocol 240.

[0137] As represented via legend 249 in FIG. 3E, stimu-
lation protocol 240 includes a stimulation cycle including a
continuous stimulation period of 4 time units and a non-
stimulation period of 2 time units, with the overall stimu-
lation cycle of 6 time units having a duration generally
matching the duration R of the reference respiratory cycle
(e.g. 204A) of 6 time units. As in the prior examples
associated with FIGS. 3A-3E, the stimulation protocol 240
is independent, i.e. not synchronized relative to sensing of
respiratory information.

[0138] In some patients the duration (R) of their respira-
tory cycle may vary slightly over time as the respiratory
cycle might shorten or lengthen. Diagram 241 schematically
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illustrates just one example in which the reference respira-
tory cycle represents a situation in which the duration of the
respiratory cycle lengthens to R1 due to lengthening of the
expiratory phase 171 of the respiratory cycles of the patient.
Tt will be understood that other characteristics, parameters,
features of the respiratory cycle often change as well, but
these changes are not depicted in FIG. 3E for illustrative
simplicity and clarity.

[0139] TItwill be further understood that such changes may
develop gradually over time and that FIG. 3E provides a
snapshot of one such change after it has already at least
partially developed. Moreover, because this arrangement of
independent stimulation operates without synchronization
relative to sensed respiratory information, FIG. 3E sche-
matically represents at least some aspects regarding how
stimulation protocol 240 may provide therapeutic effective-
ness in this situation of lengthening respiratory cycles (or
shortened respiratory cycles) as represented by the reference
respiratory cycles 204A-245M in FIG. 3E.

[0140] Accordingly, in this example, the stimulation cycle
repeats itself in what otherwise would be exactly matching
each reference respiratory cycle, but the elongated duration
of the reference respiratory cycle causes the stimulation
cycle to no longer coincide with various portions of the
respiratory cycle.

[0141] It will be understood, of course, as previously
noted elsewhere that at the time the stimulation protocol is
initiated and while not shown in FIG. 3E, the first end 244
of the initial stimulation period 242A may not necessarily
coincide with the beginning of an inspiratory phase 162 of
a respiratory cycle 245A.

[0142] In some examples, even though stimulation proto-
col 240 is not synchronized relative to a characteristic (e.g.
inspiration) of the respiratory waveform, no matter where
the stimulation protocol 240 is started relative to a series of
respiratory cycles, the stimulation periods will overlap with
at least a portion of the inspiratory phase of the respective
respiratory cycles for a significant majority of the treatment
period. Accordingly, even if the stimulation protocol hap-
pens to be initiated at a time that the non-stimulation period
248H 2481, 248] generally coincides with the inspiratory
phase 162 of a respiratory cycle 245H, 245], 2457, at least
some subsequent stimulation periods 2420, 242M, 242N
significantly overlap (at least a majority overlap) the inspira-
tory phase 162 of the next respiratory cycles 245K, 245L,
245M. As further seen in FIG. 3E, other example stimulation
periods also significantly overlap (e.g stimulation period
242F) the inspiratory phase 162 of the corresponding respec-
tive respiratory cycle 245F.

[0143] In some examples, the stimulation periods 242A-
242E, 242N completely overlap the inspiratory phase 162 of
the respective respiratory cycles (e.g. 245A-245E, 245M).
However, it will be understood that in some examples, such
complete overlap with the inspiratory phase of some respi-
ratory cycles may not be exhibited, and a significant overlap
would suffice to achieve adequate airway patency.

[0144] In one aspect, in stimulation protocol 240, the
duration of each stimulation period (e.g. 242A-242M) is less
than a duration (R) of the respiratory cycles (245A-245M)
but greater than a duration of the inspiratory phase 162 of an
individual respiratory cycle (e.g. 245A).

[0145] In one aspect, the duty cycle associated with the
stimulation cycle varies on a respiratory cycle-by-respira-
tory cycle basis. For instance, during respiratory cycles
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245A, 2458, 245C, 245D, 245E, 245F, 245G, 245H, 245M
the duty cycle is 4% time units of continuous stimulation
and 2 time units of non-stimulation, which equals about 75
percent. However, during respiratory cycles 2451, 245],
245K, 2451 the duty cycle is 4 time units of continuous
stimulation and 2V% time units of non-stimulation, which
equals about 62 percent.

[0146] For at least the time that a particular duration (R1)
of the elongated respiratory cycle persists (as represented by
reference respiratory cycles), every 12 respiratory cycles,
the series of stimulation cycles repeats itself, as illustrated at
respiratory cycle 245M, at which the first end 244 of the
stimulation period 242N once again coincides with the
beginning of the inspiratory phase 162 of the respiratory
cycle 245M in a manner similar to respiratory cycle 245A.
[0147] In one aspect, the long term, average stimulation
duty cycle over a sufficient period of time is about 67
percent.

[0148] Accordingly, in some examples, via stimulation
protocol 240 no sequence of four respiratory cycles occurs
without a stimulation period at least partially overlapping or
even significantly overlapping the inspiratory phase 162 of
respiratory cycles in FIG. 3E.

[0149] It will be further understood that the various stimu-
lation protocols described and illustrated in association with
at least FIGS. 3B-3E are implemented via the at least
partially implantable stimulation system 20 as described in
association with at least FIGS. 1-14. However, in some
examples, the various stimulation protocols described and
illustrated in association with at least FIGS. 3B-3E are
implemented via at least some components, elements, sys-
tems etc. other than those described in association with
FIGS. 1-14.

[0150] While the independent stimulation function 14
(FIG. 1A) does not use sensed respiratory information to
trigger each stimulation period or synchronize each stimu-
lation period, in some examples the independent stimulation
mode 14 uses sensed respiratory information to track how a
stimulation protocol is matching up relative to the charac-
teristics of the sensed respiratory waveform. Accordingly,
upon elongation or shortening of the sensed respiratory
cycles, the therapy manager 16 (including independent
stimulation function 14) can choose to maintain or modify
which stimulation protocol is being applied in order to
ensure that the desired amount and timing of stimulation is
being applied. In addition, or as an alternative, the therapy
manager 16 uses the sensed respiratory information to adjust
or calibrate features of the reference respiratory cycle asso-
ciated with a particular stimulation protocol.

[0151] In some examples, operation of the therapy man-
ager 16 (as part of an at least partially implantable stimu-
lation system 20) is not limited to the specific stimulation
protocols described in association with at least FIGS. 3B-3E,
as other stimulation protocols can be implemented with
longer or shorter stimulation periods and with longer or
shorter non-stimulation periods.

[0152] In some examples the independent stimulation
function 14 (FI1G. 1A) includes a complex stimulation cycle
in which at least two different length stimulation periods is
employed and/or at least two different length non-stimula-
tion periods is employed. As one non-limiting example to
illustrate the principle, one stimulation protocol could
include a first continuous stimulation period of three time
units, a first non-stimulation period of two time units, a
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second continuous stimulation period of three time units,
followed by a second non-stimulation period of one time
unit. The example later described in association with FIG.
16A illustrate some aspects of these features.

[0153] In some examples, and as illustrated in the dia-
grams of FIGS. 3B-3E, the stimulation cycles are not
centered relative to a characteristic or feature of a respiratory
waveform. In other words, the respective continuous stimu-
lation periods or non-stimulation periods (in the example
stimulation protocols) are not fixed or tied to a particular
landmark or fiducial of the respiratory waveform. Accord-
ingly, the respective continuous stimulation periods and
non-stimulation periods within stimulation cycles (of a
particular stimulation protocol) vary regarding which por-
tion of a respiratory cycle (of a series of respiratory cycles)
with which they coincide.

[0154] In some examples, the independent stimulation
function 14 provides a stimulation protocol having a duty
cycle of 80 percent, where a 100 percent duty cycle would
correspond to continuous stimulation over a full respiratory
cycle. In one example, a first portion of the duty cycle
comprises a continuous stimulation period and a second
portion of the duty cycle comprises a continuous non-
stimulation period immediately following the first portion.
In a non-limiting example in which a respiratory cycle has
a duration of 5 seconds, the duty cycle includes applying
continuous stimulation for 4 seconds immediately followed
by continuous non-stimulation for 1 second, with the duty
cycle being repeated.

[0155] FIG. 4 is a block diagram 251 schematically illus-
trating a plurality of stimulation parameters 250, according
to one example of the present disclosure. In general terms,
these stimulation parameters may be employed as part of
implementing one of the stimulation protocols described in
association with FIGS. 3B-3E and/or as part of general
operation of stimulation element 12 (FIG. 1A) and/or
therapy manager 16 (FIG. 1B). In one example, a single
parameter is implemented, while in some examples, several
of these parameters may be implemented. When several
parameters are implemented, they are implemented sepa-
rately but contemporaneously in some examples and in other
examples, they are implemented in combination.

[0156] As shown in FIG. 4, these stimulation parameters
250 include amplitude parameter 252, a duty cycle param-
eter 254, a respiratory cycle duration parameter 260, a time
unit parameter 262, and a time frame parameter 270. The
amplitude parameter 252 controls an amplitude of the stimu-
lation signal, which can be selected for a particular stimu-
lation protocol.

[0157] In some examples, the duty cycle parameter 254
tracks and/or controls a duty cycle of stimulation. In some
examples, the stimulation duty cycle is expressed relative to
a duration (R) of one respiratory cycle (per parameter 260)
in the manner previously described regarding the stimula-
tions protocols previously described in association with at
least FIGS. 3B-3E. The duty cycle parameter 254 comprises
a constant function 256 and a variable function 258. The
constant function 256 implements a duty cycle in which the
stimulation duty cycle is identical relative to each respira-
tory cycle, while the variable function 258 implements a
duty cycle in which the stimulation duty cycle varies relative
to at least some respiratory cycles within a series of respi-
ratory cycles.
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[0158] As previously described in association with at least
FIGS. 3B-3E, in some examples, the stimulation duty cycle
is implemented according to a series of stimulation cycles in
which each stimulation cycle includes at least one continu-
ous stimulation period and at least one non-stimulation
period. At least some stimulation protocols includes stimu-
lation cycles in which the duration of the stimulation period
(s) differs relative to the duration of the non-stimulation
period(s) through a series of stimulation cycles such that an
average duty cycle can be calculated.

[0159] Accordingly, the various stimulation protocols pro-
vide some duty cycles that vary from one respiratory cycle
to the next, while simultaneously providing an overall or
average duty cycle. By selecting a particular stimulation
cycle, specific duty cycles are implemented on a respiratory-
cycle by respiratory-cycle basis and an overall or average
duty cycle is achieved.

[0160] In some examples, a respiratory cycle duration
parameter 260 identifies a duration of a patient-specific
average respiratory cycle during reasonably stable respira-
tion (e.g. normal breathing) or a duration of a multi-patient
average respiratory cycle during reasonably stable respira-
tion. In some examples, the patient-specific average respi-
ratory cycle is determined according to recent sensed res-
piration information while in some examples, the patient-
specific average respiratory cycle is determined according to
long term data gathered for that patient during reasonably
stable respiration (e.g. normal breathing).

[0161] In some examples, the respiratory cycle duration
parameter 260 tracks a duration of the sensed respiratory
cycles of a patient and determines an average.

[0162] In some examples, the time unit parameter 262
tracks and controls a number of time units by which a
stimulation cycle operates. In some examples, the time unit
parameter 262 implements time units as a multiple of some
natural time unit associated with a respiratory waveform.
For instance, in some examples such as the stimulation
protocols described and illustrated in association with FIGS.
3B-3E, the time unit parameter 262 equates six time units
with a duration of a respiratory cycle, and in which an
inspiratory phase comprises one-third of the entire respira-
tory cycle. However, it will be understood that in some
examples, the time units (per parameter 262) are unit-less.
For instance, suppose the respiratory period has a duration
R of five seconds, and a convention has been adopted that
the respiratory cycle is divisible into six time units. Then, the
six time units would be distributed across the five second
duration of the respiratory cycle.

[0163] In some examples, the time unit parameter 262
implements time units which are entirely arbitrary relative to
one or more natural time units associated with a respiratory
waveform. For instance, in some examples such as the
stimulation protocol described and illustrated in association
with FIG. 16A, the time unit parameter 262 equates eight
time units with a duration of a respiratory cycle, and in
which an inspiratory phase comprises one-third of the entire
respiratory cycle.

[0164] Insome examples, the time frame parameter 270 in
FIG. 4 identifies a respiratory cycle series parameter 272 and
a stimulation cycle parameter 274. The respiratory cycle
series parameter 272 identifies and tracks the number of
respiratory cycles that occur before a particular portion of a
particular stimulation cycle (274) would coincide again with
a particular portion of a respiratory cycle. For example, it
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was previously noted in association with at least FIG. 3C
that the stimulation protocol 220 operated based on a time
frame of seven respiratory cycles such that a sequence of
seven respiratory cycles would occur before a beginning of
a stimulation period of a stimulation cycle would coincide
with a beginning of an inspiratory phase of the repeating
respiratory cycle. While the stimulation protocols associated
with independent stimulation function 14 (FIG. 1A) are not
synchronized relative to characteristics (e.g. inspiratory
phase) of a sensed respiratory waveform, the time frame
parameter 270 enables tracking and adjusting how a given
stimulation protocol is juxtaposed relative to sensed patient
respiratory behavior.

[0165] FIG. 5 is a block diagram of a stimulation protocol
element 280, according to one example of the present
disclosure. As shown in FIG. 5, the stimulation protocol
element 280 comprises an array parameter 282, a rotation
parameter 284, an automatic parameter 286, a manual
parameter 288, a static parameter 290, and a custom param-
eter 291.

[0166] In some examples, stimulation protocol element
280 includes at least some of substantially the same features
and attributes as stimulation protocol element 12, as previ-
ously described in association with at least FIGS. 1-4. In
particular, as previously noted, in some examples the inde-
pendent stimulation function 14 (FIG. 1A) provides at least
one stimulation protocol suitable for delivering electrical
stimulation to a nerve of a patient, such as one of the
stimulation protocols as previously described and illustrated
in association with FIGS. 3B-3E.

[0167] With this in mind, array parameter 282 of stimu-
lation protocol element 280 provides an array of stimulation
protocols that can be applied, such as but not limited to those
illustrated in association with FIGS. 3B-3E.

[0168] Insome examples, via a rotation parameter 284, the
stimulation protocol 280 enables delivering therapeutic
nerve stimulation to a patient while rotating through differ-
ent stimulation protocols available via array parameter 282.
In some examples, such rotation enables identifying a stimu-
lation protocol that works best for a particular patient on a
particular day or on a long term basis. However, in some
examples, rotation through different stimulation protocols is
maintained for a particular day or on a long term basis to
provide a large degree of variability in the overall stimula-
tion pattern to thereby provide a robust therapy regimen
when a patient’s respiratory behavior is consistently erratic
and/or when sensing of a patient’s respiratory behavior is
consistently problematic.

[0169] In some examples, in cooperation with an auto-
matic parameter 286, the rotation parameter 284 automati-
cally rotates through the different stimulation protocols to
achieve goals set by therapy manager 16 (FIG. 1B). In some
examples, via automatic parameter 286, the therapy manager
16 (FIG. 1B) automatically selects at least one stimulation
protocol suitable for a particular patient. In some examples,
the automatic selection of which stimulation protocol(s) is
best suited for a particular patient is based on a sensed
respiratory waveform of the patient.

[0170] In some examples, via a static parameter 290
shown in FIG. 5, therapy manager 16 (FIG. 1B) enables
selecting and then maintaining a single stimulation protocol
indefinitely until and unless a user or operator selects a
different stimulation protocol or parameters affecting the
selected stimulation protocol. In some examples, if a par-
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ticularly effective stimulation protocol is identified during
operation of the rotation parameter 284, the therapy manager
16 (FIG. 1B) deactivates automatic rotation of the stimula-
tion protocols and operates that single, “particularly effec-
tive” stimulation protocol, per the static parameter 290.
[0171] In some examples, stimulation protocol element
280 includes custom parameter 291, which enables adjusting
a selected stimulation protocol or making a custom stimu-
lation protocol by selecting a duration of respiratory cycle,
duration of stimulation period(s), duration of non-stimula-
tion periods, duration of stimulation cycle, and/or other
parameters identified in the plurality of stimulation param-
eters 250 (FIG. 4).

[0172] In some examples, the range of stimulation proto-
cols available to a patient via stimulation protocol element
280 are selected and/or bounded according to the discretion
of a physician or physician programmer.

[0173] FIG. 6 is a block diagram of a power element 320,
according to one example of the present disclosure. In one
example, power element 320 represents IPG 35, 50 (FIGS.
2A-2B) as having an external power source 322 and/or an
on-board power source 324.

[0174] Insome examples, an at least partially implantable
stimulation system (according to examples of the present
disclosure) operates in cooperation with and/or incorporates
sensing functionality. With this in mind, in some examples,
such systems include a sensing element 330, according to
one example of the present disclosure, as shown in FIG. 7A.
The sensing element receives and/or obtains respiratory
information.

[0175] In some examples. the sensing element 330
includes an on-board sensing element 332, which is physi-
cally incorporated into IPG 35 (FIG. 2A) or IPG 50 (FIG.
2B) in some manner such that communication between the
on-board sensing element 332 and other elements of the IPG
35, 50 will occur within the case or housing of the IPG. In
some examples, the on-board sensing element 332 includes
internal components, such as an accelerometer and in some
examples, the on-board sensing element 332 includes sur-
face components, such as the external surface of the case or
housing of the IPG 35, 50 acting as a sensing element alone
or in combination with other sensing elements.

[0176] In some exanmples. the sensing element 330
includes an implanted sensing input 334 to receive signals
from a sensor implanted within the body physically separate
from the IPG 35, 50, with the sensing input 334 in commu-
nication with and/or connected to the IPG 35, 50 via wired
or wireless communication pathways.

[0177] In some examples. the sensing element 330
includes an external sensing input 336 to receive signals
from a sensor external to the patient’s body, with the sensing
input 336 in communication with the IPG 35, 50 via wireless
communication pathways.

[0178] In some examples, sensing element 330 does not
comprise a physically-embodied sensor but rather a sensing
input to receive information sensed via sensors separate
from, and independent of, sensing element 330 with such
sensors in communication with sensing element 330.
[0179] In some examples, sensing element 330 can com-
prise both a sensing input and a physically-embodied sensor.
[0180] Via these various sensing elements and inputs, the
sensing element 330 receives and tracks signals from at least
one physiologic sensor in order to gather information per-
tinent to treating sleep disordered breathing. In some
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examples, this information includes respiratory information
such as, but not limited to, determining a respiratory state of
a patient, whether or not the patient is asleep or awake, and
other respiratory-associated indicators, etc. In some
examples, the type of sensed physiologic information
received by, and/or the type of physiologic sensors embod-
ied within, one of the sensing elements/inputs 332, 334, 336
(FIG. 7A) include, but are not limited to, a pressure sensing,
blood oxygenation sensing, acoustic sensing, posture sens-
ing, motion/activity sensing, differential pressure sensing,
electrocardiogram (ECG) sensing, or impedance sensing.
Via such sensing modalities, the system can measure tho-
racic impedance, respiratory pressure, diaphragm-based
parameters, electrocardiac monitoring, airflow monitoring,
snoring, etc. Gathering of this respiratory information,
including information regarding respiratory-related behav-
iors, may be implemented via either a single sensor or any
combination of various physiologic sensors that can provide
a reliable and accurate signal. In some examples, these
various measures of respiratory-related behavior can be
considered alone or together in combination to indicate
respiratory effort, which is at least one type of respiratory
information receivable and/or obtainable by the sensing
element.

[0181] In some examples, the therapy manager 16 (FIG.
1B) maintains the sensing components of the sensing ele-
ment 330 in a default, dormant mode (i.e. off or low power)
and periodically activates one or more of the available
sensing element(s) to gather patient data. After gathering the
data, the sensing elements are deactivated, thereby resuming
their dormant mode. In some examples, the gathered patient
data is used to evaluate the effectiveness of the therapy, such
as the number, intensity, and/or frequency of apneas occur-
ring. After such data gathering, the therapy manager 16
(FIG. 1B) deactivates the sensing element(s), thereby return-
ing them to a dormant mode.

[0182] Insome examples, the gathered patient data is used
to measure the respiratory period to verify its duration and
to determine or verify the relative durations (or absolute
duration) of the inspiratory and expiratory phases. This
information is used to assess a current stimulation protocol
and potentially determine whether adjustments to the stimu-
lation protocol are warranted or whether a different stimu-
lation protocol should be employed. For instance, in some
examples, the gathered patient data from the temporarily
activated sensing elements is used to calibrate the reference
respiratory cycle associated with implementation of a par-
ticular stimulation protocol.

[0183] FIG. 7B is a schematic diagram of an at least
partially implantable stimulation system 340, according to
an example of the present disclosure. In one example, the
system 340 includes at least some of substantially the same
features and attributes as system 20 (previously described in
association with at least FIG. 2A), except further including
sensing functionality via at least one sensing element to
sense respiratory information. In some examples, this sens-
ing functionality is implemented via sensing element 330
(FIG. 7A).

[0184] In some examples, the system 340 comprises an
additional lead 137 including at least one sensor portion 341
(electrically coupled to the IPG 35 and extending from the
IPG 35) positioned in the patient 22 for sensing respiratory
information, such as respiratory effort, respiratory pressure,
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etc. In some examples, this information includes identifying
and tracking characteristics and parameters of sensed respi-
ratory waveforms.

[0185] In some examples, the sensor portion 341 is a
pressure sensor. In one example, the pressure sensor detects
pressure in the thorax of the patient. In some examples, the
sensed pressure could be a combination of thoracic pressure
and cardiac pressure (e.g., blood flow). Via sensor portion
341, therapy manager 16 (FIG. 1B) is configured to analyze
this pressure sensing information to identify, track, and
evaluate the respiratory patterns of the patient.

[0186] In some examples, the respiratory sensor portion
341 comprises a bio-impedance sensor or forms one of a pair
of bio-impedance sensors. In some examples, the respiratory
sensor portion 341 is located in regions other than the
pectoral region. In some examples, the sensor portion 341 is
used to sense impedance in cooperation with other elec-
trodes (e.g. a stimulation electrode) or with an electrically
conductive exterior housing of the IPG 35, 50 (FIGS.
2A-2B, 7B). In some examples, as shown in FIG. 7B,
additional sensors 347, 348, 349 are distributed about the
chest area for measuring a trans-thoracic bio-impedance
signal, an electrocardiogram (ECG) signal, or other respi-
ratory-associated signals. In some examples, sensor portion
341 is omitted and sensors 347, 348, 349 are implemented.
[0187] In some examples, the system 340 for treating
obstructive sleep apnea is a totally implantable system
which provides therapeutic solutions for patients diagnosed
with obstructive sleep apnea. However, as identified in
various examples, in some examples, the system is partially
implantable with some components (e.g. power source,
sensing elements, or control circuitry) being at least partially
or completely external to the patient’s body.

[0188] Insome examples, the previously-described at least
partially implantable system 80 (FIG. 2D) includes at least
some of substantially the same features described and illus-
trated in association with FIGS. 4-7B, except for system 80
having a non-pectoral location and those attributes specific
to system 80 as described in association with FIG. 2D.
[0189] Insome examples, the respiratory information and/
or other physiologic information gathered via the sensing
element 330 (FIG. 7A) and associated sensor schemes (FIG.
7B) is used to identify, track, evaluate, etc. various thera-
peutic parameters. Accordingly, in some examples the at
least partially implantable stimulation system includes a
therapeutic monitoring element 350, which as shown in FIG.
8, includes a plurality of therapeutic parameters. In some
examples, these parameters include identifying, tracking,
and evaluating apnea events per parameter 352 and/or
computing and tracking an apnea severity index 354, such as
AHI or other index. The index parameter 354 determines a
frequency, intensity, duration, etc. of detected apneas to
indicate the relative severity of sleep disordered breathing
for the patient.

[0190] In some examples, one therapeutic parameter of
monitoring element 350 includes a minute ventilation
parameter 356 to track minute ventilation of the patient
before, during, or after a therapy regimen. In some
examples, one therapeutic parameter of monitoring element
350 includes a tidal volume parameter 357 to track the tidal
volume of a patient before, during, or after a therapy
regimen.

[0191] In some examples, one therapeutic parameter of
monitoring element 350 includes a body position parameter

May 3, 2018

358. In some examples, one therapeutic parameter of moni-
toring element 350 includes a posture parameter 359.
Together or separately, the body position parameter 358 and
posture parameter 359 determine and track a body position
of the patient and posture of the patient. Among other uses,
such information can be used to activate or deactivate a
therapy, to select a therapeutic regimen (e.g. stimulation
protocol), and/or to adjust a therapeutic regimen. It will be
understood that these example parameters are not exhaustive
and can be employed separately from each other or in
various combinations.

[0192] In some examples, this information obtained via
any one or several parameters 352, 354, 356, 357, 358, 359
of the therapeutic monitoring element 350 is used to initiate,
terminate, select, and/or adjust stimulation applied via the
IPG 35, 50 and stimulation electrode 45. For instance, upon
determining that the number and/or intensity of apneic
events has met or exceeded a severity threshold, the therapy
manager 16 (FIG. 1B) can utilize control portion 56 (FIG.
2C) to initiate application of stimulation to the airway-
patency related nerves to open the airway and thereby
reduce the associated sleep disordered breathing behavior.
However, it will be understood that in at least some
examples, this arrangement does not include causing (or
depend on) the stimulation signal to become synchronized
relative to a characteristic (e.g. inspiratory phase, expiratory
phase, etc.) of the respiratory waveform. Rather, as noted in
association with at least FIG. 1A, in the examples described
thus far in association with FIGS. 1-8, such stimulation is
applied independent of such synchronization.

[0193] In some examples, the therapeutic parameters ele-
ment 350 may be employed to select one of a plurality of
stimulation protocols and/or to evaluate the therapeutic
effectiveness of a particular stimulation protocol(s) for a
particular patient for a given period of time or on a long term
basis.

[0194] In at least this context and/or other contexts in at
least some examples of the present disclosure, therapeutic
effectiveness may correspond to alleviating sleep disordered
breathing, which in some instances is measurable via a
severity threshold, such as an apnea-hypopnea index (AHI)
and/or other scoring mechanisms. In some examples, the
therapeutic effectiveness may also be measured or evaluated
relative to sensor signal quality, such as via sensor signal
quality criteria as described in at least some of the examples
of the present disclosure.

[0195] FIG. 9 is a block diagram schematically illustrating
a control portion 360, according to one example of the
present disclosure. In some examples, control portion 360
includes a controller 362 and memory 370. In some
examples, therapy manager 371 is stored in memory 370,
and in some examples, therapy manager 371 includes at least
some of substantially the same features and attributes as
therapy manager 16 (FIG. 1B), as previously described in
association with at least FIGS. 1-8.

[0196] In general terms, controller 362 of control portion
360 comprises at least one processor 364 and associated
memories that are in communication with memory 370 to
generate control signals to direct operation of at least some
components of the systems and components described
throughout the present disclosure. In some examples, these
generated control signals include, but are not limited to,
employing therapy manager 371 to manage operation of the
stimulation system to control sleep disordered breathing. In
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some examples, a control portion 360 is present in the IPG
35, 50, 84 (FIGS. 2A, 2B, 2D) as control portion 56 (FIG.
2C) and/or is accessible to the IPG 35, 50, 84. In some
examples, at least some aspects of stimulation element 12
(FIG. 1A) are at least partially implemented via control
portion 360 and/or in communication with control portion
360, with at least some aspects of stimulation element 12
being storable in memory 370 with or as part of therapy
manager 371.

[0197] In particular, in response to or based upon com-
mands received via a user interface 396, 400 (FIGS. 11A,
11B) and/or machine readable instructions (including soft-
ware), controller 362 generates control signals to implement
a nerve stimulation protocol to control sleep disordered
breathing, in accordance with at least some of the previously
described examples and/or later described examples of the
present disclosure. In some examples, controller 362 is
embodied in a general purpose computer while in other
examples, controller 362 is embodied in at least some of the
components described throughout the present disclosure,
such as [PG 35, 50, 84 or external components operatively
coupled to implantable pulse generator 35, 50, 84. For
purposes of this application, in reference to the controller
362, the term “processor” shall mean a presently developed
or future developed processor (or processing resources) that
executes sequences of machine readable instructions con-
tained in a memory. In some examples, execution of the
sequences of machine readable instructions, such as those
provided via therapy manager 371 stored in memory 370 of
control portion 360, cause the processor to perform actions,
such as operating controller 362 to implement stimulation
protocols as generally described in (or consistent with) at
least some examples of the present disclosure. The machine
readable instructions may be loaded in a random access
memory (RAM) for execution by the processor from their
stored location in a read only memory (ROM), a mass
storage device, or some other persistent storage (e.g., non-
transitory tangible medium or non-volatile tangible
medium), as represented by memory 370. In some examples,
memory 370 comprises a computer readable tangible
medium providing non-volatile storage of the machine read-
able instructions executable by a process of controller 362.
In other examples, hard wired circuitry may be used in place
of or in combination with machine readable instructions to
implement the functions described. For example, controller
362 may be embodied as part of at least one application-
specific integrated circuit (ASIC). In at least some examples,
the controller 362 is not limited to any specific combination
of hardware circuitry and machine readable instructions, nor
limited to any particular source for the machine readable
instructions executed by the controller 362.

[0198] In some examples, user interface 396 shown in
FIG. 11A comprises a user interface or other display that
provides for the simultaneous display, activation, and/or
operation of at least some of the various components,
functions, features, and of stimulation element 12 (FIG. 1A),
therapy manager 16 (FI1G. 1B), control portion 360 (FIG. 9),
1PG 35, 50, 84 (FIGS. 2A, 2B, 2D), and related elements, as
described throughout the present disclosure. In some
examples, at least some portions or aspects of the user
interface 396 are provided via a graphical user interface
(GUI) and may include an input and a display.
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[0199] 1In some examples, user interface 396 includes at
least some of the components illustrated in user interface
400 schematically depicted in FIG. 11B.

[0200] As shown in FIG. 11B, user interface 400 includes
at least some of the various components, functions, ele-
ments, and features as described and illustrated in associa-
tion with at least stimulation protocol elements 280 (FIG. 5),
490 (FIG. 15A), therapeutic monitoring element 350 (FIG.
8), stimulation parameters 250 (FIG. 4), stimulation protocol
element 450 (including independent function 454, respira-
tory-dependent function 456 in FIG. 12), automatic protocol
selector 470 (FIG. 14), and stimulation protocol selection
500 (FIG. 15B).

[0201] FIG. 10 is a diagram 380 schematically illustrating
a manner in which the control portion 360 is implemented,
according to one example of the present disclosure. In some
examples, control portion 360 is entirely implemented
within or by an implantable pulse generator 385, which has
at least some of substantially the same features and attributes
as pulse generator (IPG) 35, 50, 84 as previously described
in association with at least FIGS. 1-9. In some examples,
control portion 360 is entirely implemented within or by a
remote control 390 (e.g. a programmer) external to the
patient’s body, such as a patient control 392 and/or a
physician control 394. In some examples, the control portion
360 is partially implemented in the pulse generator 385 and
partially implemented in the remote control 390 (at least one
of patient control 392 and physician control 394).

[0202] In some examples, in association with control
portion 360, user interface (396 in FIG. 11A; 400 in FIG.
11B) is implemented in remote control 390.

[0203] FIG. 12 is a block diagram of a stimulation proto-
col element 450, according to one example of the present
disclosure. As shown in FIG. 12, stimulation protocol ele-
ment 450 includes an independent stimulation function 454
and a respiratory-dependent function 456. In some
examples, the independent stimulation function 454 includes
at least some of substantially the same features as indepen-
dent stimulation function 14 associated with stimulation
element 12 (FIG. 1A) and/or therapy manager 16 (FIG. 1B)
as part of an at least partially implantable stimulation
system, as previously described in association with FIGS.
1-11B. Meanwhile, FIG. 13 is a block diagram of a respi-
ration-dependent function 456, according to one example of
the present disclosure.

[0204] After describing the features and attributes associ-
ated with the respiration-dependent stimulation function
456, at least some examples regarding the relationship and
relative operation of the independent stimulation function
454 and respiratory-dependent stimulation function 456 will
be addressed.

[0205] As shown in FIG. 13, in some examples, the
respiratory-dependent function 456 includes a synchronous
parameter 460, a synchronization characteristic parameter
462, and a stability parameter 464.

[0206] In some examples, via the synchronous parameter
460, respiratory-dependent function 456 implements a
stimulation protocol in which each individual nerve stimu-
lation period (within a treatment period) is triggered by
and/or synchronized relative to a synchronization character-
istic of the patient’s respiratory waveform. For instance, in
some examples, respiratory-dependent function 456 causes
individual stimulation periods to occur substantially simul-
taneous with the inspiratory phase (e.g. 162 in FIG. 3B) of
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the patient’s respiratory cycle (e.g. 204A in FIG. 3B) such
that stimulation is considered to be synchronous with inspi-
ration.

[0207] In some examples, per synchronization character-
istic parameter 462, one can select (or a therapy manager can
automatically select) the characteristic to which stimulation
will be synchronized. In some examples, via parameter 462
respiratory-dependent stimulation function 456 causes nerve
stimulation periods to be synchronized relative to a junction
or transition between expiratory pause and the onset of
inspiration. In some examples, via parameter 462, nerve
stimulation periods are synchronized relative to a junction or
transition between inspiration and the onset (i.e. beginning)
of expiration. In some examples, the characteristic to which
stimulation will be synchronized can be peak inspiration,
peak expiration, or expiratory pause.

[0208] Insome examples, stability parameter 464 of respi-
ratory-dependent stimulation function 456 (FIG. 13) tracks
and determines at least one parameter of a sensed respiratory
waveform to determine the relative stability of the respira-
tory waveform (e.g. sensor signal quality) to provide a
reliable, accurate indication of respiratory behavior to the
therapy manager (371 in FIG. 9). Without a reasonably
stable respiratory waveform, the respiratory-dependent
function 456 cannot be implemented. In such a situation, the
independent stimulation function 454 is implemented until
the control portion 360 determines via stability parameter
464 that a reasonably stable respiratory waveform is avail-
able (e.g. the sensor signal has sufficient quality) and by
which stimulation can be triggered and/or synchronized
relative to a characteristic of the respiratory waveform.
[0209] Via the stability parameter 464, the control portion
56 of FI1G. 2C (control portion 360 in FIG. 9) determines
whether the respiratory waveform is stable enough (e.g.
sensor signal quality is sufficient) to support synchronizing
stimulation relative to characteristics (e.g. inspiratory phase)
of the respiratory waveform. In some examples, the stability
parameter 464 identifies and tracks parameters such as a
peak-to-peak amplitude, a respiratory rate, sensor signal
frequency content, signal morphology, and a duty cycle
associated with at least one of inspiration, expiration, and
expiratory pause, or various combinations of these param-
eters. In some examples, the at least one parameter com-
prises a statistical stability of these identified parameters. In
some examples, a determination of such statistical stability
may be performed relative to a known good state for the
patient or a moving baseline of known good state for the
patient. In some examples, a known good state corresponds
to a period of respiration free from obstructive sleep apnea.
In some examples, the determination of statistical stability
may be performed relative to an independent threshold of
statistical goodness.

[0210] In some examples, the inspiratory duty cycle is
defined as the ratio of inspiration duration to the duration of
respiratory period.

[0211] In some examples, the above-noted waveform sig-
nal stability or quality parameter may be evaluated after
sufficient gain is applied to the signal to enable analysis. For
instance, if the peak to peak amplitude is low and sensor
signal quality is low, then signal gain can be increased to
determine if signal quality analysis can be performed. In
some examples, a sensed signal can be subject to a process
in which a sensor obtains a physiologic signal, to which gain
is applied prior to quality analysis, and then potentially used
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for synchronization of a stimulation protocol relative to the
sensed respiratory waveform. In some examples, an auto-
matic gain control mechanism is employed and queried to
determine if the gain is stable so the signal may be reliably
analyzed.

[0212] In some examples, via therapy manager 16, 371
(FIGS. 1B, 9), the respiratory-dependent stimulation func-
tion 456 can be disabled so that therapy is selectively applied
entirely via the independent stimulation function 14 (FIG.
2A), 454 (FIG. 12). Of course, in some examples as previ-
ously described, the respiratory-dependent stimulation func-
tion 456 is not even present with the independent stimulation
function 14, 454 being the sole mechanism to apply nerve
stimulation.

[0213] FIG. 14 is a diagram 470 schematically illustrating
arelationship between, and automatically selection between,
the independent stimulation protocol 454 (FIG. 12) and the
respiration-dependent stimulation protocol 456 (FIG. 12),
according to one example of the present disclosure. In some
examples, at least some aspects of stimulation protocol
selection in diagram 470 can be embodied as a method while
in some examples, at least some aspects of stimulation
protocol selection in diagram 470 can be embodied as
operational aspects of a stimulation protocol manager of a
therapy manager, as described in association with at least
FIGS. 11B-13.

[0214] Insome examples, operation of the at least partially
implantable stimulation system is implemented via provid-
ing cooperation or complementary deployment of the
respective stimulation protocols 454, 456. In some
examples, an independent stimulation protocol 454 is
applied for a predetermined period of time, as shown at 472
in FIG. 14. The predetermined period of time corresponds at
least to an amount of time for a stable respiration period to
be established, which may be ensured based on the inde-
pendent stimulation of the airway-patency-related nerve. In
some examples the first predetermined period of time cor-
responds to a period sufficient to establish a steady state in
which filtering is established, inspiration and expiration are
being detected reliably, signal gain control is realized, etc.
[0215] In some examples, operation of the first indepen-
dent stimulation protocol during at least the first predeter-
mined period of time is not a test mode, such as a mode that
may otherwise be dedicated to diagnosing or evaluating the
operational fitness of the stimulation system. Rather, the first
independent stimulation protocol operates for at least the
predetermined period of time to apply therapeutic stimula-
tion to achieve a stable respiratory behavior and a stable
respiratory waveform.

[0216] In some examples, by applying stimulation proto-
col(s) via the independent stimulation, a stable respiratory
waveform is achieved, thereby increasing the likelihood of
being able to transition to operation in the respiratory-
dependent stimulation at 478 than if independent stimulation
at 472 were not deployed prior to the activation of the
respiratory-dependent function at 478.

[0217] With further reference to FIG. 14, based on moni-
toring of the sensed respiratory waveform, at repeating
intervals, at 474 it is queried whether the respiratory wave-
form is sufficiently stable to support activation of the respi-
ratory-dependent stimulation. If the answer to the query at
474 is NO, then pathway 476 directs continued operation of
independent stimulation at 472. However, if the answer to
the query at 474 is YES, then pathway 477 directs initiation
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of operation of respiratory-dependent stimulation at 478 of
FIG. 14. During operation of respiratory-dependent stimu-
lation at 478, the query at 474 is periodically implemented.
If the answer to the query (at 474) is NO, then operation in
respiratory-dependent stimulation n (456 in FIG. 12) at 478
in FIG. 14 is terminated as operation is returned (i.e. reverts)
via pathway 476 to independent stimulation at 472 in FIG.
14 for at least the predetermined period of time.

[0218] For at least the current example, it will be under-
stood that, in the event that no stable respiratory waveform
is established, the operation would remain in independent
stimulation at 472 without converting to operation in respi-
ratory-dependent stimulation 478.

[0219] In some examples, the query at 474 is performed
generally continuously by monitoring parameters indicative
of respiratory signal sensing quality (i.e. sensor signal
quality criteria), such as but not limited to, peak to peak
amplitude, inspiratory duty cycle, respiratory rate, etc. Upon
one or more of these parameters failing to meet the sensor
signal quality criteria, then the answer to the query (at 474)
would be registered as NO. Upon meeting the sensor signal
quality criteria, the answer to the query at 474 is YES.
[0220] In some examples, meeting the signal quality cri-
teria (e.g. answer to query is YES) can be defined via a first
parameter as an average peak-to-peak respiratory amplitude
above a threshold, where the average is computed from the
previous two respiratory cycles. In some examples, meeting
the signal quality criteria (e.g. answer to query is YES) can
be defined via a second parameter as a peak-to-peak respi-
ratory amplitude variability below a threshold, where the
threshold is referenced to an average computed over the
previous 60 seconds. In some examples, meeting the signal
quality criteria (e.g. answer to query is YES) can be defined
via a third parameter as a respiratory duration variability
below a threshold, where threshold is reference to an aver-
age computed of the previous 60 seconds. In some
examples, meeting the signal quality criteria (e.g. answer to
query is YES) can be defined via a fourth parameter as an
average inspiratory phase duration above a threshold, where
the average is computed of the previous two respiratory
cycles. In some examples, meeting the signal quality criteria
(e.g. answer to query is YES) can be defined via various
combinations of the respective first, second, third, and fourth
parameters, including but not limited to, a combination of all
four parameters. It will be understood that the sensor signal
quality criteria and/or meeting the sensor signal quality
criteria is not exclusively defined by the respective four
parameters.

[0221] FIG. 15A is block diagram of a stimulation proto-
col element 490, according to one example of the present
disclosure. In some examples, stimulation protocol element
490 includes at least some of substantially the same features
and attributes as stimulation protocol element 450 as pre-
viously described in association with at least FIGS. 12-14,
while further including at least the features shown in FIG.
15A.

[0222] As shown in FIG. 15A, stimulation protocol ele-
ment 490 includes an override function 492 to take abrupt
and sustained action to achieve a stable respiratory pattern.
For instance, in some examples, persistent sleep disordered
breathing is observed, which includes a series of unresolv-
able/intractable respiratory events (e.g. persistent apnea)
that occur despite stimulation via either the independent
stimulation function 454 or the respiratory-dependent func-
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tion 456. In some examples, the override function 492 is
activated when a stable respiratory pattern has not been
detected for a predetermined period of time, such as 5 or 10
minutes. In some examples, the predetermined period of
time is less than 5 minutes, such as when some number (e.g.
3 apneas) of apneas are detected prior to reaching 5 minutes.
[0223] Upon activation of the override function 492,
therapy that was being implemented via the independent
stimulation function 454 or via the respiratory-dependent
function 456 is terminated or converted over to operation via
a continuous stimulation function 494 (FIG. 15A) in which
nerve stimulation is applied continuously (a 100% duty
cycle) for a predetermined period of time. As previously
described, in some examples, continuous stimulation refers
to a train of stimulation pulses which occur in a relatively
short time frame. For instance, in some examples, continu-
ous stimulation corresponds to at least a finite number (e.g.
5, 10, etc.) of stimulation pulses per second. In some
examples, continuous stimulation corresponds to at least 20
stimulation pulses per second. In some examples, continu-
ous stimulation corresponds to at least 30 stimulation pulses
per second. In some examples, the number of stimulation
pulses per second is selectable by an operator via a control
portion (e.g. 56 in FIG. 2C). In some examples, during such
continuous stimulation, each stimulation pulse within a train
of stimulation pulses includes a primary stimulation pulse
followed by a separate recharge pulse, which is in turn
followed by a non-stimulation phase before the next primary
stimulation pulse.

[0224] In some examples, the override function 492 is
implemented via an “other” function, in which nerve stimu-
lation is applied that is not continuous but which has an
intensity and duration substantially greater than imple-
mented via the stimulation protocols of one of the indepen-
dent stimulation function 454 (FIG. 12) or the respiratory-
dependent function 456 (FIG. 12).

[0225] Insome examples, operation via the override func-
tion 492 is maintained until at least one of a time limit,
and/or the therapy manager detecting (via the sensed respi-
ratory waveform) at least one respiratory cycle exhibiting an
absence of sleep disordered breathing behavior as measured
by a number of respiratory cycles and/or a severity threshold
(in one example). In some examples, the time limit is 100
seconds, such as about 20 breaths. However, in some
examples, the time limit can be much lower, such as 30 to
40 seconds. In some examples, the continuous stimulation is
applied until detected sleep disordered breathing is absent
for at least three consecutive respiratory cycles, i.e. a suc-
cessful inspiration occurs for at least three consecutive
respiratory cycles or some operator-selectable quantity (e.g.
2, 4) of consecutive respiratory cycles for a particular
patient.

[0226] In some examples, the continuous stimulation is
applied up to a predetermined maximum period. In some
examples, the predetermined maximum period is at least 120
seconds. In some examples, the predetermined maximum
period is selectable by an operator and can have values
greater or less than 120 seconds, such as 130 seconds, 110
seconds, 90 seconds, etc. In general terms, the predeter-
mined maximum period corresponds to an expired time by
which fatigue of the stimulated muscle is complete or nearly
complete.

[0227] In some examples, upon a determination that
detected sleep disordered breathing behavior meets or
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exceeds the severity threshold, the therapy manager termi-
nates operation in the respective independent and respira-
tory-dependent stimulation modes and initiates operation in
a third mode including a stimulation protocol of a stimula-
tion period and a non-stimulation period in a proportion of
at least 3 to 1 wherein the stimulation period has a duration
equal to or greater than a duration of at least four respiratory
cycles.

[0228] In some examples, the duration of the stimulation
period is about 30 seconds and the duration of the non-
stimulation period is about 10 seconds. In some examples,
the duration of the stimulation period is about 30 seconds
and the duration of the non-stimulation period is about 5
seconds.

[0229] Upon determination that a stable respiratory period
has been established, operation in the override function 492
terminates and operation is resumed via the independent
stimulation function 454 (FIG. 12) consistent with the
functionality previously described in association with at
least FIGS. 12-14.

[0230] FIG. 15B is a diagram 500 schematically illustrat-
ing aspects of selecting a stimulation protocol, according to
one example of the present disclosure. In some examples, at
least some aspects of selecting a stimulation protocol as
expressed in diagram 500 can be embodied as a method
while in some examples, at least some aspects of selecting
a stimulation protocol as expressed in diagram 550 can be
embodied as operational aspects of a stimulation protocol
management associated with a therapy manager 16 as
described in association with at least FIGS. 1-15A.

[0231] As shown at 502, respiratory information can be
periodically sensed during a treatment period and without
synchronization to stimulation. In other words, in at least
some instances, this periodic sensing is not related to and/or
does not result in synchronizing stimulation to sensed respi-
ratory information. Rather, such periodic sensing can be
used to enhance and/or evaluate the effectiveness of the
stimulation, among other uses for such periodically sensed
respiratory information.

[0232] As shown at 504 in FIG. 15B, if the duration of the
sensed respiratory cycles (among a sample of respiratory
cycles) is less variable from cycle-to-cycle than a duration
variability criteria, then a stimulation protocol is adopted in
which a repeating stimulation cycle is applied and which has
a duration different than a duration of the reference respi-
ratory cycle for this patient. This arrangement introduces an
intentional stagger or offset between the duration of the
stimulation cycle and the duration of respiratory cycle,
which may ensure overlap of at least some stimulation
periods (of the stimulation cycles) with the actual inspiratory
phases of the respiratory cycles of the patient a majority of
the time.

[0233] In some examples, the duration variability criteria
establishes a measure of the variability of a duration of
sensed respiratory cycles. The variability can be measured
by a frequency of changes in the duration during an obser-
vation period and/or a magnitude of change in such dura-
tions during the observation period. Further details regard-
ing the observation period are identified below.

[0234] In some examples, the duration variability criteria
is based on several factors, including but not limited to, a
duration of a typical stable respiratory period (e.g. 3-6
seconds, depending on the patient), the minimum duration of
an apnea (e.g. 10 seconds), and/or an observation period
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(e.g. 5 minutes) following a change in stimulation param-
eters. In some examples, the observation period can more
than 5 minutes while in some examples, the observation
period can be less than 5 minutes, such as when some
number (e.g. 3 apneas) of apneas are detected prior to
reaching 5 minutes. In some examples, the duration vari-
ability criteria is further based on a standard deviation of
respiratory periods of less than 1 second and a sample period
of at least 4 minutes.

[0235] With further reference to 504 in FIG. 15B, in some
examples, this arrangement is implemented via stimulation
protocol 210 in FIG. 3B in which a respiratory waveform is
represented via a series 202 of respiratory cycles 204A-
204H. Moreover, in this example, the duration of the stimu-
lation cycle (4 stimulation periods plus 1 non-stimulation
period) is less than a duration (R) of the reference respiratory
cycles, such that the repeating stimulation cycle has a
duration different than a duration (R) of the reference
respiratory cycle.

[0236] This arrangement ensures that no matter when the
stimulation protocol is generally activated, no more than a
finite number (e.g. 2, 3, 4) of respiratory cycles would occur
without a stimulation period significantly coinciding with an
inspiratory phase 162 of the respective respiratory phases.
This phenomenon occurs, at least in part, because of a
sufficiently large difference between the duration of the
stimulation cycle and the duration of the respiratory cycle,
and in view of the relative proportion of the stimulation
period to the non-stimulation period.

[0237] In some examples, other example stimulation pro-
tocols are used for implementation. For instance, example
stimulation protocols 220, 230 as described in association
with at least FIGS. 3C, 3D can be used. It is noted that
stimulation protocols 220, 230 include stimulation cycles
having a duration greater than a duration (R) of the reference
respiratory cycle as shown in the respective legends 229,
239 of FIGS. 3C, 3D, respectively.

[0238] As shown at 506 in FIG. 15B, if the duration of the
sensed respiratory cycle (of a sensed sample of respiratory
cycles) is more variable than the duration variability criteria
noted above, then a repeating stimulation cycle is applied
and which has a duration generally matching a duration of
a reference respiratory cycle. In this instance, the natural
variability of the duration of the patient’s respiratory cycle
can be used to introduce a stagger or offset relative to the
duration of the stimulation cycle, which may ensure an
overlap of at least some stimulation periods relative to at
least some of the inspiratory phases of the patient’s live
respiratory cycles at least a majority of the time.

[0239] In some examples, the reference respiratory cycle
is defined by a patient-specific average respiratory cycle
obtained at an earlier point in time. In some examples, the
reference respiratory cycle is defined by a multi-patient
specific average respiratory cycle obtained from a database.
[0240] In some examples, this arrangement is imple-
mented via stimulation protocol 240 in FIG. 3E in which a
respiratory waveform is represented via a series 244 of
respiratory cycles 245A-245M. Accordingly, FIG. 3E mod-
els the situation in which the duration (R1) of the respiratory
cycles has varied (relative to the duration R of its base/stable
respiratory cycle) by more than a threshold. In some
examples, the threshold includes R changing (increasing or
decreasing) in duration by 5 percent. In this instance the
duration R1 represents about an 8 percent change from the
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duration R because the respiratory cycles 245A-245M have
a duration R1 of 6Y2 time units whereas duration R is equal
to 6 time units. It will be understood, of course, that other
numeric values that are more or less than 5 percent can be
used as the threshold.

[0241] While FIG. 3E exhibits a duration R1 which
remains constant at least for the illustrated series of respi-
ratory cycles, it will be understood that duration R1 may
have a different value (e.g. longer or shorter) in subsequent
respiratory cycles and/or that duration R1 may have had
different values (e.g. longer or shorter) in preceding respi-
ratory cycles. Accordingly, at least with respect to the
method of FIG. 15B, duration R1 should not be viewed as
being indefinitely static, but rather as having a particular
value at one snapshot in time.

[0242] It will be further understood that variations in the
duration of the respiratory cycle may be exhibited as
decreases (instead of increases) and that variations in the
duration of the respiratory cycle are not permanent but may
last some finite number of respiratory cycles before revert-
ing to a baseline or changing to yet another non-R duration.

[0243] In the example of FIG. 3E, the duration of the
stimulation cycle (4 stimulation periods plus 2 non-stimu-
lation periods) is less than a duration (R1) of the respiratory
cycles but with the duration of the stimulation cycles being
equal to the duration (R) of the reference respiratory cycle
(which is based on a historical baseline in at least some
examples).

[0244] With this arrangement, because the duration (R1)
of the sampled respiratory cycle (obtained via periodic
sensing) has varied relative to a reference duration R, the
therapy manager 16 utilizes a stimulation cycle having a
duration to match the duration of the reference respiratory
cycle, which in turn introduces the above-mentioned inten-
tional stagger or offset.

[0245] This arrangement ensures that no matter when the
stimulation protocol is generally activated, no more than a
finite number of respiratory cycles would occur without a
stimulation period significantly coinciding with an inspira-
tory phase of the respective respiratory phases. This phe-
nomenon occurs, at least in part, because of a sufficiently
large difference between the duration of the stimulation
cycle and the duration of the respiratory cycle, and in view
of the relative proportion of the stimulation period to the
non-stimulation period.

[0246] Accordingly, as represented at block 506, when the
duration of the periodically sensed respiratory cycle varies
more than a duration variability criteria, the therapy manager
ensures an appropriate level of stimulation coinciding with
the inspiratory phases of the respiratory cycles by intention-
ally not adjusting the duration of the stimulation cycle to
match the modified duration R1 exhibited by the periodi-
cally sensed respiratory cycles.

[0247] While FIG. 3E exhibits a duration R1 which
remains constant at least for the illustrated series of respi-
ratory cycles, it will be understood that duration R1 may
have a different value (e.g. longer or shorter) in subsequent
respiratory cycles and/or that duration R1 may have had
different values (e.g. longer or shorter) in at least some
preceding respiratory cycles. Accordingly, at least with
respect to the method of FIG. 15B, duration R1 should not
be viewed as being indefinitely static, but rather as having a
particular value at one snapshot in time.
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[0248] FIG. 15C is a block diagram schematically illus-
trating a stimulation protocol selector element 520, accord-
ing to one example of the present disclosure. In some
examples, the stimulation protocol selector element 520
includes, and enables, selection between a first function 522
and a second function 524. In some examples, a selection via
element 520 between first function 520 and second function
522 can be implemented in association with the aspects of
block 502 in FIG. 15B. In some examples, first function 520
can be implemented via at least some of the aspects of
stimulation selection as described in association with block
504 in FIG. 15B while second function 522 can be imple-
mented via at least some of the aspects of stimulation
selection as described in association with block 506 in FIG.
15B.

[0249] FIG. 15D is a diagram 550 schematically illustrat-
ing a relationship between, and automatically selection
between, the independent stimulation protocol 454 (FIG. 12)
and the respiration-dependent stimulation protocol 456
(FIG. 12), according to one example of the present disclo-
sure. In some examples, at least some aspects of stimulation
protocol selection 551 in diagram 550 can be embodied as
a method while in some examples, at least some aspects of
stimulation protocol selection in diagram 550 can be embod-
ied as operational aspects of a stimulation protocol manager
of a therapy manager, as described in association with at
least FIGS. 11B-13.

[0250] Insome examples, operation of the at least partially
implantable stimulation system is implemented via provid-
ing cooperation or complementary deployment of the
respective stimulation protocols 454, 456 (at least FIGS.
11B-13). Accordingly, as shown at 552 in FIG. 15D, opera-
tion starts in a respiratory-dependent stimulation protocol.

[0251] With further reference to FIG. 15D, based on
monitoring of the sensed respiratory waveform, at repeating
intervals, at 554 it is queried whether the respiratory wave-
form is sufficiently stable to support continued operation of
respiratory-dependent stimulation at 552. If the answer to
the query at 554 is YES, then pathway 556 affirms continued
operation of respiratory-dependent stimulation at 552. How-
ever, if the answer to the query at 554 is NO, then pathway
557 directs initiation of operation of independent stimulation
at 558 of FIG. 15D for at least a predetermined period of
time. The first predetermined period of time is defined in
substantially the same manner as previously described in
association with at least FIG. 14, and the operation of the
independent stimulation function at 558 is not a test mode.
Rather, the independent stimulation (at 558) operates for at
least the predetermined period of time to apply therapeutic
stimulation to achieve a stable respiratory behavior and a
stable respiratory waveform.

[0252] Upon operation of independent stimulation at 558
for at least the predetermined period of time, the query at
554 is periodically implemented. If the answer to the query
(at 554) is YES, then operation in independent stimulation at
558 in FIG. 15D is terminated as operation is returned via
pathway 556 to respiratory-dependent stimulation at 552 in
FIG. 15D. For at least the current example, it will be
understood that, in the event that no stable respiratory
waveform is established, the operation would remain in the
independent stimulation at 558 without reverting operation
into respiratory-dependent stimulation at 552.

[0253] Insome examples, the query at 554 is performed by
monitoring parameters indicative of respiratory signal sens-
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ing quality (i.e. sensor signal quality criteria), such as but not
limited to, peak to peak amplitude, inspiratory duty cycle,
respiratory rate, etc.

[0254] FIG. 16A is diagram 640 schematically illustrating
a nerve stimulation protocol 641, according to one example
of the present disclosure.

[0255] 1In one aspect, diagram 640 omits a representative
respiratory waveform relative to the stimulation protocol
because, in at least some examples, operation according to
independent stimulation function 14 (FIG. 1A) occurs
regardless of whether a sensed respiratory waveform is
available or reasonably stable. Accordingly, diagram 640
illustrates stimulation periods relative to predetermined time
periods instead of relative to inspiratory and expiratory
phases of a normal respiratory pattern, as further described
and illustrated below.

[0256] As shown in FIG. 16A, a nerve stimulation proto-
col 641 comprises stimulation segments 642 and non-stimu-
lation segments 648, 649 (i.e. rest periods), which may occur
within a time frame (T). In this arrangement, the time frame
T comprises a series of eight time units with each time unit
having a duration t, as shown in FIG. 16A. In some
examples, a combination of two consecutive time units have
a duration R that generally corresponds to a duration of a
respiratory cycle. In one aspect, the duration of one time unit
(t) comprises one-half of duration R.

[0257] As shown in diagram 640, stimulation protocol 641
includes a repeating sequence of continuous stimulation
segments 642 and non-stimulation segments 648, 649. Each
stimulation segment 642 has a duration of 3 time units (t),
each non-stimulation segment 648 has a duration of two
time units, and each non-stimulation segment 649 has a
duration of one time unit. This pattern is represented by
legend 645 as 3:SK2:3:SK1, where SK represents “skip” to
indicate skipping stimulation.

[0258] As further shown by diagram 640, as this stimula-
tion cycle pattern (3:SK 2:3:SK 1) is repeated through a
series of time frames T (with each time frame T including 8
time units), one can identify the number of stimulation time
units that occurs within each time frame T. For example, the
first time frame includes 6 stimulation time units out of 8
total time units, followed by three time frames T including
5 stimulation time units out of 8 total time units, followed by
two “six stimulation time unit” time frames T, and then three
“five stimulation time unit” time frames T. With this in mind,
one can express a pattern of the stimulation time units for the
first twelve consecutive time frames as 6:5:5:5:6:6:5:5:5.

[0259] Via the stimulation protocol 641, a therapeutic
nerve stimulation regimen is applied in which no period of
four consecutive respiratory cycles will transpire without a
stimulation period coinciding with an expected inspiratory
phase of a respiratory cycle. In this stimulation protocol, the
duration of stimulation periods exceeds the duration of
non-stimulation periods.

[0260] FIG. 16B is a diagram 651 schematically illustrat-
ing a stimulation protocol 650, according to one example of
the present disclosure. In some examples, protocol 650
exhibits at least some of substantially the same features and
attributes as the stimulation protocols, as previously
described in association with at least FIGS. 3B-3E. In
general terms, via stimulation protocol 650, via stimulation
element 12 (FIG. 1A) and/or therapy manager 16 (FIG. 1B)
the independent stimulation function 14 implements asyn-
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chronous nerve stimulation which to promote stable respi-
ration despite potential sleep disordered breathing.

[0261] As illustrated in FIG. 16B, the stimulation protocol
650 operates according to stimulation cycles in which the
duration (D) of each stimulation cycle is less than the
duration (R) of the reference respiratory cycles 654A, 654B.
Moreover, in some examples, the stimulation cycle has a
duration (D) which is significantly less (at least half or less)
than the duration (R) of the reference respiratory cycles
654A, 654B. In one of these examples, a duration (D) of the
stimulation cycle is less than 30 percent of the duration (R)
of the reference respiratory cycles 654A, 654B. In one of
these examples, a duration (D) of the stimulation cycle is
less than 20 percent of the duration (R) of the reference
respiratory cycle 654A, 654B. In one such instance, as
illustrated in FIG. 16B, the duration (D) of the stimulation
cycle is about 1 second, whereas the duration (R) of the
reference respiratory cycle is about 6 seconds.

[0262] In some examples of implementing stimulation
protocol 650, within a given stimulation cycle the stimula-
tion period (e.g. 652A, 652B, etc.) and the non-stimulation
period (e.g. 658A, 658B, etc.) are in a proportion of 4 to 1
to vield a stimulation duty cycle of 80 percent (for each
stimulation cycle). In such examples, each stimulation cycle
lasts about 1 time unit (t), including a continuous stimulation
period of 4“I5” time units followed by a non-stimulation
period of a single 5 time unit, with this stimulation cycle
being repeated continuously when nerve stimulation via
stimulation protocol 650 is implemented. Accordingly, in
some examples, the duration of the entire stimulation cycle
(e.g. 4°5” time units of stimulation and a single “'5” time
unit of non-stimulation) is 1 time unit (t), which is signifi-
cantly less than the duration R of the respiratory cycle,
which is 6 time units in this example.

[0263] However, it will be understood that in some
examples, the duration of the stimulation period need not
coincide with a discrete number (e.g. 4) of fractional time
units (e.g. “%” time units) and the duration of the non-
stimulation period need not coincide with a discrete number
(e.g. 1) of fractional time units (e.g. “%” time units).
[0264] Insome examples, the duration (R) of the reference
respiratory cycles (e.g. 654A, 654B, etc.) can be selected to
be more or less than 6 time units (t), as shown in FIG. 16B.
In some examples, the duration (D) of each stimulation cycle
(including a stimulation period, such as 652A and a non-
stimulation period, such as 658A) can be selected to be more
or less than one time unit (t).

[0265] InFIG. 16B, the first end 653 of stimulation period
652A is shown as coinciding with the beginning of an
inspiratory phase 162 of the respiratory cycle 654A. How-
ever, it will be understood that the beginning 653 of the
stimulation period 652A is not synchronized relative to the
inspiratory phase 162. Rather, the beginning 653 of stimu-
lation period 652A is shown as coinciding with the begin-
ning of inspiratory phase 162 for illustrative simplicity in
juxtaposing the stimulation protocol 650 relative to the
reference respiratory cycles 654A, 654B, etc. Accordingly, it
will be understood that when stimulation (according to
stimulation protocol 650) is initiated during a treatment
period, the beginning of the stimulation period 652A may
coincide with a different portion of the reference respiratory
cycle (e.g. 654A) than shown in FIG. 16B.

[0266] As further shown in FIG. 16B, in one aspect, each
respective non-stimulation period (e.g. 658A, 658B, etc.)
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has a duration significantly less than (e.g. at least less than
half) a duration of each respective stimulation period (e.g.
652A, 652B, etc.). In one aspect, the duration of each
stimulation period (e.g. 652A, 652B, etc.) is also signifi-
cantly less than (e.g. at least less than 30%) a duration (R)
of the respective reference respiratory cycles (e.g. 654A,
654B, etc.). In some examples, in stimulation protocol 650,
the duration (D) of each stimulation period (e.g. 652A,
652B, etc.) is significantly less than a duration (I) of the
inspiratory phase 162 of an individual respiratory cycle (e.g.
654A) such that multiple, different stimulation periods occur
during a single inspiratory phase 162. Accordingly, with this
arrangement, several stimulation cycles will be repeated
within a single reference respiratory cycle.

[0267] In some examples, the relatively short duration of
the stimulation cycle causes a successive stimulation period
(e.g. 652B) to begin at a different place within the inspira-
tory phase 162 of the reference respiratory cycle than prior
stimulation period (e.g. 652A), such that the stimulation
pattern is considered to be independent of (i.e. not synchro-
nized relative to) the characteristics of the respiratory cycle.
Rather, the asynchronous nature of stimulation protocol 650
is further exhibited via the stimulation periods 652C-652F
occurring during the expiratory phase 170 of respiratory
cycle 654A because the same stimulation cycle is repeated
regardless of where the stimulation periods falls relative to
different portions of the reference respiratory cycle.

[0268] Accordingly, even though the stimulation is not
synchronized relative to a characteristic (e.g. inspiration) of
the respiratory waveform, no matter where the stimulation
protocol 650 is started relative to a series of respiratory
cycles, the short duration (D) of the stimulation cycle
(relative to the longer duration R of the respiratory cycle)
ensures that at least a portion of two stimulation periods (e.g.
652A, 652B) will significantly overlap (at least a majority)
the inspiratory phase 162 of the respective reference respi-
ratory cycles throughout the portion of the treatment period
during which stimulation protocol 650 is applied.

[0269] In some examples, via therapy manager 16 (FIG.
1B) a clinician can set a criteria how many respiratory cycles
through which the stimulation protocol 650 will be applied
before stimulation terminates and/or before a different
stimulation protocol is implemented. In some examples, the
criteria are based on a predetermined amount of time and/or
a predetermined number of respiratory cycles for a particular
patient.

[0270] It will be understood that each inspiratory phase
162 of each respiratory cycle (204A-204H) is shown in its
ideal form in FIG. 3B, and that in some instances where the
inspiratory phase 162 at least partially coincides with one of
the respective non-stimulation periods (e.g. 218D), the
inspiratory phase may sometimes have an irregular shape
compared to the idealized shape shown in FIG. 3B.

[0271] Accordingly, via stimulation protocol 650, the
independent stimulation function 14 of therapy manager 16
(FIG. 1B) employs asynchronous nerve stimulation to
achieve stable respiration despite potential sleep disordered
breathing.

[0272] In some examples, the stimulation protocol 650
(and similar protocols described above) is implemented via
the “other” function 496 (FIG. 15A) of override function
492 to help overcome the type of persistent sleep-disordered
breathing that does not become controlled via less intensive
stimulation protocols. Accordingly, stimulation protocol 650
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provides stimulation, which is not continuous but which has
an intensity substantially greater than implemented via the
stimulation protocols of one of the independent stimulation
function 454 (FIG. 12) or the respiratory-dependent function
456 (FIG. 12), as previously illustrated in association with at
least FIGS. 3B-3E.

[0273] However, unlike a continuous stimulation pattern
such as provided via continuous function 494 (FIG. 15A) of
override function 492, stimulation protocol 650 regularly
provides non-stimulation periods to enable the targeted
nerve and/or muscle to rest somewhat among the stimulation
periods, while still achieving an overall 80% stimulation
duty cycle. In this arrangement, multiple stimulation periods
can occur during each inspiratory phase of the repeating
reference respiratory cycles such that no inspiratory phase
occurs without stimulation occurring during at least a major-
ity of any given inspiratory phase. In one aspect, such an
arrangement may contribute to more favorable patient com-
fort or tolerance for the implementation of the “other”
override function and/or contribute to diminishing any
potential nerve or muscle fatigue.

[0274] In some examples, variations of stimulation proto-
col 650 are implemented in which the duration (D) of the
stimulation cycle is significantly less than the duration (R) of
the reference respiratory cycle, and the stimulation duty
cycle is about 60 percent or 70 percent (instead of 80
percent). In such an arrangement, multiple stimulation peri-
ods can still occur during each inspiratory phase of the
repeating reference respiratory cycles such that no inspira-
tory phase occurs without stimulation occurring during at
least a majority of any given inspiratory phase, but with
more non-stimulation available. In one aspect, such an
arrangement may provide more comfort for some patients
and/or potentially less muscle fatigue, as compared to the
illustrated example stimulation protocol 650 having an 80%
stimulation duty cycle (with relatively short duration stimu-
lation cycles).

[0275] As with the other example stimulation protocols
described herein, stimulation protocol 650 can be modified
by an operator via the various parameters, functions, and
components as previously described in association with at
least FIGS. 4-5 can be selected and/or adjusted via a control
portion (56 in FIG. 2C; 360 in FIG. 9; 380 in FIG. 10) in
association with user interface (396 in FIG. 11A; 400 in FIG.
11B).

[0276] FIG. 17A1s a flow diagram 700 of a method 701 of
nerve stimulation to treat sleep disordered breathing, accord-
ing to one example of the present disclosure. In some
examples, method 701 is performed using the components,
elements, systems, etc. previously described and illustrated
in association with FIGS. 1-16B. In some examples, method
701 is performed using components, elements, systems, etc.
other than those previously described and illustrated in
association with FIGS. 1-16B.

[0277] As shownin FIG. 17A, at 705 method 701 includes
asynchronously stimulating an airway-patency-related
nerve, according to a first stimulation protocol of stimulation
cycles including a stimulation period and a non-stimulation
period.

[0278] FIG. 17B is a flow diagram 720 of a method 721 of
nerve stimulation to treat sleep disordered breathing, accord-
ing to one example of the present disclosure. In some
examples, method 721 is performed using the components,
elements, systems, etc. previously described and illustrated
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in association with FIGS. 1-16B. In some examples, method
721 is performed using components, elements, systems, etc.
other than those previously described and illustrated in
association with FIGS. 1-16B.

[0279] As shown in FIG. 17B, in cooperation with the
method 701 of FIG. 17A, method 721 includes performing
nerve stimulation via the therapy manager providing auto-
matic convertible operation between the independent stimu-
lation mode/function of FIG. 17A and a second stimulation
mode of stimulating the airway-patency-related nerve syn-
chronous with a characteristic of the sensed respiratory
waveform, as shown at 724. With this arrangement, the
therapy manager causes operation in the first mode for at
least a first predetermined period of time (726) and converts
operation into the second mode upon at least one parameter
of the sensed respiratory waveform meeting a sensor signal
quality criteria (728). Upon the at least one parameter of the
sensed respiratory waveform failing to meet the sensor
signal quality criteria (730), operation reverts into the first
mode for at least the first predetermined period of time In
this example, the first mode acts as the default mode of
operation.

[0280] Insome examples, the sensor signal quality criteria
is indicative of the system’s ability to actually deliver
stimulation at the targeted portion of the respiratory period
with a high degree of confidence. In some examples the
system may define an obstructive event (e.g. apnea/hypo-
pnea) as lasting at least 10 seconds, then the above-men-
tioned high degree of confidence would correspond to not
missing the target portion of the respiratory period twice in
consecutive respiratory cycles.

[0281] In some examples, the sensor signal quality criteria
can be indicative of a patient’s real-time condition either in
the absence of or in the presence of stimulation. In some
examples, the sensor signal quality criteria can be indicative
of sensor noise, thereby indicating how well the sensor
signal correlates with the patient’s real-time condition.
[0282] However, in some examples, the second mode can
act as the default mode of operation. Accordingly, as shown
in FIG. 17C, in cooperation with the method 701 of FIG.
17A, method 771 includes performing nerve stimulation via
the therapy manager providing convertible operation
between the independent stimulation mode/function of FIG.
17A and a second stimulation mode of stimulating the
airway-patency-related nerve synchronous with a character-
istic of the sensed respiratory waveform, as shown at 774.
With this arrangement, the therapy manager causes opera-
tion in the second mode (776), and upon at least one
parameter of the sensed respiratory waveform failing to
meet a sensor signal quality criteria, operation converts into
the first mode for at least a first predetermined period of time
(778). At 780, upon the at least one parameter of the sensed
respiratory waveform meeting the sensor signal quality
criteria, operation reverts back into the second mode.
[0283] In some examples, with respect to at least FIGS.
17B and 17C, the conversion between the first stimulation
mode and the second stimulation mode is automatic.
[0284] With respect to selection of the first mode or the
second mode in association with FIGS. 17B and 17C, in
some examples a therapy manager 800 includes a default
mode selector function 802 (as shown in FIG. 18) to enable
user selection of either the first mode or the second mode as
a default mode. In some examples, the therapy manager 800
also comprises at least some of the features and attributes as
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therapy manager 16 (FIG. 1B) and other examples of a
therapy manager, as previously described in association with
at least FIGS. 1-17C.

[0285] With respect to selection of the first mode or the
second mode in association with FIGS. 17B and 17C, in
some examples a therapy manager 850 includes a manual
conversion function 852 (as shown in FIG. 19) to selectively
cause conversion between the two different stimulation
modes. In one aspect, such selective conversion can be
implemented during operator titration of the therapeutic
treatment as the operator adjusts parameters of the stimula-
tion protocols for a particular patient. In some examples, the
therapy manager 850 also comprises at least some of the
features and attributes as therapy manager 16 (FIG. 1B) and
other examples of a therapy manager, as previously
described in association with at least FIGS. 1-17C. Accord-
ingly, at least some examples of the present disclosure
provide for a robust scheme to increase the effectiveness of
nerve stimulation to treat sleep disordered breathing.
[0286] Although specific examples have been illustrated
and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific examples shown and described without departing from
the scope of the present disclosure. This application is
intended to cover any adaptations or variations of the
specific examples discussed herein.

What is claimed is:

1. A device for treating sleep disordered breathing, com-
prising:

a stimulation element to stimulate an airway-patency-
related nerve, according to a first stimulation protocol
not synchronized relative to sensed respiratory infor-
mation and in which each stimulation cycle includes a
stimulation period and a non-stimulation period.

2. The device of claim 1, wherein the stimulation is
implemented via an implanted electrode and the device
includes an implantable pulse generator in which the stimu-
lation element is at least partially stored.

3. The device of claim 1, wherein a total duration of
stimulation via the first stimulation protocol during a treat-
ment period is greater than 30 percent of the total duration
of the treatment period.

4. The device of claim 3, wherein each stimulation period
includes continuous stimulation and has a minimum dura-
tion equal to or greater than an inspiratory reference.

5. The device of claim 4, wherein the inspiratory reference
corresponds to a duration of an inspiratory phase of a
reference respiratory cycle.

6. The device of claim 5, wherein each stimulation period
of the stimulation cycle has a duration greater than a
duration of the inspiratory reference followed by the non-
stimulation period having a duration less than the duration of
the stimulation period.

7. The device of claim 1, wherein the duration of the
stimulation period is at least 25 percent of a duration of the
stimulation cycle.

8. The device of claim 1, wherein the duration of the
stimulation period is at least 50 percent of a duration of the
stimulation cycle.

9. The device of claim 1, wherein the duration of the
stimulation period is at least 80 percent of the duration of the
stimulation cycle.
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10. The device of claim 1, wherein the duration of the
stimulation period is less than 80 percent of a duration of the
stimulation cycle.

11. The device of claim 1, wherein the duration of the
stimulation period is at least 25 percent of a duration of the
reference respiratory cycle.

12. The device of claim 1, wherein the duration of the
stimulation period is at least 50 percent of a duration of the
reference respiratory cycle.

13. The device of claim 1, wherein the duration of the
stimulation period is at least 80 percent of the duration of the
reference respiratory cycle.

14. The device of claim 1, wherein the duration of the
stimulation period is less than 80 percent of a duration of the
reference respiratory cycle.

15. The device of claim 6 wherein the duration of the
stimulation cycle is less than the duration of the reference
respiratory cycle, and a duration of the stimulation period
exceeds the duration of the non-stimulation period by a
factor of 3.

16. The device of claim 15, wherein the stimulation period
and the non-stimulation period are in a proportion of 4 to 1.

17. The device of claim 6, wherein the duration of the
stimulation cycle is greater than the duration of the reference
respiratory cycle.

18. The device of claim 17, wherein the stimulation period
and the non-stimulation period are in a proportion of at least
1.5t 1.

19. The device of claim 17, wherein the stimulation period
and the non-stimulation period are in a proportion of at least
3to 1.

20. The device of claim 6, wherein the duration of the
stimulation cycle is equal to the duration of the reference
respiratory cycle, and wherein the duration of the reference
respiratory cycle differs from a duration of a real time
respiratory cycle by an amount exceeding a duration vari-
ability criteria.

21. The device of claim 20, wherein the stimulation period
and the non-stimulation period are in a proportion of 4 to 1.

22. The device of claim 6, wherein each stimulation cycle
includes:

at least two different duration continuous stimulation

periods; and

at least two different duration non-stimulation periods.

23. The device of claim 3, wherein each stimulation
period includes continuous stimulation and a duration of the
stimulation cycle is substantially less than a duration of the
reference respiratory cycle.

24. The device of claim 23, wherein the duration of the
stimulation cycle less than 50 percent of the duration of the
reference respiratory cycle.

25. The device of claim 23, wherein the duration of the
stimulation cycle less than 20 percent of the duration of the
reference respiratory cycle.

26. The device of claim 23, wherein a duration of each
stimulation period of the respective stimulation cycles is
substantially less than a duration of an inspiratory phase of
the reference respiratory cycle.

27. The device of claim 26, wherein a sum of the duration
of at least two stimulation cycles is less than or equal to the
duration of an inspiratory phase of the reference respiratory
cycle.
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28. The device of claim 27, wherein a duration of a
non-stimulation period of each stimulation cycle is substan-
tially less than the duration of the stimulation period of each
stimulation cycle.

29. The device of claim 28, wherein for each stimulation
cycle, the stimulation period and the non-stimulation period
are in a proportion of 4 to 1.

30. The device of claim 1, comprising:

a cuff electrode including a single operative contact group
of at least two electrodes through which the stimulation
is deliverable non-selectively to the airway-patency-
related nerve.

31. The device of claim 1, comprising:

a cuff electrode including at least one operative contact
group through which the stimulation is deliverable
non-selectively to the airway-patency-related nerve.

32. The device of claim 1, comprising a non-volatile
computer readable medium to store instructions, executable
on a processor, to implement the first stimulation element
and to perform the first stimulation protocol.

33. A device for treating sleep disordered breathing com-
prising:

a stimulation element to stimulate an airway-patency-
related nerve, according to a first stimulation protocol
not synchronized relative to sensed respiratory infor-
mation and in which each stimulation cycle includes a
stimulation period and a non-stimulation period; and

a sensing element to obtain respiratory information.

34. The device of claim 33, wherein the sensing element
is to obtain the respiratory information via sensing respira-
tory-related behavior.

35. The device of claim 33, wherein sensing respiratory-
related behavior includes at least periodically sensing a
respiratory waveform without synchronization to stimula-
tion.

36. The device of claim 35, wherein the stimulation
element includes a function selector to automatically select,
for the first stimulation protocol, between:

a first function to apply a repeating stimulation cycle
having a duration different than a duration of the
reference respiratory cycle, when the duration of the
respiratory cycles in the sensed respiratory information
is less variable than a respiratory duration variability
criteria; and

a second function to apply a repeating stimulation cycle
having a duration matching the duration of the respi-
ratory cycle reference, when the duration of respiratory
cycles in the sensed respiratory information is more
variable than the respiratory duration variability crite-
ria.

37. The device of claim 33, wherein the stimulation
element is activated for stimulation upon the sensing ele-
ment identifying sleep disordered breathing behavior meet-
ing or exceeding a severity threshold and is deactivated upon
the sensing element identifying that the sleep disordered
breathing behavior is less than the severity threshold.

38. The device of claim 37, wherein the sensing element
is configured to be in an inactive state by default and is
periodically, temporarily activated to sense respiratory infor-
mation to perform at least one of:

evaluating effectiveness of therapy according to at least
the detected sleep disordered breathing relative to the
severity threshold; and
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calibrating the reference respiratory cycle relative to the
sensed respiratory information.

39. The device of claim 33, comprising:

a therapy manager to evaluate the first stimulation proto-
col relative to the reference respiratory cycle based on
the obtained respiratory information.

40. The device of claim 39, wherein in response to the
evaluation, the therapy manager modifies at least one of the
reference respiratory cycle and the first stimulation protocol,
wherein modifying the first stimulation protocol includes at
least one of:

adjusting features of the first stimulation protocol; and

substituting a different stimulation protocol for the first
stimulation protocol.

41. The device of claim 39, wherein the therapy manager
includes a stimulation protocol manager including an array
of selectable stimulation protocols, including the first stimu-
lation protocol, and

wherein the stimulation protocol manager further includes
a rotation parameter to automatically cause the first
stimulation element to apply at least some of the
respective stimulation protocols on a rotating basis.

42. The device of claim 41, wherein the therapy manager
evaluates the selectable stimulation protocols for therapeutic
effectiveness and selects at least one stimulation protocol to
be applied on a non-rotating basis.

43. The device of claim 37, wherein the therapy manager
evaluates the sensed respiratory information, and upon a
determination that the first stimulation protocol fails to result
in the detected sleep disordered breathing behavior being
less than the severity threshold or that the sensed respiratory
information fails to meet a sensor signal quality criteria, the
therapy manager converts operation of the first stimulation
element from the first stimulation protocol to a second
stimulation protocol in which stimulation is applied con-
tinuously for at least two respiratory cycles or until the
detected sleep disordered breathing behavior is less than the
severity threshold.

44. The device of claim 33, comprising:

wherein the therapy manager is configured to detect sleep
disordered breathing behavior from respiratory infor-
mation sensed via the sensing element, and upon the
sleep disordered breathing behavior meeting or exceed-
ing a severity threshold, the therapy manager causes
operation to convert from the first stimulation protocol
into a second stimulation protocol for a second prede-
termined period of time or until the detected sleep
disordered breathing behavior is less than the severity
threshold.

45. The device of claim 44, wherein the detected sleep
disordered breathing behavior is less than the severity
threshold when the detected sleep disordered breathing
behavior is absent for three consecutive respiratory cycles as
sensed via the sensing element.

46. The device of claim 44, wherein the second stimula-
tion protocol provides continuous stimulation.

47. The device of claim 44, wherein the second stimula-
tion protocol provides non-continuous stimulation.

48. The device of claim 39, wherein the stimulation
element is activated in a first mode for stimulation upon the
sensing element identifying sleep disordered breathing
behavior meeting or exceeding a severity threshold and is
deactivated upon the sensing element identifying that the
sleep disordered breathing behavior is less than the severity
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threshold, and wherein upon a determination that detected
sleep disordered breathing behavior meets or exceeds the
severity threshold, the therapy manager terminates operation
in the first stimulation mode and initiates operation in a third
mode in which continuous stimulation is applied.

49. The device of claim 48, wherein the third mode is
applied, before reverting to the first mode, until at least one
of:

the detected sleep disordered breathing behavior is less
than the severity threshold;

the detected sleep disordered breathing behavior is absent
for three consecutive respiratory cycles as sensed via
the sensing element; and

the continuous stimulation has been applied for a prede-
termined maximum period.

50. The device of claim 49, wherein the predetermined

maximum period is 120 seconds.

51. The device of claim 48, wherein upon a determination
that detected sleep disordered breathing behavior meets or
exceeds the severity threshold, the therapy manager termi-
nates operation in the first mode and initiates operation in a
third mode including a stimulation protocol of a continuous
stimulation period and a non-stimulation period in a pro-
portion of at least 3 to 1 wherein the continuous stimulation
period has a duration equal to or greater than a duration of
at least four respiratory cycles.

52. The device of claim 48, wherein in the first mode, the
therapy manager causes stimulation at a first amplitude level
and wherein, during at least a portion of operation in the
third mode, the therapy manager causes stimulation at a
second amplitude level substantially greater than the first
amplitude level.

53. A device for treating sleep disordered breathing com-
prising:

a stimulation element to stimulate an airway-patency-
related nerve, according to a first stimulation protocol
not synchronized relative to sensed respiratory infor-
mation and in which each stimulation cycle includes a
stimulation period and a non-stimulation period,

a sensing element to receive respiratory information; and

a therapy manager to provide convertible operation
between:

a first stimulation mode implementing the first stimu-
lation protocol; and

a second stimulation mode of stimulating the airway-
patency-related nerve synchronous with a characteristic
of the sensed respiratory waveform.

54. The device of claim 53, wherein the therapy manager

causes:

operation in the first mode for at least a first predeter-
mined period of time;

converts operation into the second mode upon at least one
parameter of the sensed respiratory waveform meeting
a sensor signal quality criteria; and

reverts operation into the first mode for at least the first
predetermined period of time upon the at least one
parameter of the sensed respiratory waveform failing to
meet the sensor signal quality criteria.

55. The device of claim 54, wherein conversion between

the first and second modes is automatic.

56. The device of claim 54, wherein conversion between
the first and second modes is manual during operator titra-
tion of a therapy regimen implemented via the first stimu-
lation element.
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57. The device of claim 53, wherein the therapy manager
includes a default mode selector to enable selection of either
the first mode or the second mode as a default mode of
operation, and wherein when the first mode is user-selected
as the default mode, the therapy manager causes:

operation in the first mode for at least a first predeter-

mined period of time;
converts operation into the second mode upon at least one
parameter of the sensed respiratory waveform meeting
a sensor signal quality criteria; and

reverts operation into the first mode for at least the first
predetermined period of time upon the at least one
parameter of the sensed respiratory waveform failing to
meet the sensor signal quality criteria.

58. The device of claim 53, wherein the therapy manager
includes a default mode selector to enable selection of either
the first mode or the second mode as a default mode of
operation, and wherein when the second mode is user-
selected as the default mode, the therapy manager causes:

operation in the second mode;
converts operation into the first mode, for at least a first
predetermined period of time, upon at least one param-
eter of the sensed respiratory waveform failing to meet
a sensor signal quality criteria; and

reverts operation into the second mode upon the at least
one parameter of the sensed respiratory waveform
meeting the sensor signal quality criteria.

59. The device of claim 53, wherein the first stimulation
mode is a non-testing mode.

60. The device of claim 53, wherein the therapy manager
is configured to selectively maintain full-time operation in
the first stimulation mode and to deactivate the sensing
element during the full-time operation in the first stimulation
mode.

61. The device of claim 53, wherein upon a determination
that detected sleep disordered breathing behavior meets or
exceeds the severity threshold, the therapy manager termi-
nates operation in the respective first and second stimulation
modes and initiates operation in a third mode in which
continuous stimulation is applied.

62. The device of claim 61, wherein the third mode is
applied, before reverting to the first mode, until at least one
of:

the detected sleep disordered breathing behavior is less

than the severity threshold; and

the detected sleep disordered breathing behavior is absent

for three consecutive respiratory cycles as sensed via
the sensing element; and

the continuous stimulation has been applied for a prede-

termined maximum period.

63. The device of claim 62, wherein the predetermined
maximum period is 120 seconds.

64. The device of claim 53, wherein upon a determination
that detected sleep disordered breathing behavior meets or
exceeds the severity threshold, the therapy manager termi-
nates operation in the respective first and second stimulation
modes and initiates operation in a third mode including a
stimulation protocol of a continuous stimulation period and
a non-stimulation period in a proportion of at least 3 to 1
wherein the continuous stimulation period has a duration
equal to or greater than a duration of at least four respiratory
cycles.

65. The device of claim 61, wherein in the first and second
modes, the therapy manager causes stimulation at a first
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amplitude level and wherein, during at least a portion of
operation in the third mode, the therapy manager causes
stimulation at a second amplitude level substantially greater
than the first amplitude level.

66. The device of claim 53, wherein the characteristic of
the respiratory waveform is at least one of inspiration, a
transition between expiratory pause and inspiration, a tran-
sition between inspiration and a first portion of expiration,
peak inspiration, peak expiration, and expiratory pause.

67. The system of claim 53, wherein the at least one
parameter of the respiratory waveform is at least one of:

a peak-to-peak amplitude;

a respiratory rate;

an duty cycle associated with at least one of inspiration,

expiration, and expiratory pause; and

a statistical stability of at least one of the peak-to-peak

amplitude, the respiratory rate, and the inspiratory duty
cycle.
68. The device of claim 53, wherein the therapy manager
causes:
operation in the second mode;
converts operation into the first mode, for at least a first
predetermined period of time, upon at least one param-
eter of the sensed respiratory waveform failing to meet
a sensor signal quality criteria; and

reverts operation into the second mode upon the at least
one parameter of the sensed respiratory waveform
meeting the sensor signal quality criteria.

69. The device of claim 68, wherein conversion between
the first and second modes is automatic.

70. The device of claim 68, wherein conversion between
the first and second modes is manual during operator titra-
tion of a therapy regimen implemented via the first stimu-
lation element.

71. A device including a processing resource to execute
machine-readable instructions, stored in a non-transitory
medium, to:

stimulate an airway-patency-related nerve, according to a

first stimulation protocol not synchronized relative to
sensed respiratory information and in which each
stimulation cycle includes a stimulation period and a
non-stimulation period.

72. The device of claim 71, comprising:

an implantable electrode; and

a pulse generator in which the non-transitory medium is

housed and which is in electrical communication with
the implantable electrode.

73. The device of claim 71, wherein a total duration of
stimulation during a treatment period is greater than 30
percent of the total duration of the treatment period.

74. The device of claim 73, wherein each stimulation
period includes continuous stimulation and has a minimum
duration equal to or greater than a duration of an inspiratory
phase of a reference respiratory cycle.

75. The device of claim 74, wherein each stimulation
cycle of the first stimulation protocol includes each stimu-
lation period having a duration greater than the duration of
the inspiratory phase followed by the non-stimulation period
having a duration less than the duration of the stimulation
period.

76. The device of claim 71, wherein the duration of the
stimulation period is at least 25 percent of a duration of the
stimulation cycle.
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77. The device of claim 71, wherein the duration of the
stimulation period is at least 50 percent of a duration of the
stimulation cycle.

78. The device of claim 71, wherein the duration of the
stimulation period is at least 80 percent of the duration of the
stimulation cycle.

79. The device of claim 71, wherein the duration of the
stimulation period is less than 80 percent of a duration of the
stimulation cycle.

80. The device of claim 71, wherein the duration of the
stimulation period is at least 25 percent of a duration of the
reference respiratory cycle.

81. The device of claim 75, wherein the duration of the
stimulation period of the stimulation cycle is at least 50
percent of the duration of the reference respiratory cycle.

82. The device of claim 75, wherein the duration of the
stimulation period of the stimulation cycle is at least 80
percent of the duration of the reference respiratory cycle.

83. The device of claim 71, wherein the duration of the
stimulation period is less than 80 percent of a duration of the
reference respiratory cycle.

84. The device of claim 75 wherein the duration of the
stimulation cycle is less than the duration of the reference
respiratory cycle, and a duration of the stimulation period
exceeds the duration of the non-stimulation period by a
factor of 3.

85. The device of claim 84, wherein the stimulation period
and the non-stimulation period are in a proportion of 4 to 1.

86. The device of claim 75, wherein the duration of the
stimulation cycle is greater than the duration of the reference
respiratory cycle.

87. The device of claim 86, wherein the stimulation period
and the non-stimulation period are in a proportion of at least
one of:

at least 1.5 to 1; and

at least 3 to 1.

88. The device of claim 75, wherein the duration of the
stimulation cycle is equal to the duration of the reference
respiratory cycle, and wherein the duration of the reference
respiratory cycle differs from a duration of a real time
respiratory cycle by an amount exceeding a respiratory
duration variability criteria.

89. The device of claim 71, wherein each stimulation
cycle includes:

at least two different duration continuous stimulation

periods; and

at least two different duration non-stimulation periods.

90. The device of claim 89, wherein each stimulation
period includes continuous stimulation and a duration of the
stimulation cycle is substantially less than a duration of the
reference respiratory cycle.

91. The device of claim 90, wherein the duration of the
stimulation cycle less than 50 percent of the duration of the
reference respiratory cycle.

92. The device of claim 90, wherein the duration of the
stimulation cycle less than 20 percent of the duration of the
reference respiratory cycle.

93. The device of claim 90, wherein a duration of each
stimulation period of the respective stimulation cycles is
substantially less than a duration of an inspiratory phase of
the reference respiratory cycle.
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94. The device of claim 93, wherein a sum of the duration
of at least two stimulation cycles is less than or equal to the
duration of an inspiratory phase of the reference respiratory
cycle.

95. The device of claim 94, wherein a duration of a
non-stimulation period of each stimulation cycle is substan-
tially less than the duration of the stimulation period of each
stimulation cycle.

96. The device of claim 95, wherein for each stimulation
cycle, the stimulation period and the non-stimulation period
are in a proportion of 4 to 1.50.

97. The device of claim 71, the instructions to automati-
cally select, for the first stimulation protocol, between:

a first function to apply a repeating stimulation cycle
having a duration different than a duration of the
reference respiratory cycle, when the duration of the
respiratory cycles in the sensed respiratory information
is less variable than a respiratory duration variability
criteria; and

a second function to apply a repeating stimulation cycle
having a duration matching the duration of the respi-
ratory cycle reference, when the duration of respiratory
cycles in the sensed respiratory information is more
variable than the respiratory duration variability crite-
ria.

98. The device of claim 71, the instructions to activate
stimulation of the airway-patency-related nerve upon iden-
tification of sleep disordered breathing behavior meeting or
exceeding a severity threshold and to deactivate stimulation
upon identification that the sleep disordered breathing
behavior is less than the severity threshold.

99. The device of claim 71, the instructions to implement
a therapy manager to evaluate the first stimulation protocol
relative to the reference respiratory cycle based on sensed
respiratory information.

100. The device of claim 99, the instructions to implement
the therapy manager via a stimulation protocol manager
including an array of selectable stimulation protocols,
including the first stimulation protocol, and

wherein the stimulation protocol manager further includes
a rotation parameter to automatically cause the first
stimulation element to apply at least some of the
respective stimulation protocols on a rotating basis.

101. The device of claim 99, the instructions to implement
the therapy manager to evaluate the sensed respiratory
information and upon a determination that at least one of the
first stimulation protocol failing to result in the detected
sleep disordered breathing behavior being less than the
severity threshold or that the sensed respiratory information
is unstable, the therapy manager converts operation of the
first stimulation element from the first stimulation protocol
to stimulation protocol in which stimulation is applied
continuously for at least two respiratory cycles or until the
detected sleep disordered breathing behavior is less than the
severity threshold.

102. The device of claim 101, the instructions to imple-
ment the second stimulation protocol stimulation to be
applied continuously for at least four respiratory cycles or
until the detected sleep disordered breathing behavior is less
than the severity threshold.

103. The device of claim 99, the instructions to implement
the therapy manager to detect sleep disordered breathing
behavior from respiratory information sensed via the sensing
element, and upon the sleep disordered breathing behavior
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meeting or exceeding a severity threshold, the therapy
managet causes operation to convert from the first stimula-
tion protocol into a second stimulation protocol for a second
predetermined period of time or until the detected sleep
disordered breathing behavior is less than the severity
threshold.

104. The device of claim 103, the instructions to imple-
ment the second stimulation protocol to provide continuous
stimulation.

105. The device of claim 99, the instructions to implement
the therapy manager to provide automatic convertible opera-
tion between:

the first stimulation mode to implement the first stimula-

tion protocol; and

a second stimulation mode of stimulating the airway-

patency-related nerve synchronous with a characteristic
of the sensed respiratory waveform,

wherein the therapy manager causes:

operation in the first mode for at least a first predeter-
mined period of time;

converts operation into the second mode upon at least
one parameter of the sensed respiratory waveform
meeting a sensor signal quality criteria; and

reverts operation into the first mode for at least the first
predetermined period of time upon the at least one
parameter of the sensed respiratory waveform failing
to meet the sensor signal quality criteria.

106. The device of claim 105, the instructions to imple-
ment the first stimulation mode as a non-testing mode.

107. The device of claim 105, the instructions to imple-
ment the therapy manager to selectively maintain full-time
operation in the first stimulation mode and to deactivate the
sensing element during the full-time operation in the first
stimulation mode.

108. The device of claim 105, the instructions to imple-
ment the therapy manager to, upon a determination that
detected sleep disordered breathing behavior meets or
exceeds the severity threshold, terminate operation in the
respective first and second stimulation modes and initiates
operation in a third mode in which continuous stimulation is
applied.

109. The device of claim 108, the instructions to imple-
ment the third mode, before reverting to the first mode, until
at least one of:

the detected sleep disordered breathing behavior is less

than the severity threshold; and

the detected sleep disordered breathing behavior is absent

for three consecutive respiratory cycles as sensed via
the sensing element.

110. The device of claim 108, the instructions to imple-
ment the therapy manager, in the first and second modes, to
cause stimulation at a first amplitude level and wherein,
during at least a portion of operation in the third mode, the
therapy manager causes stimulation at a second amplitude
level substantially greater than the first amplitude level.

111. The device of claim 105, the instructions to define the
characteristic of the respiratory waveform is at least one of
inspiration, a transition between expiratory pause and inspi-
ration, a transition between inspiration and a first portion of
expiration, peak inspiration, peak expiration, and expiratory
pause.

112. The device of claim 105, the instructions to define
herein the at least one parameter of the respiratory waveform
as at least one of:

May 3, 2018

a peak-to-peak amplitude;

a respiratory rate;

an inspiratory duty cycle; and

a statistical stability of at least one of the peak-to-peak

amplitude, the respiratory rate, and the inspiratory duty
cycle.

113. The device of claim 75, the instructions to implement
a therapy manager to evaluate the first stimulation protocol
relative to the reference respiratory cycle based on sensed
respiratory information and based on the evaluation, to
determine parameters of the stimulation cycle.

114. The device of claim 113, the instructions to define the
sensed respiratory information to includes at least respira-
tory rate and a percentage of the respiratory rate defined by
an inspiratory phase.

115. The device of claim 113, the instructions to define the
parameters of the stimulation cycle include at least a dura-
tion of the stimulation cycle, a relative proportion of a
stimulation period and a non-stimulation period of the
stimulation cycle, and a number of stimulation periods and
non-stimulation periods of the stimulation cycle.

116. The device of claim 71, the instructions to implement
convertible operation between:

a first stimulation mode implementing the first stimulation

protocol; and

a second stimulation mode of stimulating the airway-

patency-related nerve synchronous with a characteristic
of the sensed respiratory waveform.

117. The device of claim 116, the instructions to imple-
ment the convertible operation as:

operation in the first mode for at least a first predeter-

mined period of time;

converting operation into the second mode upon at least

one parameter of the sensed respiratory waveform
meeting a sensor signal quality criteria; and

reverting operation into the first mode for at least the first

predetermined period of time upon the at least one
parameter of the sensed respiratory waveform failing to
meet the sensor signal quality criteria.

118. The device of claim 116, the instructions to imple-
ment the conversion between the first and second modes to
be automatic.

119. The device of claim 116, the instructions to imple-
ment the conversion between the first and second modes to
be manual during operator titration of a therapy regimen
implemented via the first stimulation element.

120. The device of claim 116, the instructions to enable
selection of the first mode or the second mode as a default
mode of operation, and the instructions to implement, when
the first mode is user-selected as the default mode, convert-
ible operation as:

operation in the first mode for at least a first predeter-

mined period of time;
converts operation into the second mode upon at least one
parameter of the sensed respiratory waveform meeting
a sensor signal quality criteria; and

reverts operation into the first mode for at least the first
predetermined period of time upon the at least one
parameter of the sensed respiratory waveform failing to
meet the sensor signal quality criteria.

121. The device of claim 116, the instructions to enable
selection of the first mode or the second mode as a default
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mode of operation, and the instructions to implement, when
the second mode is user-selected as the default mode,
convertible operation as:

operation in the second mode;

converts operation into the first mode, for at least a first

predetermined period of time, upon at least one param-

eter of the sensed respiratory waveform failing to meet

a sensor signal quality criteria; and

reverts operation into the second mode upon the at least

one parameter of the sensed respiratory waveform

meeting the sensor signal quality criteria.

122. A device including a processing resource to execute
machine-readable instructions, stored in a non-transitory
medium, to:

provide convertible operation between:

a first mode to stimulate an airway-patency-related
nerve, according to a first stimulation protocol not
synchronized relative to sensed respiratory informa-
tion and in which each stimulation cycle includes a
stimulation period and a non-stimulation period; and

a second stimulation mode of stimulating the airway-
patency-related nerve synchronous with a character-
istic of the sensed respiratory waveform.

123. The device of claim 122, the instructions to imple-
ment the convertible operation as:

operation in the first mode for at least a first predeter-

mined period of time; and

converting operation in the second mode upon at least one

parameter of the sensed respiratory waveform meeting

a sensor signal quality criteria.

124. The device of claim 123, the instructions to imple-
ment the convertible operation as:

reverting operation into the first mode for at least the first

predetermined period of time upon the at least one

parameter of the sensed respiratory waveform failing to
meet the sensor signal quality criteria.
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125. The device of claim 122, the instructions to imple-
ment the conversion between the first and second modes to
be automatic.

126. The device of claim 122, the instructions to imple-
ment the conversion between the first and second modes to
be manual during operator titration of a therapy regimen
implemented via the first stimulation element.

127. The device of claim 122, the instructions to enable
selection of the first mode or the second mode as a default
mode of operation, and the instructions to implement, when
the first mode is user-selected as the default mode, convert-
ible operation as:

operation in the first mode for at least a first predeter-

mined period of time;
converts operation into the second mode upon at least one
parameter of the sensed respiratory waveform meeting
a sensor signal quality criteria; and

reverts operation into the first mode for at least the first
predetermined period of time upon the at least one
parameter of the sensed respiratory waveform failing to
meet the sensor signal quality criteria.
128. The device of claim 122, the instructions to enable
selection of the first mode or the second mode as a default
mode of operation, and the instructions to implement, when
the second mode is user-selected as the default mode,
convertible operation as:
operation in the second mode;
converts operation into the first mode, for at least a first
predetermined period of time, upon at least one param-
eter of the sensed respiratory waveform failing to meet
a sensor signal quality criteria; and

reverts operation into the second mode upon the at least
one parameter of the sensed respiratory waveform
meeting the sensor signal quality criteria.
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