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ACCELEROMETER-BASED SENSING FOR 

SLEEP DISORDERED BREATHING (SDB) CARE 

Cross-Reference 

[0001] This application is a PCT Application that claims priority to U.S. Provisional Patent 

Application Number 62/324,388, entitled "ACCELEROMETER SENSOR FOR IMPLANTABLE 

STIMULATION THERAPY," having a filing date of April 19, 2016, and is incorporated herein by 

reference.  

Background 

[0002] Sensing physiologic information may enhance patient health. In some instances, such 

sensing may be implemented in association with treating sleep disordered breathing, which has 

led to improved sleep quality for some patients.  

[0002A] Any discussion of documents, acts, materials, devices, articles or the like which has 

been included in the present specification is not to be taken as an admission that any or all of 

these matters form part of the prior art base or were common general knowledge in the field 

relevant to the present disclosure as it existed before the priority date of each of the appended 

claims.  

Summary 

[0002B] In one aspect there is provided a sleep disordered breathing (SDB) care device 

comprising: 

at least one implantable accelerometer sensor to sense at least physiologic information; 

and 

a control portion to receive the sensed physiologic information from the implantable 

accelerometer sensor, wherein the control portion comprises:
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a feature extraction function to determine from the sensed physiologic 

information, according to power spectral density, respiration information from 

cardiac information, wherein the respiration information comprises respiratory 

phase information; and 

a respiration monitor to determine, at least one of an inspiratory phase 

and an expiratory phase, based on the determined respiratory phase 

information; and 

an implantable pulse generator to treat obstructive sleep apnea via selective stimulation 

of at least a hypoglossal nerve via a stimulation element, during a portion of the inspiratory 

phase, based on the determined respiratory phase information from the respiration monitor, 

wherein the implantable pulse generator comprises the control portion.  

[0002C] In another aspect there is provided a sleep disordered breathing (SDB) care device, 

comprising: 

an implantable accelerometer sensor to sense physiologic information; and 

an implantable pulse generator including a control portion programmed to: 

determine from the sensed physiologic information, according to power 

spectral density, respiratory information from cardiac information; 

generate a stimulation signal to stimulate, via a stimulation element and in 

an open loop mode without regard to respiratory phase information of the 

determined respiratory information, at least the hypoglossal nerve; 

detect, based on at least the determined respiratory information, a number 

ofapnea-hypopnea events; 

automatically implement changes to the stimulation signal based upon 

changes in the detected number of apnea-hypopnea events.  

[0002D] Throughout this specification the word "comprise", or variations such as "comprises" 

or "comprising", will be understood to imply the inclusion of a stated element, integer or step, 

or group of elements, integers or steps, but not the exclusion of any other element, integer or 

step, or group of elements, integers or steps.
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Brief Description of the Drawings 

[0003] FIG. 1A is a diagram schematically representing accelerometer-based sensing, according 

to one example of the present disclosure.  

[0004] FIG. 1B is a block diagram schematically representing an example implantable 

neurostimulation therapy system in a partially assembled state and including an accelerometer 

sensor physically separate from a stimulation lead.  

[0005] FIG. 2A is a block diagram schematically representing the system of FIG. 1B in an 

assembled state in one example.  

[0006] FIG. 2B is diagram including a perspective view schematically representing one example 

of a key mechanism associated with a headerconnector of an IPG assembly and an 

accelerometer sensor.  

[0007] FIG. 3 is a block diagram schematically representing an example implantable 

neurostimulation therapy system in a partially assembled state and including an accelerometer 

sensor physically coupled relative to a stimulation lead.
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[0008] FIG. 4 is a block diagram schematically representing the system of FIG. 3 

in an assembled state in one example.  

[0009] FIG. 5 is a block diagram schematically representing an example 

implantable neurostimulation therapy system in a partially assembled state and 

including an accelerometer sensor incorporated within a header-connector of an 

implantable pulse generator (IPG) assembly of the system.  

[0010] FIG. 6 is a block diagram schematically representing an example sensor 

lead including an accelerometer sensor and an anchor.  

[0011] FIG. 7A is a block diagram schematically representing an example 

stimulation lead including a stimulation electrode and an accelerometer sensor.  

[0012] FIG. 7B is a diagram including a sectional view schematically representing 

one example of a rotation mechanism for association with an accelerometer 

sensor.  

[0013] FIG. 8A is a diagram schematically representing an example IPG 

assembly including an accelerometer sensor incorporated within the sealed IPG 

housing in association with an axis orientation diagram.  

[0014] FIG. 8B is a block diagram schematically representing a sectional view of 

an example IPG assembly implanted within a body in association with an axis 

orientation diagram.  

[0015] FIG. 9A is a block diagram schematically representing an example system 

including an IPG assembly and a separate accelerometer sensor.  

[0016] FIG. 9B is a diagram schematically representing an example anchor.  

[0017] FIG. 9C is a diagram schematically representing one example of a patient 

with an implanted accelerometer sensor laying on a support.  

[0018] FIG. 9D is a block diagram schematically representing an example IPG 

assembly having an accelerometer sensor incorporated with a header-connector.  

[0019] FIG. 10 is a diagram schematically representing an example respiratory 

waveform.  

[0020] FIG. 11A is a diagram schematically representing an example 

accelerometer utilization engine.  

[0021] FIG. 11B is a block diagram schematically representing an example 

posture sending function.
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[0022] FIG. 11C is a block diagram schematically representing an example 

cardiac sensing modality function.  

[0023] FIG. 11D is a block diagram schematically representing an example heart 

rate variability (HRV) function.  

[0024] FIG. 11E is a block diagram schematically representing an example 

differential mode function.  

[0025] FIG. 12A is a block diagram schematically representing an example control 

portion.  

[0026] FIG. 12B is a diagram schematically representing at least some example 

different modalities of the control portion.  

[0027] FIG. 12C is a block diagram schematically representing an example user 

interface.  

[0028] FIG. 13 is a block diagram schematically representing example sensor 

types.  

[0029] FIG. 14 is a block diagram schematically representing example 

accelerometer operation functions.  

[0030] FIG. 15 is a block diagram schematically representing an example apnea

hypopnea event management engine.  

[0031] FIG. 16 is a block diagram schematically representing an example posture 

information engine.  

[0032] FIG. 17 is a block diagram schematically representing an example 

stimulation management engine.  

[0033] FIGS. 18-19 are each a flow diagram schematically representing an 

example method of stimulation therapy.  

[0034] FIG. 20 is a flow diagram schematically representing an example method.  

Detailed Description 

[0035] 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 disclosure may be practiced. It is to
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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. It is to be understood that features of the various examples 

described herein may be combined, in part or whole, with each other, unless 

specifically noted otherwise.  

[0036] In at least some examples of the present disclosure, at least one sensor 

includes an accelerometer-based sensor, which may be employed to sense 

physiologic information. In some examples, this sensed physiologic information 

may be used for monitoring and/or evaluation of a patient. In some examples, 

this sensed physiologic information may be used for diagnosis, therapy, and/or 

therapy evaluation. In some examples, the sensed physiologic information may 

be employed to provide care for sleep disordered breathing, such as monitoring, 

evaluation, diagnosis, and/or therapy.  

[0037] The accelerometer-based sensor may be external to the patient and/or 

may be implanted within a patient. In at least some examples, accelerometer

based sensing simplifies implantation of a sensor and/or diversifies the number 

and type of physiologic parameters sensed with a single type of sensor. However, 

in some examples, accelerometer-based sensing also can be implemented in 

combination with other sensor modalities, which may be external sensors and/or 

implantable sensors.  

[0038] In at least some examples of the present disclosure, the accelerometer

based sensor forms part of a sleep disordered breathing (SDB) care device, 

which may be used for sensing. In some such examples, the sensing may be 

used for monitoring, evaluation, diagnosis, etc. without performing stimulation.  

[0039] In at least some examples of the present disclosure, the accelerometer

based sensor forms part of a neurostimulation system or components thereof. In 

some examples, the system is used for sleep disordered breathing (SDB) 

therapy, such as obstructive sleep apnea (OSA) therapy. However, in some 

examples, the system is used for other types of neurostimulation therapy.  

[0040] In some examples, a neurostimulation system, comprises an implantable 

pulse generator (IPG) assembly, a single lead, and a first sensing element. The
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single lead includes a proximal end removably connectable to a header-connector 

of the IPG assembly and an opposite distal end adjacent which a stimulation 

element is located. The first sensing element is separate from the single lead, 

wherein the first sensing element comprises an accelerometer-based sensor.  

[0041] In some examples, the first sensing element is removably connectable to 

the header-connector of the IPG assembly. However, in some examples, the IPG 

assembly includes the above-mentioned header-connector and a housing, which 

contains the first sensing element. In one aspect, via these arrangements the 

accelerometer-based sensor can be implanted within the patient's body without 

tunneling used primarily to position and implant an accelerometer-based sensor.  

Instead, via these arrangements, such tunneling may be avoided or minimized 

because the accelerometer-based sensor is physically coupled relative to or 

contained within the IPG assembly. In addition, in some examples, these 

arrangements may sometimes be referred to as leadless sensing arrangements 

in that the accelerometer-based sensor is implanted, and physically coupled 

relative to the IPG assembly without a lead.  

[0042] In some examples, a neurostimulation system also comprises an IPG 

assembly and a single lead, which includes a proximal end removably 

connectable to the IPG assembly. The single lead also includes an opposite distal 

end adjacent which (e.g. at or near) a stimulation element is located. The single 

lead also comprises a first sensing element, which comprises an accelerometer

based sensor. In some examples, the first sensing element is located closer to 

the distal end than the proximal end of the single lead. In some examples, the 

first sensing element is located at the distal end of the single lead. In some 

examples, the first sensing element is located adjacent the proximal end of the 

single lead. Via this arrangement, in some examples an accelerometer-based 

sensor may be incorporated, along with a stimulation electrode, into a single lead, 

thereby avoiding the use of a separate lead or separate connectable element to 

provide the accelerometer-based sensor.  

[0043] In some examples, a neurostimulation system comprises an IPG assembly 

including a housing, a first lead, and a second lead. The first lead includes a 

proximal end removably connectable to a header-connector of the IPG assembly
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and an opposite distal end adjacent which (e.g. at or near) a stimulation element 

is located. The second lead includes a proximal end removably connectable to 

the IPG assembly and an opposite distal end comprising a first sensing element, 

which comprises an accelerometer-based sensor.  

[0044] In some examples, the accelerometer-based sensor comprises the sole 

type of sensor of a sleep disordered breathing (SDB) care device, such as but not 

limited to a neurostimulation system. In some examples, the accelerometer

based sensor comprises the sole sensor (e.g. only sensor) of the care device. In 

some examples, the accelerometer-based sensor is the sole implantable sensor 

of the care device, which may or may utilize some external sensors. However, in 

some examples, the accelerometer-based sensor comprises just one of several 

types of sensor associated with or forming part of a SDB care device, such as at 

least some of the several types of sensors described later. Stated differently, in 

some examples the accelerometer-based sensor does not comprise the sole type 

of sensor of a SDB care device.  

[0045] These examples, and additional examples, are described in more detail in 

association with at least FIGS. 1A-20.  

[0046] FIG. 1A is a diagram 50 schematically representing accelerometer-based 

sensing, according to one example of the present disclosure. In some examples, 

the accelerometer-based sensing is associated with providing sleep disordered 

breathing (SDB) care.  

[0047] As shown in FIG. 1A, in some examples at least one sensor includes an 

accelerometer-based sensor (70) located internally (52) within a patient while in 

some examples at least one sensor includes an accelerometer-based sensor (70) 

located external (54) to the patient. Such external sensors may be worn on the 

patient's body or spaced apart from the patient's body. In some examples, the at 

least one sensor including the accelerometer-based sensor may be located in a 

head-neck region 60, a thorax/abdomen region 62, and/or a peripheral/other 

region 64, as shown in FIG. 1A.  

[0048] In some examples, regardless of location the respective accelerometer

based sensor(s) 70 is provided without any associated stimulation elements 

within or external to the patient's body. In such examples, the information sensed
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via the accelerometer-based sensor(s) 70 may be used for evaluating and/or 

diagnosing a patient.  

[0049] However, in some examples, regardless of location the accelerometer

based sensor(s) 70 is provided in association with at least one stimulation 

element to treat sleep disordered breathing behavior and/or other physiologic 

conditions.  

[0050] More specific example implementations of the sensor(s) shown in FIG. 1A 

are described and illustrated in association with at least FIGS. 1B-20.  

[0051] FIG. 1B is a block diagram schematically representing an example 

implantable neurostimulation therapy system 100 in a partially assembled state 

and including an example accelerometer-based sensor 160 physically separate 

from a stimulation lead 140. In some examples, the system 100 may sometimes 

be referred to as a care device. As shown in FIG. 1B, system 100 includes an 

implantable pulse generator (IPG) assembly 102, a stimulation lead 140, and an 

accelerometer-based sensor 160. The IPG assembly 102 comprises a housing 

104 containing circuitry 108 and a header-connector 106 including a stimulation 

port 120 and a sensing port 122.  

[0052] In some examples, accelerometer-based sensor 160 includes a proximally 

located plug-in connector 162, which is removably connectable relative to sensing 

port 122. Accordingly, physiologic information sensed via accelerometer-based 

sensor 160 is transmitted, via sensing port 122, to circuitry 108 of IPG. In some 

examples, this sensed information is used to trigger therapy, evaluate therapy, 

determine a need for therapeutic stimulation, etc. In some examples, this sensed 

information provides more general physiologic information not directly related to 

therapeutic stimulation. As further described later in association with at least 

FIGS. 11A-17, a wide variety of physiologic information can be sensed via 

accelerometer-based sensor 160, with such information being pertinent to the 

patient's well-being and/or therapy.  

[0053] In some examples, the accelerometer-based sensor 160 includes a rigid, 

sealed housing containing an accelerometer-based sensor.  

[0054] In some examples, other types of sensors are employed instead of or in 

combination with accelerometer-based sensor 160. These examples, and
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additional examples associated with the obtaining and use of sensed information 

are further described later in association with at least FIGS. 11A-17.  

[0055] As shown in FIG. 1B, in some examples accelerometer-based sensor 160 

comprises aleadless sensor. Stated differently, the accelerometer-based sensor 

160 is directly coupled, both physically and electrically, relative to sensing port 

122 such that, via this arrangement, no lead body is interposed between the plug

in connector 162 and the sensor 160.  

[0056] In some examples, a lead body having a small length can be interposed 

between the plug-in connector 162 and the sensor 160. This arrangement may 

facilitate implantation of the IPG assembly 102. However, such a mini-length lead 

body would have a length not greater than a greatest dimension (e.g. length or 

width) of the IPG housing 104 such that the sensor 160 would still be in generally 

co-located with the IPG housing 104.  

[0057] With further reference to FIG. 1B, the stimulation lead 140 includes a body 

142 with a distally located stimulation electrode 146 and at an opposite end of 

body 142, a proximally located plug-in connector 144 which is removably 

connectable relative to stimulation port 120.  

[0058] In general terms, cuff electrode 146 includes some non-conductive 

structures biased to (or otherwise configurable to) releasably secure the cuff 

electrode 1140 about a target nerve 30 (FIGS. 1-4) and includes an array of 

electrodes to deliver a stimulation signal to the target nerve. In some examples, 

the cuff electrode 1140 may comprise at least some of substantially the same 

features and attributes as described within at least U.S. Patent 8,340,785 issued 

on December 25, 2012 and/or U.S. Patent Publication 2011/0147046 published 

on June 23, 2011.  

[0059] In some examples, body 142 is a generally flexible elongate member 

having sufficient resilience to enable advancing and maneuvering the lead body 

142 subcutaneously to place the electrode 146 at a desired location adjacent a 

nerve, such as an airway-patency-related nerve (e.g. hypoglossal nerve). In 

some examples, such as the case of obstructive sleep apnea, the nerves 30 may 

include (but are not limited to) the nerve 30 and associated muscles responsible 

for causing movement of the tongue and related musculature to restore airway
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patency. In some examples, the nerves 76 may include (but are not limited to) 

the hypoglossal nerve and the muscles may include (but are not limited to) the 

genioglossus muscle. In some examples, body 142 can have a length sufficient 

to extend from the IPG assembly 102 implanted in one body location (e.g.  

pectoral) and to the target stimulation location (e.g. head, neck). Upon generation 

via circuitry 108, a stimulation signal is selectively transmitted to stimulation port 

120 for delivery via lead 140 to such nerves.  

[0060] Accordingly, both the stimulation port 120 and the sensing port 122 of the 

header-connector 106 are electrically coupled relative to the circuitry 108 of IPG 

assembly 102 with header-connector 106 being physically coupled relative to 

housing 104 of IPG assembly 102.  

[0061] FIG. 2A is a block diagram schematically representing the system 100 of 

FIG. 1B in an assembled state, according to one example of the present 

disclosure. As shown in FIG. 2A, lead 140 has been removably connected to 

stimulation port 120 of IPG assembly 102 while accelerometer-based sensor 160 

has been removably connected to sensing port 122 of IPG assembly 102.  

Accordingly, accelerometer-based sensor 160 becomes physically coupled 

directly to the header-connector 106 of IPG assembly 102. Among other features, 

this arrangement may eliminate tunneling and/or other surgical steps ordinarily 

associated with placing sensing leads within a patient, as well as promote long 

term stability and ease securing the accelerometer sensor because it occurs in 

conjunction with securing with IPG assembly 102.  

[0062] In some examples, the physical coupling of the accelerometer-based 

sensor 160 relative to the IPG assembly 102 is performed prior to implantation of 

those components.  

[0063] In one aspect, in order for the accelerometer-based sensor 160 to fit on 

top of (e.g. next to) the housing 104 of the IPG assembly 102, a housing of the 

accelerometer-based sensor 160 has a size and shape that can maintain the 

accelerometer sensor 106 in a fixed orientation relative to the IPG assembly 102.  

This arrangement facilitates achieving and maintaining a proper orientation of the 

multiple orthogonal axes of the accelerometer-based sensor 160 relative to
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various axes of the patient's body, such as an anterior-posterior axis, such as 

more fully described later in association with at least FIG. 8B.  

[0064] FIG. 2B is diagram including a perspective view schematically 

representing a key mechanism associate with a header-connector of an IPG 

assembly and an accelerometer sensor, according to one example of the present 

disclosure. As shown in FIG. 2B, in some examples the stimulation port 122 

comprises an assembly including a housing 123, an aperture 122A defined in 

housing 123 to slidably receive plug-in connector 162 of an accelerometer-based 

sensor 160A (like sensor 160 in FIG. 1B), and a key receiver 129 defined in 

housing 123. While present in FIG. 1B, plug-connector 162 is omitted in FIG. 2B 

for illustrative clarity.  

[0065] In some examples, the accelerometer-based sensor 160A includes a 

housing 161 defining a top portion 166 and opposite bottom portion 168, and 

defining a first end portion 163 and an opposite second end portion 165, at which 

is defined a key 167. The key 167 is sized and shaped to be removably received 

within key receiver 129 of stimulation port 122 such that the accelerometer-based 

sensor 160A becomes mated with the stimulation port 122. In one aspect, this 

arrangement ensures a proper match of a particular accelerometer sensor with a 

particular IPG assembly. In another aspect, this key arrangement ensures that 

the multi-axis configuration (represented via axis indicator 169) of the 

accelerometer sensor is properly oriented relative to the IPG assembly 102, and 

therefore properly oriented relative to a patient's body. At least some examples 

of achieving such proper orientation are further described later in association with 

at least FIGS. 8A-8B.  

[0066] It will be understood that, in some examples, the key arrangement may be 

omitted and that in some instances, the particular shape of the housing of the 

accelerometer-based sensor 160 may facilitate maintaining a proper orientation 

of the multiple axes of the accelerometer-based sensor 160 as noted above with 

respect to FIG. 2B.  

[0067] FIG. 3 is a block diagram schematically representing an implantable 

neurostimulation therapy system 200 in a partially assembled state and including 

an accelerometer sensor 260 (like sensor 160) and stimulation lead 240,
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according to one example of the present disclosure. As shown in FIG. 3, system 

200 comprises at least some of substantially the same features and attributes as 

system 100 (FIGS. 1-2), except for accelerometer sensor 260 being physically 

coupled relative to stimulation lead 240. In particular, as shown in FIG. 3, a 

proximal portion of stimulation lead 240 comprises a housing 250, which contains 

a proximal connection portion 252 of lead body 142 and accelerometer sensor 

260. Accordingly, the accelerometer sensor 260 may sometimes be referred to 

as being integrated with the stimulation lead 240 or at least integrated with a 

connection portion of the stimulation lead 240. Stated differently, together the 

proximal connection portion 252 of the stimulation lead 240 and the 

accelerometer sensor 260 form a monolithic connection portion 250. In one 

aspect, the monolithic connection portion 250 forms a single unitary piece, such 

as via molding a housing to contain proximal connection portion 252 and 

accelerometer-based sensor 160.  

[0068] FIG. 4 is a block diagram schematically representing the system 200 of 

FIG. 3 in an assembled state, according to one example of the present disclosure.  

As shown in FIG. 4, upon removable connection of connection portion 250 relative 

to header-connector 106, the proximal connection portion 252 of stimulation lead 

240 becomes electrically and physically coupled relative to stimulation portion 

120 and the accelerometer sensor 260 becomes electrically and physically 

coupled relative to sensing port 122. In some examples, the proximal connection 

portion 252 comprises an insert portion 144 (FIG. 3) to be removably received via 

the stimulation port and the accelerometer 260 comprises an insert portion 262 

(FIG. 3) to be removably received via the sensing port 122.  

[0069] Among other features, this arrangement reduces the number of separate 

elements to be handled upon implanting system 200. In one aspect, this 

arrangement also can ensure proper matching of a particular stimulation lead 240 

with a particular accelerometer sensor 260 for a given IPG assembly 102 and/or 

for a particular patient. In addition, to the extent that housing 104 of IPG assembly 

201 is implanted with a proper orientation (such as represented in FIG. 8B), the 

arrangement of accelerometer sensor 260 within connection housing 250 can 

ensure that the axes in the accelerometer sensor 260 has the proper orientation
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relative to the patient's body, such as (but not limited to) with respect to an 

anterior-posterior axis.  

[0070] FIG. 5 is a block diagram schematically representing an implantable 

neurostimulation therapy system 300 in a partially assembled state and including 

an accelerometer sensor 360 (like sensor 160) incorporated within a header

connector 106 of an IPG assembly 102 of the system, according to one example 

of the present disclosure. In some examples, system 300 comprises at least 

some of substantially the same features and attributes as systems 100, 200 (as 

previously described in association with FIGS. 1-4), except for accelerometer 

sensor 360 being incorporated within (e.g. integrated with) header-connector 106 

instead of being removably connectable relative to header-connector 106.  

Accordingly, via this arrangement, accelerometer sensor 360 remains on-board 

the IPG assembly 102 at all times, thereby preventing separation of 

accelerometer sensor 360 from IPG assembly 102. Like in system 200, this 

arrangement ensures proper matching of a particular accelerometer sensor 360 

with a particular IPG assembly 102 and/or for a particular patient. However, in 

this arrangement, a modified stimulation lead 140 is not involved (as in FIGS. 3

4) nor is a separate accelerometer sensor involved (as in FIGS. 1-2).  

[0071] With further reference to FIG. 5, in some examples the accelerometer 

sensor 360 comprises a multi-axis accelerometer such as a three-axis 

accelerometer having an orientation as indicated at 362. As noted with respect 

to the prior examples, the fixed, on-board location of the accelerometer sensor 

360 ensures its proper orientation within the patient's body, at least to the extent 

that the IPG assembly 102 is implanted with a desired or proper orientation as 

described later in association with at least FIG. 8B.  

[0072] FIG. 6 is a block diagram schematically representing a sensor lead 400 

including an accelerometer sensor 460 (like sensor 160) and an anchor, 

according to one example of the present disclosure. As shown in FIG. 6, sensor 

lead 400 includes a lead body 442 extending from a proximal end 443 to an 

opposite distal end 445, at which is located an accelerometer sensor 460 and 

anchor 470. In some examples, the sensor 460 is located closer to the distal end 

445 than the proximal end 443 without necessarily being at distal end 445. The
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proximal end 443 of sensor lead 400 is removably connectable to a sensing port 

122 of an IPG assembly 102, such as in FIG. 2. Lead body 442 has at least some 

of substantially the same features as lead body 142 except being employed for 

placing accelerometer sensor 460 within a portion of a patient's body at alocation 

some distance from the IPG assembly 102 such that the accelerometer sensor 

460 is not considered to be co-located with the IPG assembly 102.  

[0073] FIG. 7A is a block diagram schematically representing a stimulation lead 

500 including a stimulation electrode 546 and an accelerometer sensor 560 (like 

sensor 160), according to one example of the present disclosure. In some 

examples, stimulation lead 500 comprises at least some of substantially the same 

features and attributes as lead 140 in FIGS. 1-2, except for additionally including 

an accelerometer sensor 560. As shown in FIG. 7A, lead 500 comprises a lead 

body 542 having a proximal end removably connectable to a port of the header

connector 106 of an IPG assembly 102 and an opposite distal end 545, at which 

the accelerometer sensor 560 and electrode 546 are mounted. In some 

examples, the sensor 560 is located closer to the distal end than the proximal end 

of the lead 500 without necessarily being at the distal end of lead 500.  

[0074] As further shown in FIG. 7B, in some examples a portion of the lead 500 

at which accelerometer sensor 560 is located includes a mechanism to enable 

selective rotation of the accelerometer sensor 560, which in turn, enables 

adopting a desired orientation of the different axes of accelerometer sensor 560.  

In some examples, such mechanism can be implemented as a rotatable sleeve 

570 shown in FIG. 7B. In some examples, one axis of the accelerometer sensor 

360 is aligned to be generally parallel to an anterior-posterior axis of the patient, 

which is believed to be more indicative of respiratory activity of the patient.  

Further information regarding such alignments is described in association with at 

least FIGS. 8A-8B.  

[0075] It will be understood that in at least some of the examples in FIGS. 1-9D, 

the example accelerometer sensors are sealed for long term implantation within 

a patient's body, such as but not limited to hermetic sealing. In some examples, 

instead of or in addition to being sealed itself, a housing of an IPG assembly (FIG.  

8A) containing the accelerometer sensor is sealed hermetically or via other
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means. In some examples in which a header-connector of an IPG assembly 

contains the accelerometer sensor (e.g. FIGS. 5E, 9D), at least a portion of the 

header-connector may be sealed hermetically or via other means.  

[0076] FIG. 8A is a diagram schematically representing a neurostimulation 

system 600 comprising an IPG assembly 602, according to one example of the 

present disclosure. In some examples, system comprises at least some of 

substantially the same features and attributes as system 300 (as previously 

described in association with FIG. 5), except for accelerometer sensor 660 being 

contained within a housing 104 of IPG assembly 602 instead of being 

incorporated within header-connector 106. Accordingly, via this arrangement, 

accelerometer sensor 660 remains on-board the IPG assembly 602 at all times, 

thereby preventing separation of accelerometer sensor 660 from IPG assembly 

602. In addition, placing both the accelerometer sensor 660 and circuitry 108 

within the housing of the IPG assembly 602 eases communication between those 

respective elements. Like in system 300, this arrangement also ensures proper 

matching of a particular accelerometer sensor 660 with a particular IPG assembly 

602 and/or for a particular patient. As noted with respect to the prior examples, 

the fixed, on-board location of the accelerometer sensor 660 within IPG assembly 

602 ensures its proper orientation within the patient's body, at least to the extent 

that the IPG assembly 602 is implanted with a desired or proper orientation as 

described later in association with at least FIG. 8B.  

[0077] FIG. 8B is a block diagram 680 schematically representing a sectional view 

of a system 600 (including an IPG assembly 602) implanted within a body 

according to a desired axis orientation, according to one example of the present 

disclosure.  

[0078] As shown in FIG. 8B, a patient's body 682 has a left side 683 and an 

opposite right side 684, along with an anterior portion 685 and an opposite 

posterior portion 686. In some examples, IPG assembly 602 is implanted such 

that its housing 104 causes the accelerometer sensor 660 to have a Z axis aligned 

generally parallel with an anterior-posterior axis (represented vialine A-P) of the 

patient's body 682, as represented via axis orientation indicator 662. To do so, 

the IPG assembly 602 is implanted to cause a longitudinal axis (line L) of its
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housing 104 to be generally parallel to a left to right orientation of the patient's 

body and generally parallel to a head to toe orientation of the patient's body.  

[0079] Via this arrangement, the accelerometer sensor 660 is oriented with the Z 

axis in line with physiologic behavior indicative of respiration, thereby enhancing 

sensing of respiration which, in turn enhances, therapy for sleep disordered 

breathing.  

[0080] In some examples, one axis of an accelerometer of the accelerometer 

sensor 660 is generally perpendicular to a largest surface of a housing of the IPG 

assembly 602.  

[0081] In some examples, the accelerometer-based sensor comprises a single 

axis accelerometer, wherein the single axis is aligned generally perpendicular to 

a longitudinal axis of the IPG assembly.  

[0082] In some examples, the accelerometer-based sensor comprises at least 

two axes, wherein each respective axis is oriented at an about 45 degree angle 

relative to at least one of: a first surface of the housing of the IPG assembly which 

has a largest surface area of the IPG assembly; and a skin surface of the patient 

above the implanted IPG assembly after implantation. In some examples, the 

accelerometer-based sensor comprises at least two axes, wherein each 

respective axis is oriented at an about 45 degree angle relative to a plane through 

which a skin surface (above the accelerometer-based sensor) extends.  

[0083] In some examples, the sense port 122 in header-connector 106 of IPG 

assembly 602 may host a second accelerometer sensor in a manner similar to 

one of the examples previously described in association with at least FIGS. 1-4 

and 6. In some examples, the sense port 122 in header-connector 106 of IPG 

assembly 602 may host one of the sensor types in sensor type array 110 as 

described later in association with at least FIG. 13. However, in some examples, 

the sense port 122 in IPG assembly 602 is omitted entirely from the design and 

construction header-connector 106 or is otherwise permanently sealed.  

[0084] FIG. 9A is a block diagram schematically representing a system including 

an IPG assembly 102 and a separate accelerometer sensor 760, according to 

one example of the present disclosure. In some examples, the IPG assembly 

102 comprises at least some of substantially the same features and attributes as
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IPG assembly 102 as previously in association with FIG. 1B. Accelerometer 

sensor 760 comprises at least some of substantially the same features and 

attributes as the previously described accelerometer sensors, except for the lack 

of physical coupling of accelerometer sensor 760 relative to IPG assembly 102 

and except for accelerometer sensor 760 being electrically and communicatively 

coupled wirelessly relative to IPG assembly 102.  

[0085] In a manner similar to the example of FIG. 8A, in system 750 sense port 

122 may be omitted or used for a second sensor, which can be one of the sensor 

types of array 1100 in FIG. 13 or a second accelerometer sensor in the manner 

of the example accelerometer sensors in FIGS. 1-6.  

[0086] In some examples, circuitry 108 of IPG assembly 102 and accelerometer 

sensor 760 communicate via a wireless communication pathway 780 according 

to known wireless protocols, such as Bluetooth, NFC, 802.11, etc. with each of 

circuitry 108 and accelerometer sensor 760 including corresponding components 

for implementing the wireless communication pathway 780. In some examples, 

a similar wireless pathway is implemented to communicate with devices external 

to the patient's body for at least partially controlling the accelerometer sensor 760 

and/or the IPG assembly 102, to communicate with other devices (e.g. other 

sensors) internally within the patient's body, or to communicate with other sensors 

external to the patient's body.  

[0087] While just one accelerometer sensor 760 is shown in FIG. 9A, it will be 

understood that in some examples, at least two such accelerometer sensors 760 

can be implanted in the patient's body to enable operation in a differential mode 

(e.g. 870 or 950 in FIG. 11E) or to provide more complex physiologic signal 

vectors from which diagnostic and/or therapeutic information can be obtained. In 

some examples, the second accelerometer also can be one of the sensors 

described in the examples of FIGS. 1-8B or 9D.  

[0088] As shown in FIG. 9A, the accelerometer sensor 760 includes an axis 

orientation indicator 762 by which the accelerometer sensor 760 can be implanted 

according to a desired axis orientation, such as but not limited to, according to 

the principles of axis orientation similar to that described in association with FIGS.  

8A-8B.
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[0089] As shown in FIG. 9B, in some examples an anchor 790 is provided as part 

of system 750 to facilitate anchoring accelerometer sensor 760 at a desired 

location, and at a desired axis orientation, within the patient's body. As shown in 

FIG. 9B, the anchor 790 can include barbs, tines, loops, sutures, coils, and/or 

bands, etc. which can be selectively deployed upon or after establishing the 

desired location and orientation of the accelerometer sensor 760. In some 

examples, the anchor 790 is removably couplable to the accelerometer sensor 

760 while in some examples, the anchor 790 is integrated with (i.e. not physically 

separable from) a housing of the accelerometer sensor 760. In some examples, 

anchor 790 is secured relative to a bony structure in the patient's body while in 

some examples, anchor 790 is secured relative to non-bony structures in the 

patient's body.  

[0090] Regardless of the type of accelerometer sensor in the various examples of 

the present disclosure as schematically represented via at least FIGS. 1-9D, in 

some examples at least one of the various accelerometer sensors is implanted 

within the patient's body while another accelerometer sensor (e.g. 760 in FIG. 9A) 

is external to the body, such as being worn on the body via a garment, belt, 

wristband, wristwatch, wearable smartphone, wearable smartwatch, etc. By 

looking at the difference in information obtained from both such accelerometers 

sensors, one can better determine characteristics of a sensed accelerometer 

which are best representative of a respiratory information or other information 

related to diagnosing and treating sleep disordered breathing.  

[0091] In some examples, as shown in FIG. 9C, one external accelerometer 

sensor 792 has a fixed location within a support 794, such as a portion of a bed, 

on which the patient sleeps and another accelerometer sensor 796 is implanted 

within the patient's body. Differences and similarities in the respective signals, at 

different points in time depending on the patient's posture, may be indicative of 

diagnostic and/or therapeutic information related to sleep disordered breathing.  

[0092] FIG. 9D is a block diagram schematically representing a neurostimulation 

system 2400 including an IPG assembly 2402 having an accelerometer sensor 

360 incorporated with a header-connector 2406, according to one example of the 

present disclosure. In some examples, system 2400 comprises at least some of
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substantially the same features and attributes as system 300 in FIG. 5, except 

with the accelerometer sensor 360 being coupled to header-connector 2406 

without replacing the sense port 122. Instead, a housing portion 2404 is coupled 

to or integrated with header-connector 2406, with housing portion 2404 containing 

accelerometer sensor 360. Via this arrangement, the accelerometer sensor 360 

can be added to IPG assembly 2402 without altering housing 104 or circuitry 108 

and while still retaining sense port 122 to connect other sensors to IPG assembly 

2402, such as a second accelerometer sensor or one of the sensors in the array 

1100 in FIG. 13.  

[0093] 

FIG. 10 is a diagram 700 schematically representing a respiratory waveform 

1150, according to one example of the present disclosure. Of course, variances 

may exist from patient-to-patient so it will be understood that the breathing pattern 

illustrated in respiratory waveform 1150 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. Rather, respiratory waveform 1150 is 

primarily provided as a reference for understanding some aspects of further 

examples of the present disclosure as described in association with at least FIGS.  

11A-19 and/or the examples previously described in association with at least 

FIGS. 1-9E.  

[0094] In the example of breathing pattern 1150 shown in Figure 10, a respiratory 

cycle 1160 includes an inspiratory phase 1162 and an expiratory phase 1170.  

The inspiratory phase 1162 includes an initial portion 1164, intermediate portion 

1165, and end portion 1666 while expiratory phase 1170 includes an initial portion 

1174, intermediate portion 1175, and an end portion 1176. In some instances, 

the initial portion 1164 is sometimes referred to as inspiration onset or onset of 

inspiration while the initial portion 1174 is sometimes referred to as expiration 

onset or onset of expiration.  

[0095] A first transition 1180 occurs at a junction between the end inspiratory 

portion 1166 and the initial expiratory portion 1174 while a second transition 1182 

occurs at a junction between the end expiratory portion 1176 and the initial 

inspiratory portion 1164. In some instances, end expiratory portion 1176 includes
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and/or is referred to as an expiratory pause that occurs just prior to inspiration 

onset, i.e. initial inspiratory portion 1164.  

[0096] It will be understood that, in some examples, the various example 

implementations of accelerometer sensors (and their associated IPG 

assembly/systems) as previously described in association with at least FIGS. 1

9E may be used to monitor respiration, detect and treat sleep disordered 

breathing (SDB), as well as other physiologic information related to the patient's 

general well-being and/or related to the treatment or evaluation of sleep 

disordered breathing. Accordingly, the following examples as described in 

association with at least FIGS. 11A-17 are provided to further describe at least 

some example implementations in which information sensed via the previously 

described accelerometer sensors may be used.  

[0097] Moreover, each of the various engines, functions, parameters, etc. as 

described in association with at least FIGS. 11A-17 can be implemented via, or 

at least partially controlled via, a control portion and/or user interface as further 

described later in association with at least FIGS. 12A-12C.  

[0098] With this in mind, reference is made to FIGS. 11A-17. FIG. 11A is a 

diagram schematically representing an accelerometer utilization manager 800, 

according to one example of the present disclosure. As shown in FIG. 11A, in 

some examples the accelerometer utilization manager 800 comprises a 

respiratory information detection engine 810, which includes a waveform function 

812, an expiration onset parameter 814, an inspiration onset function 816, and 

an apnea-hypopnea event detection engine 818. In some examples, the apnea

hypopnea event detection engine 818 is implemented via an apnea-hypopnea 

event detection engine 1300 as described later in association with at least FIG.  

15. In some examples, the respiration information detection engine 810 may 

comprise a respiration monitor and/or may sometimes be referred to as a 

respiration monitor.  

[0099] In some examples, in general terms via waveform function 812 the 

respiratory information detection engine 810 detects and tracks a respiratory 

waveform, including but not limited to, detecting and tracking a respiratory rate, 

such as the time between onsets of inspiration or as the time between onsets of
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expiration. Accordingly, via waveform function 812, the respiratory information 

detection engine 810 can obtain a wide range of information, features, and 

characteristics discernible from a respiratory waveform sensed via one of the 

example accelerometer sensor arrangements and/or other types of sensors (FIG.  

13).  

[00100] Within this wide range of information, at least two characteristics of 

a respiratory waveform can play a prominent role in diagnosis, evaluation, and 

treatment of sleep disordered breathing. Accordingly, the respiratory information 

detection engine 810 includes an expiration onset function 814 and an inspiration 

onset function 816.  

[00101] Accordingly, in some examples the expiration onset function 814 of 

respiration information detection engine 810 in FIG. 11A can detect onset of 

expiration according to at least one of: (A) a second derivative of an amplitude of 

a respiration signal below a threshold (e.g. the sharpest peak); (B) a time after an 

onset of inspiration; and (C) a moving baseline for which time is calculated using 

the time of previous cycles and a respiratory rate. For instance, in some 

examples a respiration signal corresponds to a single axis (e.g. Z axis) of the 

accelerometer sensor, from whose output an amplitude can be determined and 

from which further processing may be applied, such as determining first and 

second derivatives.  

[00102] Via this arrangement, the onset of expiration can be determined, and 

then used to trigger or terminate stimulation therapy as well as be used as a 

fiducial for general timing of respiratory evaluation and/or other therapeutic 

functions.  

[00103] In some examples, prior to applying the above scheme, the signal may 

be processed with a lowpass and/or highpass filter to reject higher frequency 

motion artifact and lower frequency signals due to orientation with respect to the 

earth's gravity.  

[00104] In some examples, the inspiration onset function 816 of respiration 

information detection engine 810 in FIG. 11A can detect onset of inspiration 

according to at least one of: (A) identification, after expiration onset, of a derivative 

of amplitude of respiration above a threshold; (B) time after onset of expiration:
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and (C) a moving baseline for which time is calculated using the time of previous 

cycles and a respiratory rate. Via this arrangement, the onset of inspiration can 

be determined, and then used to trigger or terminate stimulation therapy as well 

as be used as a fiducial for general timing of respiratory evaluation and/or other 

therapeutic functions. In some examples, prior to applying the above scheme, 

the signal may be processed with alowpass and/or highpass filter to reject higher 

frequency motion artifact and lower frequency signals due to orientation with 

respect to the earth's gravity.  

[00105] It will be understood that in some examples, both inspiration onset and 

expiration onset are used in combination as part of a more general scheme to 

trigger or terminate stimulation therapy as well as be used as a fiducial for general 

timing of respiratory evaluation and/or other therapeutic functions.  

[00106] In some examples, a respiration monitor associated with at least one 

sensor is used to determine, at least one of an inspiratory phase and an expiratory 

phase, based on respiration information including at least one of respiratory 

period information and respiratory phase information. In some examples, a pulse 

generator is used to selectively stimulate an upper airway patency-related nerve 

via a stimulation element, during a portion of the inspiratory phase, based on 

respiration information from the respiration monitor. In some such examples, the 

pulse generator is optionally implantable.  

[00107] In some examples, as shown in FIG. 11A the accelerometer utilization 

manager 800 comprises an inversion detection engine 830. In some instances, 

a sensed respiratory signal may be inverted due to posture changes, which may 

occur depending on the axis orientation of the accelerometer sensor relative to a 

surface the patient is resting on. In some examples, such posture information is 

obtained in association with the later described posture function 840 (FIG. 11A), 

posture sensing function 900 (FIG. 11B), and/or posture engine 1400 (FIG. 16).  

[00108] Such inverted signals exhibit inspiration as having a predominantly 

negative slope and exhibit expiration as having a predominantly positive slope.  

In some examples, additional criteria (for declaring an inverted signal) include a 

duration of the positive slope portion of the waveform being longer than a duration 

of the negative slope portion of the waveform, as might be observable over
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several respiratory cycles. In some examples, additional criteria (for declaring an 

inverted signal) include a value of the mean of the signal being greater than a 

midpoint value, in which the midpoint is defined as one-half of a peak-to-peak 

amplitude. In the some examples, additional criteria (for declaring an inverted 

signal) include a maximum of absolute value of a second derivative at a location 

where the respiration signal is less than a respiration midpoint value.  

[00109] By detecting an inverted respiratory waveform, the system may ensure 

that accurate tracking of patient respiration occurs, which in turn, may ensure that 

tracking and/or determinations made by the various engines, functions, 

parameters (FIG. 11A-17) based on sensed respiratory information are sound.  

[00110] In some examples, accelerometer utilization manager 800 comprises a 

posture function 840. In at least this context, the term posture refers at least to 

identifying whether a patient is in a generally vertical position or a lying down 

position, such as a supine position, a prone position, a left side position (e.g. left 

lateral decubitus), a right side position (e.g. right lateral decubitus), as further 

described in association with at least FIG. 11B. In some instances, the term 

posture may sometimes be referred to as "body position." Among other uses, 

some of which are detailed in association with FIG. 16 and elsewhere within the 

present disclosure, sensed posture information may be indicative of behaviors 

from which sleep quality information or sleep disordered breathing (SDB) 

information may be determined.  

[00111] In some examples, the posture function 840 rejects non-posture 

components from an accelerometer sensor signal via low pass filtering relative to 

each axis of the multiple axes of the accelerometer sensor. In some examples, 

posture is at least partially determined via detecting a gravity vector from the 

filtered axes.  

[00112] In some examples, accelerometer utilization manager 800 comprises an 

activity function 842, which can determine whether the patient is engaged in 

physical activity such as walking, running, swimming, etc. and determine related 

information such as total caloric expenditure. In some examples, such tracked 

information may provide a measure of overall health, overall health correlated 

with sleep disordered breathing therapy effectiveness, and/or other diagnostic
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information. In some examples, a sampling rate is increased when activity levels 

are changing quickly (e.g. measured values of sequential samples changes) and 

is decreased when the measured value of sequential samples are relatively 

stable. In some examples, the activity function 842 operates in cooperation with 

other functions, such as posture function 840 (FIG. 11A) and posture information 

detection engine 1400 (FIG. 16).  

[00113] In some examples, one potential classification protocol includes 

determining whether the patient is active or at rest via the posture function 840 

(e.g. 902 in FIG. 11B) and/or activity function 842 in FIG. 11A. In some examples, 

when a vector magnitude of the acceleration measured via the accelerometer

based sensor meets or exceeds a threshold (optionally for a period of time), the 

measurement may indicate the presence of non-gravitational components 

indicative of non-sleep activity. In some examples, the threshold is about 

1.15G. Conversely, measurements of acceleration of about 1G (corresponding 

to the presence of the gravitational component only) may be indicative of rest. In 

some examples, the posture function 840 may reduce sampling to about 4Hz to 

reduce processing power consumption.  

[00114] In some examples, one potential classification protocol implemented via 

the posture function (e.g. 840 in FIG. 11A, 900 in FIG. 11B) includes determining 

whether at least an upper body portion (e.g. torso, head/neck) of the patient is in 

a generally vertical position (e.g. upright position) or lying down per parameter 

904. In some examples, a generally vertical position may comprise standing or 

sitting. In some examples, this determination may observe the angle of the 

accelerometer-based sensor between the y-axis and the gravitational vector, 

which sometimes may referred to as a y-directional cosine. In the example, when 

such an angle is less than 40, the measurement suggests the patient is in a 

generally vertical position, and therefore likely not asleep.  

[00115] In some examples, processing this posture information may include 

excluding an inverted position, such as via inversion detection engine 830 in FIG.  

11A.  

[00116] In some examples, if the measured angle (e.g. a y-directional cosine) is 

greater than 40 degrees, then the measured angle indicates that the patient is
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lying down per parameter 904. In this case, one example protocol associated 

with the posture functions (e.g. 840 in FIG. 11A, 900 in FIG. 11B) includes 

classifying sub-postures, such as whether the patient is in a supine position (e.g.  

906 in FIG. 11B), a prone position (e.g. 908 in FIG. 11B), or in a lateral decubitus 

position (e.g. 910, 912 in FIG. 11B). In some examples, the protocol seeks to 

determine as soon as possible if the patient is in a supine position, which may be 

more likely to produce sleep disordered breathing.  

[00117] Accordingly, after confirming a likely position of lying down, the protocol 

determines if the patient is in a supine position (906) or a prone position (908). In 

some examples, the determination of a supine state is made when an absolute 

value of the z-directional cosine (the angle of the an accelerometer-based sensor 

between the z-axis (calibrated to represent the anterior-posterior axis of the 

patient's body) and the gravitational vector is less than or equal to 45 degrees 

and the determination of a prone state is made when the absolute value of the z

directional cosine is greater than or equal to 135 degrees.  

[00118] If neither of those criteria are satisfied, then the patient may be lying on 

their left or right side (e.g. lateral decubitus positions 910, 912). Accordingly, the 

protocol performs a further classification via the pitch angle such that the patient 

is lying on their right side if the pitch angle is less than or equal to negative 45 

degrees or greater than or equal to negative 135 degrees. However, the protocol 

determines that the patient is lying on their left side if the pitch angle is greater 

than or equal to 45 degrees or the pitch angle is less than or equal to 135 degrees.  

In some examples, a similar determination may be made using directional 

cosines.  

[00119] In some examples, accelerometer utilization manager 800 comprises an 

acoustic engine 850 to determine if snoring is occurring per snoring function 852.  

One arrangement in which acoustic engine 850 may determine snoring 

corresponds to placement of the accelerometer sensor at the distal end of a 

stimulation lead (e.g. stimulation lead 500 in FIG. 7A), which is secured to an 

upper airway-patency related nerve. Via this arrangement, the accelerometer 

sensor will be located in close physical proximity to the physical manifestations 

and effects of snoring at the upper airway. In some examples, a similar snoring-
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pertinent placement of the accelerometer sensor can be made when the 

accelerometer sensor is physically independent of a lead or the IPG assembly 

102, such as in the system 750 of FIG. 9A.  

[00120] In some examples, acoustic engine 850 can use other acoustically

sensed information such as an acoustic sensor 1244 as described later in 

association with at least FIG. 13. This other acoustic information may be used in 

addition to, or instead of, the acoustic information obtained via one of the example 

accelerometer sensor implementations.  

[00121] In some examples, the accelerometer utilization manager 800 comprises 

a minute ventilation engine 862 to determine and/or track minute ventilation, 

which can provide a correlation of motion with tidal volume and act as a significant 

corollary to apnea detection.  

[00122] In some examples, the accelerometer utilization manager 800 comprises 

a Cheyne-Stokes respiration engine 861 to determine and/or track Cheyne

Stokes respiration, which can provide a correlation of motion with changes in tidal 

volume and act as a significant corollary to apnea detection.  

[00123] In some examples, accelerometer utilization manager 800 comprises a 

start-of-sleep detection engine 863. In some instances, start-of-sleep may 

sometimes be referred to as sleep onset. Via engine 863, once a treatment period 

has been initiated, delivery of stimulation is delayed until start-of-sleep has been 

detected. Doing so can facilitate the patient falling asleep before the first 

therapeutic stimulation occurs while also preventing therapeutic stimulation from 

beginning too late. In some examples, detecting start-of-sleep via engine 863 is 

implemented via tracking posture (e.g. 840 in FIG. 11A; 1400 in FIG. 16), activity 

(e.g. 842 in FIG. 11A), cardiac information (e.g. 890, 892 in FIG. 11A), and/or 

trends of respiratory rates (e.g. 810 in FIG. 11A). In some examples, engine 863 

is subject to a manual therapy activation function controllable by a patient such 

that therapy may not be initiated even when start-of-sleep is detected if the patient 

has implemented an off or "no therapy" mode. In some examples, this manual 

therapy activation function can ensure that stimulation therapy does not become 

initiated during non-sleep hours when the patient is relatively sedentary (e.g.
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prolonged sitting, driving, etc.) or in a horizontal position, such as laying in a 

dentist chair, laying on the beach, and the like.  

[00124] In some examples, accelerometer utilization manager 800 comprises a 

motion artifact detection engine 870. In one aspect, motion signals have a 

significantly greater amplitude than respiration signals, and therefore the motion 

signals are extracted from a respiratory waveform or otherwise rejected. Insome 

examples, this extraction may be implemented via an awareness of motion 

associated with an X axis or Y axis of an accelerometer sensor having signal 

power significantly greater than the signal power of a Z axis in the accelerometer 

sensor, such as where the accelerometer sensor is implanted in some examples 

such that its Z axis is generally parallel to an anterior-posterior axis of the patient's 

body. If a patient's respiration signal is largest in a particular axis (not necessarily 

aligned with one of X, Y, Z), motion artifact can be rejected by filtering signals not 

aligned with the axis where respiration is largest. In one aspect, motion signals 

sensed via the accelerometer sensor can be distinguished from the respiration 

signals sensed via the accelerometer sensor according to the high frequency 

content above a configurable threshold.  

[00125] In some examples, accelerometer utilization manager 800 comprises an 

activation engine 874. In some examples, the activation engine 874 provides at 

least partial control over therapy, such as when a remote control (physician or 

patient) is not available. Such partial control includes at least pausing therapy, 

starting therapy, stopping therapy, and the like. In some examples, the activation 

engine 874 operates according to physical control mode 876, such as tapping the 

chest (or pertinent body portion at which the accelerometer sensor is located) a 

certain number of times within a configurable time period (e.g. three strong taps 

within two seconds). In some examples, this physical control mode 876 may act 

as an alternate therapy deactivation mechanism, such as when the stimulation 

system (including IPG assembly 102) is accidentally activated, such as upon an 

incorrect determination of sleep via an automatic therapy initiation mechanism.  

[00126] In some examples, accelerometer utilization manager 800 comprises a 

sleep stage determination engine 864 by which sleep stages can be determined.  

In some examples, such determination is made according to the relative stability
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of respiratory rate throughout the treatment period (during sleeping hours). In 

some examples, engine 864 determines and tracks the number of minutes 

awake, minutes in bed, posture, sleep/wake cycle, and/or number and depth of 

REM periods. In some examples, accelerometer utilization manager 800 

comprises a sleep quality engine 880 to determine sleep quality according to a 

combination of a sleep time parameter 882, a sleep stage parameter 884, and a 

severity index parameter 886 (e.g. AHI measurement). In some instances, the 

determined sleep quality is communicated to at least the patient to affirm the 

patient when sleep quality is good and to encourage and challenge the patient 

when sleep quality is poor. The communication may suggest lifestyle changes 

and/or increased therapy compliance.  

[00127] In some examples, a sleep function (e.g. 864 in FIG. 11A) may 

determine, at least partially via at least one sensing element, sleep stages in 

which a determination of at least some of the determined sleep stages may be 

implemented via at least one of activity information, posture information, 

respiratory rate information, respiratory rate variability (RRV) information, heart 

rate variability (HRV) information, and heart rate information.  

[00128] In some examples, accelerometer utilization manager 800 comprises a 

cardiac detection engine 890 including a variability parameter 892, an arrhythmia 

parameter 894, and a corroborative parameter 896. In some examples, 

accelerometer 160 enables acoustic detection of cardiac information, such as 

heart rate. In some examples, measuring the heart rate includes sensing heart 

rate variability (934 in FIG. 11C) per parameter 892 (FIG. 11A).  

[00129] In some examples, accelerometer 160 enables detection of cardiac 

information via a seismocardiogram (922 in FIG. 11C) or a ballistocardiogram 

(e.g. 924 in FIG. 11C) waveforms, including QRS complexes. In some examples, 

this cardiac information may provide heart rate variability information per heart 

rate variability sensing function 930 (FIG. 11C) and parameter 892 (FIG. 11A).  

[00130] In some examples, via one of the accelerometer sensors, one can sense 

respiratory information, such as but not limited to, a respiratory rate. In some 

examples, whether sensed via an accelerometer sensor alone or in conjunction 

with other sensors, one can track cardiac information and respiratory information
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simultaneously by exploiting the behavior of manner in which the cardiac 

waveform may vary with respiration.  

[00131] In some examples, the variability parameter 892 tracks heart-rate 

variability. In some examples, the heart-rate variability may correlate with 

autonomic function. In one aspect, tracking such heart-rate variability (HRV) is 

based on a strong beat-detection method providing reasonably accurate R-R 

intervals and associated cardiac trends. It will be understood that R represents a 

peak of a QRS complex of a cardiac waveform (e.g. an ECG wave, 

seismocardiogram, or ballistocardiogram), and the R-R interval corresponds to 

an interval between successive "R"s in the cardiac waveform.  

[00132] In some examples, the heart-rate variability may be tracked according to 

several different frequency bands, such as a very-low frequency (VLF) band, a 

low frequency (LF) band, and a high frequency (HF) band. In some examples, 

the very-low frequency (VLF) band may involve frequencies of about 0.005 Hz to 

about 0.04 Hz, which may correspond to vasomotion and thermoregulation. In 

some examples, the low frequency (LF) band may involve frequencies of about 

0.04 Hz to about 0.15 Hz, which may correspond to sympathetic and 

parasympathetic activity. In some examples, the low frequency (LF) band may 

involve frequencies of about 0.15 Hz to about 0.50 Hz, which may correspond to 

parasympathetic activity and respiration. With this in mind, the heart-rate 

variability (HRV) parameter 892 may comprise a heart-rate variability sensing 

function 930 as shown in FIG. 11D, which comprises a LF/HF ratio parameter 

932, a heart rate parameter 934, a R-R interval parameter 936, and an other 

parameter 938.  

[00133] In some examples, per the LF/HF ration parameter 932, the heart-rate 

variability sensing function 930 tracks a ratio of low frequency power to high 

frequency power (a LF/HF ratio) over time, which provides an estimate of 

sympathovagal balance. A significant decrease in the LF/HF ratio indicates an 

increase in parasympathetic dominance, which may indicate sleep onset in some 

examples. For instance, in some examples a decrease of about 25 percent in the 

LF/HF ratio may be indicative of sleep onset. In some examples, a decrease of 

about 50 percent in the LF/HF ratio may indicate sleep onset.



WO 2017/184753 PCT/US2017/028391 

29 

[00134] In some examples, the heart-rate variability via parameter 892 may 

provide for secondary confirmation for other features, such as the overall 

cardiovascular health of the patient.  

1001351 In some examples, the heart-rate variability per parameter 892 may be 

used to determine sleep latency, e.g. a length of time to transition from full 

wakefulness to sleep, such as non-rapid-eye-movement (NREM) sleep. In 

addition, this heart-rate variability information may be employed to identify sleep 

onset, i.e. the transition from wakefulness to sleep. For instance, a decrease in 

heart rate is associated with sleep onset. As further described later in association 

with at least FIG. 16, this information may enable operation of a stimulation onset 

parameter 1650.  

[00136] In some examples, the heart-rate variability per parameter 892 can be 

employed to distinguish and/or determine sleep stages (including REM), such as 

in association with sleep stage function 864 (FIG. 11). In some instances, 

determining sleep stage(s) via HRV parameter 892 may be more accurate than 

activity-based determinations of sleep stages.  

[00137] In some examples, per heart rate parameter 934 in FIG. 11B, a decrease 

in heart rate may correspond to sleep onset, which also may be accompanied by 

an increase in the R--R interval (RRI), which is tracked and/or determined via 

parameter 936. In some examples, an increase in the R-R interval (RRI) and/or 

a decrease in variability of a respiratory rate interval (RRI) may be indicative of 

sleep onset. In some examples, a respiratory rate interval (RRI) is tracked and/or 

determined via at least respiratory information detection engine 810 (FIG. 11A) 

and/or respiratory rate variability function 1350 (FIG. 15).  

[00138] In some examples, the cardiac variability information per parameter 892 

may be employed in association with respiratory rate information and/or other 

information to determine sleep onset, such as further described in association 

with at least sleep onset parameter 863 and/or stimulation onset parameter 1650.  

[00139] In some examples, arrhythmias are detected and tracked via parameter 

894 with such arrhythmias including, but not limited to, atrial fibrillation.
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[00140] In some examples, via corroborative parameter 896, the cardiac 

detection engine 890 can provide a corroboration or secondary confirmation of 

other features detected and tracked via an accelerometer-based sensor.  

[00141] In some examples, the accelerometer utilization manager 800 comprises 

an information vector determination engine 820 to determine an information 

vector from which neurostimulation therapy parameters can be determined and/or 

adjusted (such as via stimulation manager 1600 in FIG. 17). In some examples, 

the information vector is determined according to sensed patient information, 

which can comprise any combination of the various types of respiratory and non

respiratory information identified via accelerometer utilization management 

engine 800, and as represented via at least elements 810-890 in FIG. 11A. In 

some examples, this sensed patient information (from which the information 

vector is determined) also comprises sensed information from any one of, or 

combination of, the sensors in sensor type array 1200 in FIG. 13. In some 

examples, the sensed patient information (from which the information vector is 

determined) also comprises apnea-hypopnea information as sensed or 

determined via apnea-hypopnea detection engine 1300 in FIG. 15.  

[00142] FIG. 11E is a block diagram schematically representing a differential 

mode engine 950, according to one example of the present disclosure. In some 

examples, the differential mode engine 950 includes a motion artifact rejection 

parameter 951, a cardiac rejection parameter 952 and/or a cardiac enhancement 

parameter 954. In some examples, upon at least two accelerometer sensors 

being implemented as part of a neurostimulation system (in accordance with the 

examples of the present disclosure), a differential mode of operation is 

implemented in which a comparison or combination of the signals from the two 

different accelerometer sensors takes place. In some examples, a difference 

between the two signals may be used to reject motion artifacts and/or cardiac 

artifacts, such as via respective parameters 951, 952. However, in some 

examples, a difference between the two signals may be used to enhance cardiac 

or respiratory signals via parameter 954.  

[00143] FIG. 12A is a block diagram schematically representing a control portion 

1000, according to one example of the present disclosure. In some examples,
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control portion 1000 includes a controller 1002 and a memory 1010. In some 

examples, control portion 1000 provides one example implementation of a control 

portion forming a part of, implementing, and/or managing any one of devices, 

systems, assemblies, circuitry, managers, engines, functions, parameters, 

sensors, electrodes, and/or methods, as represented throughout the present 

disclosure in association with FIGS. 1-11B and 13-19.  

[00144] In general terms, controller 1002 of control portion 1000 comprises at 

least one processor 1014 and associated memories. The controller 1002 is 

electrically couplable to, and in communication with, memory 1010 to generate 

control signals to direct operation of at least some the devices, systems, 

assemblies, circuitry, managers, engines, functions, parameters, sensors, 

electrodes, and/or methods, as represented throughout the present disclosure.  

In some examples, these generated control signals include, but are not limited to, 

employing manager 1011 stored in memory 1010 to at least manage therapy for 

sleep disordered breathing and/or manage and operate accelerometer-based 

sensing in the manner described in at least some examples of the present 

disclosure. It will be further understood that control portion 1000 (or another 

control portion) may also be employed to operate general functions of the various 

therapy devices/systems described throughout the present disclosure.  

[00145] In response to or based upon commands received via a user interface 

(e.g. user interface 1036 in FIG. 12C) and/or via machine readable instructions, 

controller 1002 generates control signals to implement therapy implementation, 

therapy monitoring, therapy management, and/or management and operation of 

accelerometer-based sensing in accordance with at least some of the previously 

described examples of the present disclosure. In some examples, controller 1002 

is embodied in a general purpose computing device while in some examples, 

controller 1002 is incorporated into or associated with at least some of the 

associated devices, systems, assemblies, circuitry, sensors, electrodes, 

components of the devices and/or managers, engines, parameters, functions etc.  

described throughout the present disclosure.  

[00146] For purposes of this application, in reference to the controller 1002, the 

term "processor" shall mean a presently developed or future developed processor
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(or processing resources) that executes sequences of machine readable 

instructions contained in a memory. In some examples, execution of the 

sequences of machine readable instructions, such as those provided via memory 

1010 of control portion 1000 cause the processor to perform actions, such as 

operating controller 1002 to implement sleep disordered breathing (SDS) therapy 

and related management and/or management and operation of accelerometer

based sensing, 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 1010. In some examples, 

memory 1010 comprises a computer readable tangible medium providing non

volatile storage of the machine readable instructions executable by a process of 

controller 1002. 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 1002 may be embodied as part of at least one 

application-specific integrated circuit (ASIC). In at least some examples, the 

controller 1002 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 1002.  

[00147] Figure 12B is a diagram 1020 schematically illustrating at least some 

manners in which the control portion 1000 can be implemented, according to one 

example of the present disclosure. In some examples, control portion 1000 is 

entirely implemented within or by an IPG assembly 1025, which has at least some 

of substantially the same features and attributes as IPG assembly 102 as 

previously described in association with at least Figures 1-11B. In some 

examples, control portion 100 is entirely implemented within or by a remote 

control 1030 (e.g. a programmer) external to the patient's body, such as a patient 

control 1032 and/or a physician control 1034. In some examples, the control 

portion 1000 is partially implemented in the IPG assembly 1025 and partially
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implemented in the remote control 1030 (at least one of patient control 1032 and 

physician control 1034).  

[00148] In some examples, in association with control portion 1000, user 

interface (1034 in FIG. 12C) is implemented in remote control 1030.  

[00149] FIG. 12C is a block diagram schematically representing user interface 

1036, according to one example of the present disclosure. In some examples, 

user interface 1036 forms part or and/or is accessible via a device external to the 

patient and by which the therapy system may be at least partially controlled and/or 

monitored. The external device hosting user interface 1036 may be a patient 

remote (e.g. 1032 in FIG. 11B), a physician remote (e.g. 1034 in FIG. 11B) and/or 

a clinician portal. In some examples, user interface 1036 comprises a user 

interface or other display that provides for the simultaneous display, activation, 

and/or operation of at least some of the various systems, assemblies, circuitry, 

engines, sensors, components, modules, functions, parameters, as described in 

association with FIGS. 1-11B and 13-19. In some examples, at least some 

portions or aspects of the user interface 1036 are provided via a graphical user 

interface (GUI), and may comprise a display and input.  

[00150] FIG. 13 is a block diagram schematically representing a sensor type 

1100, according to one example of the present disclosure.  

[00151] As shown in FIG. 13, sensor type array 1200 comprises various types of 

sensor modalities 1210-1252, any one of which may be used for determining, 

obtaining, and/or monitoring respiratory information, cardiac information, sleep 

quality information, sleep disordered breathing-related information, and/or other 

information related to providing or evaluating patient therapy or general patient 

well-being.  

[00152] As shown in FIG. 13, in some examples sensor type 1200 comprises the 

modalities of pressure 1210, impedance 1212, airflow 1218, radiofrequency (RF) 

1230, optical 1214, electromyography (EMG) 1240, electrocardiography (EKG) 

1242, ultrasonic 1216, acoustic 1244, and/or other 1250. In some examples, 

sensor type 1200 comprises a combination 1252 of at least some of the various 

sensor modalities 1200-1250.
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[00153] Any one of these sensor modalities, or combinations thereof, may be 

used in association with, or even independently from, one of the accelerometer 

sensors previously described in examples of the present disclosure. In some 

examples, one of the these sensor modalities, or combinations thereof, may be 

used to corroborate, supplement, and/or evaluate information sensed via one of 

the accelerometer sensors previously described in examples of the present 

disclosure.  

[00154] In some examples, to the extent that at least some of the accelerometer 

sensors (FIGS. 1-9E) may eliminate or minimize tunneling to place an 

accelerometer sensor, at least some of the additional sensor modalities in FIG.  

13 also may be external sensors or involve minimally invasive sensing 

implementations, which minimize tunneling or other significant intrusions.  

[00155] It will be understood that, depending upon the attribute being sensed, in 

some instances a given sensor modality identified within FIG. 13 may include 

multiple sensing components while in some instances, a given sensor modality 

may include a single sensing component. Moreover, in some instances, a given 

sensor modality identified within FIG. 13 and/or accelerometer sensor (FIGS. 1

9E) may include power circuitry, monitoring circuitry, and/or communication 

circuitry. However, in some instances a given sensor modality in FIG. 13 or 

accelerometer sensor (FIGS. 1-9E) may omit some power, monitoring, and/or 

communication circuitry but may cooperate with such power, monitoring or 

communication circuitry located elsewhere.  

[00156] In some examples, a pressure sensor 1210 may sense pressure 

associated with respiration and can be implemented as an external sensor and/or 

an implantable sensor. In some instances, such pressures may include an 

extrapleural pressure, intrapleural pressures, etc. For example, one pressure 

sensor 1210 may comprise an implantable respiratory sensor, such as that 

disclosed in Ni et al. U.S. Patent Publication 2011-0152706, published on June 

23, 2011, titled METHOD AND APPARATUS FOR SENSING RESPIRATORY 

PRESSURE IN AN IMPLANTABLE STIMULATION SYSTEM.  

[00157] In some instances, pressure sensor 1210 may include a respiratory 

pressure belt worn about the patient's body.
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[00158] In some examples, pressure sensor 1210 comprises piezoelectric 

element(s) and may be used to detect sleep disordered breathing (SDB) events 

(e.g. apnea-hypopnea events), to detect onset of inspiration, and/or detection of 

an inspiratory rate, etc.  

[00159] As shown in FIG. 13, in some examples one sensor modality includes air 

flow sensor 1218, which can be used to sense respiratory information, sleep 

disordered breathing-related information, sleep quality information, etc. In some 

instances, air flow sensor 1218 detects a rate or volume of upper respiratory air 

flow.  

[00160] As shown in FIG. 13, in some examples one sensor modality includes 

impedance sensor 1212. In some examples, impedance sensor 1212 may be 

implemented in some examples via various sensors distributed about the upper 

body for measuring a bio-impedance signal, whether the sensors are internal 

and/or external. In some examples, the impedance sensor 1212 senses an 

impedance indicative of an upper airway collapse.  

[00161] In some instances, the sensors are positioned about a chest region to 

measure a trans-thoracic bio-impedance to produce at least a respiratory 

waveform.  

[00162] In some instances, at least one sensor involved in measuring bio

impedance can form part of a pulse generator, whether implantable or external.  

In some instances, at least one sensor involved in measuring bio-impedance can 

form part of a stimulation element and/or stimulation circuitry. In some instances, 

at least one sensor forms part of alead extending between a pulse generator and 

a stimulation element.  

[00163] In some examples, impedance sensor 1212 is implemented via a pair of 

elements on opposite sides of an upper airway.  

[00164] In some examples, impedance sensor 1212 may take the form of 

electrical components not formally part of one of the neurostimulation systems 

described in association with FIGS. 1-9E. For instance, some patients may 

already have a cardiac therapy device (e.g. pacemaker, defibrillator, etc.) 

implanted within their bodies, and therefore have some cardiac leads implanted 

within their body. Accordingly, the cardiac leads may function together or in
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cooperation with other resistive/electrical elements to provide impedance 

sensing.  

[00165] In some examples, whether internal and/or external, impedance 

sensor(s) 1212 may be used to sense an electrocardiogram (EKG) signal.  

[00166] In some examples, impedance sensor 1212 is used to detect sleep 

disordered breathing (SDB) events (e.g. apnea-hypopnea events), to detect onset 

of inspiration, and/or detection of an inspiratory rate, etc.  

[00167] In some examples, radiofrequency sensor 1230 shown in FIG. 13 

enables non-contact sensing of various physiologic parameters and information, 

such as but not limited to respiratory information, cardiac information, 

motion/activity, and/or sleep quality. In some examples, radiofrequency sensor 

1230 enables non-contact sensing of other physiologic information. In some 

examples, radio-frequency (RF) sensor 1230 determines chest motion based on 

Doppler principles. The sensor 1230 can be located anywhere within the vicinity 

of the patient, such as various locations within the room (e.g. bedroom) in which 

the patient is sleeping. In some examples, the sensor 1230 is coupled to a 

monitoring device to enable data transmission relative to other components of a 

neurostimulation therapy system (FIGS. 1-9E) and storage in such other 

components.  

[00168] In some examples, one sensor modality may comprise an optical sensor 

1214 as shown in FIG. 13. In some instances, optical sensor 1214 may be an 

implantable sensor and/or external sensor. For instance, one implementation of 

an optical sensor 1214 comprises an external optical sensor for sensing heart 

rate and/or oxygen saturation via pulse oximetry. In some instances, the optical 

sensor 1214 enables measuring oxygen desaturation index (ODI). In some 

examples, the optical sensor 1214 comprises an external sensor removably 

couplable on the finger of the patient.  

[00169] In some examples, optical sensor 1214 can be used to measure ambient 

light in the patient's sleep environment, thereby enabling an evaluation of the 

effectiveness of the patient's sleep hygiene and/or sleeping patterns.  

[00170] As shown in FIG. 13, in some examples one sensor modality comprises 

EMG sensor 1240, which records and evaluates electrical activity produced by
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muscles, whether the muscles are activated electrically or neurologically. In 

some instances, the EMG sensor 1240 is used to sense respiratory information, 

such as but not limited to, respiratory rate, apnea events, hypopnea events, 

whether the apnea is obstructive or central in origin, etc. For instance, central 

apneas may show no respiratory EMG effort.  

[00171] In some instances, the EMG sensor 1240 may comprise a surface EMG 

sensor while, in some instances, the EMG sensor 1240 may comprise an 

intramuscular sensor. In some instances, at least a portion of the EMG sensor 

1240 is implantable within the patient's body and therefore remains available for 

performing electromyography on along term basis.  

[00172] In some examples, one sensor modality may comprise EKG sensor 1242 

which produces an electrocardiogram (EKG) signal. In some instances, the EKG 

sensor 1242 comprises a plurality of electrodes distributable about a chest region 

of the patient and from which the EKG signal is obtainable. In some instances, a 

dedicated EKG sensor(s) 1242 is not employed, but other sensors such as an 

array of bio-impedance sensors 1212 are employed to obtain an EKG signal. In 

some instances, a dedicated EKG sensor(s) is not employed but EKG information 

is derived from a respiratory waveform, which may be obtained via any one or 

several of the sensor modalities in sensor type array 1200 of FIG. 13. In some 

examples, EKG sensor 1242 is embodied or at least implemented in part as at 

least one of the accelerometer sensors (FIGS. 1-9E) 

[00173] In some examples, an EKG signal obtained via EKG sensor 1242 may 

be combined with respiratory sensing (via pressure sensor 1210, impedance 

sensor 1212, and/or an accelerometer sensor) to determine minute ventilation, 

as well as a rate and phase of respiration. In some examples, the EKG sensor 

1242 may be exploited to obtain respiratory information.  

[00174] In some examples, EKG sensor 1242 is used to detect sleep disordered 

breathing (SDB) events (e.g. apnea-hypopnea events), to detect onset of 

inspiration, and/or detection of an inspiratory rate, etc.  

[00175] As shown in FIG. 13, in some examples one sensor modality includes an 

ultrasonic sensor 1216. In some instances, ultrasonic sensor 1216 is locatable 

in close proximity to an opening (e.g. nose, mouth) of the patient's upper airway
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and via ultrasonic signal detection and processing, may sense exhaled air to 

enable determining respiratory information, sleep quality information, sleep 

disordered breathing information, etc. In some instances, ultrasonic sensor 1216 

may comprise at least some of substantially the same features and attributes as 

described in association with at least Arlotto et al. PCT Published Patent 

Application 2015-014915 published on February 5, 2015.  

[00176] In some examples, acoustic sensor 1244 comprises piezoelectric 

element(s), which sense acoustic vibration. In some implementations, such 

acoustic vibratory sensing may be used to detect sleep disordered breathing 

(SDB) events (e.g. apnea-hypopnea events), to detect onset of inspiration, and/or 

detection of an inspiratory rate, etc. In some examples, acoustic sensor 1244 is 

implemented via one of the accelerometer sensors in the examples of the present 

disclosure as previously described in association with at least acoustic engine 

850 in FIG. 11A. In some examples, a therapy system can comprise at least two 

acoustic sensors, such as a first acoustic sensor implemented via an 

accelerometer sensor (FIGS. 1-9E) and a second acoustic sensor implemented 

via another type of acoustic sensing (e.g. piezoelectric).  

[00177] In some examples, acoustic sensor 1244 detects snoring information, 

which may be used in detection, evaluation, and/or modification of sleep-related 

information and/or therapy parameters.  

[00178] In some examples, one of the sensor types 1200 or a combination of 

such sensors senses local or gross motion, such as snoring, 

inspiration/expiration, etc., which may be indicative to sleep quality, sleep 

disordered breathing events, general respiratory information, etc.  

[00179] In some examples, information sensed via one of the sensors in FIG. 13, 

such as but not limited to motion information, can be used in a training mode of 

an implantable neurostimulation system (as described herein) to correlate the 

patient's respiration with the sensed motion. In some examples, this training 

occurs in cooperation with training mode 1635, which is later described in 

association with FIG. 17.  

[00180] In some examples, several sensor modalities of the sensory type array 

1200 are combined, as represented via combination identifier 1252.
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[00181] FIG. 14 is a block diagram schematically representing accelerometer 

operation engine 1280, according to one example of the present disclosure. As 

shown in FIG. 14, in some examples accelerometer operation engine 1280 

comprises a feature extraction function 1290 and a power management function 

1296. In general terms, the feature extraction function 1290 determines which 

features to extract from the different axis signals and/or meta-vectors (e.g.  

combined axis signals). In some examples, such feature extraction is 

implemented via a power spectral density parameter 1292 and a frequency 

threshold parameter 1294. For instance, a cardiac-related information obtained 

via an accelerometer sensor, such as via engine 890 in FIG. 11A, can have a 

different signature (e.g. recognizable waveform characteristics) than respiration

related information. In some examples, via parameter 1292 some such cardiac 

signals can be classified as having a dominant power spectral density meeting or 

exceeding a frequency threshold (as set via parameter 1294) while respiratory 

signals can be classified as having a dominant power spectral density which falls 

below the same frequency threshold. Stated differently, the power spectral 

density parameter 1292 facilitates identifying sensed cardiac information as a first 

portion of the sensed accelerometer signals which exhibit substantial power at 

relatively higher frequencies and identifying sensed respiratory information as a 

second portion of the sensed accelerometer signals which exhibit substantial 

power at relative lower frequencies.  

[00182] Upon differentiating cardiac information and respiratory information from 

sensed accelerometer signals, the various devices, managers, engines, 

functions, parameters as described throughout examples of the present 

disclosure may be employed to determine other physiologic information, which 

may or may not relate to detecting, evaluating, diagnosing, and/or treating sleep 

disordered breathing behavior.  

[00183] In some examples, the power management function 1296 provides for 

managing power used for sensing. In some instances, via function 1296 a higher 

sampling rate can be used at an accelerometer sensor (FIGS. 1-9E) when SDB 

events are detected while a lower sampling rage can be used during normal 

respiration. In some instances, power is not supplied (or greatly reduced) to an
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accelerometer sensor when stimulation is delivered via an open loop mode (1630 

in FIG. 17).  

[00184] In some examples, the power management function 1296 is associated 

with at least one sensing element of a SDB care device to selectively activate 

and/or de-activate at least one function of the at least one sensing element at 

selective periods of time based on information sensed via the at least one sensor.  

In some examples, the sensed information comprises posture information. In 

some examples, the posture information comprises changes in posture and/or a 

lack of change in posture. In some examples, the sensed information comprises 

cardiac information or other information which is in addition to or instead of the 

posture information. In some examples, the at least one function of the at least 

one sensor comprises a posture detection or tracking function (e.g. position 

tracking). As just one of many examples, the power management function 1296 

may deactivate posture detection after detecting a generally vertical posture and 

activate posture detection upon sensed respiratory information (e.g. respiratory 

variability) determines sleep. Of course, in some examples the at least one 

function which is selectively activated or de-activated may comprise a function 

other than posture or in addition to posture, such as any one or more of the 

various functions and modalities described in association with at least FIGS. 11A

17.  

[00185] In some examples, the at least one sensing element governed via the 

power management function 1296 comprises an accelerometer-based sensor. In 

some examples, the at least one sensing element governed via the power 

management function 1296 includes other sensing modalities instead of an 

accelerometer-based sensor or in addition to an accelerometer-based sensor.  

[00186] FIG. 15 is a block diagram schematically representing an apnea

hypopnea event management engine 1300, according to one example of the 

present disclosure. As shown in FIG. 15, in some examples the management 

engine 1300 comprises a detection engine 1310, which includes a peak-to-peak 

amplitude function 1320 and a respiratory rate variability function 1350.  

[00187] In general terms, the detection engine 1310 may detect apnea-hypopnea 

events based on information sensed via at least an accelerometer-based sensor
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(FIGS. 1-9E) in accordance with at least some examples of the present 

disclosure. For instance, in some examples an apnea-hypopnea event 

management engine 1300 may track a number of apnea-hypopnea events based 

on at least one of changes in respiratory amplitude, changes in respiratory rate, 

and/or changes in heart rate, at least some of which are further described below 

and elsewhere throughout the present disclosure. In some examples, the apnea

hypopnea event management engine 1300 may track a number of apnea

hypopnea events in association with different sleep stages, which facilitate 

correlating the occurrence of such events relative to particular sleep stages. In 

some examples, upon at least some changes in a number of apnea-hypopnea 

events, the apnea-hypopnea event management engine 1300 is to automatically 

implement changes to stimulation therapy via a pulse generator. In some 

examples, the apnea-hypopnea event management engine 1300 may sometimes 

be referred to as an apnea-hypopnea event function.  

[00188] In some examples, the peak-to-peak amplitude function 1320 can detect 

an apnea-hypopnea event (e.g. SDB event) per waveform parameter 1330 upon 

a peak-to-peak amplitude of a respiratory waveform falling below a threshold (set 

via threshold parameter 1336) or upon such a peak-to-peak amplitude falling 

below a moving baseline (set via parameter 1338). In some examples, the peak

to-peak amplitude function 1320 can detect an apnea-hypopnea event (e.g. SDB 

event) per derivative parameter 1332 upon a peak-to-peak amplitude of a 

derivative of a respiratory waveform falling below a threshold (set via threshold 

parameter 1336) or upon such a peak-to-peak amplitude of a derivative of a 

respiratory waveform falling below a moving baseline (set via parameter 1338).  

[00189] In some examples, the peak-to-peak amplitude function 1320 can detect 

an apnea-hypopnea event (e.g. SDB event) per variability parameter 1334 upon 

a peak-to-peak amplitude of a respiratory waveform having a variability greater 

than a threshold (set via threshold parameter 1336).  

[00190] In some examples, the respiratory rate function 1350 can detect an 

apnea-hypopnea event (e.g. SDB event) upon a sensed respiratory rate having a 

variability greater than a threshold (set via threshold parameter 1336). In some 

examples, the detection engine 1310 may also detect apnea-hypopnea events
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based on information sensed via sensors in addition to, or in combination with, 

an accelerometer sensor (in accordance with at least some examples of the 

present disclosure). In some examples, such additional sensors can be one of 

the sensor type modalities 1100 described in association with at least FIG. 13.  

[00191] In some examples, apnea-hypopnea event management engine 1300 

comprises a single event function 1360, which can detect a single apnea 

hypopnea event. In some examples, apnea-hypopnea event management engine 

1300 comprises an average function 1362 to detect and/or track an average 

number of apnea-hypopnea events over time. In some instances, such averages 

can be expressed as severity index, which in some examples comprises an 

apnea-hypopnea index (AHI).  

[00192] In some examples, apnea-hypopnea event management engine 1300 

comprises a diagnostic function 1370 to use apnea-hypopnea detection 

information for diagnosing patient conditions, including but not limited to 

obstructive sleep apnea, while therapy titration function 1372 can use apnea

detection information to enable titrating stimulation therapy for obstructive sleep 

apnea.  

[00193] FIG. 16 is a block diagram schematically representing a posture 

information engine 1400, according to one example of the present disclosure. As 

previously noted, in at least some instances, the posture may sometimes be 

referred to as body position. As shown in FIG. 16, in some examples posture 

information engine 1400 comprises a calibration function 1410 to compensate for 

an unknown orientation of the accelerometer as mounted within the patient's 

body. In some examples, an automatic parameter 1412 performs such calibration 

automatically, such as when the patient is walking because such behavior is 

consistent with a gravity vector pointing downward. In some examples, a manual 

parameter 1414 can be used to perform calibration, such as via measuring a 

gravity vector in at least two known patient orientations, of the accelerometer 

orientation.  

[00194] In some examples, posture information engine 1400 comprises a 

position tracking function 1420 to track physiologic information in association with 

at least some respective different postures. In some examples, the physiologic
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information comprises an amount of time spent sleeping in each posture. In some 

instances, such tracked physiologic information may include a number of 

switches between different postures. In some examples, such tracked 

physiologic information may include alack of changes between different postures.  

In some examples, posture information engine 1400 comprises an apnea

hypopnea events function 1430 to track a number of apnea-hypopnea events that 

occurs in each respective posture. In some examples, the tracking of the number 

of apnea-hypopnea events may occur in association with sensed respiratory 

information which may be obtained via an accelerometer-based sensor and/or 

other respiratory information sensing modalities.  

[00195] Via this arrangement, in some examples sleep position (e.g. left side, 

right side, supine, prone, etc.) may be used to determine the effectiveness of SDB 

therapy according to sleep position, and in some instances, the SDB therapy may 

be automatically adjusted based on the orientation (i.e. sleep position) of the 

patient.  

[00196] In some examples, upon determining at least some changes between 

multiple different postures via position tracking function 1420 (and/or posture 

function 840 in FIG. 11A, 900 in FIG. 11B), changes are automatically 

implemented in stimulation therapy via a pulse generator.  

[00197] In some instances, this information regarding sleep position (obtained via 

a sensed posture information) may be communicated via a notification function 

1440 to the patient during a sleep period in order to induce the patient to change 

their sleep position into one more conducive to efficacious therapy. In some 

examples, the communication via notification function 1440 may occur by an 

audible notification 1442 or haptic notification 1444 (e.g. vibratory, motion, etc.) 

implemented via wireless communication to a patient remote (e.g. 1030 in FIG.  

12B), a user interface (e.g. 1034 in FIG. 12C), a patient support (e.g. 794 in FIG.  

9C). In some examples, the haptic notification 1444 may be communicated via 

direct muscle stimulation via wireless communication to a wearable muscle 

stimulation device.  

[00198] Among other uses, the sensed posture information may be employed by 

a clinician to adjust stimulation therapy and/or employed by a therapy device
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(and/or manager such as 1600 in FIG. 17) to automatically adjust stimulation 

therapy to cause a decrease in the moving average of the sleep apnea index (e.g.  

AHI). Moreover, in some examples, this information may be used to 

communicate to the patient via audio or non-audio techniques to change their 

sleep position to a position (e.g. left side) more amenable to regular respiration.  

[00199] FIG. 17 is a block diagram schematically representing a stimulation 

manager 1600, according to one example of the present disclosure.  

[00200] While not necessarily expressly stated directly in association with each 

aspect of the example represented by FIG. 17, it will be understood that 

stimulation manager 1600 may utilize and/or coordinate with at least some of the 

therapy-related features, engines, functions, parameters, etc. as described 

throughout at least some examples of the present disclosure.  

[00201] As shown in FIG. 17, in some examples, stimulation manager 1600 

includes a closed loop mode engine 1610, an open loop mode engine 1630, a 

training engine 1635, and an adjustment engine 1640.  

[00202] In some examples, once therapy is initiated during a daily treatment 

period, stimulation is performed generally continuously. In some examples, once 

therapy is initiated during a daily sleep period, stimulation is performed on an "as

needed" basis, such that stimulation occurs when needed but is otherwise 

suspended.  

[00203] In general terms, stimulation is applied via general parameters, such as 

on/off, amplitude, rate, width, duty cycle of burst, start of burst, electrode 

configuration, ramping of stimulation amplitude, etc. In some examples, via 

adjustment engine 1640, stimulation intensity is adjusted according to at least one 

or a combination of parameters, such as but not limited to, a pulse amplitude, 

number of pulses, pulse width, burst time, and/or electrode configuration.  

[00204] In some examples, transitioning between different electrode 

configurations may be implemented via pulse interleaving. However, in some 

examples, transitioning between different electrode configurations may be 

implemented without pulse interleaving.  

[00205] In some examples, the closed loop mode engine 1610 causes a 

neurostimulation system to apply therapeutic stimulation, at least in part, based
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on received and/or sensed physiologic information related to the intended 

therapy. As shown in FIG. 17, in some examples the closed loop mode engine 

1610 includesan inspiration onlyfunction 1614, a continuous function 1620, and 

an other function 1628.  

[00206] In some examples, via the inspiration only function 1614, stimulation is 

delivered during only the inspiratory phase of a respiratory cycle. Among other 

features, this arrangement may minimize muscle fatigue and/or reduce energy 

usage by the stimulation system, thereby potentially prolonging longevity of a 

power source.  

[00207] In some examples, via the continuous function 1620, stimulation is 

delivered continuously during a treatment period. Stated differently, the 

stimulation is applied throughout the entirety of each respiratory cycle occurring 

within the treatment period such that the stimulation is not synchronized to occur 

solely with inspiration or another defined fraction of a respiratory cycle.  

[00208] In some examples, the configurable stimulation parameters (e.g.  

amplitude, rate, width, etc.) are implemented according to one set of values to 

coincide with each inspiratory phase (per inspiration parameter 1622) while a 

different set of values (for at least some of the same configurable stimulation 

parameters) are implemented to coincide with each expiratory phase per 

expiration parameter 1624. In this arrangement, the sensed respiratory 

information can be used to determine an appropriate value of the configurable 

parameters for each phase and/or detect the beginning, midpoint, end, etc. of 

each respective phase and expiratory pause.  

[00209] In some examples, the other function 1628 can enable implementing 

custom stimulation protocols that operate in a closed loop mode in which different 

levels and stimulation schemes can be implemented during different portions of 

a respiratory cycle.  

[00210] In some examples, the open loop mode function 1630 causes a 

neurostimulation system to apply therapeutic stimulation that is not in response 

to receiving and/or sensing physiologic information, such as but not limited to 

respiration information. In such examples, once a treatment period is initiated, 

stimulation will be delivered without regard to inspiratory and/or expiratory
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phases. The stimulation may or may not be continuous. However, it will be 

understood that received or sensed respiratory information (or other related 

information) may still be used to track the patient's health, evaluate therapy, etc.  

In some examples, open loop mode function 1630 incorporates a stimulation 

period and duty cycle such that stimulation occurs during at least a majority of 

any given inspiratory phase.  

[00211] In some examples, as shown in FIG. 17, an adjustment engine 1640 of 

stimulation manager 1600 includes a stimulation onset parameter 1650, a 

stimulation offset parameter 1660, an apnea-hypopnea event parameter 1670, 

and a posture parameter 1672. The stimulation onset parameter 1650 enables 

adjusting stimulation parameters and/or other therapy parameters in relation to 

inspiration onset 1652, such as but not limited to, a configurable delay before the 

onset of inspiration. In some instances, a prediction is based on previous 

inspiration onset times.  

[00212] In some examples, via stimulation onset parameter 1650, stimulation is 

initiated when start-of-sleep (i.e. sleep onset) is detected. In some examples, 

start-of-sleep may be determined in accordance with a start-of-sleep parameter 

863 , such as previously described in association with at least FIG. 11A. For 

example, in some examples a determination of sleep onset may involve analyzing 

a R-R interval from a cardiac waveform to identify decreases in a LF/HF power 

ratio, R-R interval increases, and/or R-R variability, as well as observing 

decreases in respiratory rate variability (RRV). In some examples, this cardiac 

variability information is used in combination with activity information (842 in FIG.  

11A), posture information (840 in FIG. 11A; 1400 in FIG. 16), and/or respiratory 

information to determine sleep onset, as well as sleep offset, i.e. termination of 

sleep.  

[00213] In some examples, the same parameters used to determine sleep onset 

also may be used to determine end sleep 865 (i.e. sleep offset or termination of 

sleep). In some examples, a determination of sleep termination may thereby 

triggers terminating stimulation per stimulation offset parameter 1660.
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[00214] In some examples, activity information (e.g. 842 in FIG. 11A) and/or 

respiratory information sensed via at least one sensing element of a SDB care 

device may at least partially determine sleep onset and/or sleep termination.  

[00215] In some examples, the stimulation offset parameter 1660 enables 

adjusting stimulation parameters and/or other therapy parameters in relation to 

expiration onset 1662, such as but not limited to, a configurable delay after the 

onset of expiration. In some instances, a prediction is based on previous 

expiration onset times. In some instances, the stimulation offset can be set as a 

fixed time after the onset of inspiration.  

[00216] In some examples, the apnea-hypopnea event parameter 1670 enables 

adjusting stimulation settings in relation to detection of apnea-hypopnea events 

in which the adjusted stimulation parameters remain within clinician-configurable 

limits. In one instance, to the extent that a lesser number of apnea-hypopnea 

events are detected relative to a threshold, one can reduce the intensity of 

stimulation according to at least one stimulation parameter (e.g. amplitude, rate, 

pulse width, etc. as noted above), thereby conserving energy and minimizing 

unnecessary nerve stimulation, which in turn reduces muscle fatigue.  

[00217] In some examples, the posture parameter 1672 enables adjusting 

stimulation settings in relation to different postures (e.g. supine position, prone 

position, left side position, right side position). In one aspect, the stimulation 

settings are configurable such that a different set of stimulation settings may be 

applied to each different posture. Accordingly, as a patient moves into different 

postures throughout the night (during a treatment period), the stimulation settings 

can be automatically adjusted. In some examples, via the posture parameter 

1672 these configurable stimulation settings are adjusted for each patient.  

[00218] In some examples, when standing or sitting upright is detected via an 

accelerometer sensor (FIGS. 1-9E) and/or other sensors, the posture parameter 

1672 can reduce stimulation to a minimal level or terminate stimulation 

completely.  

[00219] In some examples, posture function 1672 may operate in coordination 

with posture function 840 (FIG. 11A) and/or posture information engine 1400 

(FIG. 16).
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[00220] In some examples, upon detecting motion artifacts (see engine 870 in 

FIG. 11A), the adjustment engine 1640 may implement the open loop function 

1630 (FIG. 17) to ensure sufficient stimulation for at least a period of time during 

which the motion artifacts are present.  

[00221] In some examples, as shown in FIG. 17, the stimulation manager 1600 

comprises a training engine 1635, which calibrates stimulation parameters and 

sensed information parameters relative to sensed parameters of a sleep study, 

such as a polysomnography (PSG) study. In some instances, such training 

utilizes the external instruments available in a PSG study to provide reference 

signals for respiration and apnea-hypopnea event detection.  

[00222] In some examples, via an automatic stimulation function 1680, 

stimulation is enabled and disabled (e.g. turned on and off) automatically 

according to various parameters. In some examples, such parameters include 

posture, respiratory rate, apnea-hypopnea event count, etc. However, in some 

examples, because sleep disordered breathing is generally associated with sleep 

periods of the patient, in some examples a treatment period automatically 

coincides with a daily sleep period of the patient such that the automatic 

stimulation state function 1680 enables/disables stimulation according to the 

above-identified parameters. In some instances, the daily sleep period is 

identified via sensing technology which detects motion, activity, posture of the 

patient, as well as other indicia, such as heart rate, breathing patterns, etc.  

However, in some instances, the daily sleep period is selectably preset, such from 

10 pm to 6 am or other suitable times.  

[00223] In some examples, as shown in FIG. 17, stimulation manager 1600 

comprises a state-based operation engine 1682 to cause different states of 

operation for stimulation therapy. In some examples, the engine 1682 includes 

operation of an inversion detection state to deliver stimulation with a fixed rate 

and fixed duty cycle per open loop engine 1630, such as in cooperation with 

inversion detection engine 830 in FIG. 11A. In some examples, the inversion 

detection state may be entered upon occurrence of a "reset", which may occur 

upon a change in posture, a motion artifact above a threshold, and/or the 

occurrence of respiratory rate variability above a threshold. On detection of stable
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posture, motion artifact below a threshold, and/or respiratory rate variability below 

a threshold for a configurable duration, in some examples, the engine 866 

includes transition to a closed-loop state in which stimulation is delivered per 

closed loop engine 1610 until a "reset" occurs. In some examples, in the closed

loop state the respiration signal can be inverted prior to further processing based 

on the determination of inversion detection engine 830. In this way, efficacious 

stimulation can be delivered in the presence of sensor noise (including but not 

limited to motion artifact) and/or unstable respiration (including apnea and/or 

hypopnea events) by virtue of open-loop stimulation engine 1630. In some 

examples, the state-based operation engine 1682 includes additional states of 

operation, such as at least some of the various states, modes, and/or adjustments 

of stimulation manager 1600.  

[00224] FIG. 18 is a flow diagram schematically representing a method 1700 of 

neurostimulation therapy, according to one example of the present disclosure. In 

some examples, method 1700 can be performed according to at least some of 

the devices, systems, assemblies, components, sensors, electrodes, managers, 

engines, functions, and/or parameters, as previously described in association 

with FIGS. 1-17. In some examples, method 1700 can be performed via at least 

some devices, systems, assemblies, components, sensors, electrodes, 

managers, engines, functions, and/or parameters other than those previously 

described in association with FIGS. 1-17.  

[00225] As shown in FIG. 18, at 1702 method 1700 comprises implanting a pulse 

generator assembly, and at 1704, implanting a first sensing element comprising 

an accelerometer-based sensor. At 1706, method 1700 comprises delivering 

stimulation via the pulse generator assembly in association with the first sensing 

element.  

[00226] As shown in FIG. 19, in some examples, method 1700 further comprises 

arranging the first sensing element as part of the implantable pulse generator 

assembly prior to implantation.  

[00227] FIG. 20 is a flow diagram schematically representing a method 2500, 

according to one example of the present disclosure. In some examples, method 

2500 can be performed according to at least some of the devices, systems,
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assemblies, components, sensors, electrodes, managers, engines, functions, 

and/or parameters, as previously described in association with FIGS. 1-17. In 

some examples, method 2500 can be performed via at least some devices, 

systems, assemblies, components, sensors, electrodes, managers, engines, 

functions, and/or parameters other than those previously described in association 

with FIGS. 1-17.  

[00228] In some examples, as shown at 2502 in FIG. 20 method 2500 of sleep 

disordered breathing care comprises sensing, via at least one sensor, at least 

respiratory information, wherein the at least one sensor comprises an 

accelerometer-based sensor. In some examples, method 2500 also comprises 

implanting the at least one sensor.  

[00229] In some examples, method 2500 comprises selectively activating or de

activating, via a power management function, at least one function of the at least 

one sensor at selective periods of time based on information sensed via the at 

least one sensor, wherein the sensed information comprises posture information.  

[00230] In some examples, method 2500 comprises determining, via a posture 

function associated with the at least one sensor, posture information to indicate a 

respective one of multiple different postures.  

[00231] In some examples, method 2500 comprises the multiple different 

postures comprising a generally vertical position and a lying down position, and 

the lying down position comprising at least one of a supine position, a prone 

position, a left lateral decubitus position, and a right lateral decubitus position.  

[00232] In some examples, method 2500 comprises, upon determining at least 

some changes between multiple different postures, automatically implementing 

via the posture function changes to stimulation therapy via a pulse generator.  

[00233] In some examples, method 2500 comprises tracking physiologic 

information, via a position tracking parameter of the posture function, in 

association with at least some postures.  

[00234] In some examples, method 2500 comprises the tracked physiologic 

information, including the respiratory information, comprising a number of apnea

hypopnea events for each posture.
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[00235] In some examples, method 2500 comprises tracking a number of apnea

hypopnea events based on at least one of changes in respiratory amplitude, 

changes in respiratory rate, and changes in heart rate.  

[00236] In some examples, method 2500 comprises, wherein upon at least some 

changes in a number of apnea-hypopnea events, automatically implementing 

changes to stimulation therapy via a pulse generator.  

[00237] In some examples, method 2500 comprises determining via a respiration 

monitor associated with the at least one sensor, at least one of an inspiratory 

phase and an expiratory phase, based on respiration information including at 

least one of: respiratory period information; and respiratory phase information.  

[00238] In some examples, method 2500 comprises selectively stimulating, via a 

pulse generator, an upper airway patency-related nerve via a stimulation element, 

during a portion of the inspiratory phase, based on respiration information from 

the respiration monitor.  

[00239] In some examples, method 2500 comprises arranging a pulse generator 

to include the at least one sensor.  

[00240] In some examples, method 2500 comprises stimulating, via a pulse 

generator, stimulate an upper airway patency-related nerve independent of the 

respiration information.  

[00241] In some examples, method 2500 comprises wherein, in addition to the 

accelerometer-based sensor, the at least one sensor comprises a respiratory 

sensor to detect at least some of the respiratory information.  

[00242] In some examples, method 2500 comprises determining, via at least one 

of sensed activity information and sensed respiratory information, at least one of 

sleep onset and sleep termination.  

[00243] In some examples, method 2500 comprises determining, via cardiac 

information sensed via at least partially via the at least one sensor, at least one 

of sleep onset and sleep termination according to at least one of: heart rate 

variability (HRV) information; and heart rate information.  

[00244] In some examples, method 2500 comprises selectively stimulating, via a 

pulse generator, an upper airway patency-related nerve via a stimulation element,
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wherein the pulse generator enables stimulation upon a determination of sleep 

onset and disables stimulation upon a determination of sleep termination.  

[00245] In some examples, method 2500 comprises selectively stimulating, via a 

pulse generator, an upper airway patency-related nerve via a stimulation element, 

wherein the pulse generator enables stimulation upon a determination of sleep 

onset and disables stimulation upon a determination of sleep termination.  

[00246] In some examples, method 2500 comprises determining, at least partially 

via the at least one sensor, cardiac information including at least one of heart rate 

variability (HRV) information; and heart rate information.  

[00247] In some examples, method 2500 comprises determining, at least partially 

via the at least one sensor, respiration information including at least one of 

respiratory rate variability (RRV) information and respiratory rate information.  

[00248] In some examples, method 2500 comprises electively deactivating at 

least one operation of the at least one sensor at selective periods of time in 

relation to the cardiac information.  

[00249] In some examples, method 2500 comprises determining, at least partially 

via the at least one sensor, at least some sleep stages based on at least one of: 

activity information; posture information; respiratory rate information; respiratory 

rate variability (RRV) information; heart rate variability (HRV) information; and 

heart rate information.  

[00250] In some examples, method 2500 comprises detecting a number of 

apnea-hypopnea events in association with at least some of the respective sleep 

stages.  

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 specific 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.
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CLAIMS: 

1. A sleep disordered breathing (SDB) care device comprising: 

at least one implantable accelerometer sensor to sense at least physiologic 

information; and 

a control portion to receive the sensed physiologic information from the implantable 

accelerometer sensor, wherein the control portion comprises: 

a feature extraction function to determine from the sensed 

physiologic information, according to power spectral density, respiration 

information from cardiac information, wherein the respiration information 

comprises respiratory phase information; and 

a respiration monitor to determine, at least one of an inspiratory 

phase and an expiratory phase, based on the determined respiratory phase 

information; and 

an implantable pulse generator to treat obstructive sleep apnea via selective 

stimulation of at least a hypoglossal nerve via a stimulation element, during a portion of 

the inspiratory phase, based on the determined respiratory phase information from the 

respiration monitor, wherein the implantable pulse generator comprises the control 

portion.  

2. The SDB care device of claim 1, wherein the respiration information includes 

respiratory period information.  

3. The SDB care device of claim 1 or claim 2, wherein the implantable pulse generator 

comprises the at least one implantable accelerometer sensor.  

4. The SDB care device of any one of the preceding claims, wherein the respiration 

monitor determines, from the respiratory information, at least one of: 

respiratory rate variability (RRV) information; and 

respiratory rate information.
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5. The SDB care device of any one of the preceding claims, wherein via the control 

portion, the implantable pulse generator is to enable the stimulation upon a determination 

of sleep onset and is to disable the stimulation upon a determination of sleep termination.  

6. The SDB care device of claim 5, wherein the control portion comprises: 

a cardiac information function to determine, at least partially via the at least one 

implantable accelerometer sensor, at least one of the respective sleep onset and sleep 

termination according to at least one of: 

heart rate variability (HRV) information; and 

heart rate information.  

7. The SDB care device of claim 5, wherein the at least one implantable 

accelerometer sensor is to sense patient activity, and wherein the control portion 

comprises: 

an activity function associated with the at least one implantable accelerometer 

sensor to at least partially determine, via at least one of the sensed activity information 

and the sensed respiration information, at least one of the respective sleep onset and 

sleep termination.  

8. The SDB care device of claim 1, wherein the control portion comprises: 

a sleep function to determine, at least partially via the physiologic information 

sensed via at least one implantable accelerometer sensor, sleep stages, wherein a 

determination of at least some of the determined sleep stages is to be performed via at 

least one of: 

activity information; 

posture information; 

respiratory rate information from the sensed respiration information; 

respiratory rate variability (RRV) information from the sensed respiration 

information; 

heart rate variability (HRV) information from the sensed cardiac information; 

and
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heart rate information.  

9. The SDB care device of claim 8, wherein the control portion comprises: 

an apnea-hypopnea event engine to detect a number of apnea-hypopnea events 

in association with at least some of the respective sleep stages.  

10. The SDB care device of claim 1, wherein the control portion comprises: 

a cardiac information function to determine, at least partially based on the 

physiologic information sensed via the at least one implantable accelerometer sensor, 

cardiac information including at least one of: 

heart rate variability (HRV) information; and 

heart rate information.  

11. The SDB care device of claim 1, comprising: 

an implantable single lead including a proximal end removably connectable to the 

implantable pulse generator and an opposite distal end including the stimulation element; 

and 

a first sensing element separate from the single lead, wherein the first sensing 

element comprises the at least one implantable accelerometer sensor.  

12. The SDB care device of claim 11, wherein the implantable pulse generator 

incorporates the first sensing element.  

13. The SDB care device of claim 1, wherein the control portion comprises: 

a posture function associated with the at least one implantable accelerometer 

sensor to determine posture information to indicate a respective one of multiple different 

postures, wherein the multiple different postures comprise a generally vertical position 

and a lying down position, wherein the lying down position comprises at least one of a 

supine position, a prone position, a left lateral decubitus position, and a right lateral 

decubitus position.
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14. The SDB care device of claim 13, wherein upon determining at least some 

changes between multiple different postures, the posture function is to automatically 

implement changes to stimulation therapy via the control portion.  

15. The SDB care device of claim 13, wherein the posture function comprises a 

position tracking parameter to track physiologic information, including the respiration 

information including a number of apnea-hypopnea events for each respective different 

multiple posture.  

16. The SDB care device of claim 15, wherein upon at least some changes in a number 

of apnea-hypopnea events, an apnea-hypopnea event function of the control portion is to 

automatically implement changes to stimulation therapy via the control portion.  

17. A sleep disordered breathing (SDB) care device, comprising: 

an implantable accelerometer sensor to sense physiologic information; and 

an implantable pulse generator including a control portion programmed to: 

determine from the sensed physiologic information, according to power 

spectral density, respiratory information from cardiac information; 

generate a stimulation signal to stimulate, via a stimulation element and in 

an open loop mode without regard to respiratory phase information of the determined 

respiratory information, at least the hypoglossal nerve; 

detect, based on at least the determined respiratory information, a number 

of apnea-hypopnea events; and 

automatically implement changes to the stimulation signal based upon 

changes in the detected number of apnea-hypopnea events.  

18. The SDB care device of claim 17, wherein the control portion is to detect the 

number of apnea-hypopnea events according to the determined respiratory information 

including at least one of changes in respiratory amplitude and changes in respiratory rate.
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19. The SDB care device of claim 17, wherein the control portion is to determine, 

based on the determined respiratory information, at least one of: 

respiratory rate variability (RRV) information; and 

respiratory rate information.  

20. The SDB care device of claim 19, wherein the control portion is to determine sleep 

stage information based on the respiratory rate information and respiratory rate variability 

(RRV) information.  

21. The SDB care device of claim 17, wherein the determined respiratory information 

comprises at least one of: 

respiratory period information; and 

respiratory phase information.
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