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(57) Abstract: Disclosed herein, among other things, are methods and apparatus related to apnea therapy. One aspect of the present
subject matter provides a method for apnea directed therapy. The method includes receiving a signal indicative of a real-time determ-
ination of type of an apnea event for a patient during the apnea event, and using the signal to select appropriate therapy to be applied
to the patient during the apnea event to treat the apnea event, and to withhold inappropriate therapy. The therapy is applied in a
closed loop system, in various embodiments. In various embodiments, the signal includes a determination of whether the apnea
event is primarily an obstructive sleep apnea (OSA) event or primarily a central sleep apnea (CSA) event.
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METHODS AND APPARATUS FOR APNEA THERAPY STIMULATION

CLAIM OF PRIORITY
180661} This application claims the benefit of priority under 35 U.S.C. §
119(c} of 11.S. Provisional Patent Application Serial Number 61/975,094, filed

on April 4, 2014, which is hercin incorporated by reference in is entirety.

CROSS REFERENCE TO RELATED APPLICATION
133021 This appiication is related to co-pending, commonly assigned, U.S.
Patent Apphication Serial No. 61/975,084, entitled “DISCRIMINATION OF
APNEA TYPE BY MEDICAL DEVICE”, filed on April 4, 2014, which is

hereby incorporated by reference in s entirety.

TECHNICAL FIELD
16663} This application relates generally to medical devices and, more
particularly, to systeros, devices, methods and apparatus for apoea therapy

stimulation.

BACKGROUND
18084} Respiratory diseases include disorders that affect breathing during
sleep. Examples of respiratory disorders include central sleep apnea (CSA) and
obstructive sleep apnea (O5A). Sleep apnea refers to the cessation of breathing
during sieep. CSA 13 associated with incorrect seusing of carbon dioxide or
oxygen levels in the blood. If nerve receptors do not send the correct neural
signals, in essence deceiving the brain by reporting incorrect levels of carbon
dioxide or oxygen, an incidence of CSA can occur. OSA is associated with an
obstruction of the upper atrway, Both CSA and OSA have serious health
consequences, including association with cardiac arrhythmias and worsening
heart failore. Stimulation therapy for apnea differs depending upon whether the
patient is deemed a CSA or OSA patient. However, a patient rarely has
exclusively a single type of apnea. Both CSA and OSA episodes can occur in

one patient over the course of a night in different degrees.
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[B305] Therefore, there 18 a need in the art for improved apnea therapy

stinvulation by tatioring therapy to the specific type of apnea in progress.

SUMMARY

16006] Disclosed herein, among other things, are methods and apparatus

|91

related to apnea therapy. One aspect of the present subject matter provides g
method for apnea directed therapy. The method may include receiving a signal
indicative of a real-time or near real-time determination of type of an apnea
event for 4 patient during the apnea event, and using the signal to select

10 appropriate electrical stimulation therapy to be applied to the patient during the
apnea event to treat the apnea event. The electrical stimulation therapy may be
applied iu a closed loop system, in various embodiments, o various
embodiments, the signal may inchude a determination of whether the apnea event
is primarily an obstructive sleep apnea (OSA) event or primarily a central sleep

15 apneca (CSA) event.
8687} One aspect of the present subject matter provides an implantable
medical device for apnea directed therapy. The device may include an input
configured to receive a signal indicative of a real-time or near real-time
deterratnation of type of an apnea event for a patient during the apnea event. o

20 various embodiments, the device may include a processor adapted to be
connected to the input, the processor configured to use the signal to select,
withhold, or both select and withhold, therapy to be apphied to the patient during
the apnea event to treat the apnea cvent, and configured to controf a stimulator to
apply the therapy in a closed loop system. In various embodiments, OSA

25 therapy is delivered and CSA therapy is withheld if the apnea event is
deterrained to be primarily an OSA event, and CSA therapy s delivered and
OSA therapy s withheld if the apnea event is determined to be primarily a CSA
event.
6008} This Sununary 8 an overview of some of the teachings of the present

30 application and not intended to be an exchusive or exhaustive treatment of the
present subject matter. Further details about the present subject matter are found
in the detatled description and appended claims. The scope of the present

mvention is defined by the appended clairos and thewr equivalents.
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BRIEF DESCRIPTION OF THE DRAWINGS
[8609] Various embodiments are llustrated by way of example in the figures
of the accompanying drawings. Such embodiments are demonstrative and not
imtended to be exhanstive or exclusive embodiments of the present subject matter,
186161 FIG. 1illustrates an example of a therapy system with a prograromer.
18611} FIG. 2 illustrates an example of a system that includes an implantable
medical device (IMD), such as the system of FIG. 1.
(6612} FI1G. 3 illustrates an example of g external device, such ag the
programomer of FIG. 1.
16613} FIG. 4 illustrates a flow diagram for an example of a method of
identifving apnea and delivering therapy for the identified CSA apuoea, according
1o various embodiments of the present subject matter,
[6614] FIGS. SA-5C iilustrates an cxamaple of 2 subcutaneous imaplantable
cardiac detibriflator (5-ICD) for delivering apunea therapy stimulation, according
to various embodiments of the present subject matter.
[6815] FIG. 6 ithustrates a flow diagram for an example of 2 method of
identifying apnea and delivering therapy for the identified OSA apnea, according
to various embodiments of the present subject matter.
1681 5] FiG. 7 ilhustrates an example of a device for delivering apnea therapy
stirmlation, according to various embodiments of the present subject matter,
j6817] FIG. @ ilustrates a flow diagram for an example of a method of
delivering apuea therapy stirnulation, according to various erobodirents of the
present subject matier.
(6818} FIG. 9 illustrates a flow diagram for an example of a method of
delivering apnea therapy stimulation for both CSA and OSA, according to
vartous embodiments of the present subject matter,
186319 FiG. 10 illustrates an example of cough reflex vagal nerve stimulation
for apoea therapy, according to various embodiments of the present subject
matter,
16828} FI1G. 11 illustrates & flow diagram for an example of a method of
delivering apnea therapy stimulation and determining effectiveness of the
delivered therapy, according to various embodiments of the present subject

maticr.
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DETAILED DESCRIPTION
16621} The following detailed description of the present invention refers to
subject matter in the accompanying drawings which show, by way of illustration,
specific aspects and erabodiments in which the present subject matter may be

practiced. These embodiments are described in sufficient detail to enable those

|91

skified in the art to practice the present subject matter. References to “an,”
“one,” or “various” embodiments in this disclosure are not necessarily to the
same embodiment, and such references contemplate more than one embodiment.
The following detatled description 1s, therefore, not to be taken in a luniting

10 sense, and the scope is defined only by the appended claims, along with the full
scope of legal equivalents to which such claims are entitied.
16423 Respiratory diseases include disorders that affect breathing during
sleep. Examples of respiratory disorders include central sheep apnea (CSA) and
obstructive sleep apnea (O0SA). Sleep apnea refers to the cessation of breathing

15 duning sleep. CSA is associated with incorrect sensing of carbon dioxide or
oxygen levels in the blood. f nerve receptors do not send the correct neural
signals, in essence deceiving the brain by reporting incorrect levels of carbon
dioxide or oxvgen, an incidence of CSA can occur. OSA is associated with an
ohstruction of the upper airway. Both CSA and OSA have serious health

20 consequences, including association with cardiac arrhythmias and worsening
heart faibire. CSA and OSA episodes can occur in a given patient over the
course of a night albeit to different degrees. Typically, therapy for CSA is not
ettective for OSA, and therapy for OSA is not eftective for CSA.
(6623} Dhsclosed herein, among other things, are methods and apparatus

25 related to apnea therapy. One aspect of the present sabject matter provides a
method for apnea directed therapy. The roethod may include receiving a sigoal
indicative of a real-time or near real-tirne determination of type of an apnes
event for a patient during the apnea event, and using the signal to select
appropriate electrical stimulation therapy to be applied to the patient during the

30 apnea cvent to treat the apnea event, The electrical stimulation therapy may be
applied in a closed loop system, in various embodiments. In various

embodiments, the signal may include a determunation of whether the apuea event
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is primarily an obstructive sleep apnea (OSA) event or primarily a ceniral sleep
apnea {CSA) event.

16624} According to various embodiments, the signal may include a
determoination of whether the apnea event is primarily an obstructive sleep apnes

{OSA) event or primarily a central sleep apnea (CSA) event. In various

|91

embodiments, determination may be actual classification based on real-time or
near real-time sensors, or determination may be a likelithood (probabilistic)
determination based ou sensors and prior knowledge of patient condition. 1 the
apnea event is determined to be priroarily an OSA event, applying clectrical

10 stimulation therapy may inchude applying hvpoglossal nerve stimulation, in an
embodiment. In one embodiment, if the apnea event is determined to be
primarily an OSA event, applying electrical stimulation therapy may include
applying vagal nerve stimulation (VNS), such as laryngeal stimulation using
selective fiber stimulation. If the apuea event 1s determined to be primarily an

15 OSA event, applying electrical stimulation therapy may include applying
hypoglossal nerve stimmulation alone or in combination with applying VNS, in an
embodiment. Other targets for OSA therapy include but are not limited to:
glossopharvogeal, ans cervicalis, other nerves, and direct muscle stimulation. In
various embodiments, a user input as to whether the patient 18 OSA or CSA

20 dominant may be used to help weight the discrimination algorithm. Various
users may provide input, including but not limited o a clinician or a patient.
[3425] If the apnea event is determined to be primarily a CSA event,
applying clectrical stinmulation therapy may include applying phrenic nerve
stimulation, applying stimulation using a cardiac rhythm management {CRM)

25 device, or applying phrenic nerve stimulation in combination with using 8 CRM
device in various embodiments, Other targets for CSA therapy include but are
not fimited to: direct diaphragmatic stimulation and transvascular stimulation of
the diaphragm from inside the IVC (inferior vena cava). In one embodiment, if
the apnea event is determined to be primarily a CSA cvent, applying electrical

30 stimulation therapy may include applying VNS reflex cough stimulation.
According to various embodiments, the method further includes selecting a
stimulation stte based on the received signal. Applying electrical stimulation

may include using an implantable medical device (IMD) or using a remote

(]
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stimulator controlled by the IMD, in various embodiments. Remote stirpulators
may include implantable and/or wircless remote stimulators, such as pacing
seeds in various embodiments.

18026} One aspect of the present subject matter provides an implantable
medical device or devices for apnea divected therapy. The device roay include
an input contigured to receive g signal indicative of a real-time or near real-time
determination of type of an apnea event for a patient during the apnea event.
These terms indicate that, although there may be some processing delays, the
apnea discrirnination 15 able to process the apneic events as they occur without
an observable delay (e.g. real time) or with observable delays that are
insignificant for processing the apneic events as they oceur (near real time). In
vartous embodiments, the device may include a processor adapted to be
connected to the input, the processor contigured to use the signal to select
appropriate electrical stimulation therapy to be applied to the patient during the
apnea event o treat the apnea event, and configured to control a stimulator to
apply the clectrical stimulation therapy in a closed loop systerm.  According to
various embodiments, the implantable medical device may inchude a neural
stimulator, a CRM device, a subcutaneous implantable cardiac defibrillator (S-
ICD), and/or a remote stimulator (such as a pacing seed) controlied by the
implantable medical device. In various embodiments, the signal includes a
determination (or likelihood) of whether the apnea event is primarily an
obstructive sleep apnea (OSA) event or primarily a central sleep apoea (CSA)
event. fn various embodiments, OSA therapy is delivered and CSA therapy is
withheld if the apnea event is determined to be primarily an OSA event, and
CSA therapy is delivered and OSA therapy is withheld if the apnea event is
deterrained to be primarily a CSA event. According to various embodiments, if
the determination is ambiguous or of a mixed CSA/OSA, then if the dovice s
configured for only CSA therapy or only OSA therapy, therapy is withheld. It
the determination 18 ambiguous or of a raixed CSA/OSA, then if the device 18
configured to provide both CSA and OSA therapy, then both therapies will be
selected and applied, in various embodiments. In one embodiment, a tiered

approach is used for mixed CSA/OSA, by selecting and applying CSA therapy

N
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first to stimulate the diaphragra, which may be followed by OSA therapy to
correct mechanical timing between the diaphragm and throat.
18627} Some embodiments provide a system with a single implantable
device contigured to deliver both an obstructive apnea therapy and a central
apnea therapy. By way of example and not limitation, a lead may be implanted
from an implantable housing that contains one or more pulse generators to the
hyvpoglossal nerve to provide the obstructive apnea therapy, and a lead may be
mmplanted from the iroplantable housing that contains the one or more pulse
generators to the phrenic nerve to provide the central apnea therapy. Some
embodiments provide a first tuplantable device with its own hermetically sealed
housing to provide the obstractive apnea therapy, and a second implantable
device with its own herraetically sealed housing to provide the cendral apnea
therapy. The control may be implemented in one or more of the first or second
mnplantable devices, or another implantable device. Wired or wireless
comnunication may be irmplemented between the devices.
18628} In various embodiments, the present subject matter may provide
closed loop central sleep apnea therapy, closed loop obstructive sleep apnea
therapy, and/or both closed loop central and obstructive apnea therapy. Closed
loop central sleep apuea therapy may inchude stimulation only on central sleep
apnca events, stand-alone phrenic nerve stimulation or combined with CRM
stimuiation, and/or phrenic nerve stimulation direct on the nerve or using a
carby electrode such as using electrode(s) on an S-ICD lead or a lead similar to
an S-ICD lead that passes near the phrenic nerve, in various embodiments.
Closed loop obstructive sleep apnea therapy may inclhude stimulation only on
obstructive sleep apnea events, stand-alone hypoglossal nerve stimulator or
combined with vagal nerve stimulation (VNS}, and/or VNS laryngeal
stimulation using selective fiber stimulation, in various embodiments.
Combined closed loop central and obstructive apnea therapy may inchide using a
stimulation site based on type of apnea event, such as using VNS laryngeal
stinvulation for obstructive events and VNS reflex cough stiroulation for central
events, using selective fiber stimulation in various embodiments. Other targets
for OSA therapy inchude but are not Himited to: hypoglossal nerve stimulation,

glossopharyageal, ans cervicalis, other nerves, and direct muscle stimulation.
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Other targets for CSA therapy include but are not limited to: phrenic nerve
stimulation, stimulation using a cardiac rhythm management {CRM) device, or
phrenic nerve stimulation in combination with using a CRM device, direct
diaphragmatic stirnulation and transvascolar stimulation of the diaphragm from

inside the IVC. Any of these may be combined for a given patient for a given

|91

apnca episode, in various embodiments. Various ernbodiments use remote
stimuiators, such as pacing seeds, controlied by the main IMD processor.
[6829] FI1G. 1 illustrates an example of stimulation systemn 100, The system
may include an external medical device, in various embodiments. Various types
10 of external medical devices may be used without departing from the scope of the
present subject matter. Various erobodiments of the system may include an
implantable medical device (IMD) 102 unplanted into a patient’s tissue and an
external device such as a programumer 104 external to the patient’s body. The
programmer 104 and the IMD 102 may communicate via a telemetry link 106,
15 Embodiments of the system without sensing are inchided withiu the scope of the
present subiect matter. The IME 102 may be configured to deliver at feast one
apnea therapy. For example, the IMD may be configured to deliver at least one
type of obstructive apnea therapy and/or maybe configured to deliver at least one
type of central apnea therapy. Some ernbodiraents may use more than one IMD
20 1o deliver the therapies. For example, one IMD may be used to deliver an
shstructive apnea therapy and another IMD may be used to deliver a central
apnea therapy. These IMDS may be configured to conumunicate over wired or
over wireless (e.g. ultrasound, RF, inductive, conductive) channels, The system
may be configured to provide a real-time or near real-time determination of type
25 of an apnea event for a patient during the apnea event, and using the signal to
select appropriate electrical stirnulation therapy 1o be applied to the patient
during the apnea event to treat the apnea event. Thig real-time or near real-time
determination of type of an apuea event for a patient may be in one or more of
the IMDS in systom erobodiruents that have more than one IMD. Some
30 cmbodiments may usc external devices to monitor respiration and determine the
apnea therapy type, and send the signals to the IMDX(s) to provide the appropriate

therapy.

o0



WO 2015/153046 PCT/US2015/018700

[6838] FIG. 2 illustrates an example of 4 systern that includes an implantable
medical device (IMD) and an external device such as the programmer 104 of
FiG. 1. The IMD 102 may be coupled to at least a portion of a stimulation lead
202 having one or more electrodes 204 disposed on the lead 202, In various

ernbodiments, the lead 202 may include cuff electrode(s), helical electrode(s), or

|91

other electrode configuration configured to deliver monopolar, bipolar or
multipolar stimulation. The lead 202 may have dimensions suitable to place the
one or more clectrodes 204 proximate to a site of a neural pathway. For example,
the electrode(s) may be intravascular electrodes or may be configured to

10 otherwise be placed proximate to the nerve. For example, elecirode(s) may be
placed in the internal jugular vein (ITV) to stimulate a cervical vagus nerve, or
may be placed n the carotid sheath at a site proximate the vagus nerve of a
patient. Monopolar delivery occurs when a selected electrode is activated along
with a reference electrode amongst the clectrodes 204, so that electrical energy s

15 transmitted between the selected electrode and the reference electrode.
Monopolar delivery may also occur when one or more of the selected electrodes
are activated along with a large group of electrodes located from the electrode(s)
204 so a8 to create a monopolar effect; that is, electrical energy is conveyed from
the selected electrode(s) 204 in a relatively sotropic manner. Bipolar delivery

20 occurs when two of the electrodes 204 are activated as anode and cathode, so
that electrical energy is transmitted between the activated electrodes. Multipolar
delivery occurs when multiple electrodes 204 are activated.

[6031] The IMD 102 may inchade a stimulation circuitry 206, sensor
circuitry 210, a controller circuitry 212, a transceiver/telemetry circuitry 214,

25 and a memory 216, The stimulation circuitry 206 1s electrically coupled to the
electrodes 204 using conductors of the stimulation lead 202. The stimulation
circuitry 206 delivers electrical signals to the electrodes 204 1o stimulate the
desired target to provide stimulation. For example, the stimulation circuitry may

¢ configured to deliver one or more obstructive apuca therapies. The

30 stimulation circuitry may be configured to deliver one or more central apnea
therapies. The stimulation circuitry maybe configured to deliver both obstructive
and central apnea therapies, The programmer 104 may be used to program

stimulation parameters into the memory 216. The countroller circuitry 212 may
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use the programomed stimulation parameter to control the stimulator circuitry 206
to generate the stimulation that corresponds to the programmed stimulation
parameters.

16632} The IMD 102 may inchuide one or more sensor(s) 208 for sensing
physiological parameters such as cardiac contractions which may be used to
determine heart rate (beats per minute or bpmy) or rhythm information, tissue
impedance {ohms), intrinsic atrial-ventricular (AV) delay (seconds), heart
sounds, respiratory sounds, pressure, respiration, acceleration (activity and
posture), nerve traffic, chernical parameters, or the like. The sensor(s) 208 can
be located external to the IMD 102 housing, or encapsulated within the IMD 102
housing. The sensor{s) 208 can be attached to the sensor cirenitry 210, The
sensor circuitry 210 can inchude various componenis, such as instrurnentation
amplifiers, signal filters, etc., that process the clectrical signals for determining
the physiological parameters,

8433} The sensor circuitry 210 feeds the physiological parameters to the
controller circuitry 212. For example the sensory circuitry may be used 1o sense
the parameters used to determine the type of apnea event. The controller
circuitry 212 controls various operations of the IMD 102 and can inchude
programmable microprocessors, nucrocountroliers, or the ke, For example, the
controller circuitry 212 may be programmmed to perform therapy and send control
signals to the neural stimulator circuitry 206 for transmitting electrical
stimulation pulses to the electrodes 204, The controlier circuitry 212 analyzes
the determined physiclogical parameters and other parameters inputted by the
user using the programmer 104 to assess appropriate therapy regume and send
control signals to neural stimulation civeuitry 206 for trapsmitting stimnulation
pulses to the paticot’s target tissue.

16034 The transceiver/ telemetry circuitry 214 may communicate the
determined physiological parameters to the programmer 104 located external to
the patient’s body. The telemetry circuitry 214 may use a suitable
commmumication protocol, such as, the medical implant communication service
{MICS) in the bandwidth of 402-405 MHz, for communicating with the

programmer 104,
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The memory 216 may be used to store the stinulation parameters
cceived from progranuner 104 and the physiclogical parameters determined by

the sensor circunitry 210, For example, the memory 216 can store at feast one

|91

year of daily lead impedance measurements and/or program usage. In another

eghme.

example, the memory can store lifetime coergy use data for the device. Tn et
sensed parameter, for example, heart rate, for assessing the appropriate therapy
8836}

another example, the memory may store a list of measurements over time of a

The IMT> 102 can be encased in 8 bioccompatible metallic,
10 polymeric, or composite housing (not shown), according to various
embodiments. The housing protects the compounents of the IMD 102 from

coming in contact with the patient’s tissue. Additionally, the IMD 102 inclades

a power source such as a battery for delivering power to the IMD 102.
88371

15

FIG. 3 llustrates an example of an external device such as the
programmer 104 of FIG. 1. The programmer 1{4 may be a portable device or
hand held device that includes a controller/processor 302, a memory 304, a

display 306, an input/output (V0) unit 30%, a transceiver/telemetry unit 314, and
20

a communications interface 312, The programmer 104 may be housed within a

polymeric, raetallic or composite housing. The controller 362 may control
various operations of the progranmumer 104, The controller 302 may include any
suitable computing device, for example, microprocessors, microcomputers,

microcontrollors, digital signal processors, central processing units, state

machines, logic circuitries, and/or any devices that manipulate signals based on
operational instructions. Among other capabilities, the controller 302 may be
configured to fetch and execute computer-readable instructions stored in the
memory 304, Further, the controller 302 roay be configured with standard or
customized operating systems, such as, Microsoft Windows, Linux, UNEX, or
the like, with one or more custom software instalied to control the operations of
other components of the progravwoer 104, The controlier 302 may be a fixed or
portable computing device such ag a desktop computer or a laptop, tablet or
phone. The telemetry unit 310 communicates with the IMD 102 using the

telemetry hink 106 (FIG. 1), In some embodiments, the telemetry unit 310

[y
[y

allows the prograromer 104 to conirol and prograr the IMD 102, In addition,
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the telemetry unit 310 allows the programmer 104 to communicate with the IMD
102 (shown in FiG. 2}

16638] FIG. 4 illustrates a flow diagram for an example of a method of
identifving apnea and delivering therapy for the identified CSA apuoea, according

1o various embodiments of the present subject matter. At 402, real-time or near

|91

real-time discrimination includes monitoring at least one of! respiratory cycle
with mimite ventilation (MV}, pulse transit time (PTT), electrocardiogram
(ECG), S1/583 beart sounds and cardiac intervals, If CSA is determined at 406,
therapy is delivered for the CSA at 408 and an apnea-hypopuea index is updated
10 at 410, In various embodiments, an apnea index includes CSA and OSA counts,
durations, etc. 1f no CSA is determined at 406, then a determunation is made of
OSA at 404, W OSA is determined at 404, an apnea-hypopnea index s updated
at 410. ¥ no OSA is determined at 404, then an apnea-hypopnes index is
updated at 410,  Once apuea is determined and discriminated, the appropriate
15 therapy can be applied in a closed loop system. Exarples of CSA therapy may
include stand-alone phrenic nerve stimulation, phrenic nerve stinulation
combined with CRM or diaphragm stimulation in various embodiments. The
stimulation may be delivered using an LV lead, a phrenic verve lead, ora
controlled pacing seed in various erobodiments. Phrenic nerve stumulation may
20 also be combined with digphragm stimulation via electrodes on an S-ICD lead or
sead, in various embodiments. Various embodiments include cough reflex
stimulation via the vagus nerve for CSA therapy. Phrenic nerve stimulation for
CSA therapy may include stimulation of the right brachiocephalic vein or
stimulation of the left pericardiophrenic vein, in various embodiments. Phrenic
25 nerve stumulation may also include an S-ICD electrode tunneled to sternum, as a
motor point for the diaphragm 1s located next 1o the hole for the inferior vena
cava (IVC). The S-ICD lead may be modified with additional clectrodes and/or
the implant location can be modified to enable stinmudation of phrenic/motor
points. Additional embodiments may inchude dedicated electrodes tuaneled or
30 placed on one or both hemidiaphragms (for uni- or bi-lateral stimulation), or
electrodes stented onto the IV from inside at the level of the diaphragm to

capture rootor poinis

R
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[8039] FIGS. 5A-5C illustrates an example of a subcutancous implantable
cardiac defibritlator (S-1CD) for delivering apnea therapy stimulation, according
to various embodiments of the present subject matter. The S-ICD 500 may
imclode stimolation electrodes 502 and strain gauges 504 along a lead to assist in

therapy delivery aund sensing. FIGS. 5B and 5C dlustrate clectrodes 502 and/or

|91

strain gauges 504 along the S-1CD 500 lead. FIG. 5A illustrates clectrodes 502
and/or strain gauges 504 along an additional dedicated lead. The strain gauges
504 may monitor breathing by detecting a level of expansion, fostead of using
MV or to complement MV in various eraboduments.

10 [0048] According to various embodiments, a subcutancous implantable
cardiac defibrillator (S-ICD) device is provided. The device may inclade an
input configured to receive a signal indicative of a real-tirae or near real-time
determination of type of an apnea event for a patient during the apnea event, and
a processor adapted to be connected to the tnpat. The processor may be

15 configured to use the signal to select therapy appropriate for the determined
apnea type to be applied to the patient during the apnea event to treat the apnea
event, withhold therapy inappropriate for the determined apnea type, or both
select therapy appropriate for the determined apnea type and withhold therapy
inappropriate for the determined apnea type. Tn various embodiments, the signal

20 mcludes g determination of whether the apnea event is primarily an obstructive
sleep apnea (OSA) event or primarily a central sleep apnea (CSA) event. The S-
ICD device further comprises an electrode on a lead connected to the S-ICD

evice, where the S-1CD device is configured to deliver the selected therapy
using the electrode in various embodiments.

25 [8041] FIG. 6 ilustrates a flow diagram for an example of a method of
identifying apnea and dehivering therapy for the identified OSA aprnea, according
to various embodiments of the present subject matter. At 602, real-time or near
real-time discrimination inchudes monitoring at least one of: respiratory cycle
with MV, PTT, BCG, S1/83 heart sounds and cardiac intervals, [f OSA 18

39 ctermined at 604, therapy is delivered for the OSA at 609 and an apnea-
hypopnea index is ypdated at 610, In various embodiments, an apnea index
imcludes CSA and OSA counts and/or durations for example. ¥ no OSA i

determined at 604, then a determination 18 made of CSA at 606, HCSA 18

i3
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determined at 606, an apueca-hypopnea index ts updated at 610, I no C5A i

|91

ctermined at 606, then an apnea-hypopnea index 1s updated at 610, Once
apnea is determined and discriminated, the appropriate therapy can be applied in
a closed loop system. Examples of O5A therapy may include stand-alone

hypoglossal nerve stiraulation, alone or combined with CRM using a

hypoglossal nerve lead, or combined with a controlled pacing seed, or combined

with an S-ICD with pacing seed or lead at the hypoglossal nerve. A pacing seed

can be used to provide stimulation via wireless cornmunication with a master
implantable device, where the implantable device controls the stimulation

10 provided by the pacing seed. Another example of OSA therapy may inchude

improving airway patency with laryngeal stinmulation via VNS, Further

[0642]

examples of OSA therapy may include glossopharyngeal nerve, accessory nerve,
and ansa cervicalis stimulation, in various embodiments.

FIG. 7 illustrates an example of a device for delivering apnea therapy
stimntlation, according to various embodiments of the present subject matter.
Some embodiments may use a system of more than one IMD 702 to provide the
esired therapies. The device may be an IMD 702 subcutancously implanted
within the patient. The IMD may inclade sensors 706 for detecting respiration or
other pararoeters, which may be used to detect the apnea type. FIG. 7 also
20 generally illustrates different potential stimulation targets. For example, an
shetructive apnea therapy may stimulate hypoglossal nerve 720 or stimulate
laryngeal muscles via stimulation of a laryongeal branch 740 of the vagus nerve
730 or of a vagus nerve at an intensity that causes laryngeal vibrations as shown
in FIG. 10, and a central apnea therapy may stimulate a phrenic nerve 750 or
myocardial 760 or may stimulate a vagus nerve 730 at an intensity, higher than
the intensity that cause laryngeal vibration, to cause a cough or almost cause a
cough. Hypoglossal stimulation may be used to keep an airway open. The
hyvpoglossal is nearly entively motor nerve fibers, so a patient feels little or no
discomfort during stimulation. Stimulation of the larynx may also help keep the
30 airway open by preventing the muscles in the region from relaxing, in various
embodiments. Selective stimulation technigques may be used to stimulate

hypoglossal and/or larvngeal nerves only on determining OSA, in various
o & o o o ]

-
o

embodiroents. Hypoglossal and laryngeal nerves may also be stimulated upon
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detection of respiratory cycle by MV or strain gauge, to prevent an obstruction
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block rather than waiting for one to occur, in an embodiments. In one

embodiment, hypoglossal and laryngeal nerves may also be stimmlated during a

predicted time frame based on average of previous respiratory cycles. This

predicted time fraroe mechanism roay also be used for stimulating the diaphragm
for a CSA event, in an embodiment.
[6343]

FIG. 8 illustrates a flow diagram for an example of a method of
delivering apuea therapy stirnulation, according to various embodiments of the
present subject matter. At 802, real-time or near real-time discrimination
10 includes monitoring at least one of! respiratory cycle with MV, PTT, ECG,
S1/83 heart sounds and cardiac intervals. If time to stimulate is determined at
604, therapy 1s delivered at 8508 and an apnea-hypopnea index s updated at 8§10,
In various embodiments, an apnea index includes CSA and OSA counts,
durations, etc. If no time to stimuiate 1s determined at 804, then a determination
15 is made of OSA or USA at 806, If OSA/CSA 1s determined at 306, an apnea-
hypopnea index is updated at 810, If no OSA/CSA 18 determined at 8006, then an
apnea-hypopnea index is updated at 310, For OSA, hypoglossal and laryngeal
nerves may be stinmidated upon detection of respirvatory cycle by MV or strain
gauge, to prevent an obstruction block rather than waiting for one to occur, in an
20  embodiments. In various embodiments, time of day, posture, activity, and/or
sleep sensor information can be used to gate when therapy is delivered to prevent

unwanted stimulation during awake states for a patient. Tn one embodiment
hypoglossal and laryngeal nerves may also be stimulated during a predicted time

event, in an embodiment

frame based on average of previous respiratory cycles. This predicted time
frame mechanism may also be used for stimulating the diaphragm for a CSA
16044}

FI(G. 9 illustrates a flow diagram for an example of a method of
delivering apnea therapy stimulation for both CSA and OSA, according to
various crobodiments of the present subject matter. At 902, real-time or near
30 real-time discrimination includes monitoring at least one of: respiratory cycle
with MV, PTT, ECG, 81/53 heart sounds and cardiac intervals. If OSA s

determined at 904, therapy is delivered for the OSA at 909 and an apnea-

[y

(94

hypopnea index is gpdated at 810, In various embodiments, an apnea index
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includes CSA and OSA counts, durations, ete. 1f no OSA 13 determined at 904,
then a determination 18 made of CSA at 905, If CSA is determined at 806,
therapy is delivered for the CSA at 908 and an apnea-hypopnea index is updated
at 910, If no CSA is determined at 906, then an apnea-hypopnea index is
updated at 910, Sleep apnea patients fall on a spectrurn of CSA/OSA, usually
not exclusively one or the other. Various embodiments may include treatment
using a determined type of apnea event, including: VNS o induce cough reflex
for CRA, VNS to induce laryngeal vibration or other local nerve stiaulation for
OSA, VNS for CSA plus hypoglossal tead for OSA, pacing seeds including
hypoglossal for OSA and phrenic for CSA controlled by a central IMD, or atrial
overdrive pacing. VNS for OSA may include using selective fiber techniques
and dropping avoidance mechanisms briefly to obtain laryngeal vibration or
hyvpoglossal stimulation depending on electrode position.

j345] FIG. 10 lustrates an example of cough reflex vagal nerve stimulation (VNS)
for apnea therapy, according to varicus embodiments of the present subject
matter. Various embodiments described herein may stimulate the vagus nerve to
elicit laryngeal vibration for an obstructive apnea therapy, or may stimulate the
vagus nerve to elicit a cough or at least elicit the inspiratory breath (primed
breath) in preparation expiratory flow of the cough. Atlevel 1010, the therapy is
not delivered. Some of the first axons to be captured with the cervical vagus
nerve is stimulated are those axons that innervate the laryngeal nwuscles. Thus,
increasing the level of stimulation to 1008 reaches the laryngeal vibration
threshold. Atlevel 1004, as additional axons of the cervical vagus nerve are
captured by increasing the intensity (e.g. current) of the vagal stimalation, the
cough reflex threshold is reached. The patient is only able to tolerate a certain
intensity of vagal stimulation, and this limit may vary from patient-to-paticnt.
This himit 1s generally represented at level 1002 (“tolerance threshold™).
Between level 1006 and 1004 lics the sob-cough reflex region that may be used
for the present therapy, in which stimulation is sufficient to trigger a “primed”
breathing reflex to treat apnea in various embodiments. The primed breathing
reflex inchudes inspiratory breath in preparation for the expiratory flow of the

cough. Selective fiber stimulation, where select axouns of the cervical vagus

-
o



WO 2015/153046 PCT/US2015/018700

|91

10

20

nerve are stimulated and other axons are not stimulated, may allow cough reflex
to occur at levels below the tolerance threshold, in an embodiment.

68486} According to various embodiments, 3 method for apnea therapy for an
apunea event 1s provided. The method may include stimulating a vagus nerve at a
first intensity to freat an obstructive sleep apnea (OSA) event, wherein
stimulating the vagus nerve at the first intensity induces laryngeal vibrations but
not cough, or stimulating the vagus nerve at a second intensity to treat a central
sleep apnea (CSA) event, wherein stiroulating the vagus nerve at the second
mtensity induces a cough reflex or induces a primed breathing reflex in
preparation for a cough. In various embodiments, stimulating the vagus nerve
mclodes stimulating the cervical vagus nerve. In various embodiments,
stimulating the vagus nerve includes stimulating selective fibers of the vagus
nerve and not stimulating other fibers of the vagus nerve, wherein stimulating
selective fibers of the vagus nerve induces laryngeal vibrations to treat the OSA
event. Various embodiments may use different types or strengths of vagal nerve
stimulation. If a type of the apnea cvent is primarily obstructive sleep apnea
{OSA), the method may include stimulating a vagus nerve at a first intensity to
cause laryngeal vibrations to treat the OSA 1o an embodiment. If the type of the
apnea event is primarily central sleep apnea (CSA), the method may include
stimulating the vagus nerve at a second intensity to cause a cough reflex to treat
the CSA in an embodiment.

[6847] FIG. 11 illustrates & flow diagram for an exaraple of a method of
delivering apnea therapy stimulation and determining effectivencss of the
delivered therapy, according to various embodiments of the present subject
matter. At 1102, real-time or near real-time discrimination includes monitoring
at least one of: respiratory cycle with MV, PTT, ECG, S1/S3 heart sounds and
cardiac intervals. I apnea (CSA or OSA) is determined at 1104, therapy is
delivered for the apoea at 1106 and an apuea-hypopunes index 1s updated at 1112,
At 1108, a determination 1s made of whether the therapy is effective. Hthe
therapy is effective, an apnea-hypopnea index is updated at 1112, If the therapy
is not effective, the therapy 1s altered at 1110 and an apnea-hypopnea index is
ppdated at 1112, Altering the therapy may include changing an intensity or

other stimulation parameter of the therapy, or may include changingtoa

-
3
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different type of apnea therapy {such as change from stiraulating hypoglossal
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nerve to stimulating vagus nerve by way of example and not imitation). In
various emnbodiments, an apnea index includes CSA and OSA counts, durations,
etc. Hno apnea s determined at 1104, then an apnea-hypopnea index is updated
at 1112, Respiratory sensing feedback (such as MV may be used to verify
whether stimulation therapy (for OSA only, CSA only, or both OSA/CSA

therapics) has been effective in treating apnea, in various embodiments.
10

10048]

Subseqguent moditication of one or more therapies may be initiated if
effectiveness is below a progranunable threshold, in an embodiment.

Once apnea type is determined or discriminated, the appropriate
therapy can be applied in a closed loop system. Examples of such apnea

deterroination using airway patency may be found in co-pending, commonly
assigned, U.S. Patent Application Serial No. 61/975,064, centitled
“DISCRIMINATION OF APNEA TYPE BY MEDICAL DEVICE”, filed on
15 Aprnit4, 2014, which is hereby incorporated by reference 1 its entivety. This
subject matter refers to a method for real-time or near real-time apnea
discrimination. These terms indicate that, although there may be some
processing delays, the apnes diserimination is able to process the apnea events as
20

they occur without an observable delay (e.g. real time) or with ohservable delays

that are insignificant for processing the apnea events as they occur (near real

3

o

time)., Additional implanted sensors may be used to further augment CSA/OSA
classification, such as spectral analysis of 51/8

heart sounds (aroplitades), pulse
analysis, and cardiac interbeat interval time series, in various embodiments.
(6849}

transit time (ECG/cervical impedance plethysmography), ECG-based spectral
The present subject matter may provide chinician guidance on

determoining that patient’s therapy (CPAP type/settings; phrenic or hypoglossal

stimulation; etc.). This stirnulation therapy may be 1o any roedical device (brady,

tachy, VNS, 8-ICD, monitor, ete.), including external medical devices and/or
mmplantable medical devices in various embodiments.
390

Various Examples

[t
L
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[8450] An example {e.g. “Example 17} of an voplantable medical device for
apnea directed therapy may include an input configured to receive a signal
indicative of a real-time or near real-time determination of type of an apnea

event for a patient during the apnea event, and a processor adapted to be

|91

conuected to the fnput. The processor may be configured 1o use the signal to

select therapy appropriate for the determined apnea type to be applied to the

patient during the apnea event to treat the apnea event, withhold therapy
mappropriate for the determuned apnea type, or both select therapy appropriate
for the determuined apnea type and withhold therapy inappropriate for the

10 determined apnea type.

16651} In Example 2, the sabject matter of Example 1 may optionally be
configured such that the signal includes a determination of whether the apnea
event is primarily an obstructive sleep apnea (OSA) event or primarily a central
sleep apnea (CSA) event.

15 [8882) In Example 3, the subject matier of Example 2 may optionally be
configured such that, if the apnea event is determined to be primarily an OSA
event, the selected therapy inchides at least one of hypoglossal nerve stinmilation
or vagal nerve stimulation (VNS).

18053] In Example 4, the subject matter of Example 2 may optionally be

20 configured such that, if the apnea event is determuined to be primarily an OSA
event, the withheld therapy inclhudes at least one of phrenic nerve stimulation,
stimulation using a cardiac rhythm management ({CRM) device, VNS cough
retlex stinmulation, or digphragmatic stimulation.

[6654] in Example 5, the subject matter of Example 3 may optionally be

25 configured such that the VNS includes laryngeal stimuolation.

[3055] Io Example 6, the subject matter of any one or any combination of
Example 3 or Example 5 may optionally be configured such that the VNS
includes sclective fiber stimulation.

3436} In Example 7, the subject matter of Example 1 may optionally be

30 configured such that the processor is configured to control a stimulator to apply

electrical stimulation therapy in a closed loop system.

16857} In Example §, the sabject matter of Example 2 may optionally be

configured such that, if the apnea event is determined to be primarily a CSA

19
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event, the selected therapy inchades at least one of phrenic nerve stimulation,
stimulation using a CRM device, VINS cough reflex stimulation, or
diaphragmatic stimulation.

6058} In Example 9, the sabject matter of Example 2 may optionally be

configured such that, if the apnea event is determined to be primarily a CSA

|91

event, the withheld therapy includes at least one of hypoglossal nerve
stimulation or vagal nerve stimulation (VNS).
[8459] In Example 10, the subject matier of Example 2 may optionally be
configured such that, if the apnea event s determined to be primarily a CSA
10 event, the electrical stimulation therapy inchudes phrenic nerve stimulation in
combination with using a CRM device.
16060} Io Example 11, the subject roatter of Exarople 2 may optionally be
configured such that, if the apnea event is determined to be primarily a CSA
event, the electrical stimulation therapy inchides VNS reflex cough stimulation.
15 (8861} In Example 12, the subject matter of any one or any combination of
Exarmples 1-11 may optionally be configured such that the processor is
configured to select a stimulation site based on the received signal.
16862} In Example 13, the subject matter of any one ov any combination of
Examples 1-12 may optionally be configured such that the imeplantable medical
20 device includes a neurostimulator.
633631 In Example 14, the subject matter of any one or any combination of
Exarples 1-13 may optionally be configured such that the device further
includes a remote stimulator controlled by the implantable medical device.
[6864] in Example 15, the subject matter of any one or any combination of
25 Examples 1-14 may optionally be configured such that the implantable medical
device inchudes a subcutancous tuplantable cardiac defibrillator (S-1ICD).
18865] An example {e.g. “Example 167} of a method for apnea directed
therapy may include receiving a8 signal indicative of a real-time or near real-time
determination of type of an apuea eveunt for a patient during the apuca event,
30 using the signal to select appropriate electrical stimulation therapy to be applied
to the patient during the apnea event to treat the apnea event, and applying the

electrical stimulation therapy in a closed loop system.

20
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638366} In Example 17, the subject maticr of Example 16 may optionally be
configured such that the signal includes a determination of whether the apnea
event is primarily an obstructive sleep apnea (OSA) event or primarily a central
sleep apnea (CSA) event.

16067} Io Example 18, the subject moatter of Example 17 may optionally be
configured such that, if the apnea event is determined to be primarily an OSA
event, applyving electrical stimulation therapy includes applying hypoglossal
nerve stimulation,

[3368] In Example 19, the subject maticr of Example 17 may optionally be
configured such that, if the apnea event is determined to be primarily an OSA
event, applying electrical stimulation therapy inchides applying vagal nerve
stimulation {VNS).

13869 In Example 20, the subjoct matter of Example 19 may optionaily be
configured such that applving VNS inclades applying laryngeal stimulation.
16678 In Example 21, the subject matter of Example 19 may optionally be
configured such that applying VNS inchudes using selective fiber stimulation.
(6871} in Exampie 22, the subject matter of Example 17 may optionally be
configured such that, if the apnea event is determined to be primarily an OSA
event, applying electrical stimulation therapy inchudes applying hypoglossal
nerve stimulation in combination with applying VNS,

1684721 In Example 23, the subject matter of Example 17 may optionally be
configured such that, if the apnea event s determined to be primarily a CSA
event, applying electrical stimulation therapy includes applying phrenic nerve
stimulation.

16873} In Example 24, the subject matter of Example 17 may optionally be
configured such that, if the apnea event is determined to be primarily a CSA
event, applyving electrical stimulation therapy includes using 3 cardiac rhythm
management {(CRM) device

{8474} In Example 25, the subject matier of Example 17 may optionally be
configured such that, if the apnea event is determined to be primarily a CSA
event, applying electrical stimulation therapy inchudes applying phrenic nerve

stimulation in combination with using a CRM device.

PCT/US2015/018700
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[8475) In Example 26, the subject maticr of Example 17 may optionally be
configured such that, if the apnea event is determined to be primarily a CSA
event, applying electrical stimulation therapy inchides applying VNS reflex

cough stimalation.
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188746} To Example 27, the subject moatter of Example 16 may optionally be
configured such that the method further includes selecting a stimulation site
based on the received signal.
18477} In Example 28, the subject matier of Example 16 may optionally be
configured such that applying electrical stimulation includes using an
10 implantable medical device (IME.
(6878} An example (e.g. “Example 297} of an implantable medical device
for apnea directed therapy may include an input configured to receive a sigoal
indicative of a real-time or near real-tirne determination of type of an apnes
event for a patient during the apnea event, and a processor adapted to be
15 connected to the inpot. The processor may be configured to use the signal to
perform at least one of: selecting therapy appropriate for the determined apnea
type to be applied to the patient during the apnea event to treat the apnea event;
or withholding therapy inappropriate for the determined apnea type.
16479 To Example 30, the subject moatter of Example 29 may optionally be
20 configured such that the signal includes a determination of whether the apnea
event is primarily an obstructive sleep apnea (OSA) event or primarily a central
sloep apnea (CSA) event.
6088} In Example 31, the subject matter of Example 30 may optionally be
configured such that, if the apnea event is determined to be primarily an OSA
25 event, the selected therapy inchides at feast one of hypoglossal nerve stimulation
or vagal nerve stimulation (VNS).
16681 In Example 32, the subjoct matter of Example 30 may optionaily be
configured such that, if the apnes event is determined to be primarily an OSA
event, the withheld therapy inchudes at least one of phrenic nerve stimulation,
30 stimulation using a cardiac rhythm management (CRM) device, VNS cough

reflex stimulation, or diaphragmatic stimulation.
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(3082} In Example 33, the subject maticr of Example 29 may optionally be
configured such that the processor is configured to control a stimulator to apply
electrical stimulation therapy in a closed loop system.
{6083} In Example 34, the subject matter of Example 30 may optionally be
configured such that, if the apnea event is determined to be primarily a CSA
event, the selected therapy inchades at least one of phrenic nerve stimulation,
stimuiation using a CRM device, VNS cough reflex stimulation, or
diaphragmatic stimulation.
3084} In Example 35, the subject maticr of Example 30 may optionally be
configured such that, if the apnea event is determined to be primarily a CSA
event, the withheld therapy mncludes at least one of hypoglossal nerve
stimulation or vagal nerve stimulation (VNS).
16085] An example {e.g. “Example 367} of a method for apnea therapy for
an apnea event may include stimulating a vagus nerve at a first intensity to treat
an obstructive sleep apnea (OSA) event, wherein stiroulating the vagus nerve at
the first intensity induces laryngeal vibrations but not cough or stimulating the
vagus nerve at a second intensity (o treat a central sleep apnea (CSA) event,
wherein stimuolating the vagus nerve at the second intensity induces a cough
reflex or induces a primed breathing reflex in preparation for a cough.
13086} In Example 37, the subjoct matter of Example 36 may optionaily be
configured such that stimulating the vagus nerve includes stimulating the
cervical vagus nerve.
[6O87] In Example 3¢, the subject matter of Example 36 may optionally be
configured such that stimulating the vagus nerve inchudes stimulating selective
fibers of the vagus nerve and not stimulating other fibers of the vagus nerve,
wherein stimulating selective fibers of the vagus nerve induces laryngeal
vibrations to treat the OSA event.
G088} An example {e.g. “Example 397} of a subcutaneous implantable
cardiac defibriflator (5-1CD) device may include an input configured to receive a
signal indicative of g real-time or near real-time determunation of type of an
apnea event for a patient during the apnea event, and a processor adapted to be
connected to the mput. The processor may be configured to use the signal to

select therapy appropriate for the determined apnea type to be applied to the

o=
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patient during the apnea event to treat the apnea event, withhold therapy
imappropriate for the determined apnea type, or both select therapy appropriate
for the determined apnea type and withhold therapy inappropriate for the
determoined apuea type. The signal may be configured to inclade a determination
of whether the apnea cvent is prisarily an obstructive sleep apnea {(OSA) event
or primarily a central sleep apnea (CSA) event.

3891 In Example 40, the subject matter of Example 39 may optionally be
configured such that the device further inchudes an electrode on a lead connected
to the S-ICD device, wherein the S-ICD device 18 configured to deliver the
selected therapy using the electrode.

[6096] Each of these non-limiting exaroples can stand on its own, or can be
combined in various permutations or combinations with one or more of the other

examples.

j3891} One of ordinary skill in the art will understand that, the modules and
other circnitry shown and described herein can be implemented using software,
hardware, and/or fivmware. Various disclosed methods roay be tmplemented as
a set of instructions contained on a computer-accessible medium capable of
directing a8 processor to perform the respective method.

16093 This apphication is intended to cover adaptations or variations of the
present subject matter. [t 1s to be understood that the above description is
intended to be illustrative, and not resirictive. For example, the present subject
matter can be applied to other medical procedures where heating or ablation of
tissue is desired. The scope of the present subject matier should be determined
with reference to the appended claims, along with the full scope of legal

equivalents to which such claims are entitled.

.
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What is claimed s:

1. An implantable medical device for apnea directed therapy, the device
comprising:

5 an input configured to receive a signal indicative of a real-time or near
real-time determination of type of an apnea cvent for a patient during the apnea
event; and

a processor adapted to be connected to the input, the processor
configured to use the sigonal to:
10 select therapy appropriate for the determined apnea type to be
applied to the patient during the apnea event to treat the apnea event;
withhold therapy inappropriate for the determined apnea type; or
both select therapy appropriate for the determined apnea type and
withhold therapy imappropriate for the determined apnea type.
15
2. The device of claim 1, wherein the signal includes a determination of
whether the apnea event is primarily an obstructive sleep apnea (OSA) event or
priearily a central sleep apnea (CSA} event.
20 3. The device of claim 2, wherein if the apnca event is determined to be

primarily an OSA event, the selected therapy inclades at least one of hypoglossal

nerve stimulation or vagal nerve stimulation {VNS).

4. The device of claim 2 , wherein if the apnea event is determined to be
25 primarily an O5A event, the withheld therapy includes at least one of phrenic
nerve stimulation, stimulation using a cardiac rhythm management (CRM)

device, VNS cough reflex stimulation, or diaphragmatic stimulation.

5. The device of claim 3, wherein the VNS includes laryngeal stimulation.
390
6. The device of ¢laim 3 or claim 5, wherein the VNS includes selective

fiber stimulation.

8o
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7. The device of claim 1, wherein the processor is configured to control a

stimulator to apply olectrical stimmulation therapy in a closed loop system.

&. The device of claim 2, wherein if the apnea event is determined to be

primarily a CSA cvent, the selected therapy includes at least one of phrenic

|91

nerve stinvulation, stimulation using a CRM device, VNS cough reflex

stimuiation, or diaphragmatic stimulation.

9, The device of claim 2, wherein it the apnea event is determined to be
10 primarily a CSA event, the withheld therapy includes at least one of hypoglossal

nerve stimulation or vagsl nerve stimulation (VNS).

10 The device of claim 2, wherein if the apnes event is determined to be
primarily a CSA event, the electrical stimulation therapy inclades phrenic nerve

15 stimulation in combination with using a CRM device.

1L The device of claim 2, wherein if the apnea event is determined to be
primarily a CSA eveut, the electrical stimulation therapy inchudes VNS reflex
cough stimulation.

20
12. The device of any of the preceding claims, wherein the processor is

configured to select a stimulation site based on the received signal,

13, The device of any of the preceding claims, wherein the implantable

25  medical device inchudes a neurostimulator

14, The device of any of the preceding clatms, further comprising a remote

stimulator controlled by the implantable medical device.

30 15 The device of any of the preceding claims, wherein the implantable
medical device includes a subcutancous implantable cardiac defibrillator (5-

ICD).
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