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VIAATHERAPY MANAGER, PRQVII3E CONVERTIBLE OPERATION
BETWEEN AN ASYNCHRONOUS FIRST STIMULATION MODE AND A SECOND

ST! MULATIGN MGI3E GF ST!MULATING THE AIRWAY-PATENCY-RELATED NERVE
SYNCHRONOUS WITH A CHARACTERISTIC GF THE SENSED RESPIRATORY

WAVEFGRM

THE CONVERTIBLE OPERATION INCLUDING:

CONVERTING OPERATION INTO THE SECOND MODE UPON AT

LEAST GNE PARAMETER GF THE SENSED RESPIRATORY
WAVEFGRM MEETING A SENSOR SIGNAL QUALITY CRITERIA

REVERTING OPERATION INTO THE FIRST MODE FOR AT LEAST THE
F!RST PREDETERMINEI3 PERIO!3 GF TUME UPON THE AT LEAST ONE

PARAMETER GF THE SENSED RESPIRATORY WAVEFQRM FAILING TQ

MEET THE SENSOR SIGNAL QUALITY CRITERIA
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SYNCHRONOUS W!TH A CHARACTER!STIC GF A SENSED RESPIRATORY

WAVEFQRM

THE CONVERTIBLE OPERATION!NCLUDING:

OPERATION IN THE SECOND MODE

CONVERTING OPERATION! NTG THE FIRST MODE FOR AT LEAST A
FIRST PREDETERMINED PERIOD GF TIME UPON THE AT

LEAST QNE PARAfvIETER GF THE SENSED RESPIRATORY WAVEFGRM
FAILING TO MEET A SENSOR SIGNAL QUALITY CRITERIA
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STLMULATION FOR TREATING SLEEP
DISORDERED BREATHING

('RO)S-l(lililigiiN( li I'0 Rl!I,AI ill)
APPLICATIONS

11119 dpplictilioii ls a coiiliiiUtilioii of iuilitv sipplicdlioii
)er. No 15,'562.714. tiled Sep. 2g, 2017. now U S Pat No.
10.393.709, which is a 371 National Phase Application of
P('T Patent Application No. PCT/US20 16/022611. filed
Mar. 16, 2016. entitled STIMULATION FOR TREATINCi
SLEEP DISORDERED BREATHING, which clmms bcnctit
from U.S. Provisional Patent Application 62/135.305. tiled
Mdr. 19, 2015. all of winch are herein mcorporated by
reference. 1

BACKG ROI IND

1argeted electrical stnlmlation of a nerve shoivs great
pmmise in a nmnber of therapies In one example, such io
stinniLstion of a hypoglossal nerve is known to alleviate
obstructive sleep apnea by helping to maintain and/or restore
upper airway patency

l3RII.I'IIS('RIFI'ION Ol''Illi DRAViiN(iS

FI(h 1A is a block diagmm schematically illustratln a
stmuilalion clcmcnt. according lo one exiunple of lhe pres-
ciil disck1siirc.

l1Ci lli is a block diagram schematically illustratmg a io
therapy mana er, according to one example of the present
disclosure

FIG. 2A is a diagram schematically illustrating on ot least
partially imp lantoble stimulation system relative to o patient,
according lo an cxamplc ol'hc presem disclosure. Ss

FIG. 2B is a block doigrtun schcmaucally illustratmg an
implmilablc pulse gcncralor, according to onc cximiple of
the present disclosure.

Fl(i 2('s a block diagrani scheinatically illustratuig a
control portion for the at least partially impLantable stnnu- do

lation system. according to one example of the present
disclosure.

FIG. 2D is block diagram schematically illustratui a
stmuilalion system, according lo one example of lhc presmil
disclosure

l1Ci 2I: is top view scheniatically illustrating a stimula-
tion electrode, accordin to one example of the present
disclosure.

FIG. 3A is a diagram schcmancaliy illustraluig a respi-
ratory cycle ui onc example brcathui pattern. mcorduig lo o

one example of thc prcscnt disclosure.
FI(i 3I3 is a diagram schematically illustrating a senes of

reference respiratory cycles juxtaposed relative to a stimu-
lation protocol. according to one example of the present
disclosure. 19

FIG. 3C is a diagram schmnalically illuslratuig a scnes of
Icicrelicc rcspirdloiy c)'clos iUxlaposixi Iclativc lo SI stiiiili-
lonon protocol. according lo one cxamplc ol thc presmil
disclosure

l1Ci 3l) is a diagrani schematically illustrating a series of ii!

reference respiratory cycles juxtaposed relative to a stunu-
lation protocol. according to one example of the present
di9clo9iiic.

FIG. 3E is a doigram schematically illustraung a sencs of
relcrcncc respiratory cycles iuxtaposed relalive lo a stunu- ss
lation protocol. accordmg to one exainple of the present
disclosure

,526 B2

FICi 4 is a blocl diagram schematically illustraun a
plunoiity of stinndation paranieters, according to one
exaniple of the present disclosure

lil(i 5 is a block diagram schematically illustrating a
stinuiiation protocol element. accordin to one example of
the present disciosure.

FICi 6 is a block diagram schema u cally illustrating power
source componenm ol'he dl least partially unplantable
stimulation system, according to one example of the present
disclosure

lil(i 7A is a block diagram schematically illustrating a
sensing element of the at least pattially implantable stimu-
lation system. according to one example of the present
disclosure.

FICi 7B is a diagrmn suhmnatically illustrating an at least
partially implantable stinnilation system relative to a patient
and including sensing elements, according to an example of
the present disclosure

FICi. 8 is a biock dia rotn schematically illustrating thera-
peutic respiratory parameters. according to one example of
the present disclosure.

FICi 9 is a block diagram schematically iliustratuig a
cmitrol portion of an at least partially implantable stimula-
tion system, according to one example of the present dis-
closure

FICi 10 is a block dia~vam schematically illustrating
aspects of a control portion. according to one example of the
present disclosure.

FICi 11A is a block diagr;mi schematically illustratin a
user interface, accordion to one example of the present
disclosure

lil(i I I li is a block diagrmn schematically illustrating a
user interface. according to one example of the present
disclosure.

FICi 12 is a blocl diagram schematically illustratin a
stiiiiUlalioii protocol eiciiiciil, ticcol'diiig lo otic cxBIiiple ol
the present disclosure.

lil(i 13 is a block diaaram scheniatically illustrating a
respiratot) -dependent stimulation element, according to one
example of the present disclosure.

FICi 14 is a diatom schematically lllustmoting at least
some aspiots of sumulalion protocol sclccuon. according to
onc example ol'he presmil disclosure.

FICi 15A is d block ihtigrtiiii 9cliciiialicdllv illUslraiiii
stimulation protocol element. according to one example of
the present disclosure

FICi. 15B is a diagram schematically illustmotin at least
some aspects of stimuLation protocol selection. according to
onc exmnplc of thc prcsmil disclosure.

FICi 15C is a block diagrmn schemaucally illustranng a
stimulation protocol sclccxor. according lo onc cxamplc ol
the present disclosure

lil(i 15l) is a diagmm schematically illustrating at least
some aspects of stimulation protocol selection. according to
one example of the present disclosure.

FICi 16A is a diagram schematically illustrating a stmiu-
lation pmlocol. according lo onc cxmnple of thc prcscnl
disclosure.

lil(i 1613 is a diagmm schematically illustrating a stimu-
lation protocO, accordina to one example of the present
disclosure.

FICi. 17A is a fiovv diagram schematically illustratiiig a
melhod of nerve stnnulation. according lo onc cxamplc of
the present disclosure.

FICi 17B is a liow diagram schematically illustraung a
method of nerve stimulation. according to one example of
the present disclosure
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FIG. 17C is a liow diagram schcmaucally &llustra&ing a

metluld of nerve stimulation, according to one example of
thc present d&sclosure.

FIG. 18 &s a block diagram schcmancally &llustratulg a
therapy nlanager, according to one example of the present
disclosure

FI(3. 19 is a block diagram schematically illustraung a
therapy manager, according to one example of the present
disclosure.

Dl ITA I I,l !D i)I )SCI31 PI1ON

In the following Detailed Description. reference is made
to thc accompany&ng drawu&gs. Wh&ch form a part hcrcof,
dnd &n wluch &s shown by way ol &llus&ralion spccilic
examples in winch the invention nmy be pmscticed. In tlus
regard, directional ternlmology, such as "top," "bottom,"
*'front." "back,'* "leading," "tmliling," etc., i ~ used v ith
reference to the onentation of the Figure(c) being descnbed.
Because components of examples can be positioned in a Io
number ofddli:rent oncntations, the directional terminology
Is Us& il for pi&&poses of lllil stra&lou Bnd ls ul no wily lhulthlg.
lt is to be understood that other exa&nples may be utilized
and stnictumol or logical changes &nay be made v ithout
departiag front the scope of the present disclosure The
following detailed description. therefore. is not to be taken
in a limiting sense.

At le&1st sonic cxdulphw ol &hc prcscu& ihsclosiin: drc
d&rcctcd &o mc&hods of treating obstructive sleep apnea via
applying nerve stimulation By doing so. upper B&nvay &o

patency may be maintained and/or increased while prevent-
ing or minimizing collapse of the upper ainvay At the same
time. by usin tar eted stimulation. one can limit the ovemoll
volume of stimulat&on applied to a given nerve or set of
ucri cs. ls

In some examples. ncrvc s&unulauon &s Bppl&cd durulg a
trcaimmlt pcnod In some cxamplcs. a tres&mcnl pcwod
corresponds to the patie&lt engaging in sleeping behav&or,
and during, wh&ch sleep disordered breathing is to be
avoided. The treatment period can be manually initiated by do

the patient or automatically initiated by a device that applies
&hc ncrvc stuuUIB&lou.

In sonic cxdillph:5, Bu Bt least pall&ally'uplautBblc stuuli-
lonon system lbr trcaung slccp disordered brea&lung
includes an independent stimuLotion element to stinmlate an
airway-patency-related nerve without synchnmization rela-
tive to characteristics of respiratory wave foun. Accordingly,
in some examples„ the independent stimulation element
loruls pills of B sysn:nl &iud ouuts dnv sousnlg clcnlculs Iu
sonic cxiiulplcs, &hc stuuUIBI&on clculcul coulpllscs B s&unli-

lauon mlgine to dc&erm&nc and adminislcr a stnnulat&on
pmtocol In some examples, the stimulation element hirther
includes Bnd'or acts in cooperation with a pulse aiulemctor
and stimuLation electmde to deliver the stimulation to a
tar et nerve. In such examples. the pulse generator includes &5

&hc snuulliltliul cngua: 01 thc sun&igni&on cugnu: ls ul con&-

un&a&cation with Ihc pillsc gene&Biol. In sonu: cxBU&phrb thc
pulse generator &s implantablc mid in some ex&unples. thc
pulse genemtor is external to the patient's body. In some
examples, the stinlulation element is in conlmuilicatio&1 v ith 50

a therapy manager or &s incorporated within a therapy
manager. In some examples, the therapy mono er is in
commumcauon with thc pulse generator mid/Or incorporated
w itlun &hc pulse gcncrator. In some examples, Bl la&st some
components, funcuons. elcmen&5. etc. of lhc lhcrapy nuul- Sc

ager are incorporated within a physician programmer exter-
nal to &he patient or a patient remote external to the patient.

In some examples, the at least part&ally unplan&able stmlu-
lation system includes sensina element(s) to receive and/or
obtain respiratory intilrmation but that information is not
employed to trigger stimulation by synchronizing the stimu-
Lltion relative to characteristics of the sensed recpirotory
v avefonn. Rather. in these examples„ the sensed recpirotory
infi&rmat&on &s usixi to detect and evaluate slccp d&sordcroxi
brcatlung bchav&or. When thc dctcctcd belrdv&or meets or
exceeds a severity threshold. &he themopy manager generally
act&vates stimulation via the independent stimulation ele-
ment. In some exanlples, the severity threshold is based on
at least a frequency and/or an intens&ty of apneic events. In
some instances. the severity threshold also may be exprecsed
as an obstrucnvc 5)cop apnea (OSA) burden. &.C. a quanuty
dnd/or uucuslty'l apricds whu:h Bio occiurulg. In sonic
exanlples, the severity threshold or OSA burden is expressed
as an Apnea-I fypopnea Index (AIII) I lowever, despite the
resp&ratory sensing occurring in these examples, the stimu-
Lltion is perfomled via a protocol that remains independent
of the particular characteristics of a real-time sensed respi-
rd&ory wavcforul. In 0&hcr words, uuhvulilal sfin&Ulanon
periods arc not tnggcrcd dnd/or synchro&uzcd rclativc to
respira&00& characteristics, such as the inspiratory phase

ln some examples, the independent stimulation element is
em&figure to asynchronously stimulate an airway-patency-
related nerve, according to a first stinuilation protocol inde-
pendent of sensed respiratory information and in which each
stuuula&ion cycle includes d stimulat&on period and a non-
stuuula&ion penod. In some ulsoulccs, thc lirst stimulat&on
pmtocol is referred to as being independent becm&se the first
stimulation protocol is not synchmnized relative to sensed
resp&ratory information. In some instances, the indepen-
dence of the first stimulation protocol also may be referred
to as bein an asynchronous stimuLation protocol becauce
the Iirs& s&imulanon pro&ocol &s not synchron&zcd rclativc &o

thc scnscd rcsplrB&0&y ulforuuitliul.
In some examples. each s&unulauon penod witlun a

stimulation cycle includes contimious stimulatiion ln some
exanlples. continuous s&imulation refers to a train of stimu-
lation pulses which occur in a reLatively sho&t time liame.
For instance, in some examples, cont&nuous stinndation
corresponds &o at leds& a limtc number (c g. 5. 10, etc.) of
stuuUIBfion pUlscs pcr second. Iu souu: exon&pica counuU-
ous st&mulat&on corresponds to at least 20 stunulat&on pulses
per second In some examples. contuluous stinlulation cor-
responds to at least 30 stimulat&on pulses per second In
some examples, the number of stunulation pul sea per second
is selectable by an operator via a control portion (e.g. 56 in
FIG. 2C).

In some cxamplcs, durulg the above-dcscwbcd contuluous
st&mule&ion, each stimulation pulse w&th&n a trdu& of slimu-
lation pulses includes a primary stimulation pulse followed
by a cepamcte recharge pulse, which is in turn followed by a
non-stinnilation phase before the next primary stinndation
pulse.

In sou&E. cxBU&pleo, &hc snuuilatlou pcllixl hds &I nununiiul
durst&on equal to or grcdicr Ihan an Inspire&ory reference. In
some examples, &hc insp&ratory refi:rcncc corresponds to a
duration of an inspiratory phase of a reference respiratory
cycle. In some exanlples. each stimulation cycle of the first
stinuilation protocol includes the st&mulat&on period bavin
a durst&on peater than a dumotion of the inspiratory reference
fi&llowcd by thc non-5&unulanon pcnod. wluch has a durd-
t&on less Ihan the duranon of Ihc snmulauon penod.

In sonic cxanlplcs, &hc rcfclcncc rcsplriitoiv cyclo'. ls
dehned by a historical patient-spec&fic avemoge respiratory
cycle for stable respiration. In some examples, the reference
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respiratory cycle is dclincd by a mulu-pdlienl average resp&-
ratory cycle for stable respiration

l)ecause the overall duration of the stimulation cycle
(both stimulation period and non-stimulation period) inten-
tionally does not match the duration (R) of the reference
respiratory cycle in at least some examples. the stimulation
proiocol cnsurcs tlrdt each succcssivc slimulalion period
Is llhul lhC 9CIlCS Ol SIJIUUIBJJOU CV'Ches ii lll iilll illotlg
ditferent portion of each of the successive reference resp&-

ratory cycles Accordingly. even though the stimulation is 10

not synchronized relative to a charactenstic (e g. inspiratioil)
of reference respiratory waveform (which includes the series
of reference respiratory cycles). no matter where the stunu-
lanon protocol is started relative to thc ongom paltcm of
It:fbrcllcc rcsplrdlory cvclcs. Ihc sllnlUlallon period Of each
stituu)ation cycle lvill overlap with at least a portion of the
inspiratory phase of the respective reference respiratory
cycles for a si~ificant majority of the treaunent period.
Accordingly. even if the stimulation protocol happens to be
initiated at a time that the non-stinnfiation period of the 30

imlial slunulaliou cycle at least parually overlaps with the
ln9plratorv'htlsc ol d I'cfcrcilcc Icspu"dl Liny cvclc, thc slllnll-
lation periods of the successive stimulation cycles will at
least partially overlap the inspinstory phase of the next
reference respiratory cycles Moreover, at least some of the
later successive stimulation periods will sitzd»ficantiy over-
lap (e.g, overlap at least a mqjority of the inspiratory phase)
Ihe ulspiralory phase of thc al least some ol lhe respeclivc
succcssnc rel'crcucc respiratory cycles. In some mstanccs,
such si nificant overlap may mclude a complete overlap of 30

the inspiratory phase
Mia this arnlngement. it becomes feasible to stinnilate an

aitway-related-neive to treat sleep disordered breathing
either witlmut any sensing elements at all or with minimal
USC tli SCU9lllg ck:lllcilnu Ill lhlS SCJISC, lhc Slllnillalloll IS ls
pCrftlrlnLsl BSyllChronollslys I.C. wllhL1UI SVUChlulllZBIJOII

relaitvc lo scnscsi respiratory ulfomlalion. Aloof other
benehts. this may reduce the cost of the stimulation systenl,
nlay sinlphfy its implantation, and may simpfify operation
of the stinnilation system. Moreover, the presence of non- do

stintuiation periods helps to minimize potential muscle
fatigue tllat nnght othcm isa bc caused. Fimilly. provuling
dsyncluonous stimulation via thc tndcqtcndcnt stmlulation
clcmcnl may help lo overcome situations ul v,luch scnsor-
based systems or synchronous systems are unable to achieve
synchronization and/or the sensing signal become unstable
(or is unavailable).

However. it v, ill be understood that in some examples, an
asyncluonous uldependenl stimulation prolocol is uuplc-
mcntcd wlulc still pcrlbrmulg scnsin respiratory inlbmla- 0

lion 101 Ilotl-syilCllronlztlllon plirpLISCS. SIICh IIS cvdlllBllng
stinndation thenlpy effectiveness and/or provide infornlation
to adjust pansnleters of the independent stimulation protocol.

In another aspect, pmviding stimulation asynchronously
via the independent stimulation element may enable lever- ss
aging a greater number of dtlicrcnl stimulalton protocols
bimdusc of fewer constraints on how Iheslmlulalion cycles
of Ihc sumulattou protocols relate to characlcrislms of a
respiratory tvavefonn Moreover, in some examples, the
stituu)ation element applies nerve stiinulation while rotating til
application through the plurality of difl'erent stimulation
protocols. which in some instances provides a more robust
thci'tip)'hail Usulg B 9lilgk: snllllildllLUJ pl'Luocol. Ill soluc
cxtunples, tlus rouiliou also cml bc used lo sort lluough the
relaitvc cili:ctivcncss of thc dtilcrcnl stimulalton prolocols Ss

and select the most efFective stiinuhstion protocol for a
particular patient

In some cxamplcs, an intlcqicndcnt stimulation protocol is
inlpleniented in tvhich the inspiratory phase of a nlajority of
reference respinstory cycles are at least partially overlapped
by a stmiulation period, with nlore occurrences of such
overlappin being preferred over fewer such occurrences.
Similarly. in some examples. it is generally preferred to
llnplClnclll SUCh till llult:pcluh:nt Sllllllihillotl prOIOCOI Via

provuling the sequence Ol'limulauon periods to result ul a
greater degree of overlap tvith the inspiratory phase of the
reference respiratory cycles rather than a lesser degree of
overlap.

In some examples. the therapy mana er includes a stimu-
lation protocoi element that provides convertible operation
bclwimn Ihc abLJVC-dcscitbcd independent (t.c. asyncluo-
IIOUS) f list SIJIUUhultul Inodt: Illul 9 Sy'JlchroilOUS SCCLuld

stimulation mode of stimulatina the alrtvay-patency-related
nerve synchmnous lvith a characteristic of the sensed respi-
oltory wavefoml In this arnsngenlent, the therapy manager
causes, operation in the first stimulation mode for at least a
first predetermined period of time: conversion of operation
into lhc scmond slimulditon mode upon al lctst Onc param-
eter of thc sLIlscd Icsplratorv'dvcforill mccllllg II BL'nsol

sigaal quality criteria: and reversion of operation into the
first stimulation mode for at least the first predetermined
period of time upon the at least one paranleter of the sensed
respiratory waveform failing to meet the sensor siylai
quality criteria. Accordingly, in one aspect. the first stimu-
lation InodC ColnpllSC9 lhC tlt:idUII laude Of Slllutilallun.

In some examples. Ibc conversion bc IVs cen the 1 ira I stimu-
lation niode and the second stimulation nlode is automatic
In some exainples. the thempy nlanager includes a user
selection function to enable user selection of either the first
mode or the second mode as a default mode

In some examples, the therapy manager includes an
operator selection function lo selccuvcly cause conversion
bclwimn thc Iwo dificrcnl stimulation modes. In one aspect,
such sclcctivc conversion can be tmplcmentcd manually
duung operator titration of the therapeutic treatment as the
openltor adjusts parameter: of the stimulation pnltocols tilr
a particular patient.

In some examples the first predetermined penod of time
corresponds to a period suffictmlt to establish a steady siatc
iu which liltenng is cstabltshcd. Jnsptrauou and expiration
arc being dctcctcd rehably. signal gain control is rcahzcsi.
etc In some examples, the first predetermined period of time
does not correspond to a test mode for evaluating the
operational fitness of the stimulation system. Stated differ-
ently, activities occurring during the first predetermined
period of time may somcxuncs be rcfi:rrixl 10 as a non-leal
mode

MIB lhlS BlrangCnlt:ill, lhc IlliiCpCJJRCJJI Sllluiilallun ch:-
ment first establishes a stable respiratory pattern. 'I'his

arrangenient therapeutically achieves airway patency while
simultaneously increasing the likelihood of later successful
synclu oni gati on of a respiratory-dependent stimulation pro-
tocol. In particular, because some cxamplcs dictate thai
SIUUUIBIJOU IS llol llnplCIllt:lllCd illltll Or UIIICSS SICCp dlsol-
dcrcd brcathulg behavior (above a scvcnty tlucshold) is
detected, the available respinstory smnal will likely be a poor
signal which attempt synchronization of a stinnilation sig;
nal.

Accordingly, rather titan attempt a Ill ely problematic
9)'IIChroluz'Illtlll. dt ICIISJ 90lllt: CxtllllplCS Of lhc pILSCIJI

disclosure lirsl establish indcpcndcnt nerve sumulalion Ihal
docs not dcpcnd on synchronization. Tlus uldcpcndcnl
stimulation, in turn. helps to establish a stable respiratory
pattern or signal, which then in turn, significantly increases
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Ihe success of later syuchroluzulg a rcspiralory-dcpmldmll
srimu)ation protocol relative to the respimstory signal. Once
a robust synchronization is established, then the system is
well positioned to maintain a stable respiratory period using
less overall stimulation by stinndating on a synchronized
basis in lvhich stinullation is limited to generally coinciding
13llh du Iusplraklry philic (01 oriel ch'driicn:llsnc of lhc
scnscd respiratory wavefonn).

Of course, in the event the sensed respiratory signal
changes in a way that binders sync)konization and/or deliv- la
ery of etfective therapeutic stimulation, then in at least some
examples, the therapy manager will cmlse operarion ro revert
to the independent stimulation mode.

With llus arrangcmcnt. the indcpcndcnl snmulanon mode
mrablcs initially applying a lughcr ullmlstty snnnilanon 10

establish and ensure a stable respiratory pattern, v hich in
turn, increases the likelihood of being able to later estabhsh
and maintain a lolver intensity stinndation via the synchro-
nized, respiratory-dependent stinndation mode. In this v.ay,
it is expected that overall muscle fatigue is minimized lo
because of lhc hkchhood of the syncluoluzatlon mode
successfully operating for a longer period ol lime than lf the
independent stimulation mode were not applied first

Accordingly, in some examples. an independent stimula-
tion element is inlplenlented alone to treat sleep disordered
breathing. However. in some examples. treatment is accom-
plished via a complementary combination of an independent
(i.c. asyncluunous) sumulauon mode imd a syncluonous
snnuilation mode.

As noted above. in some examples, a stirmilation protocol io
element may provide convertible operation behvcen the
abm e-described independent (i e. asynchronous) first stimu-
lation mode and a synclmlnous second stimuLsrion mode of
stimulating the airway-patency-related nerve synchronous
with a characlensnc of llm sensed respiratory wavelonn. 3s

Holt I:vcr. hl 0ul: cxB nip le iltrrlugcuicul. Ihc lhcl Spy'IBull ger
cdiisl:s. Opcldtlou hl thc six'oud slhuUlsliou ulodc Blxi con-
version of opemstion into the first stimulation mode upnn at
least one parameter of the sensed respiratory wavefornl
failing to meet a sensor signal quality criteria. Later. rever- do

sion of operation into the second stimulation mode is made
upon Ihc at least one parmnctcr of lhc sensed respiratory
wdvcforul ulct:tlag thc sensor signal qilslllv crllcl Ill. Accord-
ulglv, ul out: dspcct, lhc second snuutlanou ulodc coulprlscs
the defmdt mode of stimulation

'Ihese examples, and other examples. are further
described in association with at least FIGS. 1-19.

FIG. 1A is block diagram schematically illusrmting a
snmulanon elemmlt 12, accordulg to onc example of the
preseni disclosure. In some examples slimulalionelmnml! 12 0

directs mid controls ucrvc stimulalion lo Irwit obstrucnve
sleep apnea In some examples, stimulation element 12
includes an independent stinndation function 14. winch in
genemsl terms, applies electrical stimulation via a stimularion
protocol to an airway-patency-related nerve to rreat upper ss
dlrwav obsrrUcnous Iu Boule cxaulph:s, sUch ill&lily'-pdl-
cttcy-related nerves include at least the protnlsor brimchcs of
the hypoglossal nerve.

In some examples, the independent stimulation function
14 operates to stimulate an ainvay-patency-related nerve, io
according to a iirst stimulation protocol not synchronized
relative to sensed respiratory information and in which each
snmulanon cycle includes B sumulauon penod and a non-
snmulanon penod. Accordulgly, ul some cxamplcs. via the
hidcpcudcul slluulhulou fUucnou 14, uclve snulidanou Is ss
applied independent of chamcteristics of sensed respiratory
information. In other words, once the independent stlmula-

tron fiulction 14 has bccn activated, thc initianon and
termination of individual nerve stimulation penods is not
synchronized relative to a charactenstic. such as onset of the
inspiratory phase of rhe patient respiratory cycle and/or
other characteristics. In at least tlus context, operation of
independent stimulation function 14 (FIG 1A) may be
referred to as an asyncluonous slunulatiou funcnon or mode.

In some cxamplcs, once a treatment pcnod beguls. such as
when the patient is enaaging in sleeping behavior (and
dunng v hich sleep disordered breathing is to be avoided),
the nerve stimulation function 14 is always in an "on" or
active mode, and therefore stimulation cycles are applied to
the nerve. In such exanlples. activation or deactivation of the
iudcqlcndcnt stimulation function 14 is uldcpcndcni of
whclhcr or nol apncas arc occurnng. For instance, thc
general activation andior deactivation of the independent
stimulation function 14 can be controlled according to a
selectable time schedule. such as a predetermined start time
(e g. IO p.m.) and predetemlined end time (e.. 6 a.m.).

FIG. IB is a block diagram schematically i)lustmsting a
therapy manager 16, according to oue example ol Ihc present
disclosure. In gcncral Ianna. therapy manager 16 directs a
therapeutic regimen for controllin sleep disordered breath-
ing such as, but not limited to. obstructive sleep apnea. The
therapy manager 16 operates as parr of. or in cooperation
with, an at least partially inlpLsntable nerve stinndation
system In some examples, therapy manager 16 forms at
least parr of a control portion such as, but uot linutcd lo.
control portion 360 as later desvnbed ul nssocuilion with al
least ill(iS 9-1(l, and as such. in some exanlples. therapy
manager 16 includes ar least some of substantially the same
features and attributes as therapy manager 371 described in
association lvith at least FIG. 9.

In some examples. therapy manager 16 is in communi-
iuitlou with rukpor ulcolpoliucs Bl least souu: aspects ol
stimulation clement 12. In some cxamplcs, lhc therapy
uuulagcr has rlcccss kl phvsiologlc scusulg ullomuulou via
sensing elements (e. at least 11(iS. 7A-7B) ln such
exanlples. general activation and'or general deactivation of
the independent stimulation function 14 is controlled
according to a likelihood of sleep behavior. which is deter-
mined according lo at least body position, body posture.
body motion, and/or body acui lty parameters, wluch can bc
sensed vhl Bu Bccelcrouu:Icl 01 olhix sensing ch:ulculs. Iu
some examples, detemlinina likelihood of sleep behavior is
supplemented via additional sensed physiologic inforrna-
tion. including but not limited to sensed respiratory infor-
mation.

In some of the cxdmplcs in which thc therapy manager 16
has access 10 scnscd physiologm ullbrmauou (at least FIGS.
7A-8), once a trcauncnl pcnod begins, the ucrvc slimulanon
function 14 is not generally activated and/or deactivated to
stimulate a nerve lultil pronlpred to do so based icu respim-
tory behavior criteria (e.g. whether apneas are hl ely or are
occurring. etc.). This deternlination is sepamte from. and
hldcpcudcul oli tuuulg or sv'uchroulzulg ludlvuhlal slhuU-
latlon periods rclatlvc lo parnmdar charactcnslics (e.g..
iusptmtion, cxptmfion, rxc.) of sensed respiratory infomla-
tion Accordingly, in these examples, whether or not a
patient receives any stimulation at all is governed by
v hether or not the patient experiences a sufi)cient quantity,
frequency, or intensity of apneas.

Iu olhcr wolds, hl soull: cxaulph:s, lhcrBpy uuulagcr 16
opcralcs to apply slimuldiion when thc patient is cxpcnenc-
hlg Bpucils 01 hkclv 10 cxpcllcucc Bpucas. Iu this way'. Uclvc
stimulation is linlited to an as needed basis, thereby con-
servin energy of the stinnllation system 2(l and reducing

Exhibit 1001 
NYXOAH, INC., et al. v. INSPIRE MEDICAL SYSTEMS, INC. 

021



US 11,806,526 B2
10

polmiiral muscle fauguc As lo thc parncular strength of thc
stimu)aflon sipsal and whether it is applied in view nf the
re)aflve severity of the sleep disordered respinstory behavior,
at least some examples of automatic adjustment of a level of
stimulation themspy is descnbed in at least C'hrisropherson,
METHOD OF TREAT]NCr SLEEP DISORDERED
BREATHINCi. pubhshed on Oct. 27. 2011 as US 2011-
0264164.

In some exaniples. the detection of flow limitations and/or
associated apneas. as well as the detection of the beginniag ia
and end of rhe respective inspiratory and expiratory phases
of the respiratory cycle, is performed according ro. or in
cooperation with, known methods and devices for doing so.
Some non-hmrtrng cxamplcs of such devices mid methods to
rimognizc and dclcct thc venous features and pallcms asso- I

ciated with respiratory effort and flow limitations include,
but are not limited to V(''ublicatiiin WO,'2010/059839,
titled A MIIIIIOD OI''RliATIN(i SI,I'.Ilp AVNIIA, pub-
lished on May 27, 2010; Chiistopherson U.S. Pat. No.
5.944,680, titled RESPIRATORY EFFORT DETECTION Ic
METHOD AND APPARATUS: and Tcstcnnan 1).S. Pat. No.
5,522,S62, titled METHOD AND APPARATUS FOR
'I'Rl 1 4 I'IN(i OI3STRU('1'Ixyl 3 SI I it ip A VN I!A

In some exaniples. the stinrulation element 12 coniprises
a stinnilation engine to determine and administer a stimu-
lation protocol. In some example~. the stimulation element
12 further includes and/or acts in cooperation with a pulse
gcncralor and stnuulatiou clcctrode lo deliver lhc stunula-
uon lo a target ncrvc. such as later described nl rissiicra! Ion
with at least lrl(i) 2A-2I) and 713 In such examples, the io
pulse enerator includes the stimulation engine or the stimu-
lation ciigriic Is ui conuniuIIcation with ilia pirl ac gciicr'a to f.

In some examples. the therapy manager 16 is in conunu-
nication with the pulse generator and/or incorporated within
thc pulse generator. In some examples, al lcasl some corn- Is
ponenis. functions, clemcuts, ctc. of Ihe therapy marmgcr 16
arc uicorporatcd wrflun a physician pmgrmnmer exlcmal lo
the patient or a patient remote exterrml to the patient

Details regarding parricuLsr stinnrLstion pmtocols imple-
mented via the independent stinndation function 14 are Later so
described in association v ith at least FICiS. 3B-3E In
paruculdr, at ltmst some detmls are provided regarding how
ds)'nchronorls snnlidanon ulav uicucasc llicrdpculrc cfl~-
uiencss in treating slccp disordered breathing.

11Ci 2A is a scheniatrc diagram of an at least partially
implantable stimulation system 20, according to an example
of the present disclosure. In general term~. the stimulation
elenient 12 of FICi IA (and/or themspy manager 16 of FICi.
1B) rs incorporated wit)un and/or operates ui assocranon
with slunulatrou system 20 to dchvcr slumilatron. o

As Illustrated rn FIG. 2A. ui one exiunple system 20
includes an rmplantable pulse generator /IV(i) 35 and a
stinndation lead 32 electrically coupled with the IV(i 35 via
a connector (not show n) positioned witl»n a connection port
of the lp(i 35 In some examples, the IPG 35 is surgically i.
posrtronixt witlun a pectoral region of d patient 22. The lead
32 uicludcs a stimulation clectrodc ponion 45 and cxtmids
from the IPG 35 so that thc stimulation electrode portion 45
is positioned in contact with a desired nerve, such as an
airway-patency-related nerve 33 of the patient 10, to enable io
stimulation of the nerve 33, as described below in detail. In
some examples, the stimulation electrode porrion 45 com-
pnses a self-sizing mifl'uch as dcscribcd in U.S. Pat. No.
8,340,7S5 to Bonds ct al. Iu some examples, m association
with clcctrodc 45, lead 32 includes at least some of the ss
features and attributes described in U.S. Patent Publication
20110160827 to 13onde et al In some examples, lead 32

includes fi:aturcs and dttnbutcs at least consistent for use in
an implantable stimulation system as descnbed in U.). Vat
No 6,572,543 to ('luistopherson et al

As later described more fully in association with at least
FICiS. 9-10. in some examples the therapy manager 16
controls the IPCi 35. and is implemented externally of the
IPG 35, cntrrcly wrtlnn thc IPCi 35, or partially wrtlun Ihe
IPG 35

hl annie exaniples. stiniulation electrode portion 45 com-
prises a cuff electrode including a single operative contact
gmup of at least two electrodes thmugh which the stimula-
tion is deliverable non-selectively to the airway-patency-
related nerve. FIG, 2E is a top viev, schematically illustrat-
ing onc cxamplc of such mi cleclrodc 50 Including a single
operative contact group ol al least two cleclrodcs 52. In
some examples. the srimu)aflon electmde portion 45 com-
prises a cuff electmde including at least one operative
contact group through ivhich the stimulation is deliverable
non-selectively to the airway-patency-re)ated nerve.
Accordin ly. more than one operative contact roup of
electrodes can bc uicorporated in a suiglc cull'clcctrodc. In
some examples, the slimulauon cleclrodc pornon 45 cmi
include multiple, separate cufl'electrodes with each having
at least one operative contact group of electrodes

hl some examples, tbe stimulation systeni fiir treating
obstructive sleep apnea is a totally implantable system
which provides therapeutic solutions for patients dis nosed
wilh obslruclrvc slccp apnea. Howcvcr, rn some examples.
onc or uiolc'onlponcnm oi fln: svstcnl drc riot unplanlcx! hi
a body of the patient. thereby providing an at least partially
iniplantable system. A few non-limiting examples of such
non-iniplanted components include an external processing,
unit and/or an external power source. Ss later noted in
association vvith at least FIG. 6.

In some cxamp les, Ibc el least peru ally unphml able slimu-
latron system 20 docs not include auy sensuig elmuenls.
Accordingly. Io Ihc cxleni thai the system 20 and rm therapy
manager 16 apply stimulation protocols to treat respiratory
behavior, any patient-specific respiratory information would
be received and/or obtained prior to, and/or durin . implan-
tation of the system 20. Alteniatively, a temporary external
sensing system could bc employed to pcnodrcally calibrate
and/or cvalualc Ihcrapeuuc eflicacy ol'hc at least partially
implmilablc stimulation system 20 opcraung according lo an
independent stinndation function 14 /11Ci IA).

At least some exmnples of the sensor-less stinnrLstion
system 20 use significantly less power than some sensor-
based systems and are easier to implant. Moreover, in such
examples, the system 20 is srgndicantly casicr lo construct
and/or opcrdtc because thc sensors. certain sensing-relaied
circuitry, and certain operational progranmung can be omit-
ted

I lowever, it will be understood that in some exaniples, the
stinudation system 20 includes sensing elements. at least in
the manner later described in association with at least FICiS.
7A-7B. In at lmist some of these cxtunples, thc sensuig
clemcnts arc used to cvdlualc llu:rapy aud parncular stmiu-
latron pmlocols but dre nol used lo syuchromzc stimulation
relative to characteristics of rhe sensed respiratory wave-
fonns

FICi. 2B is block diagram of an implantable pulse gen-
emstor /IPG) 50, according to one example of the present
disclosure. In some cxtunples, IPG 50 includes at least some
of subslanlrally the same fcalurcs aud altnbulcs as IPG 35
/FIG. 2A). How cvcr. in some examples, IPG 50 uicluiks al
least some features and attributes different than those in IV(i
35 fliffi. 2A) As such, in some examples, Ip(i 50 can take
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difii:rmlt fornw mid bc implanted ul locations olhcr than
those shoivn in FICi. 2A (and also FICi. 7B).

With further refbrcncc Io FIG. 2B, ui some cxmnples the
implantable pulse generator 50 includes a stimulation ele-
meni 52 and a conununicauon elcmcnt 54. The slmiulation
element 52 generates and apphes a neuro-stimulation signal
via electrode(s) (such as stimulation electrode(s) 45 in FICi.

2A) according to a treatnlent regimen programmed by a
physician and/or in cooperation with therapy manager 16 In

iil
some examples, sumulation elmuent 52 compnses at least
some of substantially the same features and attributes as
snnuilation element 12 as previously described in associa-
tion with ill(i. IA

Tile ConlllluiuCatloll CICIIICIII 54 providCsi ColnlllillllCai

tion pathv ay to enable tmsnsnlission of data pov er, and/or
controls signals both to and from the implanted portions of
the system 20 relative to the extenlal portions of the systenl
20. For instance. in some examples, the conununication
clcmcnt 54 is conligurcd to rcport acuvities ol'hc IPG 50
(including sensed physiologic data. stimulation history,
Ilulllbcl of apllcrls dclcctcd, etc. ) slid Is conligurcd to rioeive
initial or further programnling of the IP(i 50 from an
external source, such as a patient programmer. clinician
pmgmmmer. etc as later noted in association with at least
FR C 10. In some examples, the communication elemenr 54
utilizes a radiofrequency (RF) telemetry link or orher wire-
ICss CollllllillllcJtlon protocols.

In some examples. thc Implantable pulse gcncrator 50
includes a control portion or at least part of a contnll portion so

such as contml portion 56 shown in I'l(i 2('n general
terms. control portion 56 directs opemtion of the pulse

enerator 50 and the at least partially implnntable stimula-
tion system. Further details regarding such n conuoi portion
56 arc dcscribcd later in association with ai least FIGS. 9-10. Is
Moreover. in some examples. control poruon 56 Is operable
in association with a user uiterfacc, such as dcscnbixi later
in association with at least ill(ig HA-III3.

Fl(i 2D is a block diagram 70 schematically illustratiag
an at least partially implantable stimulation system 80, so
according to an example of the present disclosure. In some
examples, system 80 includes at least some ol'ubstantially
Ihe snme features and aunbutes as system 20 (FIG. 2A),
pulse gcncrator 50 (FIG. 2B). rmd control portion 56 (FIG.
2G). except for system 80 having some portions in a
non-pectoral location and located in close pnlxinlity to a
target nerve to be stinnllated, as further illustrated in asso-
ciation with at least FICi. ZD.

In some cxmnplcs, system 80 Is a sensor-less system in a
mrulncr substantially sunilar Io the above-dcscribu! system 0

20. In other words. as at least partially implantixl ui the
patient s body, systenl 80 omits a sensor

As shoivn in Ill(i. 2D, in some examples systenl 80
includes a nerve-couplin electrode portion 82 nnd n pulse
genemtor 84 In some examples, the nerve-coupling elec- 1.

trode portion 82 composes an element wluch is at least
clcctncally coupled rclauvc to a target nerve 72 suitable to
maintain or rcstorc airway patency, such as bul nol lmuted
to. Ihe hypoglossal nerve

In some exanlples, the electrode portion 82 composes a io
cufi, such as one of the stimulation electrode portions 45
described in association with FICi. 2A in which the electmde
portion is both mcchaiucally and clectncally coupled rela-
tnc Io Ihc nerve 72 However, ul some examples. the
nerle-coupluig elcctrodc portion 82 compnses a cuii-less ss
structure that is both mechanically and electrically coupled
relative to the nerve 72

In some examples, the nerve-coupling elcctrodc portion
82 is not mechanically coupled to the nerve 72. but is
mechanically coupled or secured in a locatiion in close
pmxinlity to the nerve 72 and that enables electrically
couplin of the electrode portion 82 relative to the nerve 72.
In one instance, such examples include the electrode portion
82 being dchvercd Io thc target nerve 72 via a percutaneous
access dclivcry. In onc instance, such examples include Ihe
electrode portion 62 beina delivered to the target nerve 72
via a transvenous delivery method in which the electrode
portimi 82 is delivered on a lead maneuvered w:ithin and
throu h the vasculature of the patient.

In some exampleg in a maiuier consistent with the pre-
viously described pulse gcncrator 50 (FICi 2B) pulse gcn-
crator 84 ulcludes a snmulation clement 52 rmd a commu-
nication element 54 In sonic examples, pulse generator 84
includes solely internal components 90. which are internally
v ithin the body belolv the skin,'tissue I lowever. in soine
examples, pulse generator 84 includes a combination of
some Internal components 90 and some external components
92, wluci arc cxtcmal to the body being above or outsnle Ihe
skill/IlssuC.

In some exmnples, via communication element 34 (I'l(r
2I3), system 80 includes a wired comnlunication path 94
and/or a ivireless communication path 96 between the pulse
generator 84 and the nerve-coupling electrode portion 82. as
shown in FIG. ZD. In some examples. either or both such
conunuiucation pathways 94, 96 arc also employable for
conunuiucation betv,con intcmal and cxtcnlal components
90, 92 of a pulse generator 84.

In some example~, in order to utilize and/or evaluate
sensed respiratory information. the therapy manager 16 uses
a reference point. such as a nomlal breathin pattern 150, as
shown in FICi. 3 A. Of course. vanances may exist from
patient-Io-patient so II will bc understood that Ihe normal
brcallung pattern 150 is a reprcsentauvc cxamplc provtdcxi
fbr Illustrative purposes mid is not intended Io strictly dcline
a breatlnng pattenl that is universally nornlal for all patients
With this in inind. in some examplea the systenl 2(3 uses the
particular breathing pattern of a specific patient (to which
the method is applied) as the reference point to utilize and/or
cvalualc scnsixl rcspiraiory infonnauon

In thc example ol'normal breathing pancrn 150 shown in
FIG. 3A, a respiratory cycle 160 includes rm uispicmory
phase 162 and an expiratory phase 170 'the inspiratory
phase 162 includes ml initial portion 164, intermediate
portion 165. and end portion 166 while expiratory phase 170
includes an initial portion 174. intermediate portion 175. end
portion 176, and an expiratory peak 177. A lirst transition
180 occurs at a iuncuon bc(ween thc cnd uispiratory portion
166 and Ihc initial expiratory poruon 174 wlule a sioond
transition 182 occurs at a junction benveen the end expim-
tory poition 176 and the initial inspiratory portion 164 In
some instances, end expiratory portion 176 includes and/or
is referred to as an expiratory pause that occurs just prior to
onset ol Ihc llullal ulspllrilorv'ot(lou 164.

FICi 3B Is a diagram 200 schcmaucally illustraun a
stunulation protocol 210 implmncnted via Indcpcndcnt
stimulation hinction 14 (I 1Ci I A). according to one example
of the present disclosure In some examples, after initializing,
the system according to the known/applicable respiratory
cycle for that patient and after eneml activation of the
hide)tcndcnt stimulanon lunction 14. the uuuation, opera-
tion, and Icrnunation of thc stimulation protocol 210 oper-
a(ca w i(hour regard Io smlsed respiratory uifilrmauon. In one
aspect, FI(i. 3I3 illustrates a respiratory pattern 202 includ-
ing a series of reference respiratory cycles 204A-20411, ivith
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14
each cycle lmviug substantially (he same fca(urea and attn-
butes as the respiratory cycle 160. Accordingly, each refer-
ence respiratory cycle 204A-20411 has a duration R

In one aspect, the pattern 202 represents a stable respi-
ratory pattern that occurs during normal dn)4ime breathing
and/or that results from application of stimulation protocol
2 I 0.

In some examples, bix du ac stimulation via lhc stnnula (ion
pmtocol 210 is iiot synchroilixed relative to characteristics
of actively-sensed respimltory cycles (such as via real-time io

nleasure of respiratory effort), the stimulation protocol 210
operates based on a reference respiratory cycle. In some
examples, the reference respimatory cycle includes at least
onc of a histoncdl put lent-spccilic average respiratory cycle
for stable rcsplruuon and a multi-patiem avcragc respiratory
cycle for stable respiration I'his historical anrgor predictive
information is entployed in at least some examples in which
the thenlpy manager 16 (lilt) (B) is not actively sensing
respiratory wavefomls during opemation of the at least par-
tially implantab le stinullation system 20. Io

As shown iu FICi. 3B, sumulauon protocol 210 ulcludcs
d scllcs iif separate stlulUIBIlou pcl10ds (O.g. pillscs) 212A-
21Z I spaced apart by a non-stmlulation periods 218A-2811,
each of which are interposed between an adjacent pair of
stinndation periods I'Or instance, non-stinnllation period
218B is interposed beuveen stimulation periods 212B,
212C. In one aspect. each stimulation period (212A-2121)
luis a lira( cnd 214 and an opposite second cnd 216.

In some cxamplcs, in order to dcmonslratc the malulcr ln
which the stimulation pnltocol 210 is juxtaposed relative to 10

the respiratory pattern 202, liifi 3B further illustrates each
respiratory cycle bemg apportioned into a discrete munber
(e.g. 3, 4, 5. Cb 7, 8. etc.) time units, with each time unit
having a duration t. In the example shown in FICI. 3B. each
respiratory cycle lrds a durauon R and is divided mto six li
tune Uulm

In some cxamplcs, thc duration R is patient specific and
is based on a long tenn average duration of a respiratory
cycle in some examples, the duration 8 is not patient
specific and is based on an avemuge duration of a respimtory do

cycle for many difi'erent patients. In some examples. dum-
uon R is about 3 to ubout 6 seconds. In some cxmnplcs, via
therapy nuuiagcr 16, the duration R can bc ad)usted to a
preferred duration. In some examples, thc Qterapy manager
16 uses the patient-specific information regarding durations.

I lowever. in some exainpies. where such infilrmation is
not available or is problematic. the therapy manager 16 uses
multi-patient information. For instance, for at least some
patieni populations a duration of an cnlire respiratory pcnod
is about 3 to 6 seconds, wluch corresponds (o a general o

respiratory rate of about 10-18 breaths/mmu(e. Moreover,
enemlly speaking inspimstion (e.g an inspiratory phase) ls

a minority of the entire respiratory period ivhich includes
inspiration. expiration. and expiratory pause.

In at least some patient populations. an apnea and/or ls
hypopnea has a mlrumum durauon of dbou( 10 seconds,
wluch corresponds to a mirumum durdlion about 2-3
breaths.

In some exantples, an apnea may be m oided via imple-
mentation of a stimulation protocol ivhich avoids nlissing ic
(either conlpletely missing or significantly missing) stunu-
lation for more than one breath (e.g. one inspiratory phase).

With furlhcr rcfcrencc to FIG. 3B. as reprcsen(ed by the
lcgcnd 209, (hc stimulauon pmtocol 210 operates accordulg
(0 II stuuUldtlou cy'clc ul which thc ihlldllou ol thc stuullla- Si
tion cycle is less than the dunltion (R) of the reference
respiratory cycle. In some exmnples. the duration of the

stuuulation pcnod cxcecds thc durauou ol'hc uon-stimula-
tion penod by a factor of 3. In some exaniples. as shoivn by
legend 209. the stinmlation period and the non-stinndation
period are in a proportion of 4 to I In such examples. each
stinullation cycle includes a continuous stimulation period
of 4 time units followed by a non-stimulation period of I

time units. with this stimulation cycle bcuig repen(cd cun-
tuniously when ncrvc stunulation is gmierally active(cd. The
total dunltion of the stimulation cycle (e g 4 time units of
stimulation and I time unit of non-stiniulation) is 5 time
units, which is less than the duration R of the respiratory
period, which is 6 time units in this example. In one aspect,
this example arrangement in which the stimulation period is
iu much greater proportion io the non-sumulation pcnod
may bcnclit some paumlts by minimizuig tongue rubbul by
nuninuring the frequency or total volunte of tongue motion
incident to tongue protrusion intentionally caused by the
stimulation therapy to restore airway patency

In FICr. 3B. the first end 214 of stimulation period 212A
is shown as coinciding with the beginning of an inspiratory
plmsc 162 ol'he respire(ory cycle 204A. Howcvcr, it will be
understood that thc beguuung 214 of thc stunulation penod
212A Is not synchmnixed relative to the inspiratory phase
162 Rather, the beginnina 214 of stimulation period 212A
is shown as coinciding ivith the beginning of inspiratory
phase 162 for illustrative simplicity in juxtaposing the
stinudation protocol 210 reLative to the respiratory cycles
204A-204H. Accordingly, it will bc understood that when
stuuulation (according (o stunulatiou protocol 210) is uuti-
ated during a treatment period. the beynnlng of the stimu-
lation period 212A may coincide with a different portion of
the respiratory cycle (eg 204A) than shown in III(i. 3i3

With further reference to the stunulation protocol 210 in
FICI. 3B, in one aspect, each respective non-stimulation
period 218A-2181 has a durauon less than a duration of each
respcctivc stimula(ion periods 212A-212J. In ouc aspect, (he
iIUIII(1011 ol thc stuuUldtlou period 212A ls less lhiiu a
duration (8) of the reference respiratory cycle 204A In one
aspect, the relative duration of the respective stinniLltion
periods (e.. 212A) and non-stimuhstion periods (e g. 218A)
causes each successive stinuILltion penod (e.g 212B) to
bcgui at a dilli:rcn( place along a successive rcspinuory
cycle, such Ihat Ihc sumulauon panem ls indcpcudcnt of (I e.
uol s)'uchriillldcd rclatli c (0) thc chdltictcrlstlcs ol thc rcspl-
nltory cycle lior instance, it can be seen front lil(i. 3B that
the first end 214 of stimulation period 212D coincides ivith
a portion of the expiratory phase 170 of respiratory cycle
204C while the first end 214 of stinullation period 212E
coincnlcs with a portion of uispiratory phase 162 of the
successive respiratory cycle 204D

As shown in FIG. 3B, each of (hc rcspimuve stimulation
periods 2IZA, 212l3, 212('verlaps the entire inspiratory
plmse 162 of the respective respiratory cycles 204A-204G
while stinnliation period 212D at least partially overlaps the
inspiratory phase 162 of respiratory cycle 204D.

Because Ihc overall duration ol Ihc stimulation cycle
(both stinuilation pcnod mid non-stimulatiou period) does
not match (hc duration (R) of QIC rcfcrcnce rcspimtory cycle.
the stmlulation protocol 210 ensures that each successive
stimulation period ivithin the series of stintulation cycles
v ill fall alon a different portion of the successive respira-
tory cycles. Accordingly. even though the stinullation is not
syncluontzcd relative to a clmractcnsuc (c.g. Utsptrafion) ol
the respiratory wavcfonn, no metier where thc stimulation
protocol 210 is staricd rclauve to a sencs of respiratury
cycles, the stimulation periods will overlap with at least a
portli111 of the inspimtory phase of the respective reference
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respiratory cycles for a signilicanl ma)ority of lhc trcalmmil
period. Accordingly, even if the stimulation protocol 210
happens to be initiated at a time that the non-stimulation
period (e.a 2 ND. 2 Nl:) at least partially overlaps with the
inspiratory phase 162 of a respiratory cycle (e.g. 204D,
204E). the succeeding stimulation periods 212F, 212Ci. etc.
at )cast partially overlaps thc inspiratory phase 162 of the
next respiratory cycle 204F. 204G, etc., with thcsc later
successive stimulation periods significantly overlapping
(e a. stimulation period 212)'. which overlaps by at least a io

niajority) or even conipletely overlapping (e g, stinnilation
period 212G) the inspiratory phase 162 of the respective
successive respiratory cycles (e.g. 204F. 204(i).

In onc aspect, in slunulauon protocol 210 flie duration of
each slunulauou pcnod (c.g. 212A-212)) is less lian a
dumtion (R) of the reference respinstory cycles (204A-
204I I) but greater than a duration of the inspinstory phase
)62 of an individual respiratory cycle (e.g 204A)

In one aspect. a duty cycle for the stimulation cycle varies
on a respiratory cycle-by-respiratory cycle basis For io
instance, dunng respiratory cycles 204A, 204B, 204C,
204D. 204F, 204G, 204H thc duiy cycle is 5 time units of
contimious stimulation and I time unit of non-stimulation,
which equals about 83%. I Iow:ever, during respiratory cycle
2041'., the duty cycle is 4 time units ot continuous stimula-
tion and 2 time units ofnon-stimulation, which equals about
6753k Every 5 respiratory cycles. the series of stimulation
cycles repeats itseli; as illustrated al respiratory cycle 204F,
at which the Iirst cnd 214 of thc stmiulalion pcnod 212G
once again coincides with the beginning of the inspiratory ic
phase 162 of the respiratory cycle 204F in a manner similar
to respimtory cycle 204A Accordingly, in one aspect, the
ion tenn duty cycle over an indefinite number of respim-
tory cycles (or average duty cycle over a sufficient iuunber
ol'ime franu:s) is about 80%. is

In some examples, vui stunulation protocol 210, mi
scqlicncc ol foUI rcspirB)oiy cvclcs iiccUls willioiit B sliiiui-
lation period significantly overlapping the inspiratory phase
)6Z (e.g overlappmg at least majority of the inspiratory
phase 162) of respiratory cycles in FIG. 3B. This criteria is so
based on the ion est period of time. in at least some
examples, that a patient can go without a breath while
avoiduig a respiratory-cvcnt related arousal and/or lo main-
tain near nonual blood oxygenation.

In some example~. via stimulation element 12 (I'l(i. IA)
andior therapy manager 16 (Iil(i. I)3) a clinician can imple-
ment a stimulation pmtocol in which a quantity (e.. 2. 3. 4)
is selected by the opemstor regarding how many respimtory
cycles can pass without a sigruiicanlly ovcrlappuig stunu-
liiliiiii pcnod, Bccordiiig lo B prcdclcl1liiiicil iiiiioUiil of tiiiic
and/or a predetermined number of respiratory cycles for a
particular patient

It ivill be understood that each inspiratory phase 162 of
each respiratory cycle (204A-204H) is shown in its ideal
foun in Flfi. 3B„and tlmt ln some instances where the i.
inspiralory phase 162 al least parliaily coinculcs v,ilh onc of
the rcspectivc nou-stimulation periods (c.g. 218D), thc
iilspii'iiloiv'liasc iiiav soiiicliiiic's liavc Bii iITcgUIBr sli;Ipc
compared to the idealized shape shown in I'l(i 3)3

Accordin ly, via stimulation protocol 210. the indepen- ic
dent stimulation function 14 nf stimulation element 12 (FICi.
IA) employs asynchmnous nerve stimulation to achieve
stable respiration despite potential sleep disordered breath-
iiig.

With thc example of pauem 202 and stuuulation protocol ss
210 as a foundation, it will be understood that in smne
examples, a stimulation pmtocol is adopted in which the

16
duration of the stimulauon period of each stunulation cycle
is at least 50 percent of the duration of the reference
respiratory cycle In at least some contexts, tilts arrangement
may ensure that the probability of entirely missing inspira-
tion in an asynclironous stimulation protocol ls less than
50%, such that a majority of the treatment period, stimula-
tion w ill bc delivered during at least a portion of uispira tron,
which may bc sufficienl lo nunimizc or prcvcnt slccp dis-
ordered breathing (e.a apneas)

In some examples, a stimulation protocol is adopted in
which the duration of the stiniulation period of each stimu-
lation cycle is 80 percent of the dumstion of the reference
respiratory cycle. For instance. such an arrangement might
bc employed ui some example paucnts having sevcrc
obslnmlivc slcmp apnea in which an uispiralion can bc
nussed for no niore thmi I of 5 breaths When applied
asynchronously, such a duty cycle may likely ensure effec-
tive treatment (assuming other stimulation parameters are
efl'ective) while still allowing the protrusor nniscles to rest
sufftctentiy.

Wlulc nol depicted ui FIG. 3B, ui some cxiunples, s
stimulation protocol is adopted in wluch lhc durauon of lhe
stimulation period of each stimulation cycle is at least 25
percent of tbe duration of the reference respinstory cycle
When employed in an asynchronous arrangement. such an
arrangement wiil likely ensure that at least one stinndation
period significantly overlaps with the inspiratory phase at
least onc breath (c.g. Onc respiratory cycle) oui ol'vcry
tlucc breaths (i.c. tluec respiratory cycles) For some
patients which exhibit less severe apneas. this arrangement
can be suflicient to prevent obstnictive events

lii(i 3(.'s a diagmm 221 schematically illustrating a
stinuiiation protocol 220 implemented via independent
stinuiiation function 14 (FIG. IA). according to one example
of flm prcscnt disclosure. In one example. diagriun 221
includes al least some of substantially lhc same features and
altnbules as diagram 201, except I'or havuig a ihifcrenl
stimulation protocol Z20

Moreover. as represented by the legend 229, the stimu-
lation protocol ZZO operates according to a stimulation cycle
in which the duration of the stimulation cycle is greater than
tlic iIUIiilioli (R) of llic rcfblciicc respiratory cvch: Iii sortie
cxiunplcs, lhe duration of(he slumilatiou penod cxcccx)s thc
duration of the non-snmulanon pcnod by a factor ol'at least
I 5 As represented via legend 229. m some examples
stimulation protocol ZZO includes a stiniulation cycle includ-
in a stimulation period of 43'1 time units and a non-
stinuiiation period of 2'inie units, with the overall stimu-
lation cyclo of 7 lime units hai uig a duration greater than lhe
duration R of thc respiratory cycle (c.g. 204A) of 6 time
iiiuts.

In a manner substantially the same as previously noted tiir
stimulation protocol 210, even thou@ stiniulation protocol
220 is not synctuonized relative to a chamscteristic (e..
inspiration) of the respiratory iiaveform. no matter where
thc stimulation protocol 220 is started rclauvc lo a series of
respiratory cycles. the stunulauon pcnods will overlap with
al least a portion ol Ihc uispiralory plrsse ol the respixlivc
reference respiratory cycles for a smnificant majority of the
treatment period lior instance, even if the stiniulation pro-
tocol happens to be initiated at a time that the non-stimu-
lation period Z28B generally coincides v ith the inspiratory
pliasc 162 ol' respiratory cycle 204C, lhe succecduig
stimulation penod 222C at least partially overlaps lhe
iuspirstory pliase 162 of thc next respiratory cycle 204D,
and v ith later successive stimulation periods significantly
overlapping (eg stimulation period 222D, exhibiting at
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lcdst &1 u&Blot&ty ovcrlBp) 0& cou&plctclv ovc&IBppu& (c g.
sdmu)afion period 222)I) the inspiratory phase 162 of the
respective successive respiratory cycles (e g 20411. 20412)

In some exan&ples. a stimulation protocol is applied in
which a total duration of stimulation via the first stimulation
protocol during a treatment period is greater than 30 percent
ol ihe total duranon of Ihe trcatmcnt pcnod.

In one aspect, in stunulat&on protocol 220 the durst&on of
each stimulation period (eg 222A-222(i) is less than a
duration (R) of the resp&ratory cycles 204A-20411) but IB

rester than a duration of the inspiratory phase 162 of an
individual resp&ratory cycle (e.g. 204A).

In one aspect, a duty cycle exhibited by the repeating
stmuilation cycle varies ou B resp&ratory cycle-by-resp&ra-
Iory cycle basis. For &nstancc, during respiratory cycles
204)). 204)., 2U41; 2U4(i the stitmdation duty cycle is 3'/
tin&e units of contim&ous stimulation and 2'/2 time un&ts of
non-stinndation, winch equals about 50% I lov ever, during
respiratory cycles 204A and 204B the stimuLation duty cycle
is 416 time units of continuous stimulation and I'/ time &o

units of non-stnuulatiou, wluch equals about 75%. Mean-
&sf&lc. dur&ng resp&ra&ory cycles 204C, Ihe duly cycle is 4
time units of continuous stimulation and 2 time units of
non-stimulation, which equals about 67'!! livery 0 resp&ra-
tory cycles. the series of stimulation cycles repeats itself. as
illustrated at respiratory cycle 204H. at which the first end
224 of the stinu&lation period 222Ci once again coincides
with the begun»ng of thc u&sp&raiory phase 162 of thc
resp&ratory cycle 204H &n a manner sinnlar to respiratory
cycle 204A. Accordingly, in one aspect, the long term or &c

avera e duty cycle over a long period of time is about 64%.
In some exan&plea, via stinn&Lstion protocol 220 no n&ore

than fi&ur respiratory cycles occur without a stimulation
period significantly overlapp&ng (e.g. at least B majority of
thc) inspiratory phase 162 of resp&raiory cycles m FIG 3C. &s

FIG. 3D &s a d&agrmn 231 schema(ically &llustratu&g a
sumulanon protocol 230 implemented v&a independent
stinndation function 14 (Iil(i IA), according to one example
of the present disclosure In one example, diagran& 231
includes at least some of substantially the same fesuues and do

attributes as diagram 201 (FICi. 3B) or diagmm 221 (FIC).
3C). exec)&t for havu&g a d&lli:rent stunulauon protocol 230.

Morcovcr, as rcprcscnted by the lc cnd 239. (hc stuuu-
lanon protocol 220 operates accordm Io a stnuulation cycle
in which the dumstion of the stimulation cycle is greater than
the dumstion (R) of the reference respiratory cycle In some
examples„ the duration of the stimulation period exceeds the
dumstion of the non-stimulation period by a factor of at least
3. As represcntixl v&B legend 239 u& FIG. 3D, u& some
cxtunples stimulanou pro&ocol 230 includes B stnnulanon o

cycle including a coutu&uous s&&mule&&on period of 7'/ t&me

units and a non-stimulation period of 2'/ tiine units, v ith the
overall stin&ulation cycle of 10 time units having a duration
greater than the dumst&on R of the respiratory cycle (e g.
204A) of (i time uruts. &2

In a mmu&er substannally Ilm stm&e as previously no&cd for
snnuilation protocols 210, 220, cvcn (hough stm&ulation
protocol 230 &s not syuchron&zcd reldnve to a charactews&ic
(e . inspiration) of the respiratory waveform. no n&atter
where the stin&ulation protocol 230 is started relative to a ic
series of respiratory cycles, the stimulation periods w&ll

overlap with at least a portion of the inspiratory phase of the
respective resp&ratory cycles I'or a s&gnilicant malonty of the
trcaimm&1 period. Accord&ugly, even if Ihe s&m&ula&ion pro-
tocol luippens to bc u&i(Bi&ed al a lime Ihal Ihe non-stunu- Ss

lation period 23UI3 genemslly coincides with the inspiratory
phase 162 of a respimstory cycle 204)), the succeeding

stuuula&ion pcnod 232C at least part&ally overlaps thc
insp&ratory phase 162 of the next respiratory cycle 204E.

In onc aspect, in snmulation protocol 230 thc duration of
each stin&ulation period (e g 232A-232D) is greater than a
durst&on (R) of Ihe respiratory cycles 204A-204G) and
greater than a duration of Ihe inspiratory phase 162 of an
indiv&dual respiratory cycle (e.g. 204A).

In one aspect, a duty cycle exhib&ted by the repeating,
stinudntion cycle varies on a respiratory cycle-by-respira-
tory cycle bas&s. For instance, during respiratory cycle
204A. the duty cycle is 6 time units of continuous stimuln-
t&on, &vluch equals 100/w However, duwng rcsptm&ory
cycles 20413 and 204i, the stimulation duty cycle is 3'/2 time
u&uts of cont&nuous stimulation and 2'/2 tune units ol'im-
stimulation. v,hich equals about 5N"/s Meanwhile, during,
resp&ratory cycle 204C, the duty cycle is 5'/2 time units of
cm&tinuous stinndation and '/ time un&ts of non-stinn&Lstion,
v hich equals about 92 percent. Meanwhile. during respira-
tory cycle 204D, thc duty cycle &s 4 t&mc un&ts of conunuous
stinudntion and 2 time units of non-stunulation. wlfich
equals about 66 percent.

I!very 5 respiratory cycles, Ihe series of stin&ulation cycles
repeats itself, as illustrated at respimstory cycle 2041'. at
which the first end 234 of the stimulation period 232D once
again coincides v, ith the begi&ufing of the inspiratory phase
162 of the respiratory cycle 204F in a manner similar to
respiratory cycle 204A.

Iu ouc d spec&, thc ltu&g It:&tu (&.&&u BviYttgo) UUIY cvclc ovc&

a su(ficient number of respiratoty cycles is about 75 percent
In one aspect, this stinn&lation protocol provides an occa-

sional 100% duty cycle (e.. stin&ulation period 232))) to
ensure that an inspiratory phase &vill be not missed during a
stinu&l ation period, while the overall average duty cycle is 75
pc&cent Iu sou&c cxdmplcs, such st&u&UIBI&ou p&otocols B&c

su&&able for B paucnt &n which Ihc pattcm of the respiratory
wavcfonu varies considerably but where clii:cnve therapy
can be achieved &vithout using continuous stimuLstion

In some exan&plea via stimulation protocol 230 no
sequence of four respiratory cycles occurs without a stimu-
lation period at least significantly overLspping the inspira-
tory pluise 162 ol'respiratory cycles in FIG. 3D

FICi 3E &s a d&dgram 241 schcmaucdlly illustrann a
stuuula&ion protocol 240 implmncnted v&a &ndcpcndcnt
stimulation h&nction 14 (11(i I A). accord&ng to one example
of the present disclosure. In one exmnple. diagram 241
includes at least some of substantially the same features and
attnbutes as diagram 201. except for having a difibrent
st&mule&ion protocol 240.

As rcprcsen&cd v&a legend 249 in FIG. 3E, s&imulat&on

pro&ocul 240 &ncludes a stunulat&on cycle &ncludu&g a con-
tinuous stimulation period of 4 t&me units and a non-
stimulation period of 2 time units. with the overall stimu-
lation cycle of 6 time units having a dumst&on generally
matchin the duration R of the reference respimstory cycle
(c g. 204A) of 6 tune ututs. As u& the pnor cxtunples
associated with FIGS. 3A-3E, thc stunulat&on protocol 240
is u&dcpcndcnt. i.c. no& syncl&ronizcd rclativc to sensing of
resp&ratory infom&ation

In some patients the duration (R) of the&r respiratory cycle
may vary slightly over time as the resp&mtory cycle might
shorten or Ienbqhen. Diapan& 241 schematically illustmstes
just onc example u»sh&ch Ihc refi:rcncc rcsptralory cycle
ri pri sents B s&n&at&ou u& &sf&ch thc iIU& lion of Ihc & cspud&t&rv

cycle lengths&w Io Rl due to Im&gthm»ng of thc expiratory
pl&ase 171 of the respiratory cycles of the patient. It will be
understood that other chamscteristics. paran&eters, features of
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the respiratory cycle oficn change as well, but these changes
are not depicted in FICi 3E for illustrative simplicity and
cldnly.

It will be further understood that such changes may
dcvclop gradually over umc and thai FIG. 3E provides a

snapshot of one such change after it has already at least
partially developed. Moreover. because this arrangement of
independent stimulation operates ivithout synchronization
reLative to sensed respimstory information. FIG. 3E sche-

111
malically represents at least some aspects re drdin how
stimulation pmtocol 240 may provide therapeutic efiective-
ncss m tins situation ol lengthening rcspiralory cycles (or
shortened respiratory cycles) as represented by the reference
respiratory cycles 204A-245M in FIG. 3E.

Accordin ly, in this example, the stimulation cycle
repents itself in what othetwise would be exacrly matching
each reference respiratory cycle. but the elongated duration
of the reference respiratory cycle cmises the stimulation
cycle lo no longer coutcidc with venous porlioiw of thc
respiratory cycle

Il will bc undcrsloixl. of coilrsc, ss prcvtoiislv nolcd
elseivhere that at the tinte the stimulation protocol is imti-
ated and while not shoivn in liifi 3)i, the first end 244 of the
initial stimulation period 242A may not necessarily coincide
ivith the beginning of an inspiratory phase 162 of a respi-
ratory cycle 245A.

In some examples. cvcn though stunulation protocol 240
Is ilol sy'iichriiiiixcd rcldlivc lo a clidrdclcilslic (c.g. htsplra-
tion) of the respiratory waveform, no rnatter where the sc
sdmu)afion protocol 240 is started relative to a series of
respiratory cycles. the stimuLstion periods ivill overlap v ith
at least a portion of the inspiratory phase of the respective
respiratory cycles for a sivgnificant majority of the treamient
period. Accordutgly. even il thc stimulation protocol hap- ss
pens to bc iniliatixl at a umc that Ihe non-slimulalion period
248H 248, 248J gcncrally couicides with dte inspiratory
phase 162 of a respiratory cycle 245II, 245, 2451, at least
some subsequent stintulatton periods 242), 242M. 242N
significantly overlap (at least a majority overlap) the inspim- do

tory phase 162 of the next respiratory cycles 245K, 245L,
245M. As further scen ui FIG. 3E, other cxmnp le st miul at ion

periods also sigruficanlly overlap (c.g. slimulanon penod
242F) lhc inspiratory phase 162 of Ihe corresponduig rcspm-
tive respiratory cycle 245IC

In sonic examples. the stimulation periods 242A-242ll,
242N completely overlap the inspiratory phase 162 of the
respective respiratory cycles (e.g. 245A-245E. 245M).
However. it w 111 bc understood liat in some examples. such
comp)cia os crisp with the inspiralory phase of some rcspi- o

ratory cycles may not be cxlubilcd, tmd a sigmticant overlap
would sufiice to achieve adequate airway patency

In one aspect, in stintulation protocol 240„ the duration of
each stimulation period (e.g. 242A-242M) is less than a
duration (R) of the respimstory cycles (245A-245M) but ss
grcdlcr tlmn a duration of thc inspiralory phase 162 of an
individual respiratory cycle (c.g. 245A).

In one aspect, thc duty cycle associated with lhe stuuu-
lation cycle vanes on a respiratory cycle-by-respiratory
cycle basis lior mstance. during respiratory cycles 245A, ic
245B, 245C. 245D„245E, 245F, 245G. 245H. 245M the
duty cycle is 4'iz time units of continuous stimularion and 2
nme units of non-stimulation, which cx)usia about 75 pcr-
ccnl. Howeier, during respiratory cycles 245, 245J, 245K,
245L ihc duty cycle is 4 lime uruts ofconlimious slnnulalion ss
and 2'4 time units ofnon-stmiulation. which equals about 62
percent

For al least thc lime tlnil a particular durnlion (Rl) of thc
elongated respiratory cycle persists (as represented by ref-
erence respiratory cycles), every 12 respiratory cycles, the
senex nf stimulation cycles repeats itself, as illustrated at
resplmtory cycle 245M. at which the first end 244 of the
stinuilation period 242N once again coincides with the
beginning of thc uispiralory phase 162 of thc rcspiratury
cycle 24551 ui a manner sunilar to rcspirntory cycle 245A.

In one aspect, the ion term, average stimulation duty
cycle nver a sufficient period of time is about 67 percent.

Accordingly, in some example~, via stimulation protocol
240 no sequence of four respimstory cycles occurs without a
stinudntion period at least partially overLspping or even
sigruficantly overlapping lhc inspirdtory phase 162 of respi-
ratory cycles in FIG. 3E.

It v'ill be further intderstood that the various stinndation
protocols described mtd illustrated in association ivith at
least liIC)S 3li-3E are implenlented via the at least partially
implantable stimulation system 20 as described in associa-
tion with at least FIGS. 1-14. Hoivever„ in some examples,
the various sunnilauon protocols descnbed mtd illustrated in
association with at least FIGS. 3B-3E are unplemcntcd via
at least soine components, elements. systents etc. other than
tlxtse described in association with I'lti) 1-14

While the independent stimulation fiinction 14 (lilli. IA)
does not use sensed respimstoiy information to tugger each
stinudntion period or sync)lionize each stimulation period,
in some cxamplcs lhe indcpmtdcnt stimulation mode 14 uses
sensed respiratory infonndiion to Irach how a stimulation
protocol is matching up relative to the characteristics of the
sensed respiratory waveform. Accordingly. upon elongation
or shortening of the sensed respiratory cycles, the therapy
manager 16 (including independent stimulation fiinction 14)
cmi choose to maintain or modify which stimulation proto-
col is being applied in order to ensure that lhc desires)
diilouilt ilild liilliilg Of Slliltuhltlinl IS bCiilg apphixl Ill
addilion, or as an allemativc. the Ihcrapy manager 16 uses
the sensed respiratory information to adlust or calibrate
features of the reference respiratory cycle associated with a
particular stinndation protocol.

In some examples, operation of the therapy manager 16
(as part ol'i al least partially implantnble stimulation
system 20) is nol limited lo Ihc specific simulation protocols
dcscribcd in association with at least FIGS. 3B-3E, as other
stimulation protocols can be implemented with longer or
shorter stiinulation periods and with longer or shorter oon-
stinuilation periods.

In some examples the independent stimulation function
14 (FIC). 1A) includes a complex stimulation cycle ui wluch
al least two dillcrcnl length sumulation periods is employed
and/or at least Iwo difii:rmtl length non-stnnulation periods
is employed As one non-limiting example to illustmste the
principle, one stimulation protocol could include a first
continuous stimulation period of tltree time units, a tirst
non-stinniiation period of tivo time units. a second continu-
ous stinnilation pcnod of duce tune units, followed by a
second non-stimulation pcnod ol'nc tune uium Thc
cxiunplc later dcscribcd m association with FIG. 16A illus-
trate some aspects of these features.

In sonic examples, and as illustrated in the diagrams of
FICiS. 3B-3E. the stimuLation cycles are not centered relative
to a characteristic or feature of a respimstory waveform. In
other words. the respiouvc continuous stimulation periods
or non-slimulanon periods (in the example simulation pro-
tocols) arc not fixed or ucd to a particular landmark or
fiducial of the respiratory waveform Accordingly, the
respective contimious stinndation penods and non-stiinula-
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litt(i pC(todS wtlhltl StttilUIB11011 CVCICS (Ol B p'Irl(CUlat St(init-
iation protocol) vary regarding wlfich portion of B respim-
tory cycle (of a series of respiratory cycles) 0 ilh wluch they
Cot(ICKIC

In some cxamplcs, lhc uidcpendenl sttmulalton function
14 provides a stimulation pmtocol having a duty cycle of 80
percent. where a 100 percent duty cycle would correspond
to contiintous stuuulattoii over a full respiratory cycle In
one example. a first portion of the duty cycle comprises a

1(i
conunuous sumulatiou penod and d second portion of the
duty cycle comprises a continuous non-stimulation period
immcdidicly lollowing Ihc lira( ponion. In a non-linuling
example in which a respimtory cycle has a duration of 5

seconds. Ihc duly cycle includes applyuig conlimtous stunu-
lation for 4 seconds imnlediately followed by continuous
non-stimulation for I second, with the duty cycle being
repeated.

FIG. 4 is a block diagmsm 251 schematically illustrating a
plurality of stimulatiou partunclcrs 250, accorduig to Onc 1(l

example of the present disclosure. In eneral terms. these
sumulalton parameters may bc employix! Bs perl of uuplc-
menting one of the stinlulation pmtocols described in asso-
ciation with FICiS 3B-3E mid/or as part of general operation
of stimulation element 12 (I'ICi I A) and/or therapy manager
16 (FIG. I/). In one example, a Burgle parameter is uuplc-
mented. while in sonic exaniples, several of these parant-
eters may be implemented. When several parameters are
implemented, they are implemented separately but contenl-
pomsneously in some examples and in other examples. they 1(i

dre implemented ui combinauon.
As shown in FICI. 4. these stimulation parameters 250

include amplitude parameter 252, a du(y cycle parameter
254. a respiratory cycle dmation parameter 260, a time unit
parmnetcr 262, und a tune I'rame parameter 270. lite tnnplt-
tude pamsmeter 252 contmls an amplitude of the stinntlation
signal, which can be selected for a particular stimulation
pn1locol

In some examples. the duty cycle parameter 254 tracks do
dttd/Or Cotllriils B duly C)'CIC Of Sliliiitltttt(111. 111 sotuC
examples„ the stimulation duty cycle is expressed reL1tive to
d duration (R) of one respiratory cycle (per par nneler 260)
in Ihc manner previously dcscnbed rcgarduig lhc stunula-
tions protocols previously described in association with at
least l(IGS. 313-3I: I'he duty cycle parmneter 254 conlprises
a constant function 256 and a variable function 258 The
constant function 256 implements a duty cycle in which the
sumulaiton duty cycle w identical relative lo each respira-
tory cycle. wlule thc venable function 258 implmncnts a 0

duly cycle ui which thc stimulation duly cycle varms relative
to at least some respiratory cycles within a series of resp&-

ratory cycles.
As previously described m association with at least FICIS.

3B-3E, in some examples. the stinndation duty cycle is s.
implmnmited accorduig to a sencs ol slimulalion cycles tn
wluch each sttmuluuon cycle includes al lcasl onc conlimt-
ous stimulation penod and at least onc non-slmiulalion
period. At least some stimulation protocols includes stimu-
lation cycles in ivhich the duration of the stimulation (I!

period(s) differs relative to the duration of the non-stimuL1-
tion period(s) through a series of stinndation cycles such tlmt
an avcragc duty cycle can bc calculated.

Accotdttlgly, thc vat10ils stilnUldliolt ptolocols provide
some duty cycles that vary from one respiratory cycle to the si
next. while simultaneously providing an ovem111 or avemsge
duty cycle 13y selecting a particular stimulation cycle,

spec(lie duty cycles arc unplemenlcd on B respiratory-cycle
by respimstory-cycle basis and an overall or average duty
cycle is achieved.

In some exampleg a respiratory cycle duration parameter
260 identifies a duration of a patient-specific average respi-
ratory cycle durin reasonably stable respiration (e.. nor-
mal brea(lung) or a durauon of a multi-patient average
rcsptmtory cycle dunng reasonably stable respiration. In
some exatnples. the patient-specific average respiratory
cycle is determined according to recent sensed respiration
information while in some exanlples. the patient-specific
avenge respiratory cycle is determined according to long
tenn data gathered for that patient dunng reasonably stable
respiration (c.g. normal brcdtlung).

Itt so(ac Vxtttuplcm lhc respiratory 0)'clc dU(BI(011 pdt'(i(a-
eter 260 tracks a duration of the sensed respiratory cycles of
a patient and determines an average

In some exaniples, the time unit parameter 262 tracks and
controls a nlunber of time units by winch a stinuilation cycle
operates. In some examples„ the time unit parameter 262
tinplC(uetllS (1111C It(it(S dS d tnUlttplC Of Soil(0 11BIUldl 111UC

uiut associated with a respiratory wavcform For uisttmcc, in
some exatnples such as the stimulation pmtocols described
and illustrated in association v ith 11CiS. 3I3-311, the time
unit parameter Z62 equates six time units with a duration of
a respiratory cycle, and in which an inspimstory phase
comprises one-tlurd of the entire respiratory cycle. How-
cvcr, il will bc umlcrstood that ui some examples. thc iimc
uiuts (per parameter 262) are unit-less. For instance, suppose
the respiratory period has a duration R of five seconds, and
a convention has been adopted that the respimstory cycle is
divisible into six time units I'hen, the six tinie units tvould
be distributed across the five second duration of the respi-
ratory cycle.

In some examples. Ihc tune unit pammctcr 262 imple-
meuls time unim winch arc en( ircly arbitrary rcla live lo one
or morc natural time units associated with a respiratury
waveform i(or instance. in some exanlples such as the
stimulation protocol described and illustrated in association
with FIC). 16A, the time unit parameter 262 equates eight
time units v,ith a duration of a respiratory cycle, and in
which an inspiratory phase compnses oue-Ihird of lhc enure
respiratory cycle.

In some examples, thc time frame paramctcr 270 in FIG.
4 identifie a respiratory cycle series parmneter 272 and a
stimulation cycle parmneter 274 'I'he respiratory cycle
senes parameter 272 identifies and tracl s the number of
resplmtory cycles that occur before a particular portion of a
parttcUIdr sttiuulatlotl cvclc (274) would cot(le(dc dgdttl with
a particular portion of a respiratory cycle For example, it
was previously no(cd ui dssociation with at least FIG. 3C
that the stinndation protocol 220 opemsted based on a time
frame of seven respiratory cycles such that a sequence of
seven respiratory cycles would occur before a beginning of
a stinndation period of a stimulation cycle would coincide
with a beginning of an uispiralory phase of lhc repeatuig
respiratory cycle. Wlulc Ihc siimulauon protocols ttssocialcxi
wilh indcpcndcnl slimuldiion function 14 (FICi. IA) are nol
synchroniied relative to characteristics (eg. inspiratory
phase) of a sensed respiratory waveform, the tmie fratne
parameter Z70 enables tracking and ad)usting how a given
stinuilation protocol is juxtaposed relative to sensed patient
rcsptmtory behavior.

FICi 5 ts a block dtagrmn of a slunulauon protocol
elcmcnt 280, accorduig to onc example of thc present
disclosure As shown in ltl(i. 5. the stimulation protocol
element Z80 coniprises an array parameter 282, a mtation
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parmnetcr 284, au automatic partuncler 286. a mamial
parameter 288„a static parameter 290, and a custom param-
ctcr 291.

In some examples, stimulation protocol element 280
includes al least some of substanually Ihe same lealures and
attributes as stimulation protocol element 12„as previously
described in association with at least FI(.iS. 1-4. In particu-
lar. as previously noted, in some exmnples the independent
sthuulntion function 14 (FICi. IA) provides at least one

I itsumulalion protocol suitable lbr delivering elimlricdi stunu-
lation to a nerve of a patient. such as one of the stimulation
protocols as previously dcscribcd and illustrated ui associa-
tion with lil(iS 3B-3I:

With I(us in mind, array parameter 282 of stnnulalion
pmtocol element 280 provides an array of stimulation pro-
tocols that can be apphed, such as but not limired to those
illustrated in association with I'I(ig 3B-3I I

In sonic examples. via a rotation parameter 284, the
sunuilation protocol 280 enables delivering therapeutic ill
nerve stimulation to a patient while rotating through differ-
cnl stimulation protocols available vid array parameter 282.
In sonic examples, such rotation enables identifying a stimu-
lation protocol that works best fiir a particular patient on a
particular day or on a long term basis lloivever. in some
examples, rotation tluough difierent stimulation protocols is
maintained fiir a particular day or on a long temi basis to
provide d large dcgrcc ol'anabilily ui thc overall stunula-
uon pauem lo thcrcby provalc a robust (hcrapy rcguuen
when a patient*s respiratory behavior is consistently erratic io
andior when sensing of a patient's respiratory behavior is
consistently problematic.

In some examples, in coopemtion with an automatic
parameter 286. the rotation parameter 284 automatically
rota(ca through thc dillbrenl stunulauon protocols lo aclueve ii
goals scl by tlu:rapy manager 16 (FIG. 1). In some cx unples,
1 is automatic parumetcr 286, thc therapy manager 16 (FIG.
(i)) automatically selects at least iiile stiimilation protiiciil
suitable tiir a particular patient. In some examples, the
autonintic selection of which stimulation protocol(s) is best do

suited for a particular patient is based on n sensed respimtory
wdvCforili Of (lie pdliCiit

In some examples. via a stauc partmielcr 290 shown in
FIG. 5. therapy manager 16 (FIG. IB) enables selecting and
then maintaining a single stimulation pnitocol inde(initely
until and unless a user or operator selects a ditferent stimu-
lation protocol or pammeters afi'ectiiig the selected stunu-
lation protocol. In some examples, if a particularly effective
sumulaiion protocol is idcntilicd during operation of the
rotation paranu:tcr 284, thc therapy manager 16 (FIG. IB) o

deacuvalcs automuuc ronilion ol lhe slimulalion prolocols
and opemtes that single, "particularly effective" stinnilation
pmtocol. per the static pammeter 290

In some examples, stimulation protocol elemenr 280
includes custom parameter 291, which enables adjusting a s.
sclcctcd slimulauon protocol or making a cuslom stunula-
uon protocol by selecting a duration of respiratory cycle,
duration of stimulution pcnod(s), durdlion ol non-stunula-
tion periods. duration of stinnilation cycle. and/or other
parameters identifie in the plurality of stimulation parent- io
eters 250 (FICi. 4).

In some examples„ the ran e of stimulation protocols
available lo a puticut via stunulation prolocol elemmi! 280
arc sclectcd and/or bounded accorduig to ihe discretion of a

physwian or physician progmnuner. si
FI(i 6 is a block diagram of a power element 320,

accordiim to one example of the present disclosure In one

cxiunplc, poster clement 320 represents IPG 35, 50 (FIGS.
2A-2B) as having an exteninl power source 322 and/or an
ou-board power source 324.

In some exaniples, an at least partially implantable stimu-
latioil svstcin (dccoriliiig lo cxdiliplcs of llic prcscill i%clo-
sure) nperates in coopemtion with and/or incorporates sens-
in functionality. With tlfis in mind. in some examples, such
systems include a sensing element 330, according to one
example of the present disclosure, as shown in FICi. 7A. The
smising clement receives and/or oh(nina respiratory udor-
matlon.

In some examples, the sensing clement 330 includes an
on-hoard sensing element 332. which is physically mcorpo-
ralcd uito IPG 35 (FIG. 2A) or IPG 50 (FIG. 2B) ui some
manner such that communication between the on-board
sensing element 332 and other elements of the IPCi 35, 50
will occur ivithin the case or housing of the IP(i. In some
examples, the on-board seming element 332 includes inter-
nal components, such as an accelcromclcr and in some
examples, the on-board sensing element 332 includes sur-
face components, such as Ihc cxlcnial surlacc of Ihc case or
housmg of the IP(i 35. 50 acting as a sensing element akme
or in combinatinn with other sensing elements

In snme exaniples, the sensing element 330 includes an
implanted sensing input 334 to receive signals from a sensor
implanted within the body physically separate from the IPCi
35, 50, with thc semmg uiput 334 in conumuucation with
and/or connected to the IPG 35, 50 via wires( or wirelcss
ciilniniirlicatiorl pathways

In sonic exmnples, the sensing element 330 includes ail
external sensing input 336 to receive signals fnim a sensor
external to the patient's body„with the sensing input 336 in
conununication with the IPG 35. 50 via wireless communi-
cation pathways.

In some examples, smisuig clement 330 docs not com-
pose a physically-cmbodtcxI smisor but rnllmr a scnsuig
input to receive information sensed via sensors separate
from, and independent of, sensing element 330 w:ith such
sensors in communication with sensing element 330.

In some example~, sensing element 330 can comprise
both a sensing input dnd a physically-embodied sensor.

Ir ra 1 liesc vd11ou s scits iilg clcniciil 1 and iilpu I 1, l lie sciisirig
clement 330 rcceivcs and uacks signals from at least onc
physiologic sensor in order to gather infiirniation pertinent
to treating sleep disordered breathing In some examples,
this information includes respiratory information such as,
but not limited to, deterniining a respiratory state of a
patient, whether or not Ihc patient is ashmp or awake. and
other respiratory-associated uidicators, etc. In some
examples, Ihc type ol scnscd physiologic uifonnalion
received by, and/or the type of physiologic sensors embod-
ied within, nne of the sensina elements/inputs 332, 334, 336
(FICi. 7A) include, but are not limited to, a pressure sensing,
blood oxygenation sensing, acoustic sensing, posture sens-
ing, motion,'activity sensmg, dillbrenuul prcssure scnsuig.
electrocardiogram (EGG) sensing, or impcdaucc scnsuig.
1/ta sigh sensing modahucs. (hc system can measure tho-
mcic mipedance, respiratory pressure. diaphragtn-based
parmneters, electrocardiac monitoring, airflow monitoring,
snoring. etc. Ciatherin of this respiratory information,
including information regarding respiratory-related behav-
iors. nuiy be implemcntcd 1 is mther a suigle sensor or any
combination ol'arious physiologic sensors that can provale
a rehablc and accurate signal. Iu some cxtmiples, these
various measures of respiratory-related behavior can be
cmisidered alone or together in combination to indicate
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Icspll'illorv elicit, whn:h ls dl lc'dsl Ono tvpo 01 Icspllalorv
information receivable and/or Obtainable by the sensing
element

In some example~. the themlpy Inanager 16 (FKi IB)
maintains the sensing components of the sensing element
330 in a default. dormant mode (i.e. 0)f or low power) and
periodically actlvatcs one or more ol'hc avmlablc seining
clmnent(s) lo gather patient dale. After gathering lhc data,
the sensing elements are deactivated. thereby resuming their
donnan( mode In sonic examples, the gathered patient data 10

is used to evaluate the effectiveness of the therapy, such as
the number„ intensity, and/or frequency of apneas occurring.
After such data gathenng. the themlpy mana er 16 (FICi. I B)
dcactivdics the sensing elcmcnl(s), (hereby rclurmn them lo

dormant mode. I

In sonic examples. the gathered patient data is used to
measure the respiratory period to verify its duration and to
deternline or verify the relative durations (Or absolute dura-
tion) of the inspiratory and expiratory phase~. This infor-
mation is used to assess a current stimulation protocol and 10

poicnlially determine whcthcr ad)us(ments to lhc slnnulanon
protocol dre warren(cd or whether a dill'crenl slmlulanon
pmtocol should be employed I'or instance, in smne
examples, the gathered patient data from the temporarily
activated sensing elements is used to calibrate the reference
respiratory cycle associated with implementation of a par-
ticular stimuLation protocol.

FIG. 7B is a schematic diagram uf an al least parlially
implmltdble sumulauou system 340, arcordulg to an
example of the present disclosure In one example, the 10

systenl 340 includes at least some of substantially the same
features and attributes as system 20 (previously described in
association with at least FICi. 2A), except further including
sensing functionality via at least one sensing element to
scnsc respiratory Information. In some examples, llus sans- ls
ing funcnonahty w implcmcnted via sensing clmncnt 330
(FIG. 7A).

In some examples, the system 340 comprises an addi-
tional lead (37 including at least one sensor portion 341
(electrically coupled to the IPCi 35 and extending from the do

IPG 35) positioned in the patient 22 for sensing respimtory
infonndiion, such as respiratory ellort, respiratory prcssure,
clc. In some examples, this lnl'onnanun ulcludcs Identifying
dnd Irdcklng chaldclollstn:s ilnd pBldnu:u:Is 01 sensed riwpl-
ratory waveforms.

In some example~. the sensor portion 341 i ~ a pressure
sensor. In one example, the pressure sensor detects pressure
in the thorax of the patient. In some examples. the sensed
pressure could bc a combination of thoracw. prcssure and
cdrihdc pressure (c.g., blood liow). Sgid sensor pornon 341, 0

therapy manager 16 (FIG. 1B) is contigured lo iulalyzc tlus
pressure sensin infornlation to identify. tmsck, and evaluate
the respimtory patterns of the patient

In some examples, the respiratory sensor portion 341
conlprises a bio-impedance sensor or forms One of a pair of ss
bio-impedance smlsors. In some examples, die respiratory
scnsol pot(lou 341 ls locillcd ni legions olhcl lian thc
pioloral region. Iu some cxamplcs. Ihe sensor portion 341 is
used to sense Impedance in cooperation with other ehx-
trodes (e g. a stimulation electrode) or with an electrically (0
conductive exterior housing of the IP(.i 35. 50 (FICiS.
2A-2B, 7B). In some examples, as shown in FICI 7B,
additional sensors 347, 348, 349 arc distributed about the
chest area for mcasunng a trans-thoracic bio-impedance
signal. an ehxtrocardiogriun (EGG) signal, Or other rcspl- ss
ratory-associated signals In some examples, sensor portion
341 is Omi(ted and sensors 347, 348, 349 are implenlented.

26
In some examples. thc system 340 for Ireauug obstrucnvc

sleep apnea is a totally implantable system which provides
therapeutic solutions for panmlts duignoscd with obstructive
sleep apnea. I lowever, as identitied in various exmnples. in
some examples, Ihc syslmn is parually unplmllablc with
some components (e.g pov er source, sensing elements, or
control circuitry) being at least partially or completely
external to the patient's body.

In some examples, the previously-described at least par-
tially Implantablc system 80 (FIG. 2D) includes at least
some of substantially the same features described and illus-
trated ul association with FIGS. 4-7B, except for system 80
having a non-pectoral loca(ion and those attributes specific
to system 80 as desvnbed ul associauou with FIG. 2D.

In some examples. the respiratory infornlation and/Or
other physioio ic infomlation gathered via the sensing ele-
ment 330 (ll(Ci. 7A) and associated sensor schemes (I'l(i
7B) is used to identih, track, evaluate, etc various thera-
pcutn: paranlclcrs. Accoldhlglv, hl Bonn: cxdnlplc's lhc'. dl

least partially implantable stimulation system includes a
therapeutic monitoring elcmmlt 350, which as shown in FIG.
8, includes a plurality of therapeutic paranleters In some
exanlples. these pamlnleters include identifying, tracking„
and evaluating apnea events per parameter 352 and/or
computing and tracking an apnea severity index 354, such as
AHI or other index. The index pammeter 354 determines a
flex)ucncy, in(cnsily, duration. elc. of dctectcd apncas to
iudlcalc thc rclanvc seicnly of sleep dlsordcrcd brea(lung
for the patient

In some example~, one (herapeutic pamsmeter of monitor-
ing element 350 includes a minu(e ventilation parameter 356
to track minute ventilation of the patient before, during. or
after a therapy regimen. In some examples. one therapeutic
parmncler of monitonng clmncnt 350 Includes a ndal vol-
ume pardme(cr 357 lo Irack Ihc tidal volume of a patient
bcfilrc, dunng. or slier d therapy regimen.

In sonic examples. one themlpeutic paranleter of monitor-
ing element 350 includes a body position parameter 358 In
some example~, one therapeutic parameter of monitoring
element 350 includes a posture parameter 359 To ether or
sc)taratcly. the body position parameter 358 and posture
parmnelcr 359 dc(ermine and track a body position of thc
paneul and posture of Ihc patlmll. Atnong other uses. such
infornlation can be used to ac(ivate or deactivate a therapy,
to select a therapeutic reuimen (e.g stimulation protocol),
and/or to adjust a therapeutic re imen. It v ill be understood
that these example parameters are not exhaustive and can be
employed scparatcly from each other or ul venous combi-
nanons.

hl sonic cxanlplcs. Ibis ullonnatlon obtilnlcd via dnvonc
or several parameters 352. 354. 356, 357. 358, 359 of the
therapeutic monitoring element 350 is used to initiate,
terminate, select, and/or adjust stimulation applied via the
IPCi 35. 50 and stimuLltion electrode 45 For Instance. upon
dclcrnuning Ihal lhe number and/or intensity of apnelc
cvmlls has mc( or cxcceded a seventy threshold, Ihc therapy
miulagcr 16 (FIG. 1B) can ulihzc control poruou 56 (FIG.
2(') to initiate applica(ion of stimulation to the airway-
patency related nerves to open the airway and thereby
reduce the associated sleep disordered breathing behavior.
However. it will be understood that ln at least some
examples, llus arrangemcnl docs uot Include causul (or
depend on) thc stimulation signal lo become syncluonizcxl
rcldfivc 10 B chal den:Ilsllc (c.g. Insplnltorv phaso. cxpudlillv
pllase, etc.) of the respiratory waveform. I(a(her, as noted in
association with at lees( F l(i. I A, in the examples described
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tlnis lhr ui association with FIGS. 1-8. such sumulation is
applied independent of such synchninisation.

In some exaillples, tile therapeutic parameters elenlent
350 may be employed to select one of a plurality of
stimulation protocols and/or to evaluate the therapeutic
efi'ectiveness of a particular stimulation protocol(s) for a
particular pa(twit for a given pcnod ol umc or on a lung teml
basis.

In at least this context and/or other contexts in at least
some examples of the present disclosure, therapeutic eii'ec- in
tiveness may correspond to alleviating sleep disordered
breathing, which in some instances is measurable via a
severity tlueshold. such as an apnea-hypopnea index (AHI)
and/or other sconng mechanisms. In some cxmnplcs, thc
Ihcrapcutlc clicctlvcncss lliay also bc liu:dsiircd or cvalilau:il 1

re)ative to sensor signal quality, such as via sensor signal
quality criteria as described in at least some of the exanlples
of the present disclosure

FIG. 9 is a block diagram schematically illustrating a
control portion 360. according to one example of the present io
disclosure. In some cxmnples, control portion 360 uicludcs
a controller 362 and memory 370. In some cx unples,
therapy mana er 371 is stored in memory 370, and in smne
examples, therapy manager 371 includes at least sonic of
substantially the same features and attributes as therapy
manager 16 (FICI. 1). as previously described in association
ivith at least FICiS. 1-8.

In gcncral temls. controller 362 ol'ontrol portion 360
comprises at least one processor 364 mid associated memo-
ries diat are in conlmunication with inenlory 370 to aenerate io
control signals to direct opemtion of at least some compo-
nents of the systems and components described tllroughout
the present disclosure. In some examples, these genemted
control signals include, but are not limited to. employing
therapy mamigcr 371 to manage operation of the stnnulation ii
system to control slccqt disordcrcd brea(lung. In some
cxtunples, a control portion 360 ls present in thc IPG 35, 50,
84 (I'l(iS 2A. 2B. 2D) as contml portion 56 (lil(i 2G)
andior is accessible to the lp(i 33. 30, 84. In some exanlples,
at least some aspects of stimulation element 12 (FIG. 1A) so
are at least partially implemented via control portion 360
and/or in conununicatiou with control portion 360, wilh at
least some aspects of stunulatlon elmuent 12 being storablc
in memory 370 with or as part ol'herapy manager 371.

In particular, in response to or based upon commands
received via a user interface 396, 400 (lilGS. IIA. IIB)
and/or niachine readable instructions (including software),
controller 362 enerates control signals to implement a
neri e sumulation protocol to control sleep disordered
breathmg, in accordance with at least some oi thc previously c

descnbcd cxmnples and/or later described exmnples of the
present disclosure In some exmnples. controller 362 is
embodied in a general purpose computer while in other
examples, controller 362 is embodied in at least some of the
coniponents described throughout the present disclosure, s.
such as IPG 35. 50, 84 or cxtcnial components operatively
coupled to uuplantablc pulse generator 35, 50. 84. For
purposes of tlus applicauou, ui relercncc to thc controller
362. the terni "processor'* shall mean a presently developed
or future developed pmcessor (or processing resources) that io
executes sequences of machine readable instructions con-
tained in a memory. In some examples, execution of the
scqumices ol'maclunc rcadablc instrucuons, such as those
provided via therapy manager 371 stored ui memory 370 of
control portion 360, cause the processor to perform actions, si
such as operatmg controller 362 to impleinent stinnilation
pmtocols as generally described in (or consistent v ith) at

least some cxamplcs of thc present disclosure. Thc machuic
readable instnictions niay be loaded in a random access
menlory (RAM) for execution by the processor fnim their
stored location in a read only ntemory (ROM). a mass
storage device. or some other persistent stors e (e.g., non-
trmisitory tangible niedium or non-voLstile tangible
mednim), as represented by memory 370. In some cxtmiples,
memory 370 composes a computer rcadablc tangible
medium providing non-volatile storage of the machine read-
able instructions executable by a process of contmller 362
In other examples, hard ivired circuitry may be used in place
of or in combination with niachine readable instructions to
implement the functions described For example. controller
362 may bc embodied as perl of at least onc application-
specliic uitcgrated circuit (ASIC). In at least some cxamplcs.
the controller 362 is not limited to any specific combination
ofhardware circuitry and niachine readable instnictions,iuii'inuted

to any particular source for the machine readable
instructions executed by the contmller 362.

In some example~, user interface 396 shov n in FICi. 11A
comprises a user uitcrfacc or other dwplay that provides lor
the simultaneous display. activation, and/or opcmtion ol al
least some of the various components. fiinctions. features,
and of stimulation elenient 12 (I'ICi IA), therapy manager
16 (li)C). I), control portion 360 (Ill(i. 9), IP(i 35, 50. 84
(FICiS. 2A. ZB, ZD), and reLated elements. as described
throu bout the present disclosure. In some examples, at least
some portions or aspects of the user intcrlhcc 396 arc
provided via a graplncal user interface (GUI) mid may
include an input and a display

In some examples, user interface 396 includes at least
some of the coniponents illustrated in user interface 400
schematically depicted in FIG, 11B.

As shown in FIG, 11B, user interface 400 includes at least
some of the venous components, I'uuctions, clcments, and
fi:alurcs as dcscribcd and illustratixl ui association with at
least stimulation protocol clmuents 280 (FICi. 5), 490 (FIG.
15A), therapeutic monitoring element 350 (lq(i. 8), stimu-
lation pammeters 250 (lilG. 4). stimulation protocol element
450 (includin independent function 454, respiratory-depen-
dent function 456 in FKi. 12)„mitomatic protocol selector
470 (FIG. 14). and simulation protocol selection 500 (FIG.
15B).

FICi 10 is a diagram 380 schematically illustrating a
manner in ivhich the control portion 360 is implemented,
according to one example of the present disclosure ln soine
examples, control portion 360 is entirely implemented
v ithin or by an impLsntable pulse generator 385. which has
at least some of substantially the stone fwt turns and attributes
as pulse generator (IPG) 35, 50, 84 as previously dcscrtbcx)
iu association with at least FIGS. 1-9 In some cxtmiples,
cmltrol portion 360 is entirely implemented within or by a
remote control 39U (e g. a prograntnter) external to the
patient's body. such as a patient control 392 and/or a

physician control 394. In sonic examples, the control portion
360 ls partially implcmentcd in the pulse generator 385 and
partially implcmcntcd in thc remote control 390 (at least onc
of patient control 392 and physician control 394).

In some exaniples. in association with contml portion
36U, user interface (396 in I'IG IIA; 400 in ill(i. Ili3) is
implemented in remote control 390.

FICi. 1Z is a block diagmm of a stunulation protocol
elcmcnt 450, accorduig to onc example of thc present
disclosure. As shown m FIG. 12. stimulation protocol cle-
ment 450 uicludes mi indi7endent sumulauou funcuon 454
and a respiratory-dependent function 456 In some
exanlples. the independent stimulation fiinction 454 includes
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dt least some oi substantially Ihc same lcalures as uxlepen-
dent stimulation function 14 associated with stimulation
element 12 (I'l(i IA) and/or therapy manager 16 (11Ci. I B)
as part of an at least partially iinplantable stimulation
system. as previously described in association u:ith FICiS.
1-11B. Meanwhile. FICi 13 is a blocl diagram of a respi-
ration-depmtdcnt lunction 456, according lo one cxmnplc of
thc present disclosure.

Ager descnbing the features and attributes associated
with the respimstion-dependent stimulation function 456, at in
least some exantples regarding the relationship and relative
operation of the independent stimulation function 454 and
respiratory-dependent stinutlation hntction 456 will be
addressed.

As shown in FIG. 13, in some examples, tlm rcsptratory-
dependent function 456 includes a synchronous parameter
460. a synchmnization characteristic pamsineter 462. and a
stability parameter 464

In some examples. via the syncluonous parameter 460,
respiratory-dependent function 456 implements a stimuLI- zo

trois protoCOI iit Wltich CdCII iiltlividUBI IICIVC SIIIIIUlBlioil

period (within u trcaunent pcnod) is triggered by and/or
synchronized relative to a synchronization characteristic of
the patieitt's respiratory waveform. Itor instance, in some
examples, respiratory-dependent function 456 causes indi-
vidual stimulation periods to occur substantially simultane-
ous with the inspiratory phase (e.g. 162 in FICi. 3B) of the
patient*s respiratory cycle (c.g. 204A in FIG. 3B) such that
stmui1 a 1 ion Is considered to bc sync lu ono us w ilh utspira lion.

In some examples, per synchronization characteristic sc

parameter 462. one can select (or a themspy manager can
automatically select) the characteristic to which stimulation
will be synchronized. In some example~, vin parameter 462
respiratory-dependent stimulation function 456 causes nerve
sumulaiton periods to be synchronized relative lo a iunclion Is
or trallsilioti bctwccti cxpii'ttlolv pdUsc arid lite ttitsct of
inspiration. In some cxamplcs, via pdramclcr 462, nerve
stinndation periods are synchronized relative to a junction or
transition between inspimstion and the onset (i e beginning)
of expiration. In some examples. the characteristic to which do

stinutLItion will be synchronized can be peak inspiration,
peal expiration, or expiratory pause.

In some examples, stability partmtetcr 464 of rcsptratory-
dcpmxlmtt stimulution function 456 (FIG. 13) tracks and
deterntines at least one parameter of a sensed respiratory
wavefornt to determine the relative stability of the respira-
tory wavefonn (e . sensor signal quality) to provide a
reliable, accumte indication of respiratory behavior to the
therapy nuutagcr (371 ut FIG. 9). Withttut a reasonably
stable respiratory wavcform. Ihc respimlory-dependent 0

funcuon 456 ctnutot be tmplcmcnled. In such a silualion, the
independent stimulation function 454 is implemented tuttil
the control portion 360 deteunines via stability parameter
464 that a reasonably stable respiratory wnvefonn is avail-
able (e.g. the sensor signal has sutf)cient quality) nnd by ss
wluch sumulation can bc triggcrcd antVor syncluonized
rclalivc io a characlcnsttc of Ihc respiratory wavcfiimt.

s qtit lite sL'tbility'arBmclci 464, lite coiltlol pttrl toit 56 of
ltl(i. 2G (control portion 36(j in itl(i. 9) determines whether
the respiratnry waveform is stable enough (e g. sensor signal cc

quality is sutiictent) to support synchroniziitg stimulation
relative to characteristics (e.g. inspimstory phase) of the
respiratory wuvcionu. Iu some examples, lhc slabilily
pardilit:tcr 464 idciltiliiu nisei lrdcks pitidiltctcls sUclt tts
peak-lo-peak amplitude, a respiratory rate. sensor sigttal ss
frequency content, signal morphology. and a duty cycle
associated v ith at least one of inspiration, expiration, and

cxpirtttoiy paUsc, or I Bilolis colubiitalioits of these pdi'ttilt-
eters In some examples. the at least one parameter com-
prises a statistical stability of these identihed paranteters. In
some examples, a detenninatinn of such statistical stability
may be performed reLItive to a known good state for the
patient or a moving baseline of known good state for the
palicitl. Iil sttiuc cxdmplcs, d kiiitwil goocl sL'tlc cotrcspttittls
to a period of respirauon frcc from obstrucuvc sleep apnea.
In smne examples, the determination of statistical stability
may be pertiirmed relative 10 an independent threshold of
statistical goodness

In some examples, the inspiratory duty cycle is defined as
the ratio of inspiration duration to the duration of respiratory
pcnod.

In some cxamplcs, thc above-noted wavefonn signal
stability or quality parameter may be evaluated after sutfi-
cient gain is applied to the signal to enable analysis I'or
instance, if the peak to peak amphtude is low and sensor
signal quality is low. then signal gain can be mcreased to
deteunute if signal quality analysis can be performed. In
some examples, a sensed signal cmt bc subject to a process
iu wluch a sensor obtduts a physiologic signal, to wluch gain
is applied prior tn qnality analysis. and then potentially used
for synchmnization of a stimulation protocol relative to the
sensed respiratnry waveforin. In snine exantples. an auto-
matic gain control mecltunisnt is employed and queried to
deteunine if the gain is stable so the sivgnal may be reliably
ditttlvzcd.

In some examples. I is therapy manager 16. 371 (FIGS. 1.
9), thc rcspiratoty-clcpcoclcO( stinltthttioil ftillctioil 456 cail
be disabled so that therapy is selectively applied entirely via
the independent stimulation function 14 (lil(i 2A), 454
(FICC. 12). Of course, in some examples as previously
described. the respiratory-dependent stimulation function
456 is nol cvcn present with tlm utdcpcndcnt stimulation
liinctton 14, 454 being lhc sole mechanism to apply nerve
stimulation.

ltl(i 14 is a diagmm 470 schematically illustrating a
relationship benveen. and automatically selection between,
the independent stimuLation protocol 454 (FICi. 12) and the
respiration-dependent stimulation protocol 456 (FICi. 12),
dccordiitg 10 Uitc cxailiplc 01 lhc prcsctil disclosttic. Iit soiuc
cxttiliplcs, dt lcitst soluc dspccts 01 sliilittldlioit protocttl
selection in dtagrmn 470 can bc emboihcd as a method wlulc
in some exainples, at least some aspects of stinniLItion
pmtocol selection in diagmm 47(l can be embodied as
operational aspects of a stimulation protocol mana er of a
therapy mana er. as described in association with at least
FIGS. IIB-13.

Iil soiuc cxalitplcs, opcralioit ttf lhc Bl lcdsl paltiallv
implmtlablc slimulauon system is unplcmcntcxt via provid-
ing conperation or complementary deployntent of the
respective stiniulation protocols 454, 456. In some
examples, an independent stimulation protocol 454 is
applied for a predetemtined period of time. as shown at 472
iu FICi 14. The prcttctcmttnctt pcnod oi'ime corresponds at
least lo an amount of lime lor a stable respiration pcnod lo
bc established, ssluch mdy bc ensured based on thc inde-
pendent stinndatinn of the airway-patency-related nerve In
some examples the first predeterntmed penod of time cor-
responds to a period suf)icient to establish a steady state in
v hich filterin is established, inspimtion and expiration are
being detected reliably. signal gaut control w reahzcd, clc.

In some cxamplcs, operation of the lirst utdcpendenl
stimulation protocol dunng al least the lirsl predetcrnuned
period of time is not a test mode, such as a mode that may
otherwise be dedicated 10 diagnnsing or evaluating the
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opcrai&o&ml Iiu&ess ol lhc sltmulauon system. Rather, lhe lirsl
independent stimulation protocol operates for at least the
prt:ilt:6'&nun&:il period ol nnlc 10 Bpplv lhc&dpcUfic stnnula-
tion to achieve a stable respiratory behavior and a stable
resp&ralory wavclhm&

In some examples, by applymg stimulation protocol(s) via
the independent st&mulat&on. a stable respiratory wavefom&
is achieved. thereby increasing the likelihood of being able
to transition to operation in the respimstory-dependent stunu-

1&1

la non at 478 than il'&dcpm&dent snmulauon at 472 werc not
deployed prior to the activation of the respimtory-dependent
function at 478.

Kith fi&rther reference to l&Ki 14. based on monitonng of
thc sensed resp&ratory wavcfonn, at repeatu&g mtervals, al
474 it is quened whether the respiratory waveform &s

sufiiciently stable to support activation of the respimtory-
dependent st&mulat&on If the answer to the query at 474 &s

NO, then pathway 476 directs continued operation of inde-
pcndcnt stimulation at 472. However, &f ihe mnwer to thc
query at 474 is YES. then pathway 477 directs initiation of
operation ol resp&ralory-dependent slimulalion al 478 of
l&Ki. 14. During operat&on of respiratory-dependent st&mu-

lanon dt 478, thc query at 474 &s pcnod&cally implement&ah
If the ansiver to the query (at 474) is NO, then operat&on in
resp&ratory-dependent stimulat&on n (456 in FIG. 12) at 478
in l&Ki 14 is terminated as operation is returned (i e reverts)
via pathway 476 to independent stimulation at 472 in FICI.

14 for at least the predetemlined period of time
For at least the current example. it will be understood that, ni

in Ihc event that no stable resp&ralory wavefi&nn is estab-
lished. the operation would remain in independent stunula-
non al 472 w&thout convert&ng to operanon u& resp&ratory-
dependent stimulation 478.

In some examples, the query at 474 is pcrlormed gener-
ally continuously by monitoring parameters indicat&ve of
respiratory signal sensing quality (i.e. sensor signal quality
criteria). such as but not limited to, peak to peak amplitude,
inspiratory duty cycle. respiratory rate, etc. Upon one or do
morc ol'hese paramctcrs fa&hng lo meal lhc sensor sigtml
quality criteria, then the answer to the query (at 474) v ould
bc rcg&ster&xt as NO Upon mixtu&g thc sensor s&gnal quality
cntcna, thc answer to thc query at 474 is YES.

In some examples, n&ecting the signal quality criteria (e g.
answer to query is Yl:S) can be defined via a tirst parameter
as an average peak-to-peak respiratory amplitude above a
threshold, where the avers e ts computed from the previous
tw o respiratory cycles. In some examples

T
meeting Ihc sigtml

qual&ty cntena (e.g m&ewer to query &s YES) can be delincd o

1 &a a scxond parameter as a peak-lo-peak respiratory amph-
tude variab&lity below a threshold. where the threshold &s

referenced to an average computed over the previous 60
seconds. In some examples, meeting the signal quality
criteria (e.g answer to query is YES) can be defined via a 11

th&rd parmnctcr as a resp&rdtory durst&on variab&lity below a
tlucshold. Uhcrc tlucshold &s rclbrm&ce to an avcragc com-
puted of thc previous 60 seconds. In some cxmnples, mcct-
ing the si nal quality criteria (e.g answer to query is Yl&S)
can be defined via a fourth parameter as an average insp&ra- io
tory plmse duration above a threshold, where the average &s

computed of the previous two respiratory cycles. In some
cxtunples, mccung thc s&goal quality cntcria (c.. answer 10

query is YES) can bc dclincxt via venous combunuons of
thc respect&vc lira( second, tlurd. Imd founh par&m&etcrs, ss
including but not limited to, a combination of all four
parameters It will be understood that the sensor signal

qUBI&i)'ritc&ld dnd/or niccthlg lhc sensor signB) SUahlv
cnteria is not exclusively detined by the respective four
parmneters

l&Ki 15A is block diagram of a stimulation protocol
element 490. according to one example of the present
disclosure. In some examples„stimulation protocol element
490 includes al least some ol'substant&ally thc same li:dturcs
and auributcs as stimulation protocol clcmcnt 450 as pre-
viously described in association with at least I'KiS 12-14,
while further including at least the features sbov:n in I'Ki
15A.

As shown in FICi. 151k stinu&Lstion protocol element 490
includes an override function 492 to take abrupt and sus-
tained action lo aclneve a suible resp&ratory pauern. For
instance, in some cxdmplcs, pcrsistcnt slccp disordcrod
breathing is observed, ivhich includes a senes of unresolv-
able/intractable respiratory events (e.g persistent apnea)
that occur despite stimulation v&a either the independent
stinnilation function 454 or the respiratory-dependent func-
tion 456. In some examples, the override function 492 is
act&valcd when a stable respiratory pattern has nol bem&

dclixtcd fi&r a predetcrmu&ed period ol tnne, such as 5 or 10
nunutes. In some example~, the predetern&ined period of
time is less than 5 minutes, such as when some nun&ber (e 8,

3 apneas) of apneas are detected prior to reaching 5 minutes
Upon activation of the override function 492, therapy that

was be&n implemented via the independent stinndation
fin&et&on 454 tir via thc rcspirtitorv-dcpcndcnl fiulclton 456
is tcnnumlol or convcrlrai over lo opcrauon v&a a conlu&uous
stimulation function 494 (11(i 15A) in &vh&ch nerve stimu-
lation is applied continuously (a 100% duty cycle) fi&r a
predetermined period of time. As previously described, in
some examples. continuous stimuLation refers to a train of
stinuilation pulses ivhich occur in a relatively ~bort time
frame. For &nstancc, &n some examples, connnuous slimu-
lat&on corresponds to at lenst d limtc number (c.g 5. 10, etc.)
of stunulBIIUB pUlscs pci second. In some cxanlplcs, ciin-
tinuous stimulation corresponds to at least 20 stinn&Lstion

pulses per second In some examples, continuous stimula-
tion corresponds to at least 30 stimulation pulses per second.
In some example~, the number of st&mulat&on pulses per
second is sclixlablc by dn operator v&a a control portion (c.g.
56 u& FIG. ZC). In some examples, dunng such conunuous
snn&UIBfion, caleb sinnU)diion pUisc wilful a Iran& of slhnU-
lation pulses includes a primary stimulation pulse folk&wed

by a separate recharge pulse, which &s in turn followed by a
non-stinndation phase before the next primary stimulation
pulse.

In some examples. thc ovemde funcuon 492 &s imple-
menlcd v&a an "other" lunclion. u& which nerve slimulal&on
is apphcd llml is nol cont&nuous bul wluch has an u&lens&ly

and duration substantially rester than implemented via the
stimulation protocols of one of the independent stinn&Lstion
funct&on 454 (FICi. 12) or the respiratory-dependent function
456 (F]CT. 12).

In some examples, operation v&a thc overndc funcuon 492
Is nulhltBhuxl until dl lcdsl onc of B nnlc hnnlT Bndiol lhc
thcrBpv nianagc& dciccnng (&id thc scnscd rcspirdlory wiivc-
fonn) at least one respiratory cycle exhibiting an absence of
sleep disordered breathing behavior as measured by a num-
ber of respiratory cycles and/or a severity threshold (in one
example). In some examples. the time lim&t is 100 seconds,
such as about 20 breaths. However, &n some examplcsT Ihe
t&mc linut can bc much lower. such as 30 to 40 seconds. In
some cxamplcs. Ihc coni&nuous stimulauon n apphcd un1&l

detected sleep disordered breathing is absent for at least
three consecutive respimstory cycles, i e. a successful inspi-
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I&It&on occUrs lor ilt h dst thri c cousccUI&vc I csplr&I&ol v cvclcs
or some Operator-selectable quantity (e.g 2. 4) of consecu-
tive respiratory cycles for a particular patient

In some examples. the cioat&mious stimulation is applied
up to a predetermined maximum period. In some examples,
the predetermined maximum period is at least 120 seconds.
In some examples, thc prcxictcnuined maxinnun period Is
sclcc&able by an operator and cim have values greater Or less
than 120 seconds. such as 130 seconds, ]10 seconds, ')0
seconds. etc In general terms, the predetermined maxinlunl la
period corresponds to an expired time by which fatigue of
the stimulated nulscle is complete or nearly complere

In sonic examples. upon a detemlination that detected
slccq& disordered brcatluug behavior meets or exceeds thc
scvcniy tlucshold, lhc lhcrapy mmlager ternunalcs Operation I

in the respective mdependent and respiratory-dependent
stimulation nlodes and initiates operation in a third nlode
includin a stimulation pmtocol of a stimulation period and
a non-stinniLStion period in a proportion of at least 3 ro I

wherein the stimulation penod has a dumtion equal to or zo

greater ihan a durauou of at lcasl Ihur respiratory cycles.
In some examples, the duration of the sttnutlanon pcwod

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

Upon detemunation that a stable respiratory period has
bimn established, opcrauou ul the override I'unction 492
&ermine&as and opcrauou is resumed vta &he intlcpmldmlt
stimulation function 454 (I'l(i 12) consistent with the 10

functionality previously described in association with at
least ill(iS. 12-14

FIG. 15B is a diagmm 500 schematically illusrrating
aspects of selecting a stinndation protocol, according to one
cxiunple of thc present disclosure. In some examples, at least li
some aspects of sclccting a stunulanon protocol as
cxpresscd ul &hagram 500 cml bc embodied as a method
while in some examples, at least some aspects of selecting
a stinn&lation protocol as expressed in diagram 550 can be
enlbodied as opemtional aspects of a stimulation protocol so
management associated with a themapy manager 16 as
dcscnblxi in association with a& least FIGS. 1-15A.

As shown at 502, respiratory information can be pcnodt-
cally scnscd during a lreanncnt period dnd w nhou& synchro-
nization to stimulation In other words, in at least some
instances. this periodic sensing is not related to andior does
not result in syncltio&uzing stinndation to sensed respimtory
information. Rather. such periodic sensing can be used to
cnhancc mid/or evaluate lhc cffi:chveness of lhc slmlulation,
among other uses Rlr such pcnodically sensed respiratory o

ini'onnation.
As shotvn at 504 In It 1(i 15B. if the duration of the sensed

respiratory cycles (among a sample of respiratory cycles) is
less variable from cycle-to-cycle than a duration variability
criteria. then a stinullation protocol is adopted in which a ss
It:pi atulg stuuUIB&iou cycle Is iipphcd anti v itch has
dura I ton diffi rent than a dura non ol'he rcfcrencc respiratory
cycle for llus patient Tlus arrmlgcment ultroduces an inten-
tional sta er or otfset between the duration of the stimu-
lation cycle and the duration of respiratory cycle, which may tc
ensure overLap of at least some stimulation periods (of the
stimulation cycles) with the actual inspiratory phases of the
respiratory cycles ol thc patient a &najority oi Ihe lunc.

In some cxamplcs, the duration variab&hly crilena cstab-
lishcs d mcasurc ol'hc vanability of a duration Of smlscd si
respiratory cycles 'the variability can be measured by a
frequency of changes In the duration during an Observation

period aud&or a ulngultudc of change ui Bitch durations
dunng the observation period I'urther details regarding the
observation period are identihed below.

In some exanlples. the dunltion variability criteria is
based on several factors. incluchn but not limited to, a
duration of a typical stable respiratory period (e.g. 3-6
seconds, dcpmldulg on thc paiient), tlm mtnunum duration of
an apnea (e.g. 10 seconds). and/or an observation penod
(e g. 5 minutes) following a change In stimulation param-
eters In some examples. the observation penod can more
than 5 minutes tvhile in some examples, the observation
period can be less than 5 nlinutes. such as when some
number (e.g. 3 apneas) of apneas are detected prior to
reaching 5 muultcs. In some cxamplcs, the duration vari-
abihty critcna is further based on a standard dcvianon of
respiratory periods of less than I second and a sample period
of at least 4 minutes

With further reference to 5U4 in I'I(i 15I3, in soine
examples, this arran ement is implemented via stimulation
protocol 210 in FIG. 3B in which a respiratory tt avefoml is
represented via a series 202 of respiratory cycles 204A-
204H Morcx&vcr. ul tins cxiunple, the durauon of thc stimu-
lation cycle (4 stimulation periods plus I non-stinn&LStion

period) is less than a duration (R) of the reference respiratory
cycles, such that the repeating stimulation cycle has a
dumt&on different than a duration (R) of the reference
respiratory cycle.

This arrmlgmncnt ensures that no maner when &he stmlu-
latlou protttcttl is gcucridlv'ctivated, uo uloro thdu d fiute
nunlber (e.g. 2, 3, 4) of respiratory cycles w:Ould occur
v ithout a stinndation period significantly coincidulg with an
insp&ratory phase 162 of the respective respiratory phases
This phenomenon occurs. at least &n part. becmise of a
sufficientl large difference between the duration of the
stuuUIB&iou cvclc &aid tht: ihlriltliui ol thc rcspira&0&y cvchx
and ul view ol thc relaiivc proporuou of thc stimulation
period to the non-stimulation period.

In some examples, other exiunple stimulation protocols
are used tilr implementation. I'Or instance, example stimu-
lation protocols 220, 230 as described in association with at
least FIGS. 3G. 3D can be used. It is noted that stinndation
protocols 220, 230 ulclude stunulatiou cycles having a
duration greater lian a duration (R) of the reli:rcncc respi-
ratory cycle as shov n in thc rcspccttvc legends 229, 239 of
ltl(iy 3(L 3D, respectively

As shown at 5U6 in 11(i 15I3, if the duration of the sensed
respimtory cycle (of a sensed sample of respiratory cycles)
is more variable than the dumtion variability cnteria noted
above, then a repeating stimulation cycle ts applmd and
which hBs d UUIB&iou gcucrBliv'&B&chulg a dilratiou of a
rcfclcucc rcspudtorv cv'cltx hl this ala&ance, thc nil&Uldl

variability of the duration of the patient's respinltory cycle
can be used to inta&duce a stagger or offset reLStive to the
dumt&on of the stimulation cycle. which may ensure an
overlap of at least some stimulation periods relative to at
lcdst sonic tll thc ulspudkiiy phasos of thc pdtlcut s hvc
rcsptratory cycles at least a malority ol thc time

In some cxamplcs, thc rcferencc respiratory cycle is
dehned by a patient-specific average respiratory cycle
obtained at an earlier point in tinle In sonic exmnples. the
reference respiratory cycle is defined by a multi-patient
speciiic at erage respiratory cycle obtained from a database.

In some examples. &his arrangemmlt ts implcmcnled vta
stimulation protocol 240 m FIG. 3E tn w luch a respiratory
wavcfonn ts represen&cd tie a sencs 244 ol'espiratory
cycles 245A-245M Accordingly. Itl(i 311 models the situ-
ation m tvhich the dunltion (R I) of the respiratory cycles has
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Varied (relative to thc duration R of Iis base/stable respira-
tory cycle) by more than a threshold. In some examples. the
threshold includes R changulg (increasing or decreasing) in
dumtion by 5 percent In tins instance the duration Rl
represents about an 8 percent chan e from the durarion R
because the respiratory cycles 245A-245M have B duration
Rl of 6'/ tinu: units w hcrcas dumiion R is cxtual to 6 time
unikw It will bc understood, of course. thai other numeric
values tllat are more or less than 5 percent can be used as the
threshold. I i 1

While ill(i. 311 exhibits a dumtion Rl v hich renlalns
constant at least for the illustmtted series of respiratory
cycles. it will be understood that duration Rl may have a
difii:rmlt value (e.g longer or shorler) in subscxtucnt resp&-
raiory cycles mid/or tlrdt duration Rl may have had difii:rmlt
vahies (e.a longer or shorter) in preceding respiratory
cycles Accordingly. at least with respect to the method of
ill(i. 15B. duration Rl should not be viewed as being
indefinitely static„but rather as having a particular value at
one snapshot in time. IO

It will bc further understood that varianons m thc duration
ol'hc respiratory cycle nuiy be cxlubitrxl as decreases
(instead of increases) and that variations in the duratlnn of
the respiratory cycle are not permanent but inav last some
finite nunlber of respiratory cycles before reverting to a
baseline or changing to yet another non-R duration.

In the example of FICi 3E. the dumttion of the srimularion
cycle (4 stunulutlon pcnods plus 2 non-stimulation pcnods)
is less than a durutlon (R1 ) of thc respiratory cycles but with
the duration of the stimulation cycles being, equal to the Io
dumtion (R) of the reference respimtory cycle (which Is
based on a historical baseline in at least snme examples).

With this arrangement, because the duration (Rl) of the
sampled respiratory cycle (obtained via periodic sensing)
has ianixl relutlvc to a refi:rcncc duration R, lhc therapy )i
manager 16 unhzcs n stimulation cycle havulg a duration lo
match thc durauon of the rcfi:rcnce respiratory cycle, which
in tum introduces the above-mentioned intentional stagger
or offset.

This arran ement ensures that no matter when the stunu- do

lation protocol is generally activated. no more than a finite
number of respiratory cycles would uccur wilhoul a stuuu-
lanon penod slgnllicantly coulcidulg with an inspiratory
phiisc ill thc riupccnvc rcsplldtory phases. This pheuiinu:uou
occurs. at least in part, becmlse of a sufliciently large
difference between the duration of the stimulation cycle and
the duration of the respiratory cycle. and in view of the
relative proportion of the stimulation period to the non-
sumulation pewod.

Accordingly, as represmitcd at block 506, v,hml thc dura- U

non of thc pcnodically sensed respiratory cycle vancs more
than a duration variability criteria, the therapy manager
ensures an appmpriate level of stimulation cninciding v ith
the inspiratory phases of the respiratory cycles by intenrion-
ally not adjusting the duration of the stimularion cycle to ss
match thc modiiiixl durauon Rl exlubited by thc penodl-
cdllv'criscd respiratory c)'clcs.

Wlnle FIG. 3E cxlubits a durauun Rl wluch rmnalns
constant at least for the illustrated series of respiratory
cycles, it ivill be understood that dumtion Rl may have a io
difi'erent value (e.g. longer or shorter) in subsequent respi-
ratory cycles and/or that duration Rl may have had difi'erent
Values (c.g. longer or shorter) ln at least some preccihug
respiratory cycles. Accordingly, at leasl with respcc! to the
method ol'IG. 15B, duration Rl should not bc viewed as si
being indefhlitely static. but rather as having a particular
Vahle at 011C Sllapsho1 ill tliuC.
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FICi 15G Is d block ihiigrilnl schculatlcdllv 111Ustratlu

stinudation protocol selector element 520. according to one
example of thc present disclosure. In some examples. the
stimulation protncol selector element 520 includes, and
mlables, selection bctwcml a lirst function 522 and a scwond
function 524 In sonic examples. a selection via element 521)

between first function 520 and second function 522 can be
inlplenlented in association with the aspects of bklck 51)2 in
FICi. 15B. In some examples. first function 520 can be
implmnentcd via at least some ol Ihc aspects of slimulanon
selection as described in association v ith block 504 in FICi.

15B while second function 522 can bc implemented via at
least some of the aspects ot stinlulation selection as
described in association with block 506 in FIG. 15B.

lil(i 15I) is a diagranl 55(l schematically illustrating a
relationship between. and automatically selection betvveen,
the independent stinnllation pmtocol 454 (lil(r 12) and the
resplmtion-dependent stinntLttion protocol 456 (FIG. 12),
dccordulg to Unc cxanlplc Ul thc present dlsclosulc. In sonic
examples, at least some aspects of stimulation protocol
selection 551 in diagram 550 can bc ctnbodlcxt as a method
while in some exanlples. at least sonic aspects of sthuuhstion
pmtocol selectinn in diagram 550 can be embodied as
opemtionai aspects of a stinlulation protocol manager of a
thempy manager. as described in association with at least
FICiS. IB-13.

Iu scale cxalnplcs. Oper'iltliiu of lhc Bt h:dst piil11allv
implmitablc stimulation sysiem is implemcntixl via provid-
ing cooperation or complementary deploynlent of the
respective stimulation protocols 454, 456 (at least I i(ig
I IB-13) Accordingly, as shown at 552 in ill(i. 15D. opera-
tion starts in a respiratory-dependent stimulation protocol.

With further reference to FIG. 15D, based on monitorin
Uf the si used Icsplldtorv wiivcforlu, Bt ri pi dthlg ulti IVBls, Bl

554 it ls queued whether thc respiratory wavefonn Is
sufliclcntly stable to support continued opcrauon ol rcspi-
mtoiy-dependent stimulation at 552 If the answer to the
query at 554 is YES, then patluvay 556 affirms continued
operation of respiratory-dependent stimuLation at 552. How-
ever, lf the answer to the query at 554 is NO, then pathway
557 directs initiation ol'operation of indcpcndcnt stimulation
at 558 Uf FIG. 15D for Bt least a prcdctennincd penod of
time. Thc lirst predetcnnined period of tune ls dciined in
substantially the smne manner as previously described in
assnciation with at least ill(i 14. and the operation of the
independent stinullation function at 558 ls not a test mode.
Rather. the independent stimulation (at 558) operates for at
lcasl thc prcdctcrnunexi pcnod of time to apply therapeutic
stimulation to aclncvc a stable rcsplcdtory behavior imd a
stable respiratory wdvclbrm.

Upon nperation of independent stimulation at 558 for at
least the predetemlined period of time, the query at 554 is
periodically implemented. If the ansv, er to the query (at 554)
is YES, then operation in independent stinullation at 558 in
FIG. 15D is tcnninatcd as operation ls rcturncd via pathway
556 to rcspiratorydcpcndcnt stimulation at 552 ln FIG. 15D.
For at least the current cxmnple, it will be understood Ihab
in the event that no stable respiratory wavefornl is estab-
lished, the nperation ivould renlain In the independent stimu-
Lttion at 558 without reverting operation into respiratory-
dependent stimulation at 552.

In some examples. the query at 554 is pcrformcd by
uloullollllg pal'ilnletcrs uldlcanv c iif rcsplrBtory slgud1 sens-
ing quality (I.C. sensor signal quality cntena), such as but not
linuted to, peak to peak amplitude, inspimtory duty cycle,
respiratoD rate. etc
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FIG. 16A is ihagram 640 schcmaucally illustrating a

nerve stimulation protocol 641. according to one example of
the present disclosure

In one aspect, diagram 640 omits a representative respi-
ratory waveform relative to the stimulation protocol
because. in at least some example~, operation according to
indcpcndent stimulation function 14 (FIG. 1A) occurs
Icgdrdlt:ss of whcthcr' st:ascii rcspIIB(oty v,iivcfttnn is
avai)able or reasonably stable Accordingly, diagram 64(3

illustrates stimulation periods relative to predetermined time in

periods instead of relative to inspiratory and expiratory
phases of a normal respiratory pattern. as huther descnbed
and illustrated below.

As shttwn hl FICi. 16A, d nt:Ivt: sluniilatittn proloctti 641
comprises slimulauon segments 642 and non-slmiulalion
segments 648. 649 (i e rest periods), which may occur
within a time frante (I') In this arrangement, the time frame
'I'omprises a senes of eight time units with each time unit
having a duration t„as shown in FICr) 16A. In some
examples„a combination ofhvo consecutive time units have IB

a durauon R that generally corresponds lo a duration of a
respiratory cycle. In one aspect, lhc duration ol'one tmie unit
(t) comprises one-half of duration R

As shown in diagranl 640. stimulation protocol 641
includes a repeating sequence of continuous stinnilation
segments 642 and non-stimulation segments 648. 649. Each
stintuhsfion segment 642 linc a duration of 3 rime unirs (t),
each non-stunulutiou segment 648 has a duration oi'wo
umc umts. and each uon-stimulation scgtncnt 649 has a
dumtion of one time unit 'ibis pattern is represented by Ic
le end 645 as 3:SK2 3 )Kl, where SK represent ~ "skip" to
indicate skipping stimulation

As further shown by diagram 640. as tlfis stimulation
cycle pattern (3:SK 2 3: SK I) is repeated tluoujt a series of
ume Ihuncs T (with each time frame T includm 8 time Ii
un'), onc can identify thc number ol slunulalion lime units
that occurs within cuch tune lramc T. For example, the lira(
time frame includes 6 stintulation tiine units out of 8 total
time units, followed by three time fmines 'I'ncluding 5

stintuhsfion time units out of 8 total time units, followed by do

nvo "six stimuLation time unit" time frmnes T. Bnd then tluee
"live stimulation tune unit" lime frtuncs T. With tlus in mind,
onc ciiu cxprcss II pducm of lhc snnliilalitin lane itnim Ittl thc
lira( (Ssche consccutivc time francs as 6:5.5.5:6.6.5:5 5

Mia the stimulation pmtocol 641, a therapeutic nerve
stitnu)ation rebunten is apphed in ivhich no period ot tour
consecutive respiratory cycles will transpire without a
stimulation penod coinciding with an expected inspimtory
phase oi d respiratory cycle. In dus slmnilalion protocol. the
durauon of stimulauon pcnods excccds lhc duration of o

non-slmiulalion pcuods.
FK) 1613 is a diagram 651 schematically illustrating a

stinndation protocol 6513, according to one example of the
present disclosure. In some examples. protocol 650 exhibits
at least some of substantmlly the same features and attributes ss
ds thc stunulation protocols, as previously described In
dssociauon with at least FIGS. 3B-3E. In gcneml tcmis, via
sunni)ation protocol 650, via stimulation element 12 (FIG.
(A) ancgor therapy ntanager 16 (I'Ki l)3) the independent
stimu)ation function 14 implements asynchronous nerve ia
stimulation which to promote stable respiration despite
potential sleep disordered breathing.

As Illusuated ui FIG. 16B, the stimulation protocol 650
opera(ca according lo slunulauon cycles in v,luch lhe dura-
tion (D) of each stunulauon cycle is less than lhc duration si
(R) of the reference respiratory cycles 654A. 65413 More-
over. in some examples, the stunulation cycle has a duration

(D) wluch is sigrulicanlly less (at lmst half or less) than thc
duration (R) of the reference respiratory cycles 654A, 65413
In one of these examples. a duration (D) of the stinniLstion
cycle is less than 30 percent of the duration (R) of the
reference respiratory cycles 654.A, 654B. In one of these
examples, a duration (D) of the stimulation cycle is less than
20 pcrccnt of thc duration (R) ol'hc reft:rance respiratury
cycle 654A, 654B. In onc such Instance, as illustrated in
Itgi 1613, the duration (D) of the stimulation cycle is alxiut
I second, whereas the duration (R) of the reference respi-
mtoiy cycle is about 6 seconds

In some examples of implementin stimulation protocol
650. v ithin a given stimulation cycle the stimulation period
(c g. 652 k, 6528, clc.) and thc non-stimulanon period (c.g.
658A. 658B. c(c.) arc In a proporuou of 4 lo I to yield a
stimulation duty cycle of 80 percent (for each stinniLstion
cycle). In such exaniples. each stimulation cycle lasts about
I time iuiit (t). includina a continuous stimulation period of
4 "'/I" time units folloived by a non-stimulation period of a
single "'/t*'ime luiit, with tlfis stinullation cycle bein
rt:pt:dtctl connnUCUB)y'ht:u nets t: stuuU)B(iou via snulU)a-
tion protocol 650 Is miplemcnled. Accordingly. ui some
exanlples. the duration of the entire stintulation cycle (e.g 4
"'/I" time units nf stimulation and a single "'/I" time unit of
non-stimuLstion) is I tinie unit (t), which Is significantly less
than the duration R of the respiratory cycle, ss hich is 6 time
units in this example.

Hoss cvcr. Il will bc understood that in some examples, thc
duration of lhc snmulauon penod need not couicidc with a
discrete number (e g 4) of fractional time units (e o. "'AI'*

time units) mid the duration of the non-stintulation period
need not coincide with a discrete number (e.g I ) of frac-
tional time units (e.. "Idt'* time units).

In some examples. the duration (R) of the reference
respiratory cycles (e.g. 654A. 654B, ctc.) can bc sclcctixi lo
bc morc or less than 6 tune units (t), as shown In FIG. 16B.
In some cxamplcs, lhc durauon (D) ofcuch stimulation cycle
(including a stimulation period, such as 652A and a non-
stimulation perind, such as 658A) can be selected to be more
or less than one time unit (t).

In FICi. 16B. the first end 653 of stinullation period 652A
is shown as coincnhng with thc beginning of au uispicmory
plrdse 162 of thc respiratory cycle 654A. Howcvcr, il will bc
understood tha( the bcguining 653 of the slunulauon pcuod
652A is not synchmnixed relative to the inspiratory phase
162 Rather, the beginnin 653 of stimulation period 652A
is shown as coinciding with the beguuung of incpirntory
phase 162 for illustrative simplicity in juxtaposing the
stimulation pmtocol 650 relative to the rcferencc respiratury
cycles 654A, 654B, elc. Accorduigly, It will bc understood
that sshcn stimulation (according lo stimulation prolocol
650) is initiated during a treatment period, the beginning of
the stiniulation period 652A may coincide with a ditferent
portion of the reference respiratory cycle (e.g 654A) than
shown ln FICi. 16B.

As fur(hcr shown in FIG. 16B, In onc aspccL each
respective non-slimulanon period (c.g. 658A, 658B. clc.)
has a duration signilicanlly less thun (c.g. al least less than
half) a duration of each respective stintulation period (e g
652A, 652I3, etc ). In one aspect, the duratiim of each
stinullation period (e.. 652A. 652B, etc.) is also signifi-
cmitly less than (e.. at least less than 30'/s) a dumtion (R)
of thc rcspccnve rcli:rmice respiratory cycles (c.g. 654A,
654B, ctc.). In some examples. In sumulauou protocol 650,
the duration (D) of ench stimulation peuod (e.g. 652A,
65213, etc ) is significant)y less than a duration (I) of the
inspiratoiy phase 162 of an individual respiratory cycle (e 8,
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654A) BUch that null&&pic, 0&IT& rent stunulation pcllods occur
during a single Inspimltory phase 162. Accordingly, v ith tlus
arrangemen&. several stimulation cycles will be repeated
within a single reference respiratory cycle

In some examples. the relatively short duration of the
stimulation cycle em&sea a successive stimulation period
(e.g. 652B) to begin at a diflerent place within thc inspira-
tory phase 162 of tlm rcfcrcnce respiratory cvcle than poor
stinndation period (eg 652A). such that the stinnllation
pattern is considered to be Independent of (i.e not sync)no- 10

nized relative to) the characteristics of the respiratory cycle.
Rather, the asyncluonous nature of stimulation protocol 650
is further exhibited via the stimulation periods 652G-652F
occurring during the expiratory phase I'70 of respiratory
cycle 654A because thc same stimulation cycle ls repeated
regardless of where the stumdation periods falls relative to
different portions of the reference respiratory cycle.

Accordin ly, even though the stiinulation i ~ not synchro-
nized reLative to a characteristic (e.g. inspiration) of the
respiratory waveform, no matter where the stimulation pro- 10

tocol 650 Is ate&ted rclativc to a scnes of respiratory cycles,
thc short duration (D) ol Ihc stimulalion cycle (relative 10 the
ion er duration R of the respiratory cycle) ensures that at
least a portion of two stimulation periods (e 8, 652A. 652B)
will significantly overlap (at least a majority) the inspiratory
phase 162 of the respective reference respiratory cycles
tluoughout the portion of the treatment period during which
stmuilation protocol 650 w apphcd.

In some cxamplcs, via therapy manager 16 (FIG. IB) a
clinician can set a criteria how nlany respiratory cycles 10

through which the stimulation pmtocol 651) will be applied
before stimulation terminates and/or befbre a difTerent
stimulation protocol is implemented. In some examples. the
criteria are based on a predetermined amount of time Bnd/or
a predetcrmuu d number ol respiratory cycles lor a particular li
pat&ca(

It will be understood that each inspiratory phase 162 of
each respiratory cycle (204A-21)41 I) is sholvn in its ideal
form in lll(i. 3B, and that m some instances where the
inspiratory phase 162 at least partially coincides with one of dc

the respective non-stinu&lation periods (e.. 218D), the
ulspll'atoll'hase nlav sonu:&uncs have Bn urcgUIB& sh;&pc

compared &o thc Idcahzcd shape shown ul FIG. 3B.
Accordingly, via stimulation proiocol 650. &hc uxlepen-

dent stimulation fiulction 14 of therapy manager 16 (lqCi.
IB) employs asynchronous nerve stiinulation to achieve
stable respiration despite potential sleep disordered breath-
in .

In some examples, thc stimulation pro&ocol 650 (and
similar protocols descnbed above) is implcmen&ed via the 0

'*other" I'unction 496 (FIG. 15A) of ovcrnde funcnon 492 to
help overconle the type of persistent sleep-disordered
breathing that does not beconle controlled via less intensive
stinn&Lltion protocols. Accordin ly, stinndation protocol 650
provides stimulation, which is not continuous but wl»ch has 11

dn intensi&y subs&antially greater than implmncn&cd via thc
snnuilation protocols of onc of the mdcpcndcnl slmlulation
function 454 (FIG. 12) or the respiratory-dependent function
456 (I I(i 12), as previously illustrated in association with at
least lil(iS. 3B-3li SC

However. unlike a continuous stimulation pat&em such. as
provided via continuous hnlction 494 (FICi. 15A) of over-
ride lime&ion 492, s&unulanon protocol 650 rc ularly pro-

&idess

non-stimulation pcnods to enable thc targeted nerve
and/or muscle to rest somewhat among the stnnulation si
periods. &vhile still achievulg an overall 8(1% stinnllation
duty cycle In this arrangement. multiple stiimilation periods

cia& occUI dU&ulg 0&eh ulspndtorv'hBsc of thc rcpcdtnlg
reference respiratory cYcles such that no inspiratory phase
occurs without stimulation occurring dunng at least a major-
ity of any given inspiratory phase. In one aspect. such an
arran ement may contribute to more favorable patient com-
fort or tolerance for the implementation of the "other'*

Override function lmd/or contnbu&c to dun&rushing any
potentml nerve or muscle latiguc.

In sonic exanlples. variations of stimulation protocol 651)

are mlplemented in which the duration (I )) of the stinn&Lltion
cycle is significantly less &han the duration (R) of the
reference respiratory cycle. Bnd the stimulation duty cycle is
about 60 percent or 70 percent (instead of 80 percent). In
such an arrangemcnt, multiple stimulation penods can still
occur dunng each ulsplratory plrdsc of thc repeating rcfi:r-
ence respinltory cycles such that no inspiratory plmse occurs
v ithout stiinulation occurrin during at least a majority of
any given inspiratory phase. bu& with more non-stinn&Lltion
available. In one aspect. such an arrangement may provide
more comfort for some patients and/or potentially less
muscle fatigue, as compared to &he Illustrated cx&mlple
stimulation protocol 650 havulg an 80'!o stunulation du&y

cycle (with reLltively short dunltion stimulation cycles).
As with the other example stimulation protocols described

herein, stimulation protocol 650 can be modified by an
operator via the various parameters. hnlctions, and compo-
nents as previously described in association with at least
FIGS. 4-5 can bc sebo&cd and/or adjust&xi via a contml
portion (56 in FIG. 2C: 360 in FIG. 9, 380 In FIG. 10) in
association with user interface (396 in I'ICi I I A: 41)tl in I'l(i
I I B).

lil(i 17A is a flow diagrmn 70U of a method 701 of nerve
stinn&lation to treat sleep disordered breathing, according to
one example of the present disclosure. In some examples,
method 701 ls perl'ormcd using thc components, elmuents,
systems, etc. previously described and Illustrated ul asso-
ciation with FIGS. 1-16B. In some examples, method 701 is
performed using components. elements, systems. etc. other
than those previously described and illustrated in association
with FICiS. 1-16B.

As shown in FIG, 17A. at 705 method 701 includes
ds)'nchronoUslv stlmUldthlg Iul alrwB)'-pB&cuc)'-lclatix!
ucrvc. Bccoldulg to B fust st&Bi« la&lou protocol of sthuU Id&ion

c)'clcs ulclUdulg B stunuh&tuul period Bud B non-sthuUldtlon
period.

lil(i 17I3 is a flow diagrmn 72U of a method 721 of nerve
stinn&lation to treat sleep disordered breathing, according to
one example of the present disclosure. In some examples,
method 721 ls perl'ormcd using thc components, elmuents,
systems, etc. previously described and Illustrated ul asso-
ciation with FIGS. 1-16B. In some examples, method 721 is
performed using components. elements, systems. etc. other
than those previously described and illustrated in association
with FICiS. 1-16B.

As shown in FIG, 17B, in cooperation with the method
701 of FIG. 17A, method 721 includes performing ncrvc
stunulation via the therapy manager provuhng automatic
convertible operation between the indcpcndcnt stimulation
mode/function Of Fl(i 17A and a second stimulation mode
of stinlulating the ainvay-patency-related nerve synchro-
nous with a characteristic of the sensed respiratory wave-
form. as shown at 724. With this arrangement, the therapy
nun&ager causes operation ul thc first nlodc lor dt least d first
prcdetcnnlnixl pcnod of tune (726) and converts operation
into thc second mode upon at least onc parameter of the
sensed respiratory wavefonn meeting a sensor signal quality
cnteria (728) l)pon the at least One paranleter of the sensed

Exhibit 1001 
NYXOAH, INC., et al. v. INSPIRE MEDICAL SYSTEMS, INC. 

037



41

US 11,806,526 B2
42

respiratory wavci'onn failuig lo meet the sensor signal
quality critena (730)„operation ravens into the first mode
for al least lhe Iirst prcxtctcnnined pcnod ol lnne In tlus
example. the first mode acts as the default mode of opera-
uon.

In some examples. the sensor sigttaJ quality criteria is
indicative of the system*s ability to actually deliver stunu-
lation at the targeted portiioa of the respiratory period v ith
a high de~ac of confidence. In some examples the system

111

may feline an obstructive cvcnl (c.g. apnea/hypopnea) as
lasting at least 10 seconds, then the above-mentioned high
dcgrcc of coniidencc would corrcspond to nol nussuig thc
target portion of the respiratory period nvice in consecutive
Icspiratorv cvclcs.

In some examples. the sensor signal quality criteria can be
indicative of a patient's real-time condition either in the
absence of or in the presence of stimulation. In some
examples„ the sensor si nal quality criteria can be indicative
of sensor noise, thcrcby indicating how well lhe sensor
signai correLstes with the patient's real-time condition.

However. 10 some examples. thc sivond mode cmi iml as
the default mode of operation. Accordingly. as shown in
lilCJ. 17( . in cooperation with the method 701 of Iil(i 17A,
niethod 771 includes performing nerve stiimilation via the
therapy mana er pmviding convertible operation between
the independent stimulation mode/function of FIG. 17A and

second slimulauon mode of sumuldting lhc airway-pat-
ency-rclatcd nerve synchronous with a chdraclerislic of thc
sensed respiratory wavefomi, as shown at 774. With tlus sc
'lrr'lilgelrleiln tile thai lpV IilaflBgel'BUSCS opCi'Btioil Ill tllC

second mode (776), and upon at least one parameter of the
sensed respiratory waveform failing to meet a sensor si rml

quality critena. operation converts into the first mode for at
least a first prcdctcnnincd period of time (778). At 780, upon Ss

thc al least onc parameter of lhe sensed respiratory wavc-
Iorill Iilci:liiig 1110 SC11Sor Siglldl iJUalitv CI11Crl'd, iipCI"dlioil
reverts back mto the second mode.

In some example~. with respect to at least I'I(iS 17B and
17C, the conversion between the first stimulation mode and dc

the second stimuLation mode is automatic.
With respect lo sclcction oi thc Iirsl mode or lhc second

mode in association with FIGS. 17B mid 17C. in some
examples a therapy manager 800 includes a default mode
selector fiuiction 802 (as shown in lq(i. 18) to enable user d

selection of either the hrst mode or the second mode as a
default niode. In some examples. the therapy manager 800
also comprises at least some of the features and attributes as
therapy manager 16 (FIG. 1B) and other examples of a

therapy manager, as previously dcscnbcd ui association with 0

at least FIGS. I-17C
With respect to selection of the first mode or the second

niode in association ivith I'ICJS l7JJ and 17C, in smne
examples a therapy manager 850 includes a manual conver-
sion function 852 (as shown m FIG. 19) to selectively cause ss
corn craton bctwccn lhc two ddfi:rent stimulation modes. In
onc aspcml. such selcclivc conversion can bc implemented
iIUililg OpCI'tllor tilt'tlllon Of lhC lilCI'iipi:iitiC lii:dliilCilt iIS thC

operator adjusts paranieters of the stiinulation protocols for
a particular patieiit In sonic example~. the therapy nlanager so

850 also comprises at least some of the features and attn-
butes as therapy manager 16 (FICJ. IB) and other examples
oi'a therapy manager, as prcwously dcscnbcd in association
with al least FIGS. I-17C. Accordingly. Bt linisl some
cxtunples OJ'hc present disclosure pmvidc Jhr a robust ss
scheme to increase the effectiveness of nerve stimulation to
treat sleep disordered breathing

Although spix:itic examples lrdve been illustrated and
described herein, it ivill be appreciated by those of ordinary
skill in the art tint a variety of alternate and/or equivalent
iniplenientations may be substituted for the specific
examples shov:n and described without departing from the
scope of the present disclosure. This application is intended
to covet Bilv Bilaptaliolis ol variations oi lhc spc'cilic
examples discussed hcrcm.

What is claimed is
I A device for treating obstructive sleep apnea, compris-

ing a non-cardiac stinnilation means for stimulating an
upper alnvay patency-related nerve„v herein, the non-car-
diac stimulation element comprises an implantable electrode
dild/Or Bil iitipldiilabli: piilsC gciii:I'dlol'lCClriCally Coiliii:Cl-

ablc to thc implanlablc clcclrodc according to a Iirst stmiu-
lation therapy piotocol including alternating stinniLstion
periods and non-stimulation penods in which a timing of the
stimulation periods is asynchronous relative to patient
breatlfing, wherein a dumtion of each respective stimulation
period is greater than a dumstion of each respective non-
stimulal ion pcnod, and wherein the durauon of each respec-
tive stimulation pcnod is based on a rcfcrmice rcspiratory-
related parameter.

2 I'he device of claim 1. Vvherein the asynchronous
tinung of the stimulation relative to patient bieathing com-
prises the timing being not based on actively-sensed respi-
ration during application of the hrst stimulation therapy
protocol.

3 llic device oi'clami I, wherein tlm refi:rmicc rcsptm-
tory-related parameter comprises a reference respiratory
pattelTl

4 'I'he device ofclaim 3, wherein the reference respiratory
pattern comprises a reference respiratory cycle, and wherein
a duration of each respective stinnilation period is greater
than a duration oi'n uispiralory phase of lhc rcfcrcncc
respiratory cycle.

5 llic device of claim 1, wherein thc rcfi:rcncc respira-
tory-related parameter is based on stable respiration.

6 111e device of claim I, ivherem the reference respim-
tory-related parameter comprises a reference respiratory
cycle and wherein a conibined dumtion of a respective one
of the stumilation penods and a respective onc oi'hc
non-stimulation penods is less than a duration of lhe rcfi:r-
micc respiratory cycle.

7 'lite device of claim I, ivherein the reference respira-
tory-related parameter comprises a reference respiratory
cycle and ivherein the combined dumstion of a respective one
of the stimulation periods and of a respective one of the
non-stimulation penods is no grcatcr than a dumtion oi a
rcfclcilcc respiratory cv'clc.

8 ThC di:V1CC Ol CJB1111 I, 0'llCri:111 lilC diiidlioii OJ llii:
respective stimulation periods remain uniform.

9 111e device of claim I, ivherem the reference respim-
tory-related parameter comprises a reference respiratory
cycle. and ~herein the colnbined duration of a respective
Onc of lhc stiiilUIBtton pcnoils diid of a rcspccllvc onc oi lllc
non-stimulation periods is Jess than 30 percent of duration of
a rcfcrcncc respiratory cycle.

10 Tlie device of claim I, ivherein a respective one of the
stimulation periods and a respective one of the non-stimu-
Lstion periods are in a proportion of at least 1.5 to I.

11. The device of cLaim 10, wherein a duration of a
rcspcclivc onc of lhc slunulalion penods cxcccds lhe dura-
tion of a rcspcclivc onc of the non-sumulation penods by a
JdClor OI 3.

12. the device of claini I, wherein a conibination of a
respective one of the stinnilation periods and a respective
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onc of Ihc non-sumulauou periods composes a slmiulalion
cycle, and wherein a dumstion of the respective one of the
sumulalion periods compnscs al least g0 percent of a

dumtion of the stimulation cycle.
13. Thc device of claun 1, whcrcin each respcxtivc

sliillulatioo psiiod compl'lscs cofltifniiii!1 pulsed stiinulafioll.
1tt. The device of claim 1, comprising:
a processor; and
a non-volatile computer readable medium storing instruc-

1 I 1

uons. Cxccutablc on thc processor. Io nnplcmcnt the
first stimulation protocol.

15. Thc device ol clmm 1, wherein Ihe lirsl slmiulalion
therapy protocol is to be applied during a treatment period
hi whlCll Illc pdliCiil 1S lo CiigagC in SICCpiiig bCLBviom

16. A device for treatmg obstructive sleep apnea. coni-
prising, a non-cardiac nieans fiir stimulating an upper attway
patency-reLsted nerve v herein, the non-cardiac stimulation
elenient comprises an unplantable electrode and/or an
implmilablc pulse generator clcctrically connectable to lllc
implmilablc electrode, according lo a iirst slmiulalion
therapy protocol iilcluding alternating stimulatioil periods
and non-stiniulation penods m which a timing, of the stimu-
lation periods is asyilchmnous reLstive to patient breathing,
vvherein a duration of each respective stimuLslion period is,s
greater than a duration of each respective non-stimulation
period, wherein mch slunulauon period compmscs continu-
ous pulsed stimulation, wherein lhe lirsl sumulation protocol
is lo deliver multiple stimulation periods within a duration of
a reference respiratory cycle

17. The device of claim 16, w:herein the duration of each
respective non-stimulation period is at least less than half of
the duration of each respective stimulation period.

18. 1110 device of claim 16, whereui thc refi:rcncc respi-
ratory cycle compmses al least onc ul.

B histoilcdl palicilt-spccific rcfbrcncc rcspirdlory cvclc.
arid

a multipie patient reference respiratory cycle.
19. The device of claim 16. wherein the first stimulation

therapy protocol is to deliver at least annie of the multiple
stimulation periods within a dumtion of an mspimstory phase
of Ihc reli:rcncc respiratory cycle

20. Thc device ol'cldun 16, whcrcui thc duration of each
respective stinndation period is at least less than 30 percent
of a duration of the reference respimtory cycle.

21 'I'he device of claim 16, ivherein a conlbination of a
respective one of the stinnilation periods and a respective
onc of thc Boil-sliilniliilioil pcuods conipilscs a slhnuldnon
cycle, and wherein lhc lirst sumulation therapy protocol is lo
deliver more than one stimulation cycle within a dumtion of
tile rclcrcilcc rcspiidloiy cy'clc.

22. A device for ucaung obstructive slccp apnea, com-
prising a non-cardiac means for stimulating an upper airway
patency-rehsted nerve, ivherein. the non-cardiac stinniLstion
element comprises an implantable electrode and/or an
implantable pulse genemstor electrically connectable to the
implantable electrode, accordin to a first stimulation
therapy protocol uicluduig alternating stimulation periods
diid non Stiiiliilatton pC1100S 111 whit li a tiilliiig Of lllc Sliiilu-
lation periods is asynchronous rclauvc to patient breatlung,
wherein a duration of each respective stimulation period is
greater than a duration of each respective non-stinniLstion
period, and vvherein a combined duration of a respective one
of the stimulation periods and a respective one of the
nou-stimulation pcuods is greater than a duration of a
rcfcrcncc respiratory cycle.

23. The device oi'lmm 22. whcrcin lhc duration of a
respective one of the stimulation periods is greater than the
duration of the reference respiratory cycle.

t t t
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