US 20150094962A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2015/0094962 A1

HOEGH et al. (43) Pub. Date: Apr. 2, 2015
(54) OBSTRUCTIVE SLEEP APNEA TREATMENT A61B 57143 (2006.01)
SCREENING METHODS GOIN 33/49 (2006.01)
(71) Applicant: Cyberonics, Inc., Houston, TX (US) GOIN 33/80 (2006.01)
(52) US.CL
(72) Inventors: Thomas B. HOEGH, Edina, MN (US); CPC ... GOG6F 19/3481 (2013.01); GOGF 19/3431
Daniel A. PARRISH, Bloomington, MN (2013.01); GOIN 33/49 (2013.01); GOIN 33/80
Us) (2013.01); A61B 5/14542 (2013.01); A61B
. ) 5/4818 (2013.01); A61B 5/7282 (2013.01);
(73) Assignee: Cyberonics, Inc. AG1B 5/7275 (2013.01)
(21) Appl. No.: 14/505,151 USPC e 702/19
(22) Filed: Oct. 2,2014
(57) ABSTRACT
Related U.S. Application Data
(60) Provisional application No. 61/885,991, filed on Oct. . . . , .
2, 2013, provisional application No. 62/058,914, filed Em'bodlm'ents' '1nclude a screening method for evalua'mng
on Oct. 2, 2014 patient suitability for an implanted hypoglossal nerve stimu-
lation (HGNS) device. The screening method evaluates blood
Publication Classification oxygen data relating to respiratory events, with the blood
oxygen data providing mean blood oxygen desaturation val-
(51) Imt.ClL ues for comparison to severity thresholds to identify patients
GOG6F 19/00 (2006.01) who are likely or unlikely to benefit from the implantation of
AG6IB 5/00 (2006.01) the HGNS device.
1100
N
- TN
1000 2000




US 2015/0094962 A1

Apr. 2,2015 Sheet 1 of 31

Patent Application Publication

1100

2000

1000

FIG. 1



US 2015/0094962 A1

Apr. 2,2015 Sheet 2 of 31

Patent Application Publication

¢ old

Apod pee]
G353

Yt

Ajquiassy 10108uuod
[ewixold

(Ls) pea ucgenung
oO Ty



US 2015/0094962 A1

Apr. 2,2015 Sheet 3 of 31

Patent Application Publication

- ¥5EL

(3015 10H

AQOg NIVIA

¢5e

S)

Ve 9ld







US 2015/0094962 A1

Y
(o]
=z i
- W o L o N30 iy VIS0
.w / Y A ' N \u} I S
2 e aENv wallgy o WaYal e e ——
4 0] f/ —_ l\\. \\lf\ < k \
= 2k g 08) e 0z
2 .
2
=
Z
02z
0%zl
092}
ar

e =

7 N EWIVIAC
8@ \\\ \.<;O§

Ng g 4]
0571

Patent Application Publication



US 2015/0094962 A1

Apr. 2,2015 Sheet 6 of 31

Patent Application Publication

PV Ol

ovel




¢ay¥ Old

0vel

US 2015/0094962 A1

092} 091 vm.wu o_n_

——— —— e e e e i . S e . e -

Apr. 2,2015 Sheet 7 of 31

cay ._m&mm A ~0le}

S 187 W¥I3a
022}

Patent Application Publication
e



FIG. 4D

RSL
FIG. 4C



US 2015/0094962 A1

Apr. 2,2015 Sheet 9 of 31

Patent Application Publication

05¢)

09¢1

e o o St . e et

e e e i e

0ech



Patent Application Publication  Apr. 2,2015 Sheet 10 of 31  US 2015/0094962 A1

220
A
FIG. 4H

1220

1210
A

1210



Patent Application Publication

1110

HEADER
> AR BOR
=
13041 CIRCUIT BOARD 1
hY
120 <
HOUSING
BATTERY
1140 /
\

FRONT

FIG. 5A

Apr. 2,2015 Sheet 11 of 31

US

2015/0094962 A1

BOARD #

(EEN]

|

BOARD #2
SIDE

1140-H

o

[



US 2015/0094962 A1

Apr. 2,2015 Sheet 12 of 31

Patent Application Publication

s>~

dg oOld
19N
A
- o) D
K14 2 r—
A T ;ilﬂ ML ——CEED
owzm.“_%%@ - Lol g ] lnow ONHOLNS >
m%g SO — wzmz% 30041031 B>
BE
iy Wy | gs {10
_ o [ s [ L I o~
g L L Qv | KV ] WY om0y
G > e HOSS00N | SN0 s
- <o | s 2 ooz <ED
- ) G
A .
0s1—" ETHY TS NIV
WX O] ([0 eS|
S EEETLEIR L > A0
o« RN 109
n G 40S52080HIN RULHEEL MIFFRL
=t »  SNOUVONOWHOD |l INLONONI




Patent Application Publication  Apr. 2,2015 Sheet 13 0f31  US 2015/0094962 A1

L ——

LRI oermaan

P NEASURED RESﬂRATORY PERIOD  PREDICTED RESEI\RATORY PERIOD

r ' oy
% g LT PREDICTED ACTUAL
/ \\ B T
PEDANCE T OF PREDCTED
REPRATORY
o / \ w0 | /]
AN PHASEARUST PREDICTIONERROR

INSPRATION EXPIRATION

TIVE ————

STMLTDAPEROD
FIG. 6B

PREDICTED RESBLRATORY PERIOD  PREDICTED RESPRATORY PERICD PREDCTED RESBLRATORY PERIOD

(

FREDICTED~ [, ~HCTUAL PREDKTED~ " PRED!CTED\:

PEAK PEAK PEAK PEAK
5% OF PREDICTED 15'% OF PREDICTED : 76% OF PREDICTED
RESPIRATORY PERIOD RESPIRATORY PERIOD  RESPIRATORY PERICD

PHASE ADJUST =~

I g R St I e
STIMULATION PERIOD STIMULATION PERICH STAULATION PERIOD

FIG. 6C




Patent Application Publication  Apr. 2,2015 Sheet 14 of 31  US 2015/0094962 A1

G.

FIG. 8D Default Stmulation

Basic Retention
FIG. BE S S— Intensity

Retention Intensity
FIG. 6F s
Soft Start

FIG. 686G

Nested Stimulation

FIG. 6H  EaEmmm



US 2015/0094962 A1

19 OIS
TN

wowv— T
—
o
e (Qvp) p=x gy — EEEE% 8
w,
—
g (90VE) £=X ‘FOVX — % L
wn
o fevderom— ——) L L LI | [LrLrLr | L 9
<>
ol
% oonEaY— | L] [ LW T Y] T
[=3
-

300 080Y — E 1| | | LT E L] E LT ¥
=
(=]
m Jaomovoy — L1 L L L LT LT L] L I |€
.m
- JACN aveY — g Z
[=]
Om
5 somww— LT L L L rl i i e i rererir |
"= TVl
=9
-«
=
(=P}
=
=™



US 2015/0094962 A1

Apr. 2,2015 Sheet 16 of 31

Patent Application Publication

re ‘oid
/i - s //
w
e
4 173
m. s
o w
3 o
m a
=
joX
durey
EpEpEpEEN L AgEpEpw g
Ausuau|
Adesay] L
Aysusyuj
Aderay i G
SINOH 310D

Aysusjuj uolenuing



Patent Application Publication

Apr. 2,2015 Sheet 17 of 31

US 2015/0094962 A1

PROGRAMMER HEAD
200

PROGRAMMER
INTERFACE

2400

PROGRAMMER
SYSTEM

PROGRAMMER
COMPUTER




Patent Application Publication  Apr. 2,2015 Sheet 18 of 31  US 2015/0094962 A1

DADNTH0
00

210 L e

/ Doyt Wﬁ

USBTOPC | ush || McROPROCESSOR > TRy

=
=

NTERFACE [ ~ -«

DRVERS | [TELEMETRY
» RECENER | COL

RAM |FLASH] 10} TELENETRY

NERFCE | APFER~ | JOERISERALIAC ] COMR0. 1 otz | 11 {

POWER | CONTROL } WERACE] 1 T <
B0 L. | ST g s [

2440 *wwm /—WWL }

‘ | ouTPUT3 > HEADPOWER  ["POWER

4
wm{%imm
PR | | BFLTERNG /] g
T~ o 1|t /1 SR | B> O H0

J y,
S M
FITERED 2420 210
SGNAL  PROGRAMMER INTERFACE CCT PROSRAMMER HEAD (T
FIG. 7B
USBTOPC ISt L seL ANALOG
) " WERRGE ] ISOLATION OUTRTS
TOPSG
Mpmmmm
\. J
Y
MARKER BOX 0T
Wy

FIG. 7C



Patent Application Publication  Apr. 2,2015 Sheet 19 of 31  US 2015/0094962 A1

THERAPY CONTROLLER 2500-"] | © 12510

it O TN

2530
2550 2560
FIG. 8A
TELEMETRY > o MENBRANE
TELEMETRY DRIVER & MICROPROCESSOR SWITCHES
CoLL RECEVER | - LEDS
RAM_[FLASH ] 10
BATTERES (- [ THER [SERIAL[ AD ||  BZEPER
N J
Y
THERAPY CONTROLLER GCT
FIG. 8B
MAGNET 2600

FIG. 9



US 2015/0094962 A1

0l ©9Id
T o m
; \/ 00ge: N m
“ % [ Sovaal ;
; HIANVEOOUd ;
m %08

-1 HDRVA | p3isas uamnva00sd |

oole--"

Apr. 2,2015 Sheet 20 of 31

0082-"]

—~ 0022
0y3H
"H0d

Patent Application Publication



Patent Application Publication  Apr. 2,2015 Sheet 21 of 31  US 2015/0094962 A1

RIGHT SIDE LEFT SIDE

|~ MIDAXILLARY LINE
MIDAXILLARY LINE

FIG. 11A



US 2015/0094962 A1

Apr. 2,2015 Sheet 22 of 31

Patent Application Publication

alL Ol

dil Ol

0108

0z0¢

ALl

00i€

=

810¢

Qc0e

W 0008



Patent Application Publication

Apr. 2,2015 Sheet 23 of 31

INPLANT

10100

US 2015/0094962 A1

\

OVERALL TTTRATION PROCESS

102001 PROCESS

ANAKE TITRATION

LIMITS,

!

o /

STTMULATION THRESHOLDSAND
TONGUE RESPONSE

PROGRAN

10300~ (SET STHA < INTAL CONFORT LT} [~ DATA

————— S—— Wo——— S—— o] ——

Y

DAYTIVE

104001 FAMILISRIZATION

Y

SLEEPTITRATION

10500~ PROCESS

1

EFFEGTVE STMULATION (GOAL)
RANGE; PREFERRED SENSING
VECTORS; UP-TITRATION PLAN

PROGRAM

10600~ NTIAL HERAPYDELVERYSETTHGS) [~ Tik

[ VRS RS P —

Y

NIGHTTINE

10700~ FAMILIARIZATION

Y

10800~

UP-TITRATION PROCESS

M

ASSESSNENT

DEVICE USAGE, PATIENT
FEEDBAGK; PHYSICIAN

PROGRAN
10800~

(ALPREFERREDSETTNGY) [~ — "8~

Y

1o~ REGULARUSE

1

| o TSESED

6, 04 P36, RETTATY

FIG. 12A



US 2015/0094962 A1

Apr. 2,2015 Sheet 24 of 31

Patent Application Publication

gcl olid

NOUYZIAVITYA
FALD

+

(LI 2HOMOO LI > ALLS 138)

RYH00dd

JH0M03SI0 0 TOHSTHL. »
H133L 1Svd LNANIACK
ININOLTTEISIAH0 TIOHSTHHL »

INEWFAON NONOL IZMALIVHVHD »

3k

EIRE]]
IR TN

AN

Uudnamon 7

Ave08d

{dity DNERZON) 1
WRID0N

06201

- 0720}

INEABAON FNSNOL TIESIA 0 TIOHSRHL @ VM= -
NOLYdTrd AG NOLYALLY
TONOLIO TTOHSTHHL @ T
NDLLYSNESINO(LAEOM 40 CTOHSTHHL
NOLYSHAS O i~ Slsemoosyd |
NOLYINS 1531 ~
h
0120} ~_| ERANLAY dO-LNI = LS 13g)
HVHO0d
A
.owwe
0404
™ Wi $53004d NOLIYILL AN



Patent Application Publication

Apr. 2,2015 Sheet250f31  US 2015/0094962 A1

DAVTINE

10400
AMLIARIZATION

10610~

Y
INTIATE SCEEP STUBY
(P36 W/FLOW HETER)

SLEEP TITRATION PROCESS

10620~

Y
ASSESS RESPIRATION

DATA

SENSING

PREFERRED VECTORS /L—ﬁh 0

A

10830~

PROGRAM

(SET STIMANP = LONLEVEL)
¥

¥

TEST STIMULATION
(G, RANP UPAT 2N

~10540
INTERVALS)

{

10650~

EVENT RESPONGE

DAQ

DA/ AONEAS, HYPOPNEAS, ARQUSALS,
— >/ DESATS, CYCLING, EVENT -
ELIMINATION DATA

10560~

j
DAY
FLOWRESPONSE

DATA

/ 10670

FROGRAN
INREMENTAP)

10580

PROGRAN s

IVEWSETTING .G, CHANGE
HODE 8 SE7STIANP = LOW
BV

-

Fd

CANTFEDFLO /L1
|
A

TN GAUSED

|
|
AROUSAL? {
|
|

ERFECTIVE STAULATION RANGE

PREFERRED SENGING VECTORS';/~
UP-TITRATONPLAN

TESTADOL
SETTINGS?

N

/

| DA
|

10600~

(NTIAL THERAPY DELIVERY

PROGRAM

SETTINGS)

Y

10700~

NGHTTIE
FAMLIARIZATION

FIG. 12C



US 2015/0094962 A1

Apr. 2,2015 Sheet 26 of 31

Patent Application Publication

h

-0v80}

- 0£301

m NV NOLVa
'SH0L3A SNISNAS (R
SONVS NOLYTVALLS L0343

0001
w7
¥ 3
R \
. (ONILLS HIES NAWTOND
09 = WIS oty
(FONVHTT0L SSTH0AV OL
SONILIZS RHEATR0 AVAEHL 1Snray)
HYNO0Yd
llllllllllll ] SONLLITS THO9 0280}
m r A=
“ %i I
| INARSSI5SY NVIDISAHd | _-01801
m\ e e AT Ik
_ F
|
]

NOILVZ

VT

FHILIHON

N

t

\

B \
0080}

0000 SN0 NOIPHLIL-dN



US 2015/0094962 A1

Apr. 2,2015 Sheet 27 of 31

Patent Application Publication

gl old

JHL —

MOTHIIY —

{dnvd gvp) :
=X AV gvX—
{dnv gove)
£=X ‘Y S0VX —
(diNvd 0gve) ] : j EEEHSH
£=X dNvY 0BYX —— | :
ﬁgﬁfuSE?&%E%EE%%E?E@E&%@%E@E
JINYY 080V — : t:_:::_:_t_l i |

dVY V0V — %%%Jj%q;

diiVd avay —

YA VY Yy — Sﬁ%@:ﬁ%@dﬁéﬁg

AN

éw:o% .mSmj HIN .mSm.w N TEATTONG .m>m._ 18I

#30Vdl



US 2015/0094962 A1

Apr. 2,2015 Sheet 28 of 31

Patent Application Publication

¥i Bid

(yw) Azlsujuj uopnemnunis

1% e [ 1 8]
_ d poyselyl %"
aamdeD
=
)
i=
<
ploysaJiyL penouwey sjusni W
.................... Aoelidsead

fesnoly :

NBaYB[d MOJLIN - ~---re--oomeee

uonemnuiis
0] esuodsey MOJHIY JO sjdwex3




Patent Application Publication  Apr. 2,2015 Sheet29 of 31  US 2015/0094962 A1

2700 <

210

FIG. 15



Patent Application Publication  Apr. 2,2015 Sheet 30 of 31  US 2015/0094962 A1

Oxygen Desaturation Distribution on

Example Patient

__60

T 50

>

E 40

Q

@ 30

220

&

— 10

a)

0 5 10 15 20

Oxygen Desaturation (%)

FIG. 16



Patent Application Publication

Apr. 2,2015 Sheet 31 of 31

US 2015/0094962 A1

‘Baseline ODI as Predictor of Therapeutic R@spaﬁns&

50 | N

40 -
30~

20-

oDI Ra{f,:eﬂ"(ﬁveﬂtsi hr)

Feasibility Trial - Last
Follow-Up

e I i@clequate

gt~ Borderline (Thresh +/- 25%) |

g Strong

FIG. 17

10 15 20 25



US 2015/0094962 A1

OBSTRUCTIVE SLEEP APNEA TREATMENT
SCREENING METHODS

RELATED APPLICATION(S)

[0001] This application claims priority to U.S. Provisional
Application Nos. 61/885,991, filed Oct. 2, 2013, and 62/058,
914, filed Oct. 2, 2014, the entire disclosures of which are
hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The embodiments described herein relate to
devices, systems and associated methods for treating sleep
disordered breathing. More particularly, the embodiments
described herein relate to devices, systems and methods for
treating obstructive sleep apnea.

BACKGROUND

[0003] Obstructive sleep apnea (OSA) is highly prevalent,
affecting one in five adults in the United States. One in fifteen
adults has moderate to severe OSA requiring treatment.
Untreated OSA results in reduced quality of life measures and
increased risk of disease including hypertension, stroke, heart
disease, etc.

[0004] Continuous positive airway pressure (CPAP) is a
standard treatment for OSA. While CPAP is non-invasive and
highly effective, it is not well tolerated by patients. Patient
compliance for CPAP is often reported to be between 40%
and 60%.

[0005] Surgical treatment options for OSA are available
too. However, they tend to be highly invasive (result in struc-
tural changes), irreversible, and have poor and/or inconsistent
efficacy. Even the more effective surgical procedures may be
undesirable because they usually require multiple invasive
and irreversible operations, they may alter a patient’s appear-
ance (e.g., maxillo-mandibular advancement), and/or they
may be socially stigmatic (e.g., tracheostomy).

[0006] U.S. Pat. No. 4,830,008 to Meer proposes hypoglo-
ssal nerve stimulation as an alternative treatment for OSA. An
example of an implanted hypoglossal nerve stimulator for
OSA treatment is the Inspire™ technology developed by
Medtronic, Inc. (Fridley, Minn.) and described in an eight
patient human clinical study, the results of which were pub-
lished by Schwartz et al. in Therapeutic Electrical Stimula-
tion of the Hypoglossal Nerve in Obstructive Sleep Apnea,
127 Arch OtoraryNGoL Heap NEck Surg 1216-1223 (2001)
(hereinafter “Schwartzetal.”) and by Eisele et al. The Inspire
device includes an implanted neurostimulator, an implanted
nerve cuff electrode connected to the neurostimulator by a
lead, and an implanted intra-thoracic pressure sensor for res-
piratory feedback and timing of stimulation delivery. The
Inspire device was shown to be efficacious (approximately
75% response rate as defined by a 50% or more reduction in
RDI (Respiratory Disturbance Index) and a post RDI 0f20) in
the eight patient human clinical study. However, both study
authors reported that only three of eight patients remained
free from device malfunction, thus demonstrating the need
for improvements.

SUMMARY

[0007] To address this and other unmet needs, the present
disclosure provides, in exemplary non-limiting embodi-
ments, devices, systems and methods for nerve stimulation
for OSA therapy as described in the following detailed
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description. Potential screening methods can be utilized to
increase the likelihood of therapeutic efficacy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] It is to be understood that both the foregoing sum-
mary and the following detailed description are exemplary.
Together with the following detailed description, the draw-
ings illustrate exemplary embodiments and serve to explain
certain principles. In the drawings:

[0009] FIG. 1isaschematicillustration of a system accord-
ing to an embodiment of the present disclosure, including
internal (chronically implanted) and external components.
[0010] FIG. 2is a perspective view of a stimulation lead for
use in the system shown in FIG. 1, including a detailed view
of the distal end of the stimulation lead.

[0011] FIG. 3Ais a detailed perspective view of the cuff of
the stimulation lead shown in FIG. 2.

[0012] FIG. 3B is a lateral cross-sectional view of the cuff
shown in FIGS. 2 and 3A.

[0013] FIG. 4A is a perspective view of a bifurcated respi-
ration sensing lead which may be used in the system shown in
FIG. 1.

[0014] FIG. 4A1is a detailed perspective view of the proxi-
mal connector assembly of the respiration sensing lead shown
in FIG. 4A.

[0015] FIG. 4A2 is a detailed perspective view of the bifur-
cation section of the respiration sensing lead shown in FIG.
4A.

[0016] FIG. 4A3 is a detailed perspective view of the con-
tra-lateral distal body portion of the respiration sensing lead
shown in FIG. 4A.

[0017] FIG. 4A4 is a detailed perspective view of the ipsi-
lateral distal body portion in the respiration sensing lead
shown in FIG. 4A.

[0018] FIG. 4B is a detailed perspective view of an alterna-
tive embodiment of the respiration sensing lead which may be
used in the system shown in FIG. 1.

[0019] FIG. 4B11sa detailed perspective view of the proxi-
mal connector assembly of the respiration sensing lead shown
in FIG. 4B.

[0020] FIG. 4B2 is a detailed perspective view of the distal
body portion of the respiration sensing lead shown in FIG.
4B.

[0021] FIG. 4C illustrates the implanted system shown in
FIG. 1 with the respiration lead shown in FIG. 4A.

[0022] FIG. 4D illustrates the implanted system shown in
FIG. 1 with the respiration lead shown in FIG. 4B.

[0023] FIG. 4E illustrates an alternative embodiment of the
respiration sensing lead which may be used in the system
shown in FIG. 1.

[0024] FIG. 4F illustrates an alternative embodiment of the
respiration sensing lead containing a loop-back region. This
lead may be used in the system shown in FIG. 1.

[0025] FIG. 4G illustrates an alternative embodiment ofthe
respiration sensing lead which may be used in the system
shown in FIG. 1.

[0026] FIG. 4H illustrates an alternative embodiment ofthe
respiration sensing lead which may be used in the system
shown in FIG. 1.

[0027] FIG. 5A shows front, side and top views of an
implantable neurostimulator for use in the system shown in
FIG. 1.
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[0028] FIG. 5B is a schematic block diagram of electronic
circuitry for use in the implantable neurostimulator shown in
FIG. 5A.

[0029] FIGS. 6A, 6B, and 6C illustrate a respiratory wave-
form as detected by a bio-impedance signal, and further illus-
trate physiological events corresponding to the waveform and
exemplary stimulation delivery algorithms for use in the sys-
tem shown in FIG. 1.

[0030] FIGS. 6D, 6E, 6F, 6G, and 6H illustrate various
stimulation pulse configurations for the implantable neuro-
stimulator shown in FIG. 1, as may be used for therapy or
sleep titration, for example.

[0031] FIG. 6l (traces 1-8) shows various stimulation
modes for the implantable neurostimulator shown in FIG. 1,
as may be used for therapy or sleep titration, for example.
[0032] FIG. 6] shows a stimulation regimen called core
hours for the implantable neurostimulator shown in FIG. 1, as
may be used as a therapy mode.

[0033] FIG. 7A is a schematic illustration of the program-
mer system for use in the system shown in FIG. 1.

[0034] FIGS. 7B and 7C are schematic block diagrams of
electronic circuitry for use in the programmer system for
shown in FIG. TA.

[0035] FIG. 8A is a schematic illustration of the therapy
controller for use in the system shown in FIG. 1.

[0036] FIG. 8B is a schematic block diagram of electronic
circuitry for use in the therapy controller shown in FIG. 8A.
[0037] FIG.9isatop view of a magnet for use in the system
shown in FIG. 1.

[0038] FIG. 10 is a schematic illustration of an interface of
the system shown in FIG. 1 and polysomnographic (PSG)
equipment as may beusedina sleep study for therapy titration
or therapy assessment, for example.

[0039] FIG. 11A is an anatomical illustration showing the
incision sites and tunneling paths that may be used for
implanting the internal components shown in FIG. 1.

[0040] FIG. 11B is a perspective view of a disassembled
tunneling tool for use in tunneling the leads of the system
shown in FIG. 1.

[0041] FIG. 11C is a detailed perspective view of the
assembled tunneling tool shown in FIG. 11B, but with the cap
removed to expose the distal connector for attaching to the
lead carrier disposed on the proximal end of a lead.

[0042] FIG. 12A shows a flowchart of an idealized therapy
process and the sub-processes that may be involved.

[0043] FIGS.12B, 12C, and 12D show detailed flowcharts
of idealized therapy sub-processes shown in FIG. 12A.
[0044] FIG. 13 (traces 1-9) illustrate various stimulation
output modes of the implantable neurostimulator shown in
FIG. 1.

[0045] FIG. 14 illustrates an example of the effect of stimu-
lation on airflow.

[0046] FIG. 15 illustrates a sleep wand, for wireless com-
munication with the neurostimulator during sleep.

[0047] FIG. 16 illustrates an example oxygen desaturation
curve.
[0048] FIG.17 provides oxygen desaturation curve data for

twenty-five subjects from a clinical trial, sub-divided by
therapeutic response.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0049] The following detailed description should be read
with reference to the drawings in which similar elements in
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different drawings are numbered the same. The drawings,
which are not necessarily to scale, depict illustrative embodi-
ments and are not intended to limit the scope of the disclosure.

Overall System

[0050] FIG. 1 schematically illustrates an exemplary hypo-
glossal nerve stimulation (HGNS) system 100 comprising
internal components 1000 and external components 2000.
The HGNS system 100 may treat obstructive sleep apnea
(OSA) by increasing neuromuscular activity to the genioglo-
ssus muscle via stimulation of the hypoglossal nerve (HGN),
such as synchronous with inspiration, to mitigate upper air-
way collapse during sleep. Stimulation may be generated by
an implantable neurostimulator (INS) 1100, for example syn-
chronized with inspiration as measured by the respiration
sensing lead (RSL) 1200 using bio-impedance, and delivered
to the hypoglossal nerve by a stimulation lead (STL) 1300. A
programmer system 2100 and a therapy controller 2500 may
be wirelessly linked to the INS 1100. The programmer system
2100 may include a computer 2300, a programmer interface
2400, and a programmer head 2200. The programmer system
2100 may be used by the physician, a sleep lab technician, or
care provider to control, monitor, and program the INS 1100
during surgery and/or therapy titration, and the therapy con-
troller 2500 may be used by the patient or a care provider to
control and monitor limited aspects of therapy delivery.
[0051] The implanted components 1000 of the HGNS sys-
tem 100 may include the INS 1100, STL 1300, and RS 1200.
The INS may be designed to accommodate one STL 1300 and
one RSL 1200. One STL 1300 may be used for unilateral
implantation and unilateral hypoglossal nerve stimulation.
Similarly, one RSL 1200 may be used for respiration detec-
tion. Alternative embodiments of the RSL 1200 are described
below and may be substituted. Therefore, for purposes of
illustration not limitation, the INS 1100 is shown with STL
1300 and a bifurcated RSL 1200.

[0052] The implanted components 1000 may be surgically
implanted with the patient under general anesthesia. The INS
1100 may be implanted in a subcutaneous pocket inferior to
the clavicle over the pectoralis fascia. The distal end of the
STL 1300 (cuff 1350) may be implanted on the hypoglossal
nerve or a branch of the hypoglossal nerve in the subman-
dibular region, and the proximal end of the STL 1300 may be
tunneled under the skin to the INS 1100. The RSL 1200 may
be tunneled under the skin from the INS 1100 to the rib cage
and placed on the costal margin. The INS 1100 of the exem-
plary embodiment detects respiration via the RST. 1200 using
bio-impedance.

Stimulation Lead (STL)

[0053] FIG. 2 schematically illustrates the STL 1300 in
more detail. The STL 1300 may be designed to deliver the
stimulation signal from the INS 1100 to thehypoglossal nerve
and may include a proximal connector assembly 1310, a main
tubular body 1330, and a distal cuff 1350. The main tubular
body of the STL may include a sigmoid shaped section 1370
and a distal flexible transition section 1380 proximal of the
cuff. The STL may have a nominal outside diameter 0o 0.062
inches to have minimal cosmetic impact, and a nominal over-
all length of 17.7 inches (45 cm) (including cuff) to extend
from the infraclavicular region (INS) to the submandibular
region (hypoglossal nerve) and to accommodate anatomical
variation.



US 2015/0094962 A1

[0054] The main tubular body 1330 of the STL 1300 may
be designed to withstand gross neck movement as well as
mandibular movement and hypoglossal nerve movement
caused by talking, chewing, swallowing, etc. To survive in
this high fatigue environment, the main tubular body 1330
may incorporate a highly compliant silicone jacket in the
form of a sigmoid, and two conductors 1390 (one for cathode
electrodes, one for anode electrodes), each comprising ETFE
insulated MP35N multifilament cable disposed inside the
jacket in the form of a bi-filar coil (not visible). This design
may provide high fatigue resistance and three-dimensional
flexibility (bending and elongation).

[0055] The proximal connector assembly 1310 may be
designed to provide a reliable mechanical and electrical con-
nection of the STL 1300 to the INS 1100. It may have a
number of strain relief elements that enable it to withstand
handling during insertion and removal from the INS 1100, as
well as adverse conditions encountered when implanted. The
connector assembly 1310 may include two in-line stainless
steel ring contacts (one for each conductor 1390) and two
silicone ring seals. STL proximal connector contacts 1310
may have a nominal outside diameter of about 0.122 inches.
Set screws in the header of the INS 1100 may bear down on
the contacts, and together with the ring seals, provide a sealed
mechanical and electrical connection to the INS 1100. As an
alternative, wound coil spring contacts may provide mechani-
cal and electrical connections.

[0056] More detailed views of the cuff 1350 are shown in
FIGS. 3A and 3B, wherein FIG. 3A schematically illustrates
the cuff 1350 in isometric view, and FIG. 3B schematically
illustrates the cuff 1350 in cross-sectional view. The cuff 1350
may have a hinged oval-shaped silicone body (collectively
1352 and 1354) to define an oval lumen 1355 that may pro-
vide secure and gentle retention around the hypoglossal
nerve. The cuff 1350 may be designed to fit the nerve very
closely to minimize tissue growth between the electrode and
nerve. The cuff 1350 may be designed to be self-sizing such
that different nerve diameters may be accommodated safely.
The self-sizing may safely adjust to larger sizes if swelling
occurs. This may reduce the likelihood of nerved damage
caused by unsafe pressures. Thus, the cuff may be available in
two sizes to accommodate nerves of different diameter: a
small size to accommodate nerves having a diameter of up to
about 2.5-3.0 mm, and a large size to accommodate nerves
having a diameter of up to 3.0-4.0 mm. At 3.0 mm nerve
diameter, either size cuff may fit the nerve with minimal open
space for tissue in-growth. Using a large cuff on a 2.5 mm
nerve may allow clearance between the nerve and electrode
which promotes capsule formation between the cuff and
nerve. This may cause an increase in capture threshold but
may not affect safety. Conversely, a small cuff placed on a
large nerve may minimize electrode coverage around the
nerve and may fall off with swelling. The short side 1352
(e.g., 4.0 mm long) of the cuff body may fit between nerve
branches and connective tissue on the deep side of the nerve,
thereby minimization nerve dissection. The long side 1354
(e.g., 10.0 mm long) of the cuff body may rest on the super-
ficial side of the nerve (where few branches exist) and may be
connected to the transition section 1380 of the main lead body
1330.

[0057] A silicone strap 1356 may be connected to and
extend from the short side 1352 of the cuff body. A silicone
top plate comprising an integral base portion 1359 and loop
1358 may be attached to and cover the exterior surface of the
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long side 1354 of the cuff body. The strap 1356 may freely
slide through the loop 1358, and wrap around the long side
1354 of the cuff body. The strap 1356 may be removed from
the loop 1358 for placement of the cuff 1350 around the nerve
and reinserted into the loop 1358 to hold the cuff 1350 on the
nerve. A mark may be disposed on the strap 1356 of the small
size cuff to indicate that the cuff is too small and that a larger
size cuff should be used if the mark does not pass through the
loop 1358. The cuff body may readily expand along a hinge
line 1353 (defined at the junction of the short side 1352 to the
long side 1354) as well as other portions of the cuff 1350
structure. Expansion of the cuff body may accommodate
nerves of different diameters and nerve swelling after implan-
tation, while the strap 1356 may remains in the loop 1358 to
retain the cuff 1350 on the nerve. In the event of excess nerve
swelling (e.g., >50% increase in nerve diameter) or traction
from the lead 1300 (e.g., as may accidentally occur during
implantation), the strap 1356 may pull out of the loop 1358
and release the cuff 1350 from the nerve to minimize the
potential for nerve damage.

[0058] The cuff body may carries four platinum-iridium
electrodes 1360 (e.g., 2.0 mm? exposed area each for small
cuff, 3.0 mm? exposed area each for large cuff), with one
cathode electrode 1360 on the short side 1352, another cath-
ode electrode 1360 (not visible) diametrically opposed on the
long side 1354, and two anode electrodes 1360 guarding the
cathode electrode 1360 on the long side 1354. This guarded
dual cathode arrangement may provide a more uniform elec-
trical field throughout the cross-section of the nerve while
minimizing electrical field outside of the cuff. One conductor
1390 may be connected to the cathode electrode 1360 on the
long side, to which the other cathode electrode 1360 on the
short side may be connected by a jumper wire. Similarly, the
other conductor 1390 may be connected to the distal anode
electrode 1360, to which the proximal anode electrode 1360
may be connected by jumper wire. With this arrangement, the
cathode electrodes may be commonly connected to one con-
ductor 1390 and the anode electrodes may be commonly
connected to the other conductor 1390.

[0059] Withthe exception of the metal electrode contacts in
the cuff, all external surfaces of the STL 1300 exposed to the
body when implanted may comprise implantable grade poly-
mers selected from the following: silicone, and fully cured
silicone adhesive. The metal electrode contacts in the cuff
may comprise implantable grade platinum-iridium and may
be secured to the silicone cuff body with silicone adhesive, for
example.

Respiration Sensing Lead (RSL)

[0060] FIGS. 4A-4G schematically illustrates the respira-
tion sensing lead (RSL) 1200 in more detail. The respiration
sensing lead 1200 may be designed to measure bio-imped-
ance and includes a proximal portion with a proximal con-
nector assembly 1210, a proximal tubular body 1220 ending
in a bifurcation section 1280, and ipsi-lateral and contra-
lateral distal portions extending from the bifurcation section.
Each distal portion may include a tubular body 1220, a proxi-
mal sigmoid section 1230, a distal sigmoid section 1240, one
or more current injection ring electrodes 1250, one or more
voltage sensing ring electrodes 1260, anchor tabs 1270, and a
suture hole 1290 in the most distal ring electrodes. Alterna-
tively, the ring electrodes 1250 and 1260 may be dual-func-
tion, such that each electrode may function as either a current
emitting electrode or voltage sensing electrode. The ipsi-
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lateral distal portion may contain three ring electrodes, the
most distal being a current emitting electrode 1250 and con-
taining a suture hole 1290, and the other two electrodes being
voltage sensing electrodes 1260. The contra-lateral distal por-
tion may contain two ring electrodes, the distal being a cur-
rent emitting electrode 1250 and containing a suture hole
1290, and the proximal a voltage sensing electrode. In at least
one embodiment, the suture holes may be in the most distal
ring electrodes since no wires pass through this point and
because this may provides a robust anchor point for the elec-
trode to be sutured on the costal margin muscle fascia. The
RSL 1200 may have a nominal outside diameter of about
0.072 inches to have minimal cosmetic impact. The RSL
proximal connector contacts 1210 may have a nominal out-
side diameter of about 0.122 inches (same as the STL proxi-
mal connector contacts 1310). The distal ring electrodes
(here, current emitting electrodes 1250), may also have a
nominal outside diameter of 0.122 inches. This uniformity in
diameters may allow the same lead carrier 3100 to place both
STL 1300 and RSL 1200 leads for tunneling.

[0061] The distance from the tip of the proximal connector
1210 to the bifurcation section 1280 may have an overall
length of 8.9 inches (22.5 cm). The distance from the bifur-
cation section 1280 to the ipsi-lateral proximal anchor tab
1270 may be 9.6 inches (24.4 cm) unstretched and 12.2 inches
(31 cm) stretched. The distance from the bifurcation section
1280 to the contra-lateral proximal anchor tab 1270 may be
13.5 inches (34.3 cm) unstretched and 16.1 inches (41 cm)
stretched. The distance from the proximal anchor tab 1270 to
the distal suture hole 1290 may be 2.8 inches (7 cm)
unstretched and 3.1 inches (8 cm) stretched on both the con-
tra-lateral and ipsi-lateral distal portions. The RSL 1200 may
extend from the infraclavicular region (where the INS 1100 is
implanted) to the ipsi-lateral and contra-lateral thorax where
the RSL 1200 may be implanted to accommodate anatomical
variation.

[0062] The bifurcated RSL, 1200 design may enable one
RSL 1200 to sense bio-impedance on the contra-lateral and
ipsi-lateral sides of the thorax. Two RSLs 1200, one on each
side of the patient’s chest, may also achieve this. The bifur-
cated design may achieve this result while reducing the num-
ber of implanted components and reducing volume of the INS
header 1110 since only one RSL port 1112 is required.

[0063] The main tubular lead body 1220 of the RSL. 1200
may be designed to withstand thoracic movement due to
flexion, extension, rotation and breathing. To withstand this
environment, the main tubular body 1220 may include a
flexible silicone jacket formed such that each distal end has
two sigmoid sections, 1230 and 1240, and conductors com-
prising small diameter ETFE insulated MP35NLT cables (not
visible) disposed inside the jacket. An injection molded Y-fit-
ting (yoke) connects the proximal portion of the RSL 1200 to
the distal portions, creating the bifurcation section 1280.
Conductors, here five, may be continuously fed from the
connector assembly through the proximal tubing body 1220
and proximal portion of the Y-fitting. Three of these conduc-
tors may continue through the ipsi-lateral distal portion of the
Y-fitting to the ipsi-lateral distal tubing body of the RSL. The
other two conductors may continue through the contra-lateral
distal portion of the Y-fitting and to the contra-lateral distal
tubing body of the RSL. The tubing bodies may be adhesively
bonded or molded to the Y-fitting. The number of conductors
may equal the number of contacts in the INS header 1112,
here five. Two of the conductors, one on each side, may
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connect proximally to current emitting header contacts, (e.g.,
R1 and L1), and terminate distally in current emitting elec-
trodes 1250. Three ofthe conductors may connect proximally
to voltage sensing header contacts (e.g., R2, R3, and L.3) and
terminate distally in voltage sensing electrodes. As men-
tioned previously, dual-function electrodes may enable any
electrode (ring electrode 1250 or 1260) to emit current or
sense voltage. This switching may occur via components on
the INS circuit board 1130. Alternatively, a bridge may be
formed joining two contacts in the proximal connector
assembly such that the corresponding electrode may function
as either a current emitting electrode 1250 or voltage sensing
electrode 1260. Dual-function electrodes may enable more
vectors in an implanted region without additional electrodes.
[0064] The proximal sigmoid section 1230 may isolate
movement of the INS 1100 from the electrodes 1250 and
1260, and accommodates anatomic variations in thoracic
length. The distal sigmoid section 1240 may allow adjust-
ment in the distance between electrodes 1250 and 1260, and
reduce strain applied between the anchor tabs 1270, which
may be secured with sutures to the underlying fascia when
implanted. The proximal sigmoid 1230 section may have 5
wavelengths with an outside peak-to-peak dimension of
approximately 0.84 inches (2.1 ¢cm) and an overall length of
7.0 inches (17.8 cm). The distal sigmoid 1240 section may
have half a wavelength with a center-to-center peak-to-peak
dimension of approximately 0.43 inches (2.1 cm) and an
overall length of 0.869 inches (2.2 cm).

[0065] The two distal portions’ electrodes 1250 and 1260
may comprise five electrodes total, and each may comprise
MP35N rings having an exposed surface area. The distal
electrode containing a suture hole 1290 may have an exposed
surface area of 73.8 mm? including the suture hole 1290, and
66.4 mm* not including the suture hole 1290. The proximal
electrode containing an anchor tab 1270 may have an exposed
surface area of'30.5 mm? and the electrode without an anchor
tab may have an exposed surface area of 32.0 mm?, Tubular
strain relief segments may be disposed on the lead body on
either side of electrode 1250 or 1260. Where the strain relief
segments are adjacent to each other, a gap may be provided
there between the strain relief segments or the segments may
abut one another to avoid a stress concentration point. Strain
reliefs may also be disposed on each end of the electrodes
1250 or 1260 to avoid stress concentration points. The anchor
tab 1270 may be disposed over an electrode leaving the proxi-
mal and distal extremities of the electrode exposed.

[0066] At any given time, the INS 1100 may detect imped-
ance along a vector, with each end of the vector defined by a
current delivery electrode 1250 and a voltage sensing elec-
trode 1260. In each vector, a small excitation current may be
delivered between the two current emitting electrodes 1250,
and the corresponding change in voltage may be measured by
the two voltage sensing electrodes 1260. The INS housing
1120 may also act as a current emitting and/or voltage sensing
electrode, or contain smaller current emitting and/or voltage
sensing electrodes on its surface. Changes in impedance may
be calculated by dividing the change in voltage by the exci-
tation current, which correspond to movement of the dia-
phragm, lung, and other tissues to produce a signal indicative
of respiratory activity.

[0067] The proximal connector assembly 1210 of the RSL
1200 may be designed to provide a reliable mechanical and
electrical connection of the RSL 1200 to the INS 1100. It has
anumber of strain relief elements that may enable it to with-
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stand handling during insertion and removal from the INS
1100, as well as adverse conditions encountered when
implanted. The connector assembly 1210 may include five
in-line stainless steel ring contacts (one for each conductor)
and five silicone ring seals. Setscrews in the header of the IN'S
1100 may bear down on the contacts, and, together with ring
seals, provide a sealed mechanical and electrical connection
to the INS 1100. Ring seals may be part of the RSL 1200 or
the INS header 1110. With the exception of the distal elec-
trodes, all external surfaces of the RSL 1200 exposed to the
body when implanted may comprise implantable grade poly-
mers selected from the following: silicone, and fully cured
silicone adhesive. The distal electrodes may comprise
implantable grade MP35N and may be sealed to the lead body
with silicone adhesive, for example.

[0068] A wide variety of respiration sensing lead designs
may be employed to provide at least one bio-impedance vec-
tor (current injection electrode pair and voltage sensing elec-
trode pair) from a point along the costal margin to a point
along the opposite (trans-lateral) costal margin, to a point
along the same side (ipsi-lateral) costal margin, or to a point
in the infraclavicular region, as seen in FIG. 4C. For example,
an alternative embodiment of the RSL 1200 is shown in FIG.
4B, wherein the bifurcation section 1280 and contra-lateral
distal portion are eliminated. In this three electrode straight
RSL 1200 embodiment, there is one current emitting ring
electrode 1250 and two voltage sensing ring electrodes 1260.
The lead body may contain three conductors. The connector
assembly 1210 may include three in-line stainless steel ring
contacts (one for each conductor) and three silicone ring
seals. The RSL may have an overall length of 21.2 inches
(53.9 cm). The distance from the proximal tip of the proximal
connector assembly 1210 to the first sigmoid may be 9.5
inches (24.1 cm). The proximal sigmoid 1230 section may
have 5 wavelengths with an outside peak-to-peak dimension
of approximately 0.84 inches (2.1 cm) and an overall length
of 7.0inches (17.8 cm). The distal sigmoid 1240 section may
have a Y2 wavelength with a center-to-center peak-to-peak
dimension ofapproximately 0.43 inches (2.1 cm) and a length
of 0.869 inches (2.2 cm). The RSL 1200 may be implanted
ipsi-laterally on the ipsi-lateral costal margin, a less invasive
surgery, while maintaining vectors from the ipsi-lateral costal
margin to the infraclavicular region, see FIG. 4D.

[0069] Further alternative embodiments are illustrated in
FIGS. 4E, 4F, 4G, and 4H, wherein the RSL 1200 may contain
four electrodes, one or more of which can function as either a
current emitting electrode 1250 or voltage sensing electrode
1260, as described previously. Here, this may be achieved by
exposing the conductor of the bi-functional electrode to two
contacts (one voltage sensing, one current emitting) in the
INS header 1110, and selecting only one contact for sensing.
Alternatively, this functionality may be built into the INS
circuit board 1130. These embodiments of the RSL 1200 may
be implanted ipsi-laterally (e.g. on the right costal margin),
which is a less invasive surgery, while maintaining vectors
from the ipsi-lateral costal margin to the infraclavicular
region.

[0070] FIG. 4E illustrates a straight four electrode RSL
1200. This is similar in design to the RS, 1200 of FIG. 4B,
wherein there may be a first, second, third, and fourth elec-
trodes, from proximal to distal.

[0071] FIG. 4F illustrates a four electrode RSL 1200 with a
loop back region 1255. This differs from the above embodi-
ments in that there may be an extra half sigmoid in the proxi-
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mal sigmoid section 1230 after which the lead body may enter
the loop back region 1255. Here, the lead body may runin the
medial direction, then loop back in the lateral direction. The
loop back region 1255 may act as a strain relief and allow the
medial anchor tab 1270 to be sutured at the intersection of the
two tunneling paths (from INS incision to medial incision,
and between two RSL incisions). This may allow the RSL
1200 to lie in an unbiased exemplary configuration along the
costal margin. Here again, the first and third most distal
electrodes may be current emitting, and the second, third, and
fourth most distal electrodes may be voltage sensing.

[0072] FIG. 4G illustrates a four electrode RSL 1200 with
a bifurcation section 1280 created by a T-fitting. An injection
molded T-fitting may connect the proximal portion of the
RSL 1200 to the distal portions, creating the bifurcation sec-
tion 1280. Conductors, here four, may be continuously fed
from the connector assembly through the proximal tubing
body 1220 and proximal portion of T-fitting. Two of these
conductors may continue through the proximal distal portion
of the T-fitting to the proximal distal tubing body of the RSL.
The other two conductors may continue through the medial
distal portion of the T-fitting and to the medial distal tubing
body of the RSL. The tubing bodies may be adhesively
bonded or molded to the T-fitting. The anchor tab 1270 may
be adhesively bonded to the bifurcation section 1280. Again,
this may allow the RSL 1200 to lie in an unbiased exemplary
configuration along the costal margin. In addition, the T-fit-
ting may act as a strain relief. Both medial and lateral distal
electrodes may contain suture holes 1290.

[0073] FIG. 4H illustrates an alternative embodiment ofthe
RSL 1200, wherein the RSL 1200 may have an overall
L-shape. In this embodiment, there may be four ring elec-
trodes, numbered one through four from most proximal to
furthest distal. The first and fourth electrodes may be current
emitting electrodes 1250. The second and third electrodes
may be voltage sensing electrodes 1260. The lead body may
contain four conductors. The connector assembly 1210 may
include four in-line stainless steel ring contacts (one for each
conductor) and four silicone ring seals. The proximal portion
of the RSL 1200 (including the proximal connector and
proximal sigmoid) may have an overall length of 17.0 inches
(43.2 cm). The distance from the proximal tip of the proximal
connector assembly 1210 to the first sigmoid may be 11.1
inches (28.1 cm). The proximal sigmoid 1230 section may
have 4.5 wavelengths, each wavelength 1.25 inches (3.2 cm),
and with an outside peak-to-peak dimension of approxi-
mately 0.84 inches (2.1 cm). The distal portion of the RSL
1200 (from the distal end of the proximal sigmoid 1230 to the
distal suture hole 1290) may have an overall length of 4.9
inches (12.5 cm). The length from the distal end of the proxi-
mal sigmoid 1230 to the proximal end of the distal sigmoid
1240 may be 2.2 inches (5.7 cm). The length from the distal
end of the distal sigmoid 1240 to the distal suture hole 1290
may be 1.8 inches (4.6 cm). The distal sigmoid 1240 section
may have a center-to-center peak-to-peak dimension of
approximately 0.92 inches (2.3 cm). The RSL 1200 may be
implanted ipsi-laterally on the ipsi-lateral costal margin, a
less invasive surgery, while maintaining vectors from the
ipsi-lateral costal margin to the infraclavicular region.

Implantable Neurostimulator (INS)

[0074] FIG. 5A schematically illustrates the INS 1100 in
more detail, including a front view, a top view, and a side
view. The INS 1100 may be similar in certain aspects to
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commercially available implantable pulse generators and
implantable neurostimulators, which may be obtained from
suitable manufacturers such as CCC Medical Devices (Mon-
tevideo, Uruguay), for example. Other non-limiting examples
of equipment which may be used include commercially avail-
able at-home sleep study or monitoring equipment, pulse
oximeters, and/or CPAP/BiPAP machines with an oximeter.
The INS 1100 generally may include a header 1110 for con-
nection of the STL 1300 and RSLs 1200, and a hermetically
sealed housing 1120 for containing the associated electronics
1130, a battery 1140 (e.g., Greatbatch 9086), and an acceler-
ometer 1150. The INS 1100 may contain an oxygen sensor
(e.g., Sa0,, SpO.,, ion, etc.). Alternatively, the oxygen sensor
may be incorporated in a lead with connection to the INS
1100. Also alternatively, the oxygen sensor may be provided
as a separate stand-alone device, or as a component of another
device, that generates values that can be provided to the INS
1100 or provided to a processor or caregiver receiving infor-
mation from a patient during a sleep study, while receiving
therapy, or while being evaluated for the receipt of therapy.
[0075] The electronic circuitry 1130 contained in the INS
1100 may enable telemetry communication with the pro-
grammer system 2100 and therapy controller 2500, detection
of respiration via the RSL 1200, determination of the start
time and duration of a stimulation signal, and delivery of a
controlled electrical stimulation signal (pulse train) via the
STL 1300. The INS 1100 also may record therapy history data
(device settings, status, measured data, device use, respiration
data, stimulation delivery data, statistics based on measured
signals, etc., for example).

[0076] The header 1110 may comprise epoxy that is her-
metically sealed to the housing 1120. The housing 1120 may
comprise titanium. As mentioned in the context of respiration
sensing, the housing 1120 may be used as an electrode for
bio-impedance respiration measurement. Similarly, elec-
trodes 1360 may be used as an electrode for bio-impedance
respiration measurement. For example, the housing 1120
may comprise a combination current emitting and voltage
sensing electrode for respiration detection. Alternatively,
separate electrodes may be included in the header of the
device from which to sense or stimulate.

[0077] The header 1110 may include two ports: one RSL
port 1112 (labeled “sense™) for receiving the proximal con-
nector of the RSL 1200 and one STL port 1114 (labeled
“stim”) for receiving the proximal connector of the STL
1300. The port configured to receive a STL 1300 may include
two set screws (labeled “~” for cathode and “+” for anode)
with associated set screw blocks and seals for mechanical and
electrical connection to corresponding contacts on the proxi-
mal connector 1310 of the STL 1300. Similarly, the port that
is configured to receive a RSL 1200 may include five set
screws (two labeled R1 and L1 for current emitting electrodes
and three labeled R2, R3, and L3, for voltage sensing elec-
trodes) with associated set screw blocks and seals for
mechanical and electrical connection to corresponding con-
tacts on the proximal connector 1210 of the RSL 1200. Seals
may be located between electrical contacts as well as between
the distal-most electrical contact and the remainder of the
proximal connector assembly 1210. These seals may electri-
cally isolate each contact.

[0078] Alternatively, wound coil spring contacts may pro-
vide electrical connections between the INS header 1110 and
the proximal connector assemblies 1210 and 1310. Typically,
one electrical connection may still be achieved with a set
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screw which may also serve to hold the connector assembly in
place. This embodiment may provide a sealed mechanical
and electrical connection of the RSL. 1200 and STL 1300 to
the INS 1100. An example of this technology is Bal Seal’s
Canted Coil™ Spring Technology.

[0079] The header 1110 further may include two suture
holes 1116 for securing the INS 1100 to subcutaneous tissue
such as muscle fascia using sutures when implanted in a
subcutaneous pocket. As shown, component values and com-
ponent configurations are given by way of example, not limi-
tation.

[0080] The INS 1100 may generate the stimulation output
for delivery to the hypoglossal nerve by way of the STL 1300.
Forthis purpose, the INS 1100 may have a bipolar stimulation
output channel corresponding to the STL port 1114, with the
channel providing a pulse train of bi-phasic constant current
pulses with a frequency range of 20 to 50 Hz, a pulse width
range of 30 to 215 ps, an amplitude range of 0.4 to 5.0 mA,
and a stimulation duty cycle range of 41%-69%, by way of
example, not limitation.

[0081] The INS 1100 also may generate the excitation sig-
nal and measures voltage by way of the RSL 1200 for bio-
impedance respiration detection. For this purpose, the INS
1100 also may have two respiration sensing channels for
simultaneous acquisition of bio-impedance sensing on differ-
ent vectors. This may be achieved by sequential or alternating
sampling of different vectors. The INS 1100 may measure
bio-impedance via the RSL port 1112, with each channel
providing a small excitation current (“I”’) and measuring volt-
age (“V”). The excitation signal may comprise a 10 Hz bipha-
sic constant current pulse, with the positive and negative
phases of each biphasic pulse having amplitude of 450 pA,
duration of 80 s, and charge of 36nC. Current (“I””) may be
fixed, allowing voltage (“V”) to be a relative measure of
impedance (“Z”), which corresponds to movement of the
diaphragm, lung, and other structures to produce a signal
indicative of respiratory activity.

[0082] With reference to FIG. 5B, a block diagram of an
example of the INS circuit 1130 is shown schematically. The
INS circuit 1130 may utilize a microprocessor to control
telemetry communications with the programmer system
2100, operating the sensing circuits to monitor respiration via
the RSL 1200, controlling the delivery of output stimuli via
the STL 1300, monitoring the accelerometer, magnetically
sensitive reed switch and the real-time clock. The micropro-
cessor may contain built-in support circuits (RAM, flash
memory, analog to digital (A/D) converter, timers, serial ports
and digital [O) used to interface with the rest of the INS circuit
1130, including the accelerometer 1150. Two microproces-
sors communicating via a serial link may be used instead of
one microprocessor, with the first microprocessor for telem-
etry communications, monitoring the accelerometer, mag-
netically sensitive reed switch and the real-time clock; and the
second microprocessor for operating the sensing circuits and
controlling the delivery of output stimuli. Alternatively, a
single microprocessor could perform these functions.

[0083] The telemetry interface circuits may consist of a
tuned telemetry coil circuit and a telemetry driver/receiver
circuit to allow pulse encoded communication between the
external programmer system 2100 and the microprocessor.
As an alternative to telemetry coils and an inductive link, RF
antennae with associated circuitry may be used to establish a
RF link to provide for arms-length telemetry. The reed switch
may provide a means for the INS 1100 to be controlled by
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using a magnet placed in close proximity thereto. The real-
time clock may provide the basic time base (768 Hz) for the
INS circuit 1130 as well as a clock (year, day, hour, minute,
second) which can be used to control the scheduled delivery
of therapy. The clock may also be used to time-stamp infor-
mation about the operation of the system that is recorded on a
nightly basis.

[0084] Therespiratory sensing circuit may be comprised of
two main parts: the excitation current source (output) and the
voltage sensing circuit (input). As will be described in more
detail hereinafter, respiration may be detected via the RSL
1200 using a 3 or 4-wire impedance measurement circuit. In
a 4-wire measurement, an excitation current may be driven
through a pair of electrodes, and the resulting voltage may be
measured on a separate pair of electrodes. The electrode
switching circuits may allow the INS 1100 to monitor one of
several different vectors from the RSL electrodes 1250 and
1260. As mentioned previously, each physical electrode may
function as a current emitting electrode 1250 or a voltage
sensing electrode 1260, depending on the programmable vec-
tor configuration. In one embodiment of a 3-wire measure-
ment, the INS housing 1120 may be used as both an excitation
and sensing electrode. The excitation current circuit may
deliver biphasic pulses of low level (450 uA) current to the
selected electrode pair every 100 ms during sensing. The
voltage sensing amplifier circuit may synchronously monitor
the voltage produced by the excitation current on the selected
electrode pair. The resulting output signal may be propor-
tional to the respiratory impedance (0.07 O to 10 ) and may
be applied to the A/D circuit in the microprocessor for digi-
tization and analysis.

[0085] Thestimulation output circuits may deliver bursts of
biphasic stimulation pulses to the STL 1300. These bursts
may be synchronized to the sensed respiratory waveform to
deliver stimulation and thus airway opening at the appropriate
time. The stimulation output circuits may include an elec-
trode switching network, a current source circuit, and an
output power supply. The electrode switching network also
may allow for a charge balancing cycle following each stimu-
lation pulse during which the outputs may be connected
together with no applied output pulse. The timing and polarity
of the pulse delivery may be provided by control outputs of
the microprocessor. The microprocessor may select the
amplitude (e.g., 0.4 mA to 5 mA) of the output current from
the current source circuit which may be applied through the
switching network. The output power supply may convert
battery voltage to a higher voltage (e.g., 5V to 14V) which
may be sufficient to provide the selected current into the load
impedance of the STL 1300. The microprocessor may mea-
sure the voltage output from the electrode switching network
resulting from the delivered current and the load impedance.
The microprocessor may divide the output voltage by the
output current resulting in a measure of the load impedance
(400 O to 2700 [O) which can be an indicator of integrity of
the STL 1300.

[0086] The INS 1100 (or lead connected to the INS 1100)
may contain, communicate with, or be used with an oxygen
sensor configured to monitor oxygen levels, for example dur-
ing a therapy session. This may be used to monitor efficacy as
well to set stimulation settings during a therapy session. For
example, the INS 1100 may be programmed to increase
stimulation when oxygen de-saturations are detected at a
programmable threshold rate and/or severity. In addition, the
INS 1100 may turn stimulation on once de-saturations are
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detected, wherein thresholds of rate and severity are program-
mable. Desaturations may act to indicate the sleep state or
wakefulness. In a similar manner, electroneurogram (ENG)
may be used to monitor nerve activity, which may also be
indicative of sleep state and/or wakefulness. The INS 1100
may use the indication of sleep state or wakefulness to change
stimulation settings. For example, stimulation may be
increased when the patient is in N3 or REM sleep. In addition,
stimulation level may be decreased or turned off during stage
N1, N2, or wakefulness.

[0087] The INS 1100 circuitry may contain a three-axis
accelerometer 1150 that can be used to determine the
patient’s body position (supine, prone, upright, left, or right
side) and/or detect motion events (wakefulness). These data
may be used to change stimulation settings or inhibit output.
The INS 1100 may be programmed to increase stimulation
intensity when the patient is in specific body positions (e.g,
supine, a more challenging position). The INS 1100 may
segregate recorded therapy statistics (e.g., cycling detector
events, oxygen desaturations) with respect to body position.
Forexample, a patient’s cycling detector may record very few
events in the lateral position and many events in the supine
position, indicative of the patient being treated in the lateral
position.

[0088] With reference to FIG. 6A, the bio-impedance res-
piration signal (“Z”), which is generated by dividing the
change in measured voltage (“V”) by the excitation current
(“T"), tracks with diaphragm movement (DM) over time and
therefore is a good measure of respiratory activity, and may be
used to measure respiratory effort, respiratory rate, respira-
tory (tidal) volume, minute volume, etc. If the excitation
current (I) is constant or assumed constant, then the bio-
impedance (Z) is proportional to the measured voltage (V),
and thus the voltage (V) may be used as a surrogate for
bio-impedance (7), thereby eliminating the division step. As
used in this context, diaphragm movement includes move-
ments and shape changes of the diaphragm and adjacent
tissue that occur during normal breathing and during
obstructed breathing. The bio-impedance waveform may be
filtered to reduce noise and eliminate cardiac artifact, clari-
fying positive and negative peak occurrence. The signal may
be filtered using a first order low pass filter. Alternatively, a
higher order curve fit approach could be utilized to filter the
signal. The (positive or negative) peak (P) of the impedance
signal (Z) corresponds to the end of the inspiratory phase and
the beginning of the expiratory phase. If the signal is normal
(as shown), the positive peak is used; and if the signal is
inverted, the negative peak is used. The beginning of the
inspiratory phase occurs somewhere between the peaks and
may not be readily discernable. Thus, the impedance signal
provides a reliable fiducial (P) for end-inspiration and begin-
expiration (also called expiratory onset), but may not provide
a readily discernable fiducial for begin-inspiration (also
called inspiratory onset). Therefore, algorithms described
herein do not rely on begin-inspiration (or inspiratory onset)
to determine the start of stimulation bursts as proposed in the
prior art, but rather use a more readily discernible fiducial (P)
corresponding to begin-expiration (or expiratory onset) in a
predictive algorithm as described below. Other non-predic-
tive (e.g., triggered) algorithms are described elsewhere
herein.

[0089] Gross body motion may be indicative of patient
wakefulness and may change the bio-impedance signal (7). A
motion event may be detected, for example, by assessing
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variability in the bio-impedance peak-to-peak signal strength
(P-P). Different thresholds of sensitivity may be utilized such
that minor movements are not grouped with motion events.
When a motion event is determined, stimulation may be
turned off or turned down until motion stops or for a program-
mable duration of time. The frequency and duration of these
motion events may be recorded in device history. The accel-
erometer 1150 could be utilized in a similar fashion to detect
and record motion events

[0090] Waxing and waning of the bio-impedance signal (7)
may be indicative of apneas or hypopneas. Generally referred
to as cycling, this pattern may be detected, for example, by
assessing trends of increasing and decreasing average P-P
amplitude values. Different thresholds of sensitivity may be
utilized such that minor changes in P-P values are not
declared cycling events. When cycling is detected, stimula-
tion parameters may be initiated or changed (e.g., increased
intensity, increased duty cycle, etc.) to improve therapy. The
frequency and duration of these cyclic breathing patterns may
be recorded in therapy history. These values may be used as an
indicator ofhow well the patient is being treated, providing an
estimate of AHL

[0091] TheINS1100 may be programmed to change stimu-
lationlevel between therapy sessions, days, or other program-
mablevalue. The stimulation level may be recorded alongside
therapy session data, for example cycling rate (via the cycling
detector), oxygen desaturation frequency and severity, stimu-
lation time, variations in respiratory rate, variations in respi-
ratory prediction, etc.

[0092] In people without OSA, inspiration is typically
25-50% ofthe respiratory cycle, with variations in respiration
rate being common. Variations may cause actual inspiration
to differ from predicted inspiration. The hypoglossal nerve
usually activates approximately 300 ms before inspiration
and remains active for the entire inspiratory phase. To mimic
this natural physiology, stimulation may be delivered to the
hypoglossal nerve during the inspiratory phase plus a brief
pre-inspiratory period of about 300 ms. To maximize stimu-
lation coverage of actual inspiration and to account for this
variability, stimulation may be centered on the predicted
inspiration. As mentioned previously, there are reliable fidu-
cials for the beginning of the expiratory phase (peak P) which
may be used to deliver stimulation to cover the inspiratory
phase plus brief pre and/or post-inspiratory periods.

[0093] Accordingly, an algorithm may be used to predict
respiratory period and determine the start of the stimulation
burst. The predictive algorithm may be contained in software
and executed by a microprocessor resident in the INS cir-
cuitry 1130, thus enabling the INS 1100 to generate stimula-
tion synchronous with inspiration. One example of a predic-
tion algorithm uses the respiratory period of previous breaths
to predict the respiratory period of each subsequent breath. In
this algorithm, a respiratory period is determined by calcu-
lating the time between peaks in the bio-impedance signal
(7). If the actual respiratory period is different from the pre-
dicted respiratory period, then the subsequent predicted res-
piratory period is resynchronized and updated to equal the
actual period, up to a programmable value (e.g., 300 ms). If
the difference in respiratory period exceeds the program-
mable value, then the predicted respiratory period is incre-
mented or decremented by this value.

[0094] One example of a predictive algorithm is illustrated
in FIG. 6B. In this example, the stinulation period is centered
about a percentage (e.g., 75%) of the predictive respiratory
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period. The predictive algorithm uses historical peak data
(i.e., begin-expiration data) to predict the time to the next
peak, which is equivalent to the predicted respiratory period.
The stimulation period is centered at 75%, for example, of the
predicted respiratory time period. Thus, the time to start a
stimulation burst is calculated by predicting the time to the
next peak, adding 75% of that predicted time to the last peak,
and subtracting %2 of the stimulation period (stimulation start
time=time of last peak+75% of predicted time to next peak-
14 stimulation period). A phase adjustment parameter (range:
+/-1000 ms, for example) permits the stimulation period to
be biased early or late.

[0095] A feature common to the predictive algorithms is
illustrated in FIG. 6C. This feature provides a sequence of
predicted respiratory periods in case the respiration imped-
ance signal (“Z”) is temporarily lost (e.g., due to change in
respiratory effort). Until a subsequent respiratory peak is
detected, stimulation parameters which are based on the mea-
sured respiratory period (e.g., stimulation period) are
unchanged. Thus, stimulation timing remains synchronous to
the last detected peak.

[0096] The stimulation duty cycle may vary to meet effi-
cacy and safety requirements. Generally. the stimulation duty
cycle may be used to determine the stimulation period as a
percentage of the predicted respiratory period (stimulation
period=duty cyclexpredicted respiratory period). After a
stimulation burst (pulse train) is started, stimulation may
continue until the end of the stimulation burst as set by the
stimulation duty cycle, or until the next actual peak is
detected, whichever occurs first. Alternatively, the feature of
terminating a stimulation period when an actual peak is
detected may be turned off.

[0097] The stimulation duty cycle may be fixed or adaptive.
In the fixed mode, the stimulation duty cycle may be set using
the programmer system 2100 to designate a fixed percentage
value. This fixed value may be increased when the respiratory
signalis lost, increasing the likelihood of aligning with actual
inspiration. In adaptive mode, the duty cycle may be allowed
to vary as a function of a characteristic of respiration. For
example, the adaptive duty cycle may increase when predic-
tion is less accurate (higher variability in respiration rate) or
when the respiratory signal is lost. Thus, in some instances,
the stimulation duty cycle may run above normal (e.g., above
50% to 60%) to achieve a better likelihood of covering the
inspiratory phase. Because above normal stimulation duty
cycle may result in nerve and/or muscle fatigue if prolonged,
it may be desirable to offset above-normal stimulation peri-
ods with below-normal stimulation periods to result in a net
normal duty cycle. Thus, when the prediction is highly accu-
rate (stable respiration rate), the stimulation duty cycle may
be reduced.

[0098] The following stimulation duty cycle parameters are
given by way of example, not limitation. In fixed mode, the
maximum stimulation duty cycle may be set from 41% to
69% in 3% increments, and the default setting may be 50%. In
adaptive mode, the stimulation duty cycle for a respiratory
period may vary from 31% to 69% in 3% increments, and the
maximum running average may be set to 53%. As mentioned
above, the adaptive mode allows the duty cycle to decrease
when respiratory period is stable and increase with respira-
tory period variability, for example, and the stimulation duty
cycle may run in excess of 53% for a limited period of time,
but those periods are proportionally offset by periods where
the stimulation duty cycle runs less than 53% (e.g., according
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to an exponentially weighted moving average). For example,
an adaptive duty cycle setto 69% would run at that level for no
longer than 5 to 7 minutes before being offset by a lower
stimulation duty cycle at 47% to result in a running average of
53%. This equation is approximate and may vary slightly
depending on the averaging technique used. Other offset
methods may be used as an alternative.

[0099] The stimulation duty cycle may be nominally 50%.
A duty cycle limiter may be enabled such that it prevents the
device from exceeding a programmable long term average
stimulation duty cycle threshold (e.g., 53%). Long term aver-
age duty cycle may be calculated using a first order filter of
duty cycle measured over a fixed time period (e.g., 6 seconds),
with a programmable filter time constant (e.g., each iterative
calculation is given aweight of 1/32). If the long term average
duty cycle reaches the programmable threshold, then stimu-
lation duty cycle is decreased to a programmable value, (e.g.,
44%) until the long term average drops below the nominal
value (here, 50%), at which time the nominal duty cycle is
restored. This safety mechanism may prevent nerve and
muscle fatigue.

[0100] The INS 1100 may deliver stimulation as a train of
pulses with constant pulse width and amplitude at a set fre-
quency for a duration limited by duty cycle. This train of
pulses may be described as a pulse train envelope and is
illustrated in FIG. 6D. The envelope describes a series of
biphasic pulses delivered consecutively during a stimulation
burst. When the stimulation level of the positive phase of each
biphasic pulse is uniform, this level is the level of the stimu-
lation burst. The INS 1100 may also deliver stimulation in
pulse train envelopes wherein the pulses are non-uniform
(e.g., pulses may have different amplitudes).

[0101] The muscle(s) activated by the stimulation may not
require the full stimulation intensity for the duration of the
stimulation in order to maintain muscle contraction. Accord-
ingly, the INS 1100 may be programmed to deliver a basic
retention intensity pulse configuration, defined as a pulse
train envelope wherein each pulse’s intensity (e.g., ampli-
tude) is less than or equal to the previous pulse’s intensity,
(e.g., a two second pulse wherein the first 1000 ms is at 2 mA
and the subsequent 1000 ms is at 1.7 mA). This pulse con-
figuration 1s illustrated in FIG. 6E. This allows the muscle to
activate to a level and then remain in that position with a less
intense stimulation. This may be more comfortable and allow
the patient to fall asleep more easily with the stimulation on,
be less likely to cause arousal from sleep, and/or reduce the
possibility of muscle/nerve fatigue. Alternatively, the pulse
level (amplitude) could be decreased gradually during each
burst (rather than abruptly) to reach the same final stimulation
level.

[0102] A more gradual transition at the start of each burst
may be more comfortable and be less likely to cause arousal
from sleep, and/or reduce the possibility of muscle/nerve
fatigue. Accordingly, the INS 1100 may be programmed to
deliver a soft start pulse configuration, defined as a pulse train
envelope wherein at the start of each burst, each pulse’s
intensity (e.g., amplitude) is greater than or equal to the
previous pulse’s intensity, (e.g., a two second pulse wherein
the first 100 ms is at 1.85 mA, the second 100 ms is at 1.95
mA, the third 100 ms is at 2.05 mA and the remaining 1700 ms
is at 2.1 mA). This pulse configuration is illustrated in FIG.
6G. The pulse train envelope would thus have a stair-like
appearance as stimulation increases to the full stimulation
plateau.
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[0103] In another embodiment, a pulse train envelope may
employ a soft start to reach full stimulation and subsequently
decrease intensity (amplitude) to a retention intensity for the
remainder of the stimulation, (e.g., a two second pulse
wherein the first 100 ms is at 1.85 mA, the second 100 ms is
at 1.95 mA, the third 100 ms is at 2.05 mA, and the next 700
ms is at 2.1 mA, and the remaining 1000 ms is at 1.8 mA).
This pulse configuration is illustrated in FIG. 6F. This con-
figuration may provide the benefits of both soft start and
retention intensity, wherein the stimulation starts gradually to
fully activate the muscle(s), then decreases to a level of less
intense stimulation, with the muscle remaining in a con-
tracted position. FIG. 6H shows nested mode, a simplified
version of the previously mentioned retention intensity,
wherein there is one step up to the full amplitude, and then an
equal step down to the retention intensity.

[0104] The INS provides two separate stimulation
strengths (A & B) with independent parameters (amplitude,
pulse width, frequency. duty cycle, and phase adjust). Stimu-
lation may be delivered in different therapy modes, examples
of which are shown in FIG. 61. FIG. 6] (traces 1-8) illustrates
some commonly used modes, all of which are inspiratory
synchronous, meaning stimulation is automatically delivered
according to an algorithm that predicts the inspiratory phase
and initiates stimulation delivery at a desired time relative to
inspiration, such as centered on the predicted inspiration.
These modes may be used as standard therapy as well as to
determine device settings during a polysomnography (PSG)
(e.g. sleep titration PSG). Additionally, these modes may be
used to diagnose phenotypes of OSA or other diseases.
[0105] FIG. 6I (trace 1) illustrates synchronous mode in
which every stimulation has the same pulse configuration and
amplitude, known as AAAA mode, the default therapy mode.
The term AAAA mode means that four consecutive inspira-
tions are covered by stimulation of level A, where A is 2.0
mA, for example. Inspiration is shown in FIG. 61 (trace 9) in
the upward direction.

[0106] The inspiratory-synchronous ABAB mode, FIG. 61
(trace 2), also delivers stimulation bursts synchronous with
inspiration as determined by the device, therapy delivery
algorithm settings, and sensed respiratory signal. This mode
is similar to AAAA mode, except that the stimulation is
delivered on four consecutive inspirations alternating
between stimulation levels A and B on each burst where, for
example, A is 2.0 mA and B is 1.8 mA.

[0107] FIG. 61 (trace 3) illustrates a subset of ABAB mode
known as AOAQ mode, wherein the B breath is not stimulated.
A may be 2.0 mA and B may be 0 mA, for example.

[0108] FIG. 6I (trace 4) illustrates AOBO mode, wherein a
first breath is stimulated at level “A,” followed by an second
breath that is unstimulated, followed by a third breath that is
stimulated at level “B,” followed by a fourth breath that is
unstimulated, (e.g., Ais 2.0 mA and B is 1.8 mA). This allows
for simultaneous assessment of two different levels (A and B)
when compared to adjacent non-stimulated breaths.

[0109] FIG. 6l (trace 5) illustrates AABB mode wherein
two breaths are stimulated at level “A” followed by two
breaths stimulated at level “B,” (e.g. A is 2.0 mA and Bis 1.8
mA). In this mode, every stimulated breath is adjacent to a
stimulated breath at level “A” and a stimulated breath at level
“B.” The AABB mode may be used to test if there is a short-
term residual cross-over effect when changing from one
stimulation level to another stimulation level or from a stimu-
lation level to no stimulation. For example, the airflow mea-
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sured during the first “A” can be compared to the airflow
measured during the second “A” in each sequence over many
periods to determine if there is a measurable residual effect
from the “B” level simulation.

[0110] FIG. 6I (trace 6) illustrates XABO mode, wherein
“x” number of breaths are stimulated at level “A,” followed by
a breath stimulated at level “B,” followed by an unstimulated
breath, (e.g. A is 2.0 mA and B is 1.8 mA). The illustration
shows x equals 3 (3ABO0), although x may be any number of
breaths (e.g., 1,2,3,4,5,6,7,8,9).

[0111] FIG. 6I (trace 7) illustrates xAOB mode, wherein
“x” number of breaths are stimulated at level “A,” followed by
an unstimulated breath, followed by a breath stimulated at
level “B,” (e.g. A is 2.0 mA and B is 1.8 mA). The illustration
shows x equals 3 (3A0B), although x may be any number of
breaths (e.g., 1,2,3,4,5,6,7,8,9).

[0112] FIG. 6l (trace 8) illustrates xAB mode, wherein “x”
number of breaths are stimulated at level “A.” followed by a
breath stimulated at level “B,” (e.g. Ais 2.0 mA and Bis 1.8
mA). The illustration shows x equals 4 (4AB), although x
may be any number of breaths (e.g., 1,2,3,4,5,6,7,8,9).
[0113] Stimulation may also be delivered in two modes
which are not inspiratory synchronous: manual stimulation
and asynchronous (fixed) stimulation. Manual mode delivers
stimulation at any frequency, pulse width, amplitude, pulse
configuration, and/or duration (e.g., up to 12 seconds). In
manual mode, stimulation is delivered by manually entering
acommand via the programmer system to initiate delivery of
a stimulation burst or bursts. The stimulation continues until
the burst duration expires or stimulation stop is commanded
via the programmer system. Manually delivered stimulations
may be delivered in any available pulse configuration.
[0114] Asynchronous mode (fixed mode) is when stimula-
tion is delivered at regular programmable intervals (e.g., 2.5
seconds of stimulation, followed by 2.5 seconds off). The
intervals may be set to a rate similar to a respiratory cycle,
(e.g. 5 seconds). Alternatively, longer intervals (e.g. 8 sec-
onds) may decrease the probability of missing two consecu-
tive inspirations, and increase the probability of providing the
patient with stimulation during an entire respiratory cycle.
This may be used during daytime familiarization, ensuring
that the patient receives stimulation in a regular fashion, as
breathing patterns during wakefulness may be more irregular
and difficult to predict than during sleep. In addition, this
mode may be used to test the benefits of asynchronous stimu-
lation compared to inspiratory synchronous stimulation.
Asynchronous stimulation may be initiated by programming
the device to fixed mode and starting a therapy session. Fixed
mode stimulations may be in any available pulse train con-
figuration.

[0115] Typically, stimulation is delivered during a therapy
session having a start and a stop time. The patient or physician
may start a therapy session using the therapy controller 2500
or programmer system 2100. Additionally, a therapy session
may begin according to a programmable schedule. During a
session, the start of stimulation may be delayed by a program-
mable delay, subject to patient preference. The patient or
physician may stop a therapy session using therapy controller
2500 or programmer system 2100. Additionally, a therapy
session may stop according to a programmable schedule or
programmable maximum session duration.

[0116] A patient or physician may also pause a therapy
session for a programmable time using the therapy controller
2500 or programmer system 2100. This pause function may
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be programmed to turn stimulation off or reduce the stimula-
tion intensity. The pause function may be programmed to
smart pause, wherein the stimulation level is automatically
reduced after a programmable number of pauses (e.g. after the
second pause) in a programmable time period or session.
Additionally, the smart pause may increase pause duration
after a programmable number of pauses (e.g. the first pause is
five minutes, the second pause is ten minutes). These pause
functions, including smart pause, may allow a patient to
reduce stimulation for brief periods following an arousal from
sleep.

[0117] At the start of a therapy session or following an
interruption in therapy such as a pause, stimulation level may
increase incrementally from an initial stimulation level to an
initial therapy level during a ramping period. The ramp may
occur over a programmable number of stimulations, breaths,
or time period. This ramp may also occur after a pause or a
motion event. The ramping feature may be more comfortable,
allowing the patient to fall asleep more easily with the stimu-
lation on or reduce the likelihood of causing arousal from
sleep.

[0118] A patient may be able to tolerate more intense
stimulation as a therapy session progresses. This higher inten-
sity stimulation may provide enhanced therapy efficacy. The
INS 1100 may be programmed to change stimulation level
(e.g., amplitude or pulse width) during a therapy session from
an initial level to a second, possibly more efficacious level.
This therapy stimulation configuration is illustrated in FIG. 6]
and is called core hours. This intensity change may occur after
aprogrammable interval, for example after a fixed duration of
time, number of breaths or stimulations (e.g., referring to
FIG. 6], stimulation at a first therapy intensity of 1.8 mA for
the first hour of a therapy session, after which stimulation is
increased to a second therapy intensity of 2.0 mA until the end
of the therapy session). This feature and the related param-
eters may be programmed by a physician, for example based
on patient feedback. This feature may allow a patient to fall
asleep at a more tolerable level of stimulation, and then as the
therapy session progresses, receive more appropriate thera-
peutic benefit.

[0119] Stimulation may be delivered during a therapy ses-
sion, which may start and stop according to a programmable
schedule or manual use of the therapy controller 2500. The
therapy controller 2500 may also allow the patient to pause or
adjust therapy settings. Summary history data from each ses-
sion may be saved in the device memory. Data recorded may
include: start, pause, and stop times of the therapy session,
scheduled or manual starts/stops, motion detector outputs,
cycling detector outputs, prediction algorithm outputs, respi-
ration timing, signal stability outputs, accelerometer outputs,
impedance data from STL 1300 and RSL 1200, number of
breaths, number of stimulations in a session, average and
median P-P sensing impedance (“Z”) amplitude values,
stimulation settings and changes in stimulation settings such
as core hours, pulse configuration, and ramping. These sum-
mary data allow a physician or caretaker to understand how
the patient is using the device, tolerating the stimulation,
troubleshoot errors in programming, and estimate the thera-
peutic effects of the neurostimulator. This feedback data may
aid in determining if adjustments are needed to the patient’s
therapy (e.g. patient is ready for stimulation up-titration).
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Programmer System

[0120] As shown schematically in FIG. 7A, the program-
mer system 2100 may include a computer 2300, a program-
mer interface 2400, a programmer head 2200, and a sleep
wand 2700. The programmer interface 2400 and programmer
head 2200 may be similar in certain aspects to commercially
available programmers, which may be obtained from suitable
manufacturers such as CCC Medical Devices (Montevideo,
Uruguay). The programmer head 2200 may be connected to
the programmer interface 2400 via a flexible cable 2210, and
the programmer interface 2400 may be connected to the com-
puter 2300 via a USB cable 2310. Cable 2210 may be coiled
as shown or straight. As shown in FIG. 15, the sleep wand
2700 may comprise a sleep wand head 2720, a flexible cable
2710,and an LED 2730. The sleep wand 2700 may connect to
the programmer interface 2400 via a flexible cable 2710. The
sleep wand head 2720 may be 3.2 inches in length, 2.1 inches
in width, and 0.5 inches deep. The programmer system 2100
may wirelessly communicate with the INS 1100 via a wire-
less telemetry link (e.g., 30 KHz) utilizing an antenna and
associated circuitry in the programmer head 2200. The pro-
grammer may use long range telemetry such that the pro-
grammer head 2200 may rest beside the patient without inter-
fering with sleep. The programmer interface 2400 may
provide analog to digital conversion and signal processing
circuitry allowing the computer 2300 to control and program
the INS 1100 via the programmer head 2200. The program-
mer head may include a power indication LED 2220, a signal
strength LED array 2230 (signal strength to/from INS 1100),
an interrogate button 2240 (to upload data from INS 1100), a
program button 2250 (to download data/commands to the
INS 1100), and a therapy-off button 2260 (to stop therapy/
stimulation output from the INS 1100). The computer 2300
may comprise a conventional laptop computer with software
to facilitate adjustment of a variety of INS 1100 parameters,
including, for example: stimulation parameters (stimulation
pulse amplitude, stimulation pulse frequency, stimulation
pulse width, stimulation duty cycle, etc.); respiration sensing
algorithm parameters; stimulation trigger/synchronization
algorithm parameters, therapy delivery schedule, and various
test functions. The sleep wand 2700 may function like the
programmer head 2200, but may be reduced in size for patient
comfort during sleep. There may be one LED 2730 to indicate
signal presence. Frequency of LED light pulses may indicate
signal strength. The sleep wand 2700 may exclude functional
buttons (i.e. interrogate command, program command, and
stop therapy command) found on the programmer head 2200.
[0121] With reference to FIG. 7B, a block diagram of
example circuits 2420/2270 for the programmer interface
2400 and the programmer head 2200 are shown schemati-
cally. The programmer interface circuit 2420 may be con-
trolled by a microprocessor having a standard set of periph-
erals (RAM, flash, digital /O, timers, serial ports, A/D
converter, etc.). The microprocessor may communicate with
a standard personal computer (PC) 2300 through a Universal
Serial Bus (USB) interface. Commands and data may be
passed from the computer 2300 to/from the microprocessor
viathe USB interface and cable 2310. The USB interface also
may provide DC power for the programmer interface circuit
2420 and the programmer head circuit 2270 via cable 2210.
The microprocessor may control the cable interface leading
to the programmer head circuit 2270 via cable 2210. The
programmer head circuit 2270 may contain telemetry driver
and receiver electronics that interface to the telemetry coil.
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The telemetry coil may be designed to inductively couple
signals from the programmer head circuit 2270 to the coil in
the INS circuit 1130 when the programmer head 2200 is
placed over the INS 1100 with the coils aligned. As an alter-
native to telemetry coils and an inductive link, RF antennae
with associated circuitry may be used to establish a RF link to
provide for arms-length telemetry. The programmer head
circuit 2270 also may contain electronics that monitor the
signal strength as received from the INS 1100. The outputs of
the signal strength electronics drive may display LED’s for
the user. Another LED may indicate that power is available,
for example, supplied by the computer 2300. The program-
mer interface microprocessor may control and receive analog
input signals from an isolated sensor interface. The power and
ground for the sensor interface may be derived from the USB
power input, but provide DC isolation for this circuitry to
prevent leakage currents from flowing through any patient
connections that may be present at the sensor inputs. The
sensor inputs may be protected against external high voltages
(i.e. defibrillation protection). The sensor input signals may
be amplified and filtered appropriately for the sensor type.
The amplifier gain and filter characteristics may be controlled
by microprocessor. The signals to/from the amplifier circuit
may be DC isolated to prevent leakage currents from flowing
through any patient connections that may be present at the
sensor inputs. The sensor signals may be digitized by the
microprocessor and transmitted through the USB link to the
PC along with the telemetered signals from the INS 1100 for
recording and display.

[0122] With reference to FIG. 7C, a block diagram of
example circuit 2440 for the marker box 2430 is shown sche-
matically. Generally, marker box 2430 and associated cir-
cuitry 2440 may replace the D/A circuits and analog outputs
2410 of programmer interface circuit 2420 shown in FIG. 7B
providing for the alternative arrangement illustrated in FIG.
10B. The marker box circuit 2440 may be separately con-
nected to a Universal Serial Bus (USB) port of the program-
mer computer 2300 via a USB cable. The USB interface also
may provide DC power for the marker box circuit 2440 via the
USB cable. The power and ground for the marker box circuit
2440 may be derived from the USB power input, but provide
DC isolation for this circuitry to prevent leakage currents
from flowing through any equipment that may be connected
to the patient. Analog marker output data signals may be
transmitted from the PC 2300 to control the digital to analog
(D/A) converter outputs. These analog output signals may be
connected to standard PSG recording equipment 2800. Sig-
nals from the INS 1100 (such as sensed respiration imped-
ance and stimulation output timing and amplitude) can be
represented by these outputs to allow simultaneous recording
with other standard PSG signals (flow, belts, EMG/ECG, etc).
The programmer 2300 may be enabled to automatically
switch programmable settings at regular time intervals,
allowing respiratory sensing vectors, stimulation levels,
stimulation modes, or stimulation pulse configurations to be
altered at specified intervals during sleep. Sampled values
may be selected such that only a limited number of settings
are sampled.

[0123] As mentioned previously, the INS 1100 may record
session summary data. The programmer computer 2300 may
display these data using text and images to graphically dis-
play device settings, session data, and analyses of data. This
data may be used to evaluate system performance and guide
programming of settings. The patient’s name or identifier



US 2015/0094962 A1

may be stored in the IN'S 1100 and/or displayed on the pro-
grammer computer 2300. All text and symbols displayed by
the programmer 2300 may be in a variety of selectable lan-
guages. The programmer 2300 may have the capability to
connect to the internet. Through this connection files may be
uploaded to a database to enable remote real time monitoring
of device operation, recorded data and settings. The connec-
tion may also be used to update the programmer application
software and or the (indirectly) the INS firmware.

[0124] The programmer 2300 may display and tag datato a
variety of dates and times. These times may programmed to
take into account daylight savings time, local time, Green-
wich Mean Time, or a free-running counter in the INS 1100.

[0125] The programmer 2300 may display the voltage (or
other capacity measurements) of battery 1140. In addition, an
elective replacement indicator (ERI) and end of life (EOL)
indicator may be displayed on the programmer as the battery
nears depletion. There may be several months from ERI to
EOL or alternatively, two months from ERI to EOL, with an
estimated one month of use after EOL.

Therapy Controller

[0126] As shown schematically in FIG. 8A, the therapy
controller 2500 may be used by the patient to control limited
aspects of therapy delivery. The therapy controller 2500 may
be similar in certain aspects to commercially available patient
controllers, which may be obtained from suitable manufac-
turers such as CCC Medical Devices (Montevideo, Uruguay).
The therapy controller 2500 may house a battery, an antenna,
and associated circuitry (not visible) to control limited
aspects of therapy delivery via a wireless telemetry link (e.g.,
30 KHz) with the INS 1100. Therapy normally may be opet-
ated in a manual mode but may also be set for automatic
delivery according to a predefined schedule (set by physician
using the programmer during titration). The therapy control-
ler may have a user interface including start button 2510 (to
start therapy delivery), a stop button 2520 (to stop therapy
delivery), and a pause button (to pause therapy delivery or
reduce stimulation intensity to a programmable value), each
with associated LED indicators 2540 which may flash when
the corresponding button is depressed and illuminate steadily
when the command is received by the INS 1100. The buttons
may be backlit when pressed for ease of use at night. The user
interface also may include a schedule set LED 2550 that
illuminates if a therapy delivery schedule has been pro-
grammed, and a contact physician LED 2560 that illuminates
in the event of a low battery or a malfunction requiring a
physician visit. In addition, this light may illuminate at ERI or
EOL time points.

[0127] The therapy controller may have additional func-
tionality (e.g., more buttons) which can be set to give the
patient limited control over select therapy settings. These
settings include, but are not limited to, stimulation intensity
(e.g., amplitude), stimulation mode, pulse train configura-
tion, core hours stimulation settings, ramp, programmable
schedule, clock, and motion inhibit programmable values.

[0128] As mentioned previously, the INS 1100 may contain
data, including metrics from therapy sessions. The therapy
controller 2500 may wirelessly communicate with the INS
1100 to download any data to the INS. This data may be stored
in internal memory or removable memory such as a USB flash
drive or smart card. This data may be uploaded (e.g. from the
patient’s home computer) for the physician to read. This may
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allow the physician to monitor device use, home efficacy,
and/or the patient’s acclimation.

[0129] An alternative embodiment of the user interface
may include an LCD display or a touchscreen. This may allow
for multiple functions to be integrated into the therapy con-
troller while keeping the interface simple. This may also
allow for larger text.

[0130] With reference to FIG. 8B, a block diagram of an
example circuit for the therapy controller 2500 is shown
schematically. The therapy controller circuit 2570 may
include a battery powered microprocessor having a standard
set of peripherals (RAM, flash, digital /O, timers, serial
ports, A/D converter, etc.). The microprocessor may operate
in a low power mode to conserve battery power. The micro-
processor may control the telemetry driver and receiver elec-
tronics that interface with the telemetry coil. The telemetry
coil may be designed to inductively couple signals to the INS
telemetry coil when aligned. The microprocessor may moni-
tor the membrane switches and react to switch closures by
activating display LED’s and initiating telemetry commands
to the INS. As an alternative to telemetry coils and an induc-
tive link, RF antennae with associated circuitry may be used
to establish a RF link to provide for arms-length telemetry.
After communicating with the INS,; status information can be
displayed to the user. The microprocessor also may control a
beeper which can provide audio feedback to the user when
buttons are pressed and to indicate the success or failure of
communications with the INS. The beeper may have a mute
function or volume control.

Magnet

[0131] As schematically shown in FIG. 9, an annular mag-
net 2600 may be provided to the patient to inhibit the INS
1100 in the event the therapy controller 2500 is not available
or functioning. The magnet 2600 may comprise a permanent
annular-shaped magnet made of ferrite strontium material
coated with epoxy. The magnet 2600 may produce a strong
field of 90 Gauss at 1.5 inches from the surface of the magnet
along the centerline of the hole. The magnet 2600 may be
used (or carried by) the patient in case of emergency. When
temporarily (2 seconds or more) placed over the implanted
INS 1100 on the skin or clothing, the magnet 2600 may
disable current and future therapy sessions. Although therapy
sessions may be disabled by the magnet 2600, all other func-
tions of the INS 1100 may remain enabled including telem-
etry communication with the programmer system 2100 and
therapy controller 2500. Therapy sessions may be re-enabled
using the therapy controller 2500 by initiating a new therapy
session. Alternatively, the therapy may be temporarily inhib-
ited during placement of the magnet. If left in place for a
specified time period (e.g. one minute), therapy may be deac-
tivated.

Interface with PSG Equipment

[0132] The programmer interface 2400 may include an
input/output (I/O) link 2410 to allow connection to polysom-
nographic (PSG) equipment 2800 as schematically shown in
FIG. 10A. Typical PSG equipment 2800 may include a com-
puter 2810 connected to a plurality of sensors (e.g., airflow
sensor 2820, respiratory effort belts 2830) via interface hard-
ware 2840. The 1/O link 2410 may be used in a number of
different ways. For example, analog data signals from the
PSG equipment 2800 may be downloaded to the computer
2300 of the programmer system 2100 to record and/or display
PSG data (e.g. airflow) together with therapy data. Alterna-
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tively or in addition, digital data signals from the INS 1100
and/or the programmer system 2100 may be uploaded to the
computer 2810 of the PSG equipment 2800 to record and/or
display therapy data (e.g., stimulation amplitude, stimulation
pulse width, and/or respiration data such as bio-impedance,
vector, filter settings, prediction markers, or accelerometer
data) together with PSG data. The circuitry corresponding to
1/O1link 2410 may be incorporated into the programmer intet-
face 2400 as shown in FIG. 10A, or may be incorporated into
a separate marker box 2430 as shown in FIG. 10B.

[0133] Synchronizing data from the sensors 2820/2830 of
the PSG equipment 2800 with data from the INS 1100 via the
programmer system 2100 may be beneficial to facilitate
therapy titration and efficacy measurement. Although the pro-
grammer system 2100 and the PSG equipment 2800 may be
directly connected by /O link 2410, transmission delay in
each system may result in asynchrony. Data synchronization
between the systems may be addressed in a number of differ-
ent ways. For example, if the delays in each system are
relatively fixed and below an acceptable threshold (e.g., 0.5 to
1.0 second), no synchronization step need be taken. If the
delays in each system are relatively fixed but above an accept-
able threshold (e.g., above 0.5 to 1.0 second), data from the
system with less delay may be offset (delayed) by a fixed time
value to align with data from the system with more delay. As
an alternative, a timing signal (e.g., from a clock signal gen-
erator separate from or integral with one of the systems) may
be input into the PSG equipment 2800 and programmer sys-
tem 2100 to allow time stamped data independently collected
by each system to be merged and synchronized by post pro-
cessing.

Treatment Overview

[0134] FIG. 12A illustrates a treatment overview from
implant 10100, to awake titration 10200, to daytime familiar-
ization 10400, to sleep titration 10500, to nighttime familiar-
ization 10700, to up-titration 10800, and finally to regular
therapeutic use 11000 and therapy assessments 11100,
[0135] Beginning with a surgical implant 10100, FIG. 11A
schematically illustrates the incision sites (solid thick lines)
and tunneling paths (dotted lines) for implanting the INS
1100, STL 1300 and RSLs 1200. The implant procedure may
be performed by a surgeon (e.g., otolaryngologist) in a 1-3
hour surgical procedure with the patient under general or
local anesthesia, for example. In general, the implant proce-
dure may involve placing the cuff 1350 of the STL 1300 on
the hypoglossal nerve via a submandibular dissection, and
tunneling the lead body 1330 and sigmoid section 1370 of the
STL 1300 subcutaneously down the neck to the INS 1100 in
a subcutaneous pocket in the infraclavicular region. From the
infraclavicular pocket, the RSL 1200 may be tunneled sub-
cutaneously toward midline and then laterally along the costal
margins.

[0136] After a healing period of a few weeks, an awake
titration may be performed 10200 wherein the patient’s
tongue response to stimulation is observed over a range of
comfortable stimulations, as illustrated in FIG. 12B. In addi-
tion, a global system check may be performed to check the
system integrity. The patient may then be sent home for a
period of daytime familiarization 10400 where the patient
may turn on stimulation during wakefulness to introduce the
sensation of stimulation. The patient subsequently may return
to the sleep lab for a sleep titration 10500 where a sleep
technician, under the supervision of a certified sleep physi-
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cian (e.g., pulmonologist), may use the programmer system
2100 to program the INS 1100 (e.g., set the therapy delivery
schedule and titrate the stimulus to determine a range of
efficacious settings during sleep). After the sleep titration, the
patient may return home and begin the nighttime familiariza-
tion (acclimation) and therapy up-titration process, wherein
stimulation may be increased over time to an efficacious
range. For example, the patient may leave the sleep titration
with stimulation programmed to turn on at 1.7 mA and stimu-
lation may be increased by 0.1 mA at two week intervals up to
a goal setting of 2.0 mA.

[0137] Immediately after the titration visit, the patient may
return home and begin using the device at the programmed
stimulation level during nighttime familiarization 10700. A
therapy delivery session may begin when the therapy control-
ler 2500 is used to manually start, stop, and pause a therapy
session. This may be beneficial when the patient has an
irregular sleep schedule. At the beginning of a therapy deliv-
ery session, stimulus may be delayed for a period of time to
allow the patient to fall asleep. The therapy delivery session
may be programmed to not exceed a fixed number of hours
(e.g., eighthours). In addition, a therapy delivery session may
begin according to the pre-defined therapy delivery schedule,
which may be set to coincide with when the patient normally
goes to sleep. The therapy delivery session may end accord-
ing to the pre-defined therapy delivery schedule, which may
be set to coincide with when the patient normally wakes up, or
with a manually stop command from the therapy controller.
The patient may use the therapy controller 2500 to adjust
limited aspects of therapy delivery as defined previously.

Tunneling System

[0138] FIGS.11B and 11C schematically illustrate the tun-
neling system 3000 which may be used for tunneling the STL
1300 or RSL 1200. The tunneling system 3000 may includea
relatively rigid tool 3010, a tubular sheath 3020, and a tip
3030, and lead carrier 3100.

[0139] The tool 3010 may be formed of stainless steel and
include a handle 3016, a shaft 3012, and a distal connector
3018. The connector 3018 may include threads that mate with
corresponding threads in the tip 3030. The connector 3018
may also include ring barbs that form an interference fit with
the inside of the lead carrier 3100 for releasable connection
thereto. The lead carrier 3100 may also form an interference
fit with the RSL proximal connector 1210, the STL proximal
connector 1310, or a distal ring electrode of the RSL 1250 or
1260.

[0140] Thesheath 3020 may be sized to be slid over the tool
3010 and secured in place via the tip 3030. The tip 3030 may
include a radiopaque agent such as barium sulfate loaded at
18% by weight, for example.

[0141] The lead carrier 3100 may comprise a small poly-
meric tube with an inside diameter sized to form an interfer-
ence fit with the distal connector 3018, the RSL proximal
connector assembly 1210, an RSL distal electrode 1250 or
1260, or the STL proximal connector assembly 1310. During
tunneling, the proximal end of the lead carrier 3100 may
attach to the distal connector 3018 and the distal end of the
lead carrier 3100 may attach to the RSL proximal connector
assembly 1210, an RSL distal electrode 1250 or 1260, or the
STL proximal connector assembly 1310.

[0142] The sheath 3020 may comprise a polymeric tube
with two open ends, and the tip 3030 may comprise a poly-
meric tube with one threaded end and one closed end for blunt
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dissection. The proximal end of the tip 3030 may include
internal threads to screw onto the connector 3018 and hold the
sheath 3020 on the shaft 3012.

[0143] In the embodiment shown in FIGS. 11B and 11C,
the tool 3010 may have a pre-bend length of 17.1 inches and
a post-bend length of 16.9 inches. The sheath 3020 may have
an outside diameter of approximately 0.28 inches, a pre-bend
length of 12.4 inches and a post bend length of 12.25 inches.
The shaft 3012 may have a diameter of about 0.22 inches, a
pre-bend length of 12.375 inches, and a post-bend length of
12.231 inches, sufficient to fill the length of the sheath 3020.
The handle 3016 may have a diameter of about 0.5 inches and
a length of about 3.50 inches. The tip 3030 may have an
outside diameter tapering from approximately 0.13 inches
and a length of about 1.0 inches.

Surgical Implant Procedure

[0144] With continued reference to FIG. 11A, the internal
components 1000 may be implanted using the following sut-
gical procedure 10100, which is given by way of example, not
limitation. Unless specifically stated, the order of the steps
may be altered as deemed appropriate. Although the INS
1100 may be surgically implanted on the right or left side,
implantation on the right side may leave the left side available
for implantation of cardiac devices that are traditionally
implanted on the left side. In at least one exemplary embodi-
ment, the right side is used for the RSL 1200 to provide a
clean respiratory signal that is less susceptible to cardiac
artifact than the left side.

[0145] Standard surgical instruments may be used for inci-
sions, dissections, and formation of subcutaneous pockets.
Commercially available nerve dissection instruments may be
used for dissecting the hypoglossal nerve and placing the STL
cuff 1350 on the nerve.

[0146] The patient may be prepared for surgery using con-
ventional practice including standard pre-operative care pro-
cedures, administration of antibiotics as appropriate, and
administration of steroids as appropriate to reduce swelling
around the nerve dissection. Because tongue movement may
be observed during test stimulation, in at least one exemplary
embodiment, no long-acting muscle relaxants are used during
surgical preparation or during implant. General anesthesia
may be administered according to conventional practice and
the patient may be intubated using an endotracheal tube,
taking care to position the endotracheal tube so that the
tongue is free to protrude during test stimulation.

[0147] The neck may then be extended to expose the right
submandibular region, and a sterile field is created around the
neck and thorax, taking care to avoid obstructing visualiza-
tion of the oral cavity (a clear sterile drape over the mouth
may be used). By way of a neck incision (A), the hypoglossal
nerve may then be exposed deep to the submandibular gland.
Because the INS 1100 may be implanted on the right side to
minimize cardiac artifact during respiratory sensing, this dis-
section may also be performed on the right side. A region of
the hypoglossal nerve, for example excluding the branch that
innervates retrusive muscles (e.g. styloglossus or hyoglos-
sus), may then be identified and isolated. Confirmation of
correct nerve location may be achieved by performing a test
stimulation later in the procedure. The identified nerve branch
may then be circumferentially dissected to accommodate the
cuff 1350. The short side 1352 of the cuff 1350 may be
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designed to reside on the deep side of the nerve, and the long
side 1354 of the cuff 1350 may be designed to reside on the
superficial side of the nerve.

[0148] The appropriate sized cuff 1350 may then be
selected based on the nerve diameter at the intended location
for cuff placement. Nerve size may be assessed using refer-
ence size (e.g., forceps of known width), a caliper, or a flex-
ible gauge that wraps around the nerve, for example. The cuff
1350 may then be opened and placed around the nerve. The
strap 1356 on the cuff 1350 may be used to facilitate place-
ment of the cuff 1350 around the nerve. A curved forceps may
be placed under the nerve to grasp the strap 1356 and gently
pull the cuff 1350 onto the nerve. The strap 1356 may then be
placed through the loop (buckle) 1358 on the cuff 1350. The
cuff 1350 may be available in two sizes (small and large), and
the small cuff may have an indicator mark (not shown) on the
strap 1356 that should be visible after insertion through the
loop 1358. If a small cuff is selected and the indicator mark
does not pass through the loop, the small cuff may be too
small and should be replaced with a large cuff

[0149] A strainreliefloop (L) in the STL 1300 may then be
created by arranging approximately 6 cm of the STL sigmoid
body 1370 in a C-shape inside a small subcutaneous pocket
formed via the neck incision (A) by blunt dissection superfi-
cially along the lateral surface of the digastric muscle in a
posterior direction.

[0150] Thesurgeon may then verify that the cuff 1350 is not
pulling or twisting the nerve, and that there is contact between
the inside of the cuff 1350 and the nerve.

[0151] A test-stimulation may then be performed to con-
firm correct positioning of the cuff 1350 on the nerve. To
conduct a test-stimulation, the proximal end of STL 1300
may be plugged into the INS 1100, and the programmer
system 2100 may be used to initiate a test stimulation signal
delivered from the INS 1100 to the nerve via the STL 1300.
The test stimulation may be performed while observing, for
example, tongue movement by direct visual observation, ait-
way caliber by nasal endoscopy. fluoroscopy, cephalogram,
etc. Correct placement of the cuff on the nerve may be con-
firmed by, for example, observing tongue protrusion, an
increase in retro-glossal airway caliber, an increase in retro-
palatal airway caliber, an increase in stiffness of the anterior
and/or lateral walls of the retro-glossal airway with or without
an increase in airway caliber, anterior movement without
superior movement of the hyoid bone, among others. Incor-
rect placement of the cuff on the nerve is indicated, for
example, when there is insufficient opening of the retro-
palatal or retro-lingual space, when the tongue is observed to
retract (posterior movement), a decrease in retro-glossal air-
way caliber, a decrease in retro-palatal airway caliber, supe-
rior movement, and for example unilateral superior move-
ment of the hyoid bone, among others. If necessary, the cuff
1350 may be repositioned at a different location along the
length of the nerve to obtain the desired effect. The capture
threshold and impedance values may be recorded and the STL
1300 may be disconnected from the INS 1100. The surgeon
may create a fascia wrap by suturing fascia around the cuff on
the superficial side of the nerve.

[0152] A pocket for the INS 1100 may then be created by
making an incision (B) down to the pectoralis fascia approxi-
mately 2 finger breadths below the right clavicle. The INS
1100 may be implanted on the right side to minimize cardiac
artifact during respiratory sensing. Blunt dissection inferior
to the incision may be used to create a pocket large enough to
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hold the INS 1100. The pocket should be inferior to the
incision (B) such that the incision (B) does not reside over the
INS 1100 when later placed in the pocket.

[0153] A tunnel may be formed for the STL 1300 using the
tunneling system 3000 (sheath 3020 and tip 3030 placed over
t0013010) to tunnel along a path (C) from the infraclavicular
INS pocket to the neck incision (A). As shown in FIG. 11C,
the lead carrier 3100 may then be placed on the most proximal
electrical contact of the STL proximal connector 1310. The
tip 3030 may be removed from the sheath 3020 to expose the
connector 3018 of the tool 3010 and attach to the lead carrier
3100. While holding the sheath 3020 in place, the tool 3010
may be pulled proximally to pull back the STL 1300 through
the sheath 3020, taking care not to pull out the C-shaped strain
relief or disturb the cuff. If the C-shaped strain reliefloop (L)
is pulled out, it should be replaced into the small pocket. The
t001 3010 may be released from the lead carrier 3100 and the
lead carrier 3100 may be removed from the STL 1300. The
sheath 3020 may then be removed from the body leaving the
STL 1300 in place. The neck incision (A) need not be closed
at this time, but rather may be closed later in the procedure
allowing confirmation that the C-shaped strain relief remains
in the small pocket.

[0154] The following implant instructions refer to an INS
1100 implanted at the patient’s right sub-clavicular region.
The right and left distal portions of the RSL 1200 may be
placed near the right and left costal margins, respectively, by
making four small incisions (D and E) as shown. The lateral
incisions (E) may be made approximately 80% (+/-5%) of
the distance from the midline to the mid-axillary line, and on
the costal margin. The medial incisions (D) may be made such
that the RSL 1200 is relaxed and all electrodes are on the
costal margin. Using the tunneling system 3000 (sheath 3020,
tip 3030 attached via connector 3018), a tunnel (G) may be
formed between the pocket (B) and the medial incision (D),
such that the right distal portion of the RSL 1200 may be
pulled through the tunnel (G) from the pocket (B) to the
medial incision (D). A tunnel (F) may then be formed
between the medial incision (D) and lateral incision (E), such
that the right distal portion of the RSL may be pulled through
the tunnel (F) from (D) to (E). This may be repeated for the
left distal portion of the RSL 1200. Alternatively, if the
embodiments of RSL 1200 shown in FIG. 4F or 4G are used,
a small pocket may be formed medial to (D) in order to
accommodate the medial electrodes and/or loop back region
1255.

[0155] The previously described tunneling operations (F
and G) may be performed as follows: The tunneling tool 3010
including the connector 3018 may be inserted into the sheath
3020 and the tip 3030 may be connected to the connector
3018, forming the tunneling system 3000. The tunneling sys-
tem may be placed in the origination incision site and pushed
beneath the skin towards the destination incision site, forming
a tunnel. After tunneling, the tip 3030 may be removed from
the connector 3018 of the tunneling tool 3010. If needed, the
tool 3010 may be removed and reversed such that the con-
nector 3018 is at the other end of the sheath 3020. With the
tool 3010 inserted through the sheath 3020, the lead carrier
3100 may be attached on its proximal end to the connector
3018 and on its distal end to the distal electrode 1250 or
proximal connector 1210 of the RSL 1200. While holding the
sheath 3020 in place, the tunneling tool handle 3016 may be
pulled and the attached lead carrier 3100 and RSL 1200
pulled into the sheath 3020. This may be visualized through
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the semi-transparent tunneling tool. The sheath 3020 may
then be slid towards the tunneling tool handle 3016, exposing
the lead carrier. The lead carrier may then be disconnected
from the connector 3018, leaving the RSL 1200 in place. This
process may be used to tunnel from (D) to (B) and subse-
quently from (E) to (D). For tunnel (G), the RSL 1200 may be
pulled completely through the sheath 3020 to expose and
disconnect the lead carrier.

[0156] Each anchor tab 1270 and suture hole 1290 may be
secured to the underlying tissue by dissecting down to the
adjacent muscle fascia and suturing each anchor tab 1270 or
suture hole 1290 to the muscle fascia. Permanent sutures may
be used to avoid movement of the RSL 1200, and braided
suture material may be used for knot retention and to prevent
corrosion through the silicone anchors.

[0157] The STL 1300 and RSL 1200 may then be con-
nected to the INS 1100. The RSL 1200 may be plugged into
the RSL port 1112, and the STL 1200 may be plugged into the
STL port 1114. The set screws may be tightened using a
torque wrench.

[0158] A closed loop test may be performed to confirm
proper operation by observation of tongue protrusion or air-
way opening in concert with inspiration. The INS 1100 and
proximal portions of the leads 1200/1300 may then be placed
into the infraclavicular pocket, looping the excess lead length
beneath or around the INS 1100. Care should be taken not to
pull out the C-shaped strain relief loop (L) in the STL sigmoid
lead body 1370 while manipulating the INS 1100 into place.
The INS 1100 may then be sutured to underlying fascia
through both suture holes 1116 found in the header 1110 of
the INS 1100. Permanent sutures may be used to avoid move-
ment of the INS both before tissue encapsulation and chroni-
cally, and braided suture material may be used for knot reten-
tion. Another system test may be performed at this point.
After confirming that the C-shaped strain relief loop (L) is
present in small pocket at neck incision, the incisions may be
irrigated (optionally with an antibiotic solution) and closed
using conventional techniques. After a healing period of
approximately one month, the patient may undergo a sleep
study to confirm proper operation of the system and to titrate
therapy.

Screening Methods

[0159] As described previously, obstructive sleep apnea
(OSA) can be characterized by periodic reductions in airflow
during sleep and, more specifically, as periodic reductions in
inspired air volume during sleep. These reductions in airflow
and inspired air volume are respiratory events that may be
categorized as hypopneas (less severe) or apneas (more
severe). Such respiratory events may reduce the amount of
gas exchanged in the lungs during respiration or the efficiency
of that gas exchange, thereby negatively affecting the
exchange of oxygen and CO2. Due to the human body’s
natural metabolism of oxygen and generation of CO2, a
reduction in the exchange of oxygen and CO2 can lead to a
reduction in blood oxygen levels and a corresponding
increase in blood CO2 levels. When CO2 levels reach a
threshold, the person can be aroused from sleep briefly (for
less than 10 seconds) or for an extended duration (for more
than 10 seconds). After sleep is reinitiated, this progression of
respiratory events may repeat, leading to a disruptive sleep
pattern. This repeating can be expressed as a respiratory event
rate or as an apnea-hypopnea index (AHI) and may be mea-
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sured as the sum of apneas and hypopneas experienced over a
period of sleep divided by the hours of sleep.

[0160] Respiratory events occurring during a polysomnog-
raphy (PSG) evaluation may be characterized by observed
reductions in airflow (including apneas and hypopneas) as
well as by measured reductions in blood oxygen levels or
blood oxygen saturation levels, and by the detection of full or
partial arousals from sleep. The sleep data collected from the
PSG evaluation or from another method (such as with the use
of a user-operated or patient-managed device that is mobile
and/or home-based and capable of measuring one or more
sleep-related parameters), including airflow and blood
parameter measurements, can be generated or recorded with
alog of the respiratory events providing the timing, severity,
sleep status or state, and other characteristics associated with
each respiratory event or with the entire sleep period. Each of
these types of respiratory events can be a factor in determin-
ing the apnea-hypopnea index (AHI). Airflow and reductions
in airflow may be measured using methods described previ-
ously (e.g. a pressure sensor connected to nasal cannula, an
oral thermistor/thermocouple, a pneumotach, etc.). Measures
of blood oxygen levels, blood oxygen saturation levels, and
reductions in blood oxygen and blood oxygen saturation lev-
els can be obtained or derived from measurements of SpO2,
Sa02, or Pa02. The most common blood oxygen measure-
ment technique used during a PSG evaluation is SpO2 as
measured by pulse oximetry. Of the available techniques for
measuring oxygen levels in the bloodstream during sleep, the
measurement of blood oxygen saturation levels has been
found to be useful. A reduction in blood oxygen saturation
levels occurring during sleep may be called an oxygen desatu-
ration or simply an O2 desaturation, and that a reduction in
blood oxygen saturation levels as measured by SpO2 may be
called a SpO2 desaturation. For example, a change in blood
oxygen saturation levels from a 97% blood oxygen saturation
level to a 93% blood oxygen saturation level can be called a
4% Q2 desaturation because the blood oxygen saturation
level was reduced by 4% during a time period associated with
an observed respiratory event. For example, the exemplary
4% O2 desaturation can be associated with a time period that
precedes and leads up to an arousal, or associated with a time
period that precedes and leads up to a significant reduction in
airflow, or associated with a time period that precedes and
leads up to a particular severity level of the observed desatu-
ration. Arousals are typically measured by electroencephalo-
gram (EEG) and are visually scored by an experienced sleep
technician.

[0161] Tt is believed that there have been a variety of pro-
posed definitions for respiratory events, with the most debate
over the definition of hypopnea. The American Academy of
Sleep Medicine (AASM) endorsed the AHIChicago hypop-
nea definition in 1999. In 2007, the AASM proposed two new
hypopnea definitions: a recommended AHI (AHIrec) and an
alternative AHI (AHIalt) definition. In 2012, the AASM
modified the hypopnea definition yet again. Each hypopnea
definition proposes different combinations and thresholds of
severity for airflow reductions, SpO2 desaturation, and
arousal.

[0162] For example, the AHIrec hypopnea definition
requires at least a 30% reduction in airflow for at least 10
seconds and a corresponding O2 desaturation of at least 4%.
Such a hypopnea does not require an EEG arousal.

[0163] Inanother example, the AHIalt hypopnea definition
requires at least a 50% reduction in airflow for at least 10
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seconds and one or both of the following conditions: an EEG
arousal or a corresponding O2 desaturation of at least 3%. If
there is an EEG arousal, no O2 desaturation is needed to score
the hypopnea. Likewise, if there is an O2 desaturation of 3%
or more, no EEG arousal is needed to score the hypopnea.

[0164] Regardless of the AHI definition applied, many res-
piratory events will have an associated oxygen desaturation.
However, some respiratory events will not have an associated
oxygen desaturation, and some respiratory evernts may be
identified solely by the detection of an oxygen desaturation
without the presence or detection of other indicators. An
oxygen desaturation rate, commonly known as oxygen
desaturation index (ODI), is the total number of oxygen
desaturations of a given severity divided by the hours of sleep
for the observed sleep period. For example, a person who
sleeps 8 hours and has 400 oxygen desaturations of 3%-or-
greater severity during those 8 hours would have a 3%-ODI
(alternatively expressed as “ODI1_3%”) value of 50/hour, a
number calculated from a count of 400 O2 desaturations of
3%-or-greater severity divided by the 8 hours of the 8-hour
sleep period over which the 400 O2 desaturations were
observed. Stated another way, the exemplary value of an
“ODI_3% value of 50/hour” means that the patient experi-
enced an average of 50 desaturations of a 3%-or-greater
severity for each hour of sleep of an observed sleep period. As
can be appreciated, in this example, some of these 400 3%-or-
greater oxygen desaturations may have a severity that is
greater than 3%, which allows for calculations of ODI values
for different severities of O2 desaturation. Forexample, 1£200
ofthe 400 3%-or-greater oxygen desaturations have a severity
of 4% or greater, then the corresponding ODI value (ODI_
4%) would be 25/hour (i.e., 200 oxygen desaturations of 4%
or greater severity divided by 8 hours of the 8-hour sleep
period). These calculations can continue for ever-increasing
severities. For example, if 40 of the oxygen desaturations had
aseverity of 6% or greater, and 24 of the oxygen desaturations
had a severity of 8% or greater, then the ODI__ 6% and ODI__
8% values would be S5/hour and 3/hour, respectively. As
expected, increases in the ODI severity level (here from 3%,
to 4%, to 6%, to 8%), will likely have corresponding ODI rate
decreases (here from 50, to 25, to 5, to 3 per hour). As can be
appreciated, the ODI calculation method described above can
produce a flat or decreasing trend as the ODI severity level
increases, because qualifying desaturations drop out of the
ODI calculations as the ODI severity level increases. As can
be further appreciated, the above-described ODI calculation
method is a cumulative (or anti-cumulative) technique
wherein each of the lower ODI severity levels includes values
corresponding to the selected level combined with values that
correspond to greater ODI severity levels, e.g., the calculation
of the ODI_ 3% value includes all of the oxygen desatura-
tions corresponding to ODI_4%, ODI_ 5%, etc. In an alter-
native ODI calculation method using a discrete technique, the
calculation of each ODI severity level can be limited to
include only those oxygen desaturations corresponding to the
selected ODI severity level. For example, in this alternative
approach, the calculation of the ODI__3% value can be lim-
ited to oxygen desaturations corresponding to a range 03.0%
0 3.9% and not include oxygen desaturations that correspond
to values 0f4.0% or greater. Such a calculation method would
likely show a reduction of ODI values as severity increases,
because most patients have more low-level oxygen desatura-
tions than high-level oxygen desaturations, although some
patients with sleep apnea may desaturate to more severe lev-
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els more often than less severe levels. As can be appreciated,
the range applied to each ODI severity level can vary. For
example, the ODI_3% value can correspond to a range of
2.5% to 3.4% with the 3.0% value disposed in the middle of
that range, or some other arrangement that achieves the same
ends.

[0165] These data, using any of the above ODI calculation
methods, may be well suited to plotting on Cartesian coordi-
nates. For example, the x-axis may display the ODI severity
thresholds (e.g. 3%-20%) and the y-axis may display the ODI
rate (e.g. desaturations per hour). FIG. 16 illustrates an
example of the cumulative method where the ODI rates pro-
vided above (50 to 25 to 5 to 3 per hour) are plotted with
additional values to display an exemplary patient having ODI
rate values of 50, 25, 15, 5, 4, 3, 2, 1, and 0 events/hour are
shown to correspond to ODI severity thresholds of 3%, 4%,
5%, 6%, 7%, 8%, 10%, 15%, and 20%). These plots are
referred to generally as an oxygen desaturation distribution
curves. An exemplary data set that could have generated the
plot of FIG. 16 can have an 8-hour sleep period with an
observation of 400 O2 desaturations of 3% or greater severity,
200 O2 desaturations of 4% or greater severity, 120 O2
desaturations of 5% or greater severity, 40 O2 desaturations
of 6% or greater severity, 32 O2 desaturations of 7% or
greater severity, 24 O2 desaturations of 8% or greater sever-
ity, 16 O2 desaturations of 10% or greater severity, 8 O2
desaturations of 15% or greater severity, and no O2 desatu-
rations of 20% or greater severity. From the exemplary data
sets for the patient represented by FIG. 16 or from similar data
sets, a mean oxygen desaturation value can be derived and
additional methods can be employed to identify one or more
alternative representations of the oxygen desaturation values
for a patient (e.g., a mean oxygen desaturation value).

[0166] As can be appreciated from FIG. 16, the number of
observed O2 desaturations can vary from the exemplary num-
bers provided above while still supporting the same curve
illustrated in FIG. 16. For example, instead of a value 0of 4002
desaturations for a 6% or greater severity (described above),
avalue of 38 O2 desaturations of 6% or greater severity could
have been observed and rounded up to 40 when preparing the
oxygen desaturation distribution curve of FIG. 16. Alterna-
tively, the value of 38 may be used for calculations, while the
corresponding value may be plotted or recorded. Apparent in
the ODI calculation is the understanding that the numerator of
the ODI rate (the counting of observed O2 desaturations) and
the denominator of the ODI rate (the length of the sleep
period) will influence the calculation of the ODI rate. As can
be appreciated, the definition applied to the identification and
counting of observed and excluded O2 desaturations and the
identification and measurement of the sleep status and sleep
period of the patient can vary and otherwise influence the
calculation of the ODI rate and the plotting of the oxygen
desaturation distribution curve.

[0167] Using the methods described above and similar
methods, sleep data can be subdivided further, for example by
sleep stage, position, or other factors. Using the above
example, the person sleeping eight hours may have slept four
of those hours supine and four of those hours non-supine (e.g.
sleeping on the right side, left side, or prone). Each of these
positions can be further subdivided by sleep stage (e.g. Stage
1, Stage 2, Stage 3, and REM). Stages 1-3 are collectively
known as non-REM (NREM). Thus, if 3 of the 4 hours of
supine sleep were spent in Stages 1-3, then total sleep time for
supine-non-REM sleep is three hours. Similar calculations
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can be performed for other stage-position combinations,
stage-only (e.g. NREM and REM), position-only (e.g.
supine, non-supine, right, left, prone), or other metric (e.g.
stimulation ON/OFF, stimulation amplitude, CPAP pressure,
etc.). Thus, for each of these subsets, ODI calculations can be
made with varying complexity (e.g. ODI_ 4% in non-supine
position, ODI_ 6% in supine position with NREM stage sleep
and with stimulation turned on, etc.).

[0168] Inaclinical study, the subjects who were least likely
to meet responder criteria exhibited a marked tendency for
severe oxygen desaturations at their baseline PSG study. Spe-
cifically, while most subjects exhibited oxygen desaturation
events within a narrow range of desaturation severity, chal-
lenging subjects (subjects that did not respond or had a
reduced response to therapy) often had oxygen desaturations
that were heavily skewed toward more severe desaturation
levels. This correlation between desaturations and respon-
siveness to therapy may provide a predictor of the efficacy of
the therapy, and also provide an indication as to how well a
subject has responded or will respond to the therapy.

[0169] There are several methods available to characterize
these severe desaturations. For example, the calculation of a
mean oxygen desaturation value can provide an estimate of
the average severity of oxygen desaturations. A low threshold
(e.g. 3%) may be used to account for a plethora of small
fluctuations in oxygen level (e.g. 0.5%) that may overwhelm
the data set.

[0170] One way to screen out these fluctuations is to
include only oxygen desaturations that are associated with an
observable respiratory event when calculating the values
described above. Although the data may vary slightly depend-
ing on the AHI definition applied, the trends will likely be
similar. This is because respiratory events with severe oxygen
desaturations usually meet the criteria for a respiratory event,
regardless of definition.

[0171] Other methods can be also be used to characterize
oxygen desaturation severity. Similar to mean oxygen desatu-
ration, the median and mode of the oxygen desaturation dis-
tribution may provide similar characterization. In addition,
the lowest oxygen level observed during a PSG (e.g. the SpO2
nadir) can be used. Curve-fitting methods may also charac-
terize the oxygen desaturation curves, as described above.
Examples of curve fitting methods include linear regression
and exponential curve fitting. Many other curve fitting
examples are conceivable. Additionally, time during sleep
spent below threshold oxygen and oxygen saturation levels
(e.g. 90%, 85%, etc.) can also characterize the severity. Simi-
larly, the average SpO2 value during sleep can also be calcu-
lated to characterize the severity.

[0172] The graphical method illustrated in FIG. 16 is an
embodiment illustrating the characterization of the oxygen
desaturation severity for an exemplary patient. When com-
paring the oxygen desaturation distribution curves of mul-
tiple subjects implanted with a hypoglossal nerve stimulation
device, differences in morphology suggests two distinct sub-
groups. This is illustrated in FIG. 17.

[0173] The data plotted in FIG. 17 represents twenty-five
evaluable subjects from a clinical study. A hypoglossal nerve
stimulation (HGNS) system similar to the system described
in FIG. 1 was implanted in each subject. Prior to implant, each
subject had a baseline PSG. The oxygen desaturation distri-
bution curve for each subject was determined. Follow-up
PSG data was collected on all subjects. Each subject’s
response to HGNS therapy was characterized based on the
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most recent scored PSG. Each subject was categorized as a
“strong” responder, “borderline” responder, or “inadequate”
responder to the HGNS therapy. These designations were
based on each subject’s response threshold. For this study, to
meet responder criteria, each subject’s AHI was less than or
equal to 20 and at least a 50% improvement compared to data
obtained from the baseline PSG. Other responder criteria,
however, is conceivable. For example, one could use at least
a 50% improvement in AHI only or ODI__4% of less than or
equal to 5/hr as possible responder criteria.

[0174] For the responder criteria used in this clinical study,
if two subjects had baseline AHIs of 30 and 50, for example,
then their responder AHI thresholds would be 15 and 20,
respectively, representing a 50% improvement to the baseline
values that is also less than or equal to 20. If a subject was
within 25% of this threshold, they were categorized as “bor-
derline.” Continuing with the two example subjects with AHI
thresholds of 15 and 20, respectively, their borderline range
would be AHIs inclusively ranging from 11.25/hour to 18.75/
hour and inclusively ranging from 15/hour to 25/hour, respec-
tively. If a subject’s AHI was above this “borderline” range,
they were characterized as an “inadequate” responder to the
HGNS therapy. If a subject’s AHI was below this “border-
line” range, they were characterized as a “strong” responder
to the HGNS therapy.

[0175] As shown in FIG. 17, there were twenty-five evalu-
able subjects. Fleven subjects were categorized as “strong”
responders. Six subjects were categorized as “borderline”
responders. Fight subjects were categorized as “inadequate”
responders. FIG. 17 shows the median oxygen desaturation
distribution curve for each of these sub-groups. The oxygen
desaturation distribution curves for the “strong” and “border-
line” sub-groups have a similar morphology to each other.
The morphology of the “inadequate” responder sub-group is
different; it is skewed to the right and has a higher degree of
linearity. These two distinct morphologies suggest a different
phenotype, patient profile, or underlying mechanism.

[0176] This “inadequate” sub-group of the OSA population
may be more challenging to treat with HGNS and can be
screened out by analyzing the oxygen desaturation profile
collected during a baseline PSG (prior to implant with an
HGNS system). Thus, subjects with severe oxygen desatura-
tions, the least likely to respond to HGNS therapy, can be
screened out prospectively. Stated another way, inclusion
criteria for an HGNS system may require mild to moderate
oxygen desaturations corresponding to the “strong” and “bor-
derline” sub-groups. Given the plethora of methods to char-
acterize oxygen desaturation severity, other thresholds and
criteria are available. One embodiment is mean oxygen
desaturation associated with respiratory events. As expected,
the higher the mean oxygen desaturation threshold, the more
likely that challenging subjects with severe oxygen desatura-
tions will satisfy the criteria. Example severity thresholds
include values equal to, greater than, or less than3%, 4%, 5%,
6%, 7%, and 8%, and can further include thresholds of values
equal to, greater than, or less than 9%, 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%,
24%, and 25%. Based on empirical data and with reference to
FIG. 17, subjects with mean oxygen desaturations (associated
with respiratory events) below 5% are associated with the
“borderline” or “strong” sub-groups and are likely to respond
to a HGNS therapy, those inclusively between 5% and 8% are
less likely to respond to HGNS therapy, and those above 8%
are associated with the “inadequate” sub-group and are
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unlikely to respond to a HGNS therapy. As can be appreciated
from FIG. 17, at ODI__10% and higher, the ODI rates for the
three sub-groups are similar. At ODI_10% all three sub-
groups provide an ODI rate that is less than 10 events/hour but
still has the “strong” sub-group being distinguishable from
the other two sub-groups (with ODI_10%,,,,,,.=1 event/hr,
ODIL_10%,p,z0r10ne=4 events/hr, and ODL_10%,,.7. =0
events/hr). And at ODI__15%, ODI_20%, and ODI_25% all
three sub-groups provide ODI rates that are either identical or
within a range of 3 events/hours (with ODI_15%,,,,,,,,~near
0 events/hr, ODI__15%,,,,,.7..;:mc=12€ar O events/hr, and ODI_
15%;ad0quase=2 €vents/hr, and with all values of ODI_20%
and ODI_25% near zero). In contrast, as illustrated in FIG.
17,at ODI__8% all three-sub-groups provide an ODI rate that
is less than 15 events/hour but the “inadequate” sub-group
provides an ODI rate that is distinguishable from the other
two sub-groups (with ODIL_8%,,,, =2 events/hr, ODI_
8% o rigoriine—o €vents/hr, and ODI_ 8%, .10 =13 events/
hr). Likewise, at ODI__7% the “inadequate” sub-group pro-
vides an ODI rate of 20 events/hour and is distinguishable
from the other two sub-groups that provide ODI rates that are
less than 10 events/hour (i.e., the “borderline” and “strong”
sub-groups have ODI rates that are 50% or less of the corre-
sponding ODI rate for the “inadequate sub-group”) (with
ODIL_7%;,,4,,,=3 events/hr and ODI_7%,,,, 7., events/
hr). Again, referring again to FIG. 17, at ODI_ 6% the “inad-
equate” sub-group provides an ODI rate of more than 25
events’hour and is distinguishable from the other two sub-
groups that provide ODI rates that are less than 10 events/hour
(i.e., the “borderline” and “strong” sub-groups have ODI
rates that are 40% or less of the corresponding ODI rate for
the “inadequate sub-group”) (with ODI_ 6%.,,,,,,=5 events/
hr, ODI_6%,,germe=" events/r, and ODI_6%,,,,
equaze=26 events/hr). At ODI_5% the “inadequate” sub-
group provides an ODI rate of more than 30 events/hour and
1s distinguishable from the other two sub-groups that provide
ODI rates that are less than 15 events/hour (i.e., the “border-
line” and “strong” sub-groups have ODI rates that are 50% or
less of the corresponding ODI rate for the “inadequate sub-
group”) (with ODI_5%,,,,,=6 events/hr, ODI_ 5%,
wne=12 events/hr, and ODI__5%,,, s .ae=33 €vents/hr). At
ODI__4% the “inadequate” sub-group provides an ODI rate
of more than 40 events/hour and is distinguishable from the
other two sub-groups that provide ODI rates that are 20
events’hour or less (i.e., the “borderline” and “strong” sub-
groups have ODI rates that are 50% or less of the correspond-
ing ODI rate for the “inadequate sub-group™) (with ODI__
4%,y0ng=12 events/hr, ODL 4%, .,1,,=20 events/hr, and
ODL_4%,,,,40guar=43 events/hr). At ODI_3% the “inad-
equate” sub-group provides an ODI rate of 50 events/hour
and is distinguishable from the other two sub-groups that
provide ODI rates of less than 35 events/hour for the “bor-
derline” sub-group and less than 25 events/hour for the
“strong” sub-group (i.e., the “borderline” sub-group has an
ODT rate that is 70% or less of the corresponding ODI rate for
the “inadequate sub-group”, and the “strong” sub-group has
an ODI rate that is 50% or less of the corresponding ODI rate
for the “inadequate sub-group”) (with ODI_3%,,,,,,=22
events’hr, OD1__3%,, z0,ime=33 €vents/hr,and ODI_ 3%, -
equaze=50 events/hr).

[0177] As can be further appreciated from FIG. 17, the
curvatures of the “borderline” and “strong” sub-groups are
similar from ODI_3% to ODI_25% and, in particular,
closely aligned from ODI__5% to ODI__8%. In contrast, the
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curvature of the “inadequate” sub-group is not similar or
aligned between ODI_ 5% and ODI1__10% as the slope for the
“inadequate” sub-group is steeper than the slopes of the “bor-
derline” and “strong” sub-groups. For example, for the
“strong” sub-group, the slope between ODI_ 5% and ODI__
8% is 1.33 (the absolute value of a rise of -4 (ODI rate of 2 at
ODI__8%-0DI rate of 6 at ODI__5%) divided by a run of 3
(ODI_8%-0DI_5%)) and for the “borderline” sub-group
the slope between ODI__5% and ODI__8% is 2.33 (the abso-
lute value of a rise of -7 (ODI rate of S at ODI_8%—ODI rate
of 12 at ODI__5%) divided by a run of 3 (ODI__8%—-ODI__
5%)). In contrast, for the “inadequate” sub-group the slope
between ODI__5% and ODI1__8% is 6.67 (the absolute value
of arise of =20 (ODI rate of 13 at ODI_ 8%-0ODI rate of 33
at ODI__5%) divided by a run of 3 (ODI_8%-0DI_ 5%))).
Comparatively, the slope of the “inadequate” sub-group
(6.67) is five times or greater than the slope of the “strong”
sub-group (1.33), which is a comparison that can be
expressed mathematically as: slope,, , 4. Y times slope-
strongs Where “Y” s 5,4, 3,2, or 1 or a number provided
between these values. Using a similar comparison, the slope
of the “inadequate” sub-group (6.67) is 2.75 times or greater
than the slope of the “borderline” sub-group (2.33), which is
a comparison that can be expressed mathematically as:
S10P€,, toqueare™ X timeS sl0Pes,,, 1,4, Where “X7 is 2.75, 2,
or 1 or a number provided between these values. These data
are based on a patient group of only 25 subjects who were
selected using specific screening criteria. Thus, the ranges
and ratios discussed herein could in fact be broader in the
general population or apneic population, for example.

[0178] These findings should increase the likelihood of
therapeutic success and increase clinical efficacy results. As
health economics continue to play an ever-increasing role in
the medical device field, findings like these are increasingly
valuable. This is because large costs can be avoided, namely
the costs of implanting subjects who are poor candidates.

[0179] Identifying and distinguishing the three sub-groups
(“strong”, “borderline”, and “inadequate”, or any other sub-
groups separating HGNS-responders from HGNS-non-re-
sponders) in the available data (PSG or otherwise) can be
achieved in a number of ways. Likewise, a value representa-
tive of the oxygen desaturations experienced by a patient can
be obtained in a number of ways, such as by generating a
mean oxygen desaturation value or a median oxygen desatu-
ration value as described above. One possible way to evaluate
patient responsiveness to HGNS therapy is to obtain the mean
oxygen desaturation value for a patient and then to manually
compare the mean or median O2 desaturation value to the
desaturation threshold described above (in which, for
example, responders are patients with mean oxygen desatu-
rations below 5% and non-responders are patients with mean
oxygen desaturations above 8%).

[0180] Automated methods are also available for the pro-
cessing of sleep and PSG data and for determining whether a
patient is a responder or a non-responder for HGNS therapy.
For example, a website can be provided with a functionality
that provides an indication as to whether a patient is a candi-
date for implantation of a nerve stimulation device—e.g., a
determination as to whether a patient or a set of sleep data for
apatientindicates status as a responder or non-responder. The
website can include a function that allows a sleep lab, patient,
or a user-operated, sleep measurement device, such as a
mobile or home-based sleep measurement device, for
example, to upload sleep data to a server, can include a func-
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tion that processes the sleep data to determine whether the
patient or the sleep data indicates status as a responder or
non-responder, and can include a function that displays the
responder/non-responder status to a user. The sleep lab,
patient, or user-operated sleep measurement device, such as a
mobile or home-based sleep measurement device, for
example, can pre-condition the sleep data, or the website can
have a function that pre-conditions the sleep data, to allow for
amore efficient or more standard evaluation of the sleep data.
In another alternative, any of the above functionality of the
website, or its equivalent, can be provided via a mobile appli-
cation, as a stand-alone software product, or as a firmware
product, or as an update made to an existing system provided
at a sleep lab or other device. In a further alternative, the
functionality can be provided as a feature on a physician or
patient programmer such as the programmer system 2100 or
the therapy controller 2500 illustrated in FIG. 1. In another
alternative, the functionality can be implemented with the
transmission of the sleep data to a remote server that provides
the functionality, with the sleep lab, patient, or user-operated
sleep measurement device, such as a mobile or home-based
sleep measurement device, for example, transmitting the
sleep data and/or the provider of the functionality receiving
the sleep data and/or providing a determination to the sleep
lab, patient, or a clinician. In yet another alternative, the
functionality can be coupled with a blood oxygen monitoring
or sensing device configured to measure blood oxygen levels,
blood oxygen saturation levels, and reductions in blood oxy-
gen and blood oxygen saturation levels, or a device config-
ured to measure SpO2, Sa02, or PaO2 as described above.
Such a blood oxygen monitoring device, which may be a
stand-alone, user-operated device, can be implemented to
interact with a website, software, an app or any of the other
implementation of the functionality as described above. In a
further alternative, in at least some embodiments, the process-
ing of sleep and PSG data and the determining whether a
patient is a responder or a non-responder for nerve stimula-
tion therapy may be accomplished manually and/or with a
calculator.

[0181] Additional screening can be used to supplement the
above-described methods. For example, the airway can be
characterized during sleep by a Pcrit measurement in differ-
ing sleep stages and body postures, per the methods of
Schwartz et al. A higher Pcrit value is indicative of a more
collapsible airway which may be more difficult to treat with
this therapy. A surrogate measure for Pcrit may be an auto-
PAP device that adjusts airway pressure dynamically to elimi-
nate flow limitation. For example, a patient may require 12
cmH,O of air pressure to maintain a patent airway in the
supine position, yet only require 8 cmH,O of air pressure in
the lateral position. The auto-PAP would automatically adjust
for this.

[0182] The volume of air expired during a pressure drop
may be measured. The pressure drop may occur during natu-
ral expiration during wakefulness. Alternatively, the patient
may be asleep during the measurement. The timing of the
pressure drop during expiration may occur at a certain point
during expiration to ensure consistency. The duration of the
pressure drop may be fixed. An example of this measure is
VyNEPfO.S'

[0183] The airway may be visualized using an imaging
modality such as, but not limited to, cephalogram, MRI,
MRI, CT, ultrasound, OCT, naso-endoscopy, photography,
and video imaging. This imaging may be performed during
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sleep, under sedation, or during wakefulness. The patient may
be asked to protrude the tongue, inhale/exhale at specific flow
rates, or perform Muller’'s Maneuver. Tongue protrusion
force may also be measured. Tongue size may be observed
and/or measured quantitatively or qualitatively (e.g., Modi-
fied Mallampati). BMI may also be a good predictor of patient
response.

[0184] The following metrics (and others) may be mea-
sured and used in screening: size of tongue and soft palate,
angle of the soft palate, redundancy of tissue, and length of
soft palate. Endoscopy is one method for obtaining these
metrics. Additional size metrics may include craniofacial
structures, tonsil size, adenoids, and/or pharyngeal fat pads.
[0185] Mechanical linkage or coupling between airway
structures may also be assessed. For example, airway opening
may be measured at different levels concurrent with other
motions, (e.g. measuring opening of the airway at the retro-
palatal space during voluntary tongue protrusion or anterior
displacement of the tongue).

[0186] Nasal airway collapse may be measured using nasal
peak inspiratory flow meters in different body positions, for
example. Additionally, acoustic rhinometry may provide
another way to measure this.

[0187] Body Mass Index (BMI) may be a useful tool in
screening. Additional metrics include % body fat, % visceral
fat, neck circumference, % neck fat, and/or body fat distribu-
tion.

[0188] A patient’s arousal threshold from sleep may be
quantified by measuring intra-pleural arousal pressure. A
nasal EPAP device may be used in screening. An EPAP device
reduces airflow through the nares. This may increase airway
patency during the expiratory phase of respiration. An
example of EPAP is the ProVent device (Ventus Medical Inc.,
Belmont Calif.). Arousals and respiratory events may be
assessed with and without the EPAP device. During therapy,
the patient’s tongue may protrude past the teeth. A dental
examination (i.e. identify sharp teeth), patient’s use of den-
tures, and tolerance to oral appliances may be used in screen-
ing.

[0189] The airway may be characterized using a dual air
pump and a valve system, configured for connection to amask
on the patient. In this configuration, the two different pres-
sures (e.g., difference of 1 cm H,O) are maintained by each
pump which is connected to the valve. The valve may be
attached via a tube to the mask such that the pressure at the
mask is from only one of the pumps. The valve may then be
automated to alternate between the two pressures at a pro-
grammable rate (e.g., 1 Hz). This allows the airway to fluc-
tuate between pressures within breaths. An airway may be
characterized by lowering the pressure to a level that brings
flow limitation, and then observing what pressures remove
this flow limitation.

Awake Titration

[0190] As described previously, the patient may undergo an
awake titration 10200, an iterative process where the response
to stimulation is documented over a range of comfortable
stimulation levels (FIG. 12B). These stimulations may be
delivered manually (e.g., 2 second commanded stimulation
bursts) or synchronous with respiration. A range of ampli-
tudes may be tested across multiple frequencies (range of 20
to 50 Hz, nominal 40 Hz), and pulse widths (range of 30 to
215 ps, nominal 90 ps) 10220.
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[0191] The awake titration may involve defining a wake-
stimulation operating window, defined at its lower limit by a
capture threshold and at its upper limit by a discomfort thresh-
old. The capture threshold may be defined as the lowest
stimulation level at which muscle contraction is visible, pal-
pable, or perceptible (e.g., gross tongue movement or stiffen-
ing) is observed. The discomfort threshold may be defined as
the lowest stimulation level at which the patient experiences
an unacceptable sensation (e.g., discomfort, pain) while
awake.

[0192] While determining this range, the patient may be in
the supine position or alternatively, in a posture typical of
sleep. In general, during the stimulation titration, one may
begin with the lowest settings for pulse width (30 ps) and
amplitude (0.4 mA) at a nominal frequency (40 Hz). If stimu-
lation produces pulsatile (vibrating) contractions, the fre-
quency may be increased to 50 Hz. The pulse width is incre-
mentally increased to 60 ps, then to nominal (90 ps), keeping
Amplitude at 0.4 mA. With the pulse width set to 90 s,
amplitude may be iterated according to the process described
hereinafter. If maximum amplitude is reached and additional
intensity is required, the pulse width may be increased while
reducing amplitude to minimum (0.4 mA). If maximum pulse
width (215 ps) 1s reached and additional intensity is required,
frequency may be increased while reducing the pulse width to
90 ps and the amplitude to minimum (0.4 mA).

[0193] At each stimulation level, observations may be
recorded such as: visible tongue motion, palpable genioglo-
ssus muscle contraction, perception of muscle movement,
tongue protrusion, tongue retrusion, tongue depression,
tongue flattening, tongue cupping, and/or tongue protrusion
past the teeth 10230.

[0194] After awake titration 10200, the patient may be sent
home at a stimulation level in this operating range, beginning
the daytime familiarization period 10400. This may occur
prior to the sleep titration night, such that the patient may
acclimate to the sensation of stimulation. This may allow
higher levels of stimulation to be assessed during the sleep
titration without patient arousal. Patients have been observed
to tolerate (i.e., not arouse) higher stimulation intensities
while asleep compared to wakefulness, so the arousal thresh-
old may be higher than the wake discomfort threshold.

Sleep Titration

[0195] As described previously, after implantation and a
healing period of approximately one month, the patient may
undergo a sleep (PSG) study to confirm proper operation of
the system and to titrate therapy stimulation levels 10500.
Titration may utilize the set-up illustrated in FIG. 10, wherein
the programmer system 2100 interfaces with the PSG equip-
ment 2800. Generally, an oro-nasal mask may be used in
order to measure airflow. Alternatively, a nasal cannula may
be used. In at least one exemplary embodiment, a calibrated
pneumotach is used with the oro-nasal mask to measure the
patient’s airflow 10510. Alternatively, an uncalibrated pneu-
motach may be used. A thermistor or a thermocouple may
also be used to sense airflow. The thermistor or thermocouple
may be calibrated or uncalibrated.

[0196] FIG. 14 illustrates an example of a patient’s airflow
response to stimulation. As shown in FIG. 14, the inspired
airflow increases as stimulation delivered to the nerve
increases. The airflow capture threshold is the stimulation
level at which an increase in airflow is first observed. As
stimulation continues to increase, muscle (i.e. genioglossus)
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activation and airflow also increase. Prior to full muscle acti-
vation, a stimulation level which first removes respiratory
events is observed. At full muscle activation, increasing
stimulation does not increase airflow, resulting in an airflow
plateau. The patient may arouse due to stimulation at a level
on the plateau. Data comprising this curve may be acquired
during a sleep titration PSG for each patient.

[0197] The sleep titration process is illustrated schemati-
cally in FIG. 12C. Titration generally involves establishing an
effective range of stimulation settings 10540, where the lower
end is defined by the lowest stimulation level where respira-
tory events (e.g., apneas, hypopneas, oxygen desaturations,
etc.) 10550 begin to decrease or airflow begins to increase,
and the range’s upper end is defined by stimulation that
arouses the patient. A goal setting at which the patient is
effectively treated (i.e. respiratory events removed) may be
estimated.

[0198] During a sleep titration, device settings may be pro-
grammed using the programmer system 2100. At the start of
titration, most stimulation settings will be at their default
values (40 Hz frequency, 90 uS pulse width, 50% stimulation
duty cycle, O ms phase adjust, etc.). Titration typically con-
sists of many series of “ramps” in different body positions and
sleep stages, wherein each ramp is a series of intervals where
the stimulation intensity is increased from the previous inter-
val in a certain stimulation mode 10540, illustrated in F1IG. 13.
For example, at 40 Hz, 90 uS, in AOAO mode, stimulation
level of the “A” breaths could be incremented every two
minutes, from the nerve capture amplitude to the amplitude
that causes arousal, as illustrated in FIG. 13 trace 3. Ramps
are typically performed in AOAO, ABAB, AABB, AOBO, or
AAAA modes, as illustrated in FIG. 13, traces 1, 2, 3, and 5.
In addition, ramps may be performed using any of the previ-
ously discussed modes, also shown in FIG. 13. At each inter-
val, observations are made as to whether stimulation causes
arousal, reduces respiratory events, or increases airflow (e.g.,
increased V, ,,..).

[0199] Alternative stimulation modes (not illustrated) may
be utilized during wakefulness or sleep, (e.g. during a sleep
titration PSG). An alternative mode may be xAy0 mode,

[TAKIN

where stimulation is delivered for ‘“x” breaths wherein “x” is

[Tt

a programmable number of breaths, followed by “y” breaths
with no stimulation wherein “y” is a programmable number
of breaths. For example, in mode 4A40, stimulation is deliv-
ered on four consecutive breaths followed by no stimulation
on four consecutive breaths.

[0200] AOAO mode may be useful in determining if a
stimulated breath has more flow than an adjacent unstimu-
lated breath. In the same manner, ABAB and AABB modes
may be useful in determining if a stimulated “A” breath
provides more flow compared to an adjacent breath with less
stimulation, “B.” Likewise, AOBO mode may be useful in
comparing flows during “A” stimulation, “B” stimulations,
and unstimulated breaths. During a ABAB, AABB, and AOBO
ramps, the difference in stimulation between “A” and “B”
stimulations may be constant. ABAB, AABB, and AAAA
ramps may also be useful in determining absolute flow (e.g.,
tidal volume, minute volume, etc.) and determining what
level of stimulation reduces or eliminates respiratory events,
since stimulation is delivered every breath. These observa-
tions may be recorded for future reference (e.g. physician
use). Each stimulation mode may be combined with any of
the pulse configurations, such as nested stimulation, soft start,
or retention intensity, as chosen by physician or technician.
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[0201] When a stimulation level is estimated to be effica-
cious, it may be tested in AAAA mode for a fixed time (e.g,,
five minutes) after which stimulation may be turned off for a
fixed time (e.g., five minutes). If stimulation noticeably
reduced or eliminated respiratory events compared to no
stimulation, the settings may be considered the goal setting.
[0202] Additional titration PSG studies may be performed,
either as a separate sleep study or as a split night study. In
order to compare multiple stimulation settings during sleep, a
cross-over PSG study may be performed wherein the stimu-
lation settings are changed at fixed intervals throughout the
night, toggling through a select group of settings. For
example, stimulation may alternate between two stimulation
settings every five minutes. Afterwards, respiratory events
may be determined for each interval such that an index (e.g.,
AHI, OD]J, etc.) can be calculated for each stimulation setting.
This may be useful to gauge whether an increase in stimula-
tion would provide addition therapeutic benefits or to gauge
whether a decrease in stimulation would not lessen any thera-
peutic benefits. In addition, the oxygen sensor of the INS
1100 may be used to measure oxygen de-saturations and
calculate an ODI.

[0203] Another type of titration PSG may be a character-
ization night, per the methods of Schwartz et al., such that a
Perit may be determined in REM/nREM sleep, both supine
and lateral. Another type of sleep study is the home PSG
study, which may be utilized to assess efficacy without the
burden of an in-lab PSG. Many home PSG systems are avail-
able for use.

[0204] The patient may also undergo a vector-sweeping
sleep study 10520, wherein the programming system 2100
and a respiratory signal (e.g., nasal cannula) are utilized.
During this study, the secondary vector may be changed at
regular intervals to cycle through a select group of vectors.
These vectors are compared to the primary vector to deter-
mine an optimal sensing vector to deliver therapy. Selection
may be based on maximum signal strength, consistent corre-
lation to respiratory fiducials (e.g., offset of inspiration), and
maximum signal stability/reliability across sleep stages, body
positions, and disordered breathing events, for example. A
stable signal has a minimum probability of signal inversion. A
reliable signal has a minimum probability of signal loss, and
may for example have a minimum threshold of 0.1 to 0.5
Ohms peak-to-peak, for example. The optimal vector may be
selected by incrementally scrolling through all or a subset of
possible vectors while sampling the respiration signal and
comparing the signal against themselves or predefined
thresholds. This scrolling technique may be performed manu-
ally (with inputs via the programmer system) or automati-
cally (i.e., programmed). The sampling technique may also
be performed manually (visual observation using program-
mer system) or automatically (i.e., programmed).
Post-Sleep-Titration: Familiarization and
Up-Titration

[0205] After titration, the patient is typically sent home
with the device active and stimulation set to a level at which
she can fall asleep. This begins the post-sleep-titration pro-
cess, as illustrated in FIG. 12D. This process may include
nighttime familiarization 10700, up-titration of stimulation
10800, and determining efficacy 11100.

[0206] The stimulation settings at which the patient is sent
home may initially be below the estimated goal settings. As
the patient becomes acclimated to sleeping with the device on

Nighttime
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10700, stimulation may be slowly incremented, over the
course of days, towards the range where therapeutic effects
were observed during the sleep titration and ultimately
towards the estimated goal settings. This period is known as
up-titration 10800. These increments may be performed by a
physician or caretaker, or by the patient, if the physician
allows the patient to have limited control of stimulation via
the therapy controller 2500.

[0207] Several feedback parameters may aid in determin-
ing the appropriate time to up-titrate a patient 10810. These
include the device’s therapy history of frequency and dura-
tion of therapy sessions, patient feedback (e.g., more daytime
energy, no tongue abrasions, stimulation not causing arousal
or pain, etc.), patient’s bed-partner feedback (e.g., reduced
snoring, perceives patient to be less sleepy, etc.), and most
notably, a PSG study. Taken together, these may show
whether the patient needs more time to acclimate to stimula-
tion, is ready to have stimulation increased 10840, is receiv-
ing therapeutic benefits, or is fully treated. In addition, these
feedback may provide data to adjust the patient’s estimated
goal settings 10820. For example, a patient’s upper airway
may, over time, undergo muscle remodeling such that less
stimulation than originally estimated provides efficacious
therapy. Alternatively, a patient may gain weight such that
more stimulation than originally estimated may be needed to
provide efficacious therapy.

[0208] If the stimulation is causing discomfort to the
patient such that stimulation disrupts sleep or inhibits falling
asleep with stimulation on, many options are available,
10830. Stimulation may be reduced and the patient may be
given more time for nighttime familiarization. A different
strategy that may increase the therapy provided to the patient
1s to utilize the device features of core hours, soft start, reten-
tion intensity, and nested stimulation. The core hours feature
(FIG. 6K) allows the patient to fall asleep at one level of
stimulation and after a programmable time interval, have
stimulation increased to a more therapeutic level. Patients
may be able to tolerate higher stimulations when asleep com-
pared to wakefulness and in addition, tolerate higher stimu-
lations further into a therapy session than at the start of a
session.

[0209] As mentioned previously, the INS 1100 may be
programmed to change stimulation level between therapy
sessions, days, or other programmable value, enabling com-
parisons between stimulation level and therapy session data.
For example, the INS 1100 may be programmed to alternate
between 1.8 mA and 2.0 mA, where the change occurs
between therapy sessions. This may be used as a diagnostic
mode to assess the incremental benefit of the higher stimula-
tion level. A patient receiving daily therapy would thus
receive therapy at 1.8 mA on one day, 2.0 mA the next, 1.8
mA the next day, 2.0 mA the next day, and so on. This may
allow therapy session data to be compared with stimulation
level. For example, a physician may compare the cycling rate
(via the cycling detector) during therapy sessions at 1.8 mA
and 2.0 mA over time to determine if there is an observable
difference. If cycling is reduced at 2.0 mA, the physician may
increase stimulation and re-test. If there was no observable
difference, the physician may decrease stimulation and re-test
or simply set stimulation to the lower level. This may reduce
the likelihood of delivering stimulation at a level that, com-
pared to a lower level, provides no additional flow or no
additional benefit. As mentioned previously, other therapy
session data may be compared to stimulation level as well in
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a similar manner. Examples of other therapy session data are:
oxygen desaturation frequerncy and severity, stimulation time,
variations in respiratory rate, and variations in respiratory
prediction.

[0210] Various pulse configurations may also help a patient
acclimate to stimulation. The soft start stimulations (FIG. 6G)
may provide a smoother transition from unstimulated breaths
to stimulated breaths, reducing the patient’s perception of
stimulation intensity. Retention intensity (FIGS. 6E and 6F)
may also provide therapy with reduced patient perception of
stimulation intensity, since the full amplitude is only used for
a part of the stimulation. Nested stimulations (FIG. 6H) may
be used in a similar manner.

[0211] The patient may use positive airway pressure (PAP)
therapy (e.g., CPAP, bi-PAP, auto-PAP, etc.) in conjunction
with the neurostimulator. This may allow the patient to
receive therapeutic benefits in addition to what is provided by
the stimulation. The pressure necessary to provide these ben-
efits may decrease as stimulation is up-titrated, 10800. This
progress towards lower pressures may be monitored using the
auto-PAP technology which automatically adjusts pressure to
the level necessary to remove flow limitation. In time, the
patient may wish to stop PAP therapy altogether. In a similar
manner, other therapies such as but not limited to positional
therapy and mandibular advancement may be used in con-
Junction with the neurostimulator.

[0212] If the patient begins noticing tongue abrasions, a
tooth guard or other tooth covering (e.g. dental wax) may be
used such that the tongue does not scrape against the teeth
when stimulation causes tongue protrusion. Tooth guards
may be custom-made (e.g., by a dentist).

[0213] Additional strategies for acclimation may include
another sleep titration night to examine different stimulation
frequencies, pulse widths, and modes, as previously
described. Different stimulation frequencies and pulse widths
may capture different muscle groups in a more therapeutic
manner. In additions, respiration vectors may need to be
assessed during a vector sweeping titration.

[0214] Therapy efficacy may be measured using standard
PSG techniques during and after familiarization and up-titra-
tion. Therapy efficacy may be evaluated by assessing indicia
of sleep disordered breathing such as AHI, apnea index,
hypopnea index, respiratory disturbance index, apnea-hypop-
nea index, ODI, FOSQ, ESS, BDI, PSQI, or other measures.

Alternative Embodiments

[0215] The stimulation may be delivered to the nerve by
utilizing a variety of stimulation electrode configurations, in
addition to the configurations previously mentioned.

[0216] Mono-polar stimulation may be delivered to the
nerve wherein the cathode (or multiple cathodes) is an elec-
trode (or multiple electrodes) in the STL nerve cuff 1350, and
wherein the anode is the INS 1100. Similarly, far-field bi-
polar stimulation may be delivered to the nerve wherein the
cathode (or multiple cathodes) is an electrode (or multiple
electrodes) in the nerve cuff, and wherein the anode is an RSL
electrode 1250 or 1260.

[0217] Any combination of bi-polar and mono-polar stimu-
lation may be utilized to deliver stimulation to the nerve. For
example, mono-polar stimulation may be delivered between a
cathode electrode in the STL nerve cuff 1350 and the INS
1100 anode. Simultaneously, far-field bi-polar stimulation
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may be delivered between a different cathode electrode in the
STL nerve cuff 1350 and an RSL electrode 1250 or 1260
anode.

[0218] The INS 1100 may be programmed to periodically
change stimulation parameters throughout a therapy session
to vary which muscle fibers are recruited at any given time.
For example, stimulation may be delivered at an initial lower
frequency (e.g. 30 Hz) for 5 minutes, followed by stimulation
delivered at a higher frequency (e.g. 50 Hz) for 2 minutes.
Each frequency may have a unique pulse width, pulse width,
and/or amplitude. This sequence could be repeated through-
out the night.

[0219] This may allow certain muscle fibers to rest during
periods when other muscle fibers are active. This may reduce
muscle fatigue. In addition, stimulation at more than a single
frequency and/or pulse width may be a more effective means
of building muscle strength and endurance. Different stimu-
lation settings (e.g. frequency, pulse width, and/or amplitude)
may result in slightly different movement of the tongue. Vary-
ing stimulation settings may decrease the possibility of rep-
etition-induced irritation, inflammation, or injury.

[0220] Alternatively, it may be possible to effectively build
muscle strength and endurance by deactivating a portion of
the nerve fibers and activating a remaining subset of fibers.
This may allow delivery of higher levels of stimulation to the
remaining fibers. This may reduce subject discomfort which
could have occurred if all the fibers had been activated at that
same intensity. Additionally, this may increase airway
patency or opening by selecting muscles whose activation
results in tongue protrusion and deactivating tongue retrusion
muscles.

[0221] Certain fibers in the nerve may be selectively deac-
tivated by choosing the cathode of pulse delivery and
sequence of pulse delivery such that the fibers are not
recruited by subsequent or simultaneous pulses. For example,
a nerve fiber that innervates a retrusor muscle may be deac-
tivated by delivering a sub-threshold pulse from a nearby
cathode. This may allow a subsequent or simultaneous pulse
at a different cathode to activate a nerve protrusor muscle
nerve fiber without recruiting the retrusor muscle.

[0222] Any aspectset forth in any embodiment may be used
with any other embodiment set forth herein. Every device and
apparatus set forth herein may be used in any suitable medical
procedure.

[0223] It will be apparent to those skilled in the art that
various modifications and variations can be made in the dis-
closed methods and processes without departing from the
scope of the disclosure. Other embodiments will be apparent
to those skilled in the art from consideration of the specifica-
tion and practice of the disclosure disclosed herein. It is
intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the disclosure
being indicated by the following claims.

We claim:
1. A method of evaluating patient candidacy for an implan-
tation of a nerve stimulation device, the method comprising:

providing sleep data to a server, the sleep data including a
log of respiratory events for a sleep period of a patient,
the sleep data further including blood oxygen data cor-
related with said respiratory events; and

receiving a response from the server, the response includ-
ing an indication as to whether the patient is a candidate
for the implantation of the device.
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2. The method of claim 1, wherein the server includes a
memory having reference sleep data compiled from a plural-
ity of subjects, wherein the server compares the sleep data of
the patient to the sleep data of the plurality of subjects to
determine the indication.

3. The method of claim 1, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

4. The method of claim 1, wherein the blood oxygen data
correlated with said respiratory events supports an oxygen
desaturation distribution curve having a slope between two
points on the curve, wherein the server compares the slope to
a threshold to determine the indication.

5. The method of claim 4, wherein the indication is positive
if the absolute value of the slope is less than the threshold.

6. The method of claim 1, wherein the indication is that the
patient is one of a strong responder, a borderline responder,
and an inadequate responder to nerve stimulation therapy
based on an analysis of the sleep data by the server.

7. The method of claim 1, wherein the sleep data is pro-
vided to the server through a website, a mobile application, a
software product, or a firmware product.

8. The method of claim 1, wherein the sleep data is pro-
vided to the server by a sleep lab, a patient, and/or a user-
operated sleep measurement device.

9. The method of claim 1, wherein the blood oxygen data is
at least one of oxygen saturation data, oxygen desaturation
data, SpO2 data, SaO2 data, and PaO?2 data.

10. The method of claim 1, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is at least one of less than 3%, less than 4%,
less than 5%, less than 6%, less than 7% and less than or
equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

11. The method of claim 1, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 6%, greater
than 7%, greater than 8%, greater than 9%, greater than
10%, greater than 11%, greater than 12%, greater than
13%, greater than 14%, greater than 15%, greater than
16%, greater than 17%, greater than 18%, greater than
19%, greater than 20%, greater than 21%, greater than
22%, greater than 23%, greater than 24%, and greater
than 25%.

12. The method of claim 1, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than or equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 8%, greater
than 9%, greater than 10%, greater than 11%, greater
than 12%, greater than 13%, greater than 14%, greater
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than 15%, greater than 16%, greater than 17%, greater
than 18%, greater than 19%, greater than 20%, greater
than 21%, greater than 22%, greater than 23%, greater
than 24%, and greater than 25%.
13. A method of evaluating patient candidacy for an
implantation of a nerve stimulation device, the method com-
prising:
receiving sleep data from a sleep lab, the sleep data includ-
ing a log of respiratory events for a sleep period of a
patient, the sleep data further including blood oxygen
data correlated with said respiratory events; and

providing an output based on the sleep data, the output
including an indication as to whether the patient is a
candidate for the implantation of the device.

14. The method of claim 13, wherein the indication is
determined by comparing the sleep data of the patient to
reference sleep data compiled from a plurality of subjects.

15. The method of claim 13, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

16. The method of claim 13, wherein the blood oxygen data
correlated with said respiratory events supports an oxygen
desaturation distribution curve having a slope between two
points on the curve, and wherein the indication is determined
by comparing the slope to a threshold.

17. The method of claim 16, wherein the indication is
positive if the absolute value of the slope is less than the
threshold.

18. The method of claim 13, wherein the indication is that
the patient is one of a strong responder, a borderline
responder, and an inadequate responder to nerve stimulation
therapy based on an analysis of the sleep data.

19. The method of claim 13, wherein the sleep data is
received from the sleep lab through a website, a mobile appli-
cation, a software product, or a firmware product.

20. The method of claim 19, further comprising processing
the sleep data received from the sleep lab at the website, the
mobile application, the software product, or the firmware
product to generate the output.

21. The method ofclaim 13, wherein the blood oxygen data
is at least one of oxygen saturation data, oxygen desaturation
data, SpO2 data, Sa02 data, and PaO2 data.

22. The method of claim 13, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is at least one of less than 3%, less than 4%,
less than 5%, less than 6%, less than 7% and less than or
equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

23. The method of claim 13, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 6%, greater
than 7%, greater than 8%, greater than 9%, greater than
10%, greater than 11%, greater than 12%, greater than
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13%, greater than 14%, greater than 15%, greater than
16%, greater than 17%, greater than 18%, greater than
19%, greater than 20%, greater than 21%, greater than
22%, greater than 23%, greater than 24%, and greater
than 25%.

24. The method of claim 13, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than or equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 8%, greater
than 9%, greater than 10%, greater than 11%, greater
than 12%, greater than 13%, greater than 14%, greater
than 15%, greater than 16%, greater than 17%, greater
than 18%, greater than 19%, greater than 20%, greater
than 21%, greater than 22%, greater than 23%, greater
than 24%, and greater than 25%.

25. A method of evaluating patient candidacy for an
implantation of a nerve stimulation device, the method com-
prising:

receiving sleep data from a blood oxygen monitor, the

sleep data including a log of respiratory events for a
sleep period of a patient, the sleep data further including
blood oxygen data correlated with said respiratory
events; and

providing an output based on the sleep data, the output

including an indication as to whether the patient is a
candidate for the implantation of the device.

26. The method of claim 25, wherein the indication is
determined by comparing the sleep data of the patient to
reference sleep data compiled from a plurality of subjects.

27. The method of claim 25, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%,
and the indication is negative when the mean oxygen
desaturation value is greater than 8%.

28. The method of claim 25, wherein the blood oxygen data
correlated with said respiratory events supports an oxygen
desaturation distribution curve having a slope between two
points on the curve, and wherein the indication is determined
by comparing the slope to a threshold.

29. The method of claim 28, wherein the indication is
positive if the absolute value of the slope is less than the
threshold.

30. The method of claim 25, wherein the indication is that
the patient is one of a strong responder, a borderline
responder, and an inadequate responder to nerve stimulation
therapy based on an analysis of the sleep data.

31. The method of claim 25, wherein the sleep data is
received from the blood oxygen monitor through a website, a
mobile application, a software product, or a firmware prod-
uct.

32. The method of claim 31, further comprising processing
the sleep data received from the blood oxygen monitor at the
website, the mobile application, the software product, or the
firmware product to generate the output.

33. The method of claim 25, wherein the blood oxygen data
is at least one of oxygen saturation data, oxygen desaturation
data, SpO2 data, SaO2 data, and PaQO?2 data.
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34. The method ofclaim 25, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is at least one of less than 3%, less than 4%,
less than 5%, less than 6%, less than 7% and less than or
equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

35. The method of claim 25, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 6%, greater
than 7%, greater than 8%, greater than 9%, greater than
10%, greater than 11%, greater than 12%, greater than
13%, greater than 14%, greater than 15%, greater than
16%, greater than 17%, greater than 18%, greater than
19%, greater than 20%, greater than 21%, greater than
22%, greater than 23%, greater than 24%, and greater
than 25%.

36. The method ofclaim 25, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than or equal to 8%, and
the indication is negative when the mean oxygen desatu-
ration value is at least one of greater than 8%, greater
than 9%, greater than 10%, greater than 11%, greater
than 12%, greater than 13%, greater than 14%, greater
than 15%, greater than 16%, greater than 17%, greater
than 18%, greater than 19%, greater than 20%, greater
than 21%, greater than 22%, greater than 23%, greater
than 24%, and greater than 25%.
37. A method of evaluating patient candidacy for an
implantation of a nerve stimulation device, the method com-
prising:
receiving sleep data with a programming device, the sleep
data including a log of respiratory events for a sleep
period of a patient, the sleep data further including blood
oxygen data correlated with said respiratory events; and

providing an output based on the sleep data, the output
including an indication as to whether the patient is a
candidate for the implantation of the device.

38. The method of claim 37, wherein the indication is
determined by comparing the sleep data of the patient to
reference sleep data compiled from a plurality of subjects.

39. The method ofclaim 37, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

40. The method of claim 37, wherein the blood oxygen data

correlated with said respiratory events supports an oxygen
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desaturation distribution curve having a slope between two
points on the curve, and wherein the indication is determined
by comparing the slope to a threshold.

41. The method of claim 40, wherein the indication is
positive if the absolute value of the slope is less than the
threshold.

42. The method of claim 37, wherein the indication is that
the patient is one of a strong responder, a borderline
responder, and an inadequate responder to nerve stimulation
therapy based on an analysis of the sleep data.

43. The method of claim 37, wherein the sleep data is
received from the programming device through a website, a
mobile application, a software product, or a firmware prod-
uct.

44. The method of claim 43, further comprising processing
the sleep data received from the programming device at the
website, the mobile application, the software product, or the
firmware product to generate the output.

45. The method of claim 37, wherein the blood oxygen data
is at least one of oxygen saturation data, oxygen desaturation
data, SpO2 data, SaO2 data, and PaO2 data.

46. The method of claim 37, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is at least one of less than 3%, less than 4%,
less than 5%, less than 6%, less than 7% and less than or
equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is greater than 8%.

47. The method of claim 37, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than 5%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 6%, greater
than 7%, greater than 8%, greater than 9%, greater than
10%, greater than 11%, greater than 12%, greater than
13%, greater than 14%, greater than 15%, greater than
16%, greater than 17%, greater than 18%, greater than
19%, greater than 20%, greater than 21%, greater than
22%, greater than 23%, greater than 24%, and greater
than 25%.

48. The method of claim 37, wherein the blood oxygen data
correlated with said respiratory events supports a mean oxy-
gen desaturation value, and wherein:

the indication is positive when the mean oxygen desatura-

tion value is less than or equal to 8%, and

the indication is negative when the mean oxygen desatu-

ration value is at least one of greater than 8%, greater
than 9%, greater than 10%, greater than 11%, greater
than 12%, greater than 13%, greater than 14%, greater
than 15%, greater than 16%, greater than 17%, greater
than 18%, greater than 19%, greater than 20%, greater
than 21%, greater than 22%, greater than 23%, greater
than 24%, and greater than 25%.
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