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Introduction % E(lj\lv'lq?%cﬁlfergy

ASleep apnea is a condition
characterized by the repeated
disruption of breathing during
sleep

AThis number is on the rise due
to:

Alncreased awareness of the
problem

Alncreased prevalence of obesity |
worldwide
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AAccording to National Healthy Sleep Awareness Project at least 25
million Americans suffer from OSA

AA USA cohort studyestimated the prevalence of OSA to be 34% in
adult men and 17% in adult women

AModerate or severe OSA prevalence is estimated at 13% of adult men
and 6% of adult women

Alt!t A& GKS Odz2NNByu QD2fR {U0F yRI
rates for this therapy are very poor with up to 50% of candidates
rejecting or discontinuing treatment

1 Peppard et al., 2013 Am J Epidemiol



Effects of Untreated OSA % E?\IVTa%Ifergy

AUntreated OSA is associated with life threatening comorbidities such as:

AHypertension, cardiac arrhythmias, Type |l diabetes, heart disease, cancer,
stroke, cognitive degeneration, depression and up to 15X greater risk of
fatigue related automobile accidentiprstmannet al. Sleep 2000)

Aln addition to these comorbidities, links have been made between OSA and
Alzheimer's disease, increased weight gain and sensorineural hearing loss

AA 2015 analysis estimated the increased healthcare cost of undiagnosed
OSA in the U.S. to be between $34 Billion and $69 BKioauertet al.
WJIOHNS 2015)



Clinical Impact of Untreated OSA

Alncreased risk of hypertensiéndependent risk facto(N Engld Med
2000;342:13784)

AMyocardial Infarct: 23X increased risk [Hung et al, Lancet 336 (1990)]

APremature deaths: 2X increased risk, 1 in 4 males, 1 in 10 females
.Johns Hopkins Studi?lL.oSMed 2009 6(8)]

Alncreased risk of stroke: 3X (American Journal of Respiratory and
Critical Care Medicine 2010)




Economic Impact of Untreated OSA

Pal - A

| I NI NRkaOYAyasSe {(idzRé G¢KS t NAOS 27
ClGA3dzS¢é SdHnmno

e ee SLEEP MEDICINE
A Accounts for all known comorbidities, auto

accidents
and productivity loss

The Harvasd Mechical School Divison of Sleep Medicine is pleased to

present

The Price of Fatigue:

The surpnsing economee costs af unmanaged sleep apnea
9 H

ABased on 8% prevalence, US population of Syt sl o snnti ot

public and with policy makers about the signifecance of this pablic health
_Il, problem
308 I I l I Ion McKinsey & Company contnbated to the fact base and analyss i the

report. This project was funded by Sleep For Amenca

A Annual economic cost of unmanaged

moderate or
severe OSA 855 billion to $135 billion
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Stroke
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Fig. 1 Increased risk in obstructive sleep apnea syndrome.

Knauertet al. 2015



Comorbidity Risk J)ENT Allergy

Comorbidities Associated with OSA

36%
Depression N————— 45%

Hypothyroidism NI 45%

Atrial Fibrillation I 49%,

Diabetes Type 2

Coronary Heart Disease N——————— 5 7%
Arrhythmias I 5 8%
Pacemakers I 599,
GERD | ——— 50Y
First-Ever Stroke NI 7 1%
Congestive Heart Failure I 7 6%
Obesity I — ] 7 Y%
Drug-Resistant Hypertension I 5 3%

SourceSeet E. and Chung, F., 2010



OSA Related Mortality

Mortality of Veterans with Sleep Apnea: Untreated versus Treated
Weaver EM,145.2 Maynard C,>°.¢ Yueh B!.24¢
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" Level 2 "Weaver, Sleep 2004:27:A208



Survival Among Patients with O&AControls

1.0+
Ts ~ Controls
g 08-
wv
8 Patients with syndrome
% 0.6- /
1
g
w
‘s 0.4-
2
B
® 0.2
£ P=0.003
0.0 T T T T T 1
0 1 2 3 4 5 6
Year
No. at Risk
Controls 325 266 260 227 88 23 1
Patients with 697 559 543 452 173 33 3
syndrome
Figure 1. Kaplan—-Meier Estimates of the Probability of Event-free Survival
among Patients with the Obstructive Sleep Apnea Syndrome and Controls.

Yagget al, NEngld Med 353;19, Nov. 10, 2009 (Obstructive Sleep Apnea as a Risk Factor for Stroke and



Assoclation Between OSA and@dlLise Mortality

Logrank p <. 00017
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OSA Treatment Options % E?\IVTa%flfergy

ANon-Surgical
APAP
AMAD
AWeight Loss
APositional Changes
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Positive Airway Pressure (PA % ENT 7Allergy

ACPAP is by far the most common
treatment option for OSA

AConsists of 3 components: a
pump, a mask; and a connectir
tube

AUses air pressure to open the
airway during sleep

AAlthough very effective, the
aderencerate Is estimated at
30-50% In the United States




Medicare Coverage for CPAP

Medicare requires documentation of clinical benefit to reimburse PAP

devices, which Is demonstrated by:

AFaceto-face clinical reevaluation by the treating physician with
documentation that symptoms of obstructive sleep apnea are
Improved; and,

AObijective evidence of adherence to use of the PAP device reviewed
by the treating physician. LCD Information

Al RKSNBYOS (2 UKSNILE Aa RSTAYSR
70% of nights during a consecutive thirty (30) day period anytime
during the first three (3) months of initial usage.



CPAP Efficacy J|ENT FAllergy

Success: CPAP
AHI < Efficacy
5 27 %
10 61%
15 81%

20 87%

Pittman, Sleep and Breath 2006; 10:12B



CPAP Compliance
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Sarrellet al. Harefuah 2013 Mar; 153(3)



Factors Affecting CPAP Adherence

Percentage

Adherent  Not Adherent P
to CPAP to CPAP
(n = 160) (n = 88)

Difficulty falling asleep 18.1 38.1 001
Sleep disturbances 269 50.6 <.001
Chest discomfort 10.6 22.6 01
Machine noise 319 41 16
Air leak 36.3 45.8 Jd3
Skin abrasions and ulcerations 19.4 20.2 87
Dry mouth or nose 56.3 64.3 23
Tooth or jaw pain 5.6 9.6 25
Rhinitis symptoms 5.6 12 .08 Adherent Not Adherent
Morning headache 17.5 26.2 A1 o CPAP to CPAP P
(n = 160) (n = 8H)
Age, mean * SD y 50,4 = 10.6 533 +06 04
Sex 22
Male, no. (%) 114 (71.2) 56 (63.6)
Female, no. (%) 46 (28.8) 25 (36.4)
Body mass index, mean * SD kg/m? 334 * 6.6 33671 85
ESS score before CPAP, mean *+ SD 103 = 5.8 109 = 59 A5
ESS score after CPAP, mean *+ 5D 23+ 28 4.6 = 4.9 < .001
Percentage of subjects with a decreased ESS score T1.5 38 < .001

ESS = Epwonh Sleepiness Scale

Salpecet al., Respiratory Care, Sep 204358 No 9



Oral Appliances
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AThere are many FDA approved mouth
guards & custondit dental appliances

AOral appliances advance the jaw forward
to open and stabilize the upper airway

ASuitable only for mild to moderate OSA
patients

AAddress many of the objections associated
with CPAP use

ACan lead to discomfort or dental issues
such as TMJ over the lotgrm



2-Year Outcomes: CPAP vs Oral Appliance
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2-Year Outcomes: CPAP vs Oral Appliance

Oral Appliance CPAP
80 B0 -
60 - N B0 -
E ol x\\ E al
20 = ) ) 20 <
0 . 0 1
Baseline D-year follow-up Baseline 2-year follow-up

Figure 2—Individual values of the apnea-hypopnea index (AHI) of the patients who completed the entire follow-up in the randomized treatment group. GPAP,
continuous positive airway pressure.

Doff et al. SLEEP, Vol. 36, No. 9. 2013
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Surgical Treatment of OSA
Patient Selection

52Sa& a4dzNASNE GOdz2NBé¢ h{! K



ldentifying the Site of ‘
Obstruction: ldeal Test o ers B
Characteristics

ol ?;\ e
Ly

Macroglossia ————p

AEasy: technically reproducible
ALow cost

ADynamic assessment of the airway
ASleeping patient Nasion JE
AAccurate ‘
AUniversally accepted

Gnathion——p

Pictures fronShellenberget al, American Journal of Respiratory and Critical Care Medéah&62 2000



MallampatiClassification

AClass 0: ability to see any part of
the epiglottis upon mouth

‘K ” opening and tongue protrusion
| AClass I: Soft palattguces
a‘
4

Class i

uvula, pillars visible

il el AClass II: Soft palatiguces uvula

m‘ visible
@ I AClass llI: Soft palate, base of

uvula visible
AClass IV: Soft palate not visible

Sourceintechopen.com



MallampatiClassification

Alnitially established to predict the
ease of endotracheal intubation

AVisual assessment of the distance
from the tongue base to the roof o
the mouth¢ provides information
regarding space

AA highMallampatiscore (class 3 or
4) was later found to be associate..

Table 2 Significant factors associated with having OSA according
to multivariate logistic regression analysis

Factors Crude OR Adjusted OR
BMI 1.497 (1.300, 1.723) 1445 (1.017, 2.052)
Mallampati 6.86/7 (1.956, 11.911) 2.040 (1.653, 15.358)

classification

with an increased incidence of OSA

ASome studies have found that the
Mallampatiscore is also predictive

of OSA severity (Friedman et all,
2013)

Ruangsret al, Nature and Science of Sleep 2016:8



Physical ExamAnatomical Classificatiad Obstruction

Friedman Tongue Position Fujita Classification

AType 1Retropalatal

AType 2Retropalatabnd
retrolingual

AType 3Retrolingual

Fig 3. Friedman Palate Posifion Iil allows vi: ion of Fig 4. Palate Position IV allows visualization of
the soft palate but not the uvula. the hard palate only.

Friedman etl., OtolaryngologyHeadand Neck Surgery, July 2002



AnteriorRhinoscopy

Otoscope
Nasal Speculum
Oxymetazoline



Craniofacial Anatomy & Imaging

Almaging
ACT
A MRI
A LateralCephalogram

Lateralcephalogranbefore and after oral appliance (sourdgetechopen.con



Nasopharyngoscopy

ASite of obstruction

Aa dzSf f SN YI ySdzdS!
endoscopy)

ADesigned to look for collapsed sections
the airway

A After a forced expiration, the patient inhales
with closed mouth and nostrils plugged in
order to collapse the airway

A A fiber OptiC scope in the hypopharynx Mueiler's manegvur. F||:)‘eroohc endoscope positioned just
allows the physician to observe the site of i e ol b it i v
collapse

APalatoglossal coupling with jaw thrust

and tongue protrusion




Drug Induced Sleep Endoscopy (DISE)

AThe DISE procedure enables endoscopic evaluation of the upper airway to
help identify the site(s) of obstruction in those demonstrating sleep

disordered breathing
ADeveloped 20 years ago in Canada, routinely used in Europe

Dperative Techmiques in Cbolanyngology (2012) 23, 11-18
PR
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Operative Technigues in

Otolaryngology

ELSEVIER

Drug-induced sleep endoscopy in adults with
sleep-disordered breathing: Technique and the VOTE
Classification system

W. Hohenhorst, MD,® M.J.L. Ravesloot, MD,? E.J. Kezirian, MD, MPH,©
N. de Vries, MD, PhD"

From the “ENT Department, Facial Plastic and [nterventional Sleep Medicine, Kliniken 5. Amtonins, Wuppertal, Germamy;
"’J'Jep.:'.'r.'r:llem' of Chiodfarynpolopy—Head and Neck Surpery, Sint Lucas Andreas Zekenhuis, Amsterdam, the Netherlanads; and
“Department of Otetarmgolopy—Hed and Neck Surpery, University of California, San Francisco, California.



VOTE Classification

Evaluates and classifies the upper airway
structures and degree of airway narrowing

A V: Velum: soft palate, uvula, lateral walls at velu
A Grouped together as indistinct entities
A Collapse: &, lateral, concentric

A O: Lateral oropharyngeal walls
A Palatine tonsils & lateral OP walls
A Difficult to break out individual roles
A Collapse: lateral dimensions only

Direction
Level A-P Lateral Concentric
Velum
Oropharynx

Tongue base

Epiglottis

Degree of obstruction: (0) no obstruction (no vibration, <50%);

AT BOT: Reduced genioglossus activity in Sleep (1) partial obstruction (vibration 50-75%); (2) complete obstruction

A More pronounced in OSA patients

A E: Epiglottis

(collapse, >75%); (x) not visualized.

Horenhorstet al, Operative Techniques in Otolaryngology (2012)




None (0-25%)

rare common
Soft palate remains * Partial closure of soft

open during mspiration
+ |f seen —ensure the
patient is truly sedated

palate throughout
respiratory cycle

Partial AP (25-75%)

Airway Obstruction Classification via DISE

Complete AP (>75%)
common

Evolves to complete
collapse over 2 cycles

Complete
Concentric (100%)

Complete concentric
(75-100%)

 Complete concentric * Collapse evolves
collapse may contain a to compete
small open lumen concentric during
the apnea

Complete concentric
appearing as AP+LL

Concentric collapse
may also appear as
simultaneous AP and

lateral collapse



Airway Obstruction via DISE

Epiglottis Collapse Anterior-Posterior Obstruction




Airway Obstruction via DISE

Concentric Collapse Lateral Oral Pharyngeal Obstruction
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Surgical Treatment of OSA

Selection of Appropriate Procedure
Realistic Goals
Morbidity, Complications, Success, Poor Reimbursement
100% Adherence!



Types of Surgical Procedures

ANasal ASkeletal
A Septoplasty AGenioglossus advancement (GA)
ATurbinate reduction AHyoid suspension
ASoft Tissue Ablation APalatal Advancement
A Uvulopalatopharyngoplasty AOrthogngthic procedures
(UPPP) A Mandibular Advancement (MA)
A Maxillomandibular Advancement

AlLaser assisted uvulopalatoplasty

MMA
AlLaser midline AR (MMA A
glossectomifingualplasty ypass Upper Airway

ARadiofrequency tongue base ATracheotomy
ablation



Nasal Procedures % EdNV'Iq%:&I?ergy

Septoplasty Turbinate reduction

Superior Ethmoid
e o sinus




Soft Tissue Reduction % EdNV'Fn%(KI?ergy

Tonsillectomyg enlarges airway
via removal of enlarged tonsil
tissue
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Uvulopalatopharyngoplas{PPF g ENT 7Allergy

AThe most common surgical procedure for treatment of OSA

AThe distal retrepalatal airway is enlarged by removal of excess tissue
from the soft palate and pharynx

AOutcomes for UPPP surgery range front80% success
AHighest success in cases of pure rgiadatal obstruction

Distal Narrowing Conventional UPPP
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UPPP Success with Airway Classificatic % ENT7Allergy

Friedman Classification
AStage | = 80.6%,
AStage Il = 37.9%,
AStage Il = 8.1%

Staging of Obstructive Sleep

Apnea/Hypopnea Syndrome: A Guide to
Appropriate Treatment

Michael Friedman, MD; Hani Ibrahim, MD; Ninos J. Joseph, BS

Fujita Classification

AUPPP success rate with Fuijita
Type |: 83%

AUPPP success rate with Fujita Il
& Il 19%

Steep, 1%2):156-177
© 1996 American Sleep Disorders Association and Sleep Rescarch Society

An American Sleep Disorders Association Review
The Efficacy of Surgical Modifications of the

Upper Airway in Adults With
Obstructive Sleep Apnea Syndrome

*Aaron E. Sher, tKenneth B. Schechtman and fJay E Piccirillo




Expansion Sphinct@®haryngoplasty

Developed in the last few years Rotation of thePalatophayrgeus

AReshapes the oropharynx rather
than removing tissue

AWorks better for proximal
obstruction of the palate rather

than distal.

Als a solution to the patient with
complete concentric collapse

—— Hard Palate (Bone)

Soft Palate
Palatopharyngeus m.
Palatoglossus m.

Superior
Pharyngeal
Constrictor m.
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Laser Assisted Uvulopalatoplas: % ENT 7Allergy

O AHI Before
B AHI After

AOften performed only uvulaelated
snoring

APoor outcomes as OSA treatment

= = T -
I 1 1 1 ]

10 +

S = 0
rﬁgsbcgp@@-cgﬁaw@

*"@* ﬁﬁa&_ﬁﬁf

Figure 7—Before and after mean AHI in 8 studies of LAUP

Caplest al SLEEP 2010

*Not recommended by
LAUP AASM as treatment for OSA



Tongue Reduction % E?\lvf%fﬂflfergy

A Tongue base ablatioq AMidline Glossectomy uses
radiofrequency, electrocautery, carbon dioxide laser to reduce
CO2 laser used to ablate tissue  tongue the base in patients with
and reduce tongue volume significantmacroglossia

Midline glossectomy - part of the bulky tongue can
be removed to improve breathing.




Tongue Reduction % E?\IVTan%fﬂflfergy

Trans Oral Robotic Surgery (TORS)

AMay be used for base of tongue
(BOT) reduction in some

patients with obstructive sleep
apnea

Laryngoscope. 2013 Jul;123(7):1811-6. doi: 10.1002ary.23813. Epub 2013 Apr 2.

Transoral robotic surgery for treatment of obstructive sleep apnea-hypopnea syndrome.
Lin HS1, Rowley JA, Badr MS, Folbe AdJ, Yoo GH, Victor L, Mathog RH, Chen W.

# Author information

Abstract

OBJECTIVES/HYPOTHESIS: To evaluate the efficacy of base of tongue (BOT) resection via transoral robotic surgery (TORS) in the
treatment of obstructive sleep apnea’hypopnea syndrome (OSAHS).



Hyoid Advancement

AHA is a relatively uncommon
treatment option today

AThe hyoid bone is repositionec
anteriorly by suspending it to
the anterior mandible or the
thyroid cartilage

ASuccessfully treats OSA in
~20% of surgeries performed

Before

o
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After
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AThe genioglossus muscle is advanced forward to prevent the tongue
from falling into the airway during sleep

AA rectangular cut of mandible is moved forward and fixed into place
with a small titanium plate

AUsually performed with other OSA procedures
ASuccess rate ranges from 228 %

n? \_Q>~A
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Maxillomandibular Advancement (MMA % ENT7Allergy

AThe upper and lower jawbones are disconnected.,

advanced up to 1:02mm and then stabilized in | =- O A Before

this position using titanium plates - ™ AH Afer
60

AA 2010 metanaylsidy Caplest al (SLEEP) 50
found an AHI reduction of 87% in subjects with | «-
severe OSA 0

201
101

N
L o . I:luq%
San s & 9 S
' 7 . "’.::'-\‘
: ) Sl B Figure 3—Before and after mean AHI in 9 studies of MMA
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Hypoglossal Nerve Stimulators
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Effect of genioglossus contraction on - L

. . Stimulation ————u—mrfhw
pharyngeal lumen and airflow in sleep electrodes
apnoea patients

A.Oliven*, N. Tov*, L. Geitini*, U. Steinfeld*, R. Oliven*, A.R. Schwartz” and M. Odeh*

ABSTRACT: The purpose of the present study was to quantify the mechanical effect of
genioglossus stimulation on flow mechanics and pharyngeal cross-sectional area in patients with
obstructive sleep apnoea, and to identify variables that determine the magnitude of the
respiratory effect of tongue protrusion.

The pressure/flow and pressure/cross-sectional area relationships of the velo- and oropharynx
were assessed in spontaneously breathing propofol-anaesthetised subjects before and during
genioglossus stimulation.

Genioglossus contraction decreased the critical pressure significantly from 12+3.3 to . -
0.7+ 3.8 cmH;0, with individual decreases ranging -0.6-5.9 cmH:0. Pharyngeal compliance . . EEG
was not affected by genioglossus contraction. The pharyngeal response to genioglossus
stimulation was related to the magnitude of advancement of the posterior side of the tongue,
but not to the severity of sleep apnoea, critical pressure, compliance or the shape and other
characteristics of the velopharynx.

Genioglossus contraction enlarges both the velo- and the oropharynx and lowers the critical
pressure without affecting pharyngeal stiffness. The response to genioglossus stimulation
depends upon the magnitude of tongue protrusion achieved rather than on inherent EI‘IdCB-E:q}E
characteristics of the patient and their airway.



History of Upper Airway Stimulation

AThe first animal trial was published in 1989 and showed that electrical
stimulation of the hypoglossal nerve produced significant increases In
airflow and airway stabllity.

AThe first human trial in 1993 confirmed that HGN stimulation could
Improve airway stability without arousal or neuromuscular damage.

AThe concept of coupling was developed, not just improved
retrolingualspace but alsoetropalatalvia thepalatalglossusesulting
In multilevel treatment

AHuman pilot and feasibility studies published in 2011
AStar trial 2014, FDA approval soon thereafter
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Commercially ApprovadGN Stimulator (UAS)

Inspire Medical



Indications for Use % E?\IVTa%Ifergy

AMust be 22 years of age or older

AModerate to severe Obstructive Sleep Apnea (OSA)
AAHI range from 25

ALess than25% central apneas
AUnable to use or get consistent benefit from CPAP
AFree of complete concentric collapse at the palate

Alnspire therapy has not been tested in people with BMI
greater than 32 (S.T.A.R. trial imited BMI to 32)



Objective of UAS

The objective Is to open
the airway by protrusion
of the tongue through
stimulation of the
Hypoglossal nerve durin
Inspiration

o
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System Overview % E?\lvf%ﬁergy

A Implantable Pulse
Generator (IPG)

A A single channel electrode
lead

A A sensing electrode

A A remote control =)\

A Programming software e

A Telemetry unit



How Does it Work? % E?\IVTa%flfergy

A The IPG is a single channel
neurostimulator with one "
electrode contact

A It creates anterior tongue
movement by targeting both
Intrinsic and extrinsi@rotrusors
and excluding retractors

A A pressure transducer placed in
the 4" intercostal space
synchronizes the breathing

| 56



How Does it Work? % E?\IVTa%flfergy

A In order to avoid muscle fatigue, .
stimulation is coordinated with ‘ \/j
respiration which Is detected using a ) (
sensor electrode permanently placee=— "~

between intercostal muscles

A Pauses in stimulation allow the
Genioglossus muscle to relax be ore/<

= Breathing Sensor Lead

the next stimulation event

| 57



Tongue Muscle Overview

o
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Lateral Branches (I-XI1) for Exclusion

Superior

. Intrinsic
Longitudinal

Styloglossus Extrinsic

tongue base| =

tongue tip

tongue side

shortens tongue and

unknown

negative

Hyopglossus Extrinsic

lateral Inferior

Intrinsic

tongue base| =

tongue side

tongue tip

shortens tongue and

negative

Longitudinal | | | {inferior) curls tip inferiorly
Medial Division/Branches (m-XI1) for Inclusion
medial Inferior tongue tip shortens tongue and

Intrinsic

O0NE sl
Transverse

& Vertical Intrinsic

_Intrinsic |

tongue base

_median septum

|lateral margin

ventral mucosa

| 3 k= L]
narrows tongue
flattens the tongue

unknown

positive

Genioglossus

Extrinsi
Oblique rinsic

mandible

_}
.+.
dorsal mucosal =
._}

tongue body

pulls tongue body
downward

positive

Genioglossus

Extrinsic

mandible, =

Other Important Muscles, not innervated by |-XIl or m-XII

tongue base

& NYOId

pulls tongue forward

positive

Geniohyoid -l mandible, - hyoid bone pulls hyoid toward chin | positive
Anterior Belly of digastric fossa of hyoid bone via DG | elevates hyoid
'k , . ) nfa
Digastric mandible tendon and depress mandible
) elevates hyoid
Mylohyoid V3 length of mandiblel < hyoid bone nfa
o - w and tongue /

Huntley2016 Presentation
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@ Inclusion Channel: Genioglossus

@ Exclusion Channel: Hyo-Styloglossus

Picture courtesyifodHuntley Presentation
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e

adapted from Mu & Sanders, Clin

Mu & Sanders, The Anatomical Anat. 2010 October; 23(7): 777-791.

Record 296:1102-1114 (2013), Fig 8.
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Stimulating Electrode Placemer % ENT 7Allergy

CN X} Finehyoglossus
branch is always superior
and may also be deep

small, superior late branch is
suspect as I-XIl HG
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Stimulating Electrode Placement %ENT%Auergy

T/V & GGo

S GGo & T/V

GGh & GGo

c-1 to/sH

stim from obvious inclusion toward obvious exclusion to find functional breakpoint
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Stimulating Electrode Placemer % ENT 7Allergy

Vessel Loop Example

NIM correlation with Neuroanatomy




Planning IPG Placement % EdNV'Fn%(KI?ergy

Picture courtesyfodHuntley Presentation



IPG Pocket % Eﬁvfn%?l?ergy

Picture courtesyifodHuntley Presentation



Sense Lead Placement %Eﬁvf%?lfergy
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A3-year outcome data indicate:
AA 78% reduction in apndaypopnea events from baseline
AAn 80% reduction in oxygen desaturation events from baseline

A Clinically meaningful improvements and a return to normal levels over
baseline in quality of life measures, including daytime sleepiness and
functioning as measured by the Epworth Sleepiness Scale (ESS) and the
Functional Outcomes of Sleep Questionnaire (FOSQ)

AAn 80% bed partner reported rate of soft or no snoring, as compared to 17%
of bed partners at baseline

AHigh therapy adherence



3-Year Outcomes % Edef%(Klfergy

Figure 1. Significant reduction in apnea-hypopnea events Figure 2. Significant reduction in oxygen desaturation events
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Figure 3. Significant improvements in daytime functioning Figure 4. Significant improvements in daytime sleepiness and functioning
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3-Year Outcomes

Figure 5. Partner reported snoring outcomes

No or Soft Snoring Bed Partner Leaves Room
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Figure 6. Therapy adherence

Self-Reported Therapy Adherence
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Figure 7. Confirmation of therapeutic effect
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InvestigationaHGN Stimulator

ImThera Medical
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A7 muscles of théongue are bilaterally innervatebly the Hypoglossal
nerve

a: Stvloalossus, branch

b: Hvoalossus branches
¢: Genioglossus branches
d: Geniohyoid branches
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Tongue Hydrostat

AMuscles work in conjunction with each
other for every tongue function maintaining
a constant volume

ATongue muscles are classified as skeletal
muscle but only the Genioglossus and
Hyoglossugsre anchored in bone (mandible
& hyoid floating bone)

A All muscles play a supporting role in any one
motion or effect

Advanced

ENT7Allergy

The tongue is a &
muscular
hydrostat.



Tongue Muscle Overview
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Lateral Branches (I-XI1) for Exclusion
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Activities of the Human Tongue % ENT 7Allergy

TONIC ACTIVITIES PHASIC ACTIVITIES

alLb¢! LbLbD 3 |1 h[5LbD ¢ HACD|TATNG QUIGKOMOTIDNS LIKE THOSE
POSTURE & PULLING ITS MASS AWAY FROM THEOLVED IN SPEECH, CHEWING, SWALLOWING &
PHARYNGEAL AIRWAY SUCKLING




Fiber Type and Function %Eﬁl\’f%ﬁe@y

7 Type |

Type |
Slow Twitch muscles areore efficient at using oxygen
generate fue(ATP) for continuous, extended muscle
contractions over a long time. They than
fast twitch fibers anatan go for a long time before the
fatigue. Slow twitch fibers are great at helping long an
sustained activities.

Type Il

Type [l
Fast Twitch fibers aress efficient in creating fugthey
are much better at generating short bursts of strength
speedthan slow muscles. However, théy
. Fast twitch fibers are used for quick but short
lasting bursts of activities.

77
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Mammalian Tongue Fibers %ENT%AIIergy

VTYPE Il fibers > TYPE I fibers

VType | seems to increase with
the increase in the size of the
mammalian tongue

V Human tongue has highest
amount of Type | fibers (majority
of the Type Il fibers are lIA)

Histograms represent average data obtaine“d from the literature survey and may include all or some of
G2y 3dzSQa Ydza Of S@enioh9oli NA Yy aA Ok LY GNRAY AA Ok
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Muscle Distribution % Edef%(Klfergy

TR Type Il fibers (65%)
Type Il fibers (35%) B Type | fibers (35%)
Type | fibers (65%) W

100

0

TYPE Il TYPEI " e A TYPE Il TYPE|

V Gender Differences: Type |IB %: Male mice> Female mice (Hartmann et al. 1999; 2001).
V Age Differences: MHC_,,, A MHC .., A MHC_,, (Agblulet et al. 2003; Kinirons et al 2003).



InteractionsCoupling

INTERACTION

PHARYNGEAL WAL
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A Most Tongue Muscles interact with
the Superior Pharyngeal
Constrictor Muscles at the inferior
posterior human tongue (Seliji Niimi
et. al.; 20006).

A Tone to muscles of the tongue
result in stretching, stiffening &
impart an indirect drag to the mid-
pharyngeal wall, making the
Pharynx less compliant to collapse.



Hypoglossal Nerve % EdNV'Iq%:&I?ergy

Trochlear Olfactory
nerve (IV) nerve (1)

Hypoglossal nerve

J Optic //
i nerve (Il) 2
A S : To tongue
‘ \/ /88 Lingual branch musclegs
V’T oy, M /," - _— Trigeminal Of tﬂgemlna'
\ - — nerve (V) C1
Oculomotor )
nerve (lIl) N \
g I\ \ L -
_en D, —~E | |
= ) S \ X
. N J C3
R# 3 \}‘\ o d
) A \
B e T LS
, L reve (0 thyroh
N muscle

Anse_l _ , / To geniohyoid
cerwcahs — " TAN 77 i muscle
to infrahyoid ;

Accessory Hypoglossal

rerve 04) nerve (Il muscles

A The 12" cranial Nerve: 4% afferent fibers
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Human HGN is N Icul Ad d

HYPOGLOSSAL NERVE

LINGUAL NERVE

0.5 mm
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& Stvioolossus branch

N b h ﬁ t b ftvoglossusbmmhes
» Nerves branch off to R 7 ¢ Gunogosus s
“ ¢\ IMPLANTATION SITE

-
LN
-~
N

Individual muscles as the they-

extend frOm the Spinal Cordm . \ A,

STYLOGLOSSUS .
Vacticole GENIOGLOSSUS

» ImThera places its electrode, ..
on the main trunk of the
nerve (submandibular P
region), before it branches

HYOID BONE —
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AKey anatomy of the upper airway relevant to OSA includes: soft palate, uvula,
and tonsils, and epiglottis

AThe Tongue
A7 muscles on each side controlled by HGN
A Extrinsic and intrinsic muscles
ATongue muscles work together (muscular hydrostat)
AFatigue resistance depends on muscle fiber type (Type | or 1)
AThe posterior and anterior tongues are very different

ANerves of The tongue
AThe Hypoglossal nerve
ADelivers Muscle Tone and Airway Patency
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¢l b {fSSLI ¢KSNJ

ImThera Medical
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Prevent airway
obstruction by
creating muscle
tone In the
tongue through
multi-muscle
stimulation

88


https://www.youtube.com/watch?v=uz99poZn70I

System Overview % E(lj\lv'lq?%cﬁlfergy

Pulse generator implanted in Remote control to activate
the upper chest therapy each night

Lead cufplaced proximally the
Hypoglossal nerve in the neck
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ALKS ¢l1 b {fSSLI ¢KSNYLEn {ead:
creates muscle tone rather than
protrusion of the tongue

ATherapy is provided continuously
throughout the night and does not
reguire a sensing electrode to
coordinate stimulation with
respiration

AThe result is a smaller, simplified
device and surgical approach



How Does it Work? % E?\IVTan%fﬂflfergy

AlmThera developed a muithannel, 6 i
contact electrode array to provide /- \Q\
stimulation to multiple tongue muscles \ I

/
AUnique muscle fibers are stimulated by - \H /-
sequential activation of each electrodgy
contact A

AThis allows continuous stimulation ang
obviates the need for a sensing )

electrode




Titration & Followup %Eﬁvf%ﬁlfergy

A Therapy is customized per patient

. |

A Titration is performed during a PSG whi
airflow Is optimized

A Typically 2 or more contacts are enable |
during therapy

A Stimulation is provided serially to each activ
contact continuously throughout the night

A The duration and onset time of therapy IS & |
customized based on patient preferenq‘esff,j.“-

Multi-channel
electrode cufi

CAUTION: The aura600¢ an investigational device and is
limited by United States law to investigational use.



Effects of Therapy A ENT Allergy

NO -—------ :
stimulation

— Stimulation on
.- varying contacts
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The Surgery

Investigational Device
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Almplantation of the aura6000®
Implant takes 6@ 80 minutes

ATwo incisions are required

AOne in the neck to allow placeme
of the electrode cuff around the
Hypoglossal nerve

AA second just below the clavicle t
allow placement of the IPG

AThe electrode lead is tunneled
from the the neck to the IPG

Av il
......




Implant Technique % EdNV'Iq%:&I?ergy

A Implanted unilaterally, with IPG and lead placed ipsilaterally
A Preferably on the right side of the patient to permit future placement of a cardiac device

A The cuff is placed proximally around the HGN before the nerve branches.

A Proximal placement al