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Introduction and aims

Introduction and aims of this thesis

Obstructive sleep apnea syndrome (OSAS) is a sklafed breathing disorder
characterized by repetitive obstruction of the ugpavay (UA) during sleep resulting

in a decrease or a complete cessation of oromadimiw that are called respiratory
events. Collapse can occur at different levels he tJA: from nasopharynx to

epiglottis. It affects 4% of men and 2% of womerthe middle aged population (1).
OSAS is caused by unstable breathing during sld@phacauses an increase in UA
resistance and collapsibility, discoordination afcdl reflex mechanisms and a
compromised UA anatomy (2).

Untreated OSAS causes decreased neurocognitivetidomg and increased

cardiovascular and cerebrovascular risks (3).

The principle nighttime complaint of OSAS is loudosing and the main daytime
complaint is excessive daytime sleepiness. Patiehtspresent these complaints need
a diagnostic work-up including complete historyitak clinical examination and sleep

registration (4).

A variety of options are available for the treatiehOSAS, depending on severity of
the disease, upper airway anatomy and the pateatsrence. General measures like
weight loss, prevention of alcohol and sedative io&n in the evening, smoking
habits and sleep positioning therapy should be iegpfirst. The gold standard
treatment for OSAS is continuous positive airwagssure (CPAP)(5), which prevents
ventilatory events by pneumatically splinting thepar airway. Although the efficacy
of CPAP in improving nighttime and daytime comptaimand cardiovascular disease
has been demonstrated in randomised controllets t(@, an important group of
patients do not tolerate or show poor adherencthitotreatement because of side
effects or lack of substantial benefit (7). In ta@atients, treatment with a mandibular

advancement device or surgical treatment can bsidered (8).
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Chapter 1

Upper airway surgery for OSAS is frequently perfednsince the introduction of
uvulopalatopharyngoplasty (UPPP)(9). The overaticess rate was 40.7%, although
among patients with clinical signs of tonguebaskapee the success rate was only
5.3% (10). These data support the hypothesis tRE@RJmight be a suitable treatment
in patients with a clear palatal collapse of theerpairway, but not suitable for
patients with multilevel (palatal and tonguebase)ismlated tonguebase collapse.
Upper airway evaluation for the detection and gtelacof patients with tonguebase

collapse is therefore important.

Various methods are available to determine thedditgoper airway obstruction during
sleep in OSAS patients. These methods include btatic and dynamic methods,
performed during wakefulness or sleep. All of theawve their specific limitations and
advantages (11).

A routine ENT examination of the awake patient isitting position, including the
Muller manoeuver gives limited information on thpper airway behaviour during
sleep. Dimensions of the upper airway change duslegp because of muscle
relaxation.

Therefore the examination of the upper airway carceamplemented with a dynamic
evaluation to determine the site and patterngbeu airway collapse during sleep.
Cephalometry and computed tomography can be peefbgaring sleep (12) but they
are static and unphysiological methods which arthéu limited by their side effects
of irradiation. Magnetic resonance imaging may lsgode problem of irradiation, and
ultra-fast sequencing may even provide dynamicys{t@d), but this method is entirely
limited by costs and availability.

Several authors have used multi-sensor pressuheteed positioned in the UA to
determine the site of collapse (14). One of thenmagivantages of this technique is that
it can be applied simultaneously during a full awght PSG. Using this technique,
only the most distal site of obstruction is defireettl no information about the lateral
hypopharyngeal wall is obtained. Moreover, thishtegue needs qualified personel

and is time consuming.
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The ideal method would involve direct visualisatadfrthe upper airway during natural
sleep. Fiberoptic evaluation of the upper airwasirdunatural sleep was described in
the late seventies (15), but this is clearly limiitey its requirement for an unnatural
sleep laboratory environment, not to mention arsually compliant sleeping patient.

So, the next best option would appear to be drdgaad sleep endoscopy. The
feasibility, safety and outcome of drug-inducedepleendoscopy is studied in this

thesis.

Since the introduction of UPPP, a variety of sumgiprocedures that address the
tonguebase and hypopharynx are described in oame@mprove success rates of
surgery for OSAS. The majority of these procedaresinvasive, have substantial side
effects and lack evidence based efficacy (16).
Expansion sphincter pharyngoplasty was describea &schnique to stabilize the
oropharyngeal lateral walls in patients with OSAS)( Procedures addressing the
hypopharyngeal lateral walls are inexistent.
Tonguebase procedures with substantial morbiditichvare generally more invasive,
like genioglossus advancement, partial tonguebassection and maxillary
advancement, are not discussed in this thesis iregedo not compare with the new
techniques studied in this thesis. These techniquesdiscussed in a recent review
(16).
The following, less invasive procedures are rolyingerformed for the treatment of
tonguebase obstruction in OSAS patients:
1. Tongue suspension with a suture through theulogse is not titratable, has
substantial side effects (dysphagia, pain) anddidhefficacy (18).
2. Hyoid suspension is invasive, has side effetyspghagia) and limited efficacy
(19).
3. Radiofrequency ablation of the tonguebase isimedsive, has limited side
effects but limited efficacy was reported in theatiment of patients with
moderate to severe OSAS (20).

13
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Because of the limitations of the present procesla@dressing the tonguebase and
hypopharynx, new techniques for stabilisation & tbnguebase and hypopharyngeal

lateral walls are evaluated in this thesis.

In order to evaluate new methods for detection amdtment of tonguebase- and

hypopharyngeal collapse, the aims of this thess ar

1. To provide a general overview of present procesiufor diagnosis and
treatment of obstructive sleep apnea with a focms tonguebase- and
hypopharyngeal collapse (chapter 2).

2. To evaluate the role of sleep endoscopy asgndsic tool for tonguebase- and
hypopharyngeal collapse of the upper airway (ch&}jte

3. To evaluate feasibility, safety and efficacy lofoid expansion as a new
procedure for obstructive sleep apnea in patientis ypopharyngeal lateral
wall collapse (chapter 4).

4. To evaluate feasibility, safety and histologyanf adjustable tongue anchor for
the treatment of obstructive sleep apnea in an@mmodel (chapter 5).

5. To evaluate feasibility, safety and efficacyadfustable tongue advancement as
an innovative procedure for obstructive sleep apngmtients with tonguebase
collapse (chapter 6).

6. To evaluate the effect of the position of thagiee anchor on the objective
outcome measures in patients treated with adjestainhgue advancement

(chapter 7).
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Chapter 2

Obstructive sleep apnea syndrome:

definition, pathophysiology, diagnosis and treatmein
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Pathophysiology, diagnosis and therapy

1.Definition and epidemiology.

Sleep related breathing disorders are probably @escribed by Bickelmann and
Burwell in 1956 (1). It was called Pickwickian Syondhe, after a description of a
patient with obstructive sleep apnea syndrome (QS&SCharles Dickens in his
novel The Pickwick Papers in 1837. OSAS itself \iest described in the seventies
by Christian Guilleminault (2).

According to the American Academy of Sleep Mediciobstructive sleep apnea
syndrome (OSAS) is defined by a combination of syms (e.g. excessive daytime
sleepiness) and polysomnographic findings (3). Swotynography should demonstrate
a respiratory disturbance index (RDI) of five ormn@bstructed breathing events per
hour of sleep. These events include any combinatibrapneas, hypopneas and
respiratory effort related arousals (RERA’s). Sitice detection of RERA’s requires
more sensitive diagnostic monitoring techniques, iamber of obstructed breathing
events is usually quantified by the number of apreead hypopneas per hour of sleep
(apnea-hypopnea-index, AHI). Based on the AHI, OSA&y be classified as mild
(AHI 5-15), moderate (AHI 15-30) or severe (AHI>3@)). When the above stated
recommendations are adopted, OSAS can be diagmos&d of women and 4% of

men in the middle-aged North-American population (5

2. Clinical presentation

Obstructive sleep apnea is mainly characterized Idayyd snoring. A detailed

description of the subject’'s snoring can usuallgeahe suspicion of the clinical
diagnosis. Prevalence of snoring is high: 44% o raed 28% of women suffer from
habitual snoring (5). Occasionally, however, srpmmay not be so prominent even in
the presence of severe sleep apnea. Excessivemeagieepiness (EDS) is the
principal daytime manifestation of OSAS. The sugpicof OSAS may also arise in

the presence of witnessed apneas, chocking orrgashiring sleep. This witnessed
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abnormal respiration during sleep warrants refdaal sleep clinic. Although patients
may present with snoring, EDS or withessed apneasa combination of other
symptoms suggestive for OSAS, none of these syngptdone allow for an accurate
diagnosis. Other symptoms are sometimes presepatients with OSAS: morning
headache, nocturnal enuresis, cognitive disturlsgraecrease of libido, dry mouth in

the morning and restless sleep.

3. Consequences

Neurocognitive consequences

In OSAS, apneas and hypopneas are terminated byoaisal, to stop the respiratory
event. Although the activity of the dilator muscéetivity increases as apnea
progresses, the increase is generally insufficiente-establish pharyngeal patency.
Thus, the patient repeatedly arouses from sleepugfmout the night. The precise
stimulus to arousal is debated. A combination ofeasing respiratory effort, hypoxia
or hypercapnia, and upper airway mechanoreceptoulsttion are involved (6).

The neurocognitive consequences of recurrent ardoshide sleepiness, reduced
performance in neuropsychological tests, lengthemedction times, reduced

creativity, decreased quality of life and increasaific accidents (7).

Cardiovascular and cerebrovascular consequences

There is increasing evidence to support an indegr@rassociation between OSAS and
cardiovascular disease (8). Patients with drugstassi hypertension may benefit from
a referral to a sleep specialist, even if they db show the classical symptoms of
OSAS. The association is particularly strong fostegnic arterial hypertension. The
evidence for the association with ischaemic heaseate, heart failure, atrial

fibrillation and cardiac sudden death is growiny (9

OSAS is also an important risk factor for strokel amansient ischaemic attacks (10).
However, there is no evidence of a beneficial effec CPAP treatment in the

prevention of stroke.
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4. Pathophysiology

The pathophysiology of OSAS is incompletely undwsydt However, it appears to

involve aspects of both upper airway collapsibitityd respiratory control stability.

Upper airway (UA) collapsibility is influenced byhatomical factors and UA dilator
muscle activity.

The cross sectional area of patients with OSAS,nedaring wakefulness, is
anatomically smaller than controls. This has beeows by computed tomography
(11) and acoustic reflection techniques (12). Edewhathe palatal mucosa and
hyperplasia of the palatal epithelium contributeufgper airway narrowing (13). A
narrowed pharyngeal airway will predispose to temegation of marked negative
intraluminal pressures during inspiration on thesi®aof Bernoulli’'s physical law.
During sleep, the anatomical narrow upper airwaly lma more prone to collapse. To
overcome compromised pharyngeal anatomy, the upipeay dilator muscles of a
patient with sleep apnea must be more active dwvalgefulness than those of healthy
controls. Furthermore, increased hypercapnic \aoty responses could be
demonstrated in OSA patients.

Nasal obstruction leads to mouth breathing, whegositions the mandible and causes
a tonguebase collapse. Nasal obstruction leadsdsistive preloading of the airway
during inspiration, further aggravating the build-of negative pressure and therefore
leads to an increase in arousals and number obafid).

Changing and discoordinated muscle activity is @predisposing factor for collapse.
There is accumulating evidence that collapse ocatithe end of expiration or even
during central apneas when inspiration and theesponding increase in intraluminal
negative pressure is not present (15). This mdaidite intrinsic collapsibility of the
upper airway must substantially contribute to tbapse.

The importance of individual variability in ventiay control mechanisms in the
pathogenesis of sleep apnea has been controvéfemaever, a techniqgue has been
developed of proportional assist ventilation toeaswop gain, which is a measure of

ventilatory control stability during sleep. Loopig describes the propensity of a
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feedback control system to become unstable ondbis bf its intrinsic properties (16).
For the ventilatory control system, extended catioh time, small lung volumes and
high ventilatory drive (responsiveness to hypoxigpercapnia or both) tend to
destabilize the system and thus increase loop daich results have shown that,
independent of upper airway collapse, the loop gdiimdividuals with obstructive

sleep apnea is much higher than that of contratgyesting that the ventilatory control

system in patients with sleep apnea during sleeyrissically less stable.

Two modelsof the upper airway in OSAS are described: coapscurs as a result of

the balance of forces in the UA, and the upperayras a Starling resistor.

Balance of forces

Although most mammals have rigid skeletal suppbthe pharyngeal airway, patency
of the human upper airway is maintained mostly hysoke activation and soft tissue
structures (17). The evolution of speech is thoughthave needed substantial
laryngeal motility, leading to a hyoid bone withaugid support and a vulnerable
airway. Variables tending to promote pharyngealapale include negative pressure
within the airway (during inspiration) and positipeessure outside the airway (fat
deposition, small mandible). Conversely, patencyrsserved by activation of the
pharyngeal dilator muscles (genioglossus) and loyeases in lung volume, which
tend to keep the airway open by longitudinal t@att{18). As a result, dilating forces
(muscle activation) have a complex interaction wihllapsing forces (anatomy,
airway negative pressure)(figure 1).

Figure 1. Balance of forces model
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Pathophysiology, diagnosis and therapy

Because of the physiological importance of maintgrpharyngeal patency and the
many tasks of this portion of the airway (speecstal®wing, etc), a sophisticated
motor control system has evolved, with more tharu@fer airway muscles playing
part. The hypoglossal motor system in the medwlach controls efferent traffic to
the genioglossus muscle is affected by corticahesyeespiratory pattern generating
neurons, peripheral and central chemoreceptors ,(FRALQ) and input from local

mechanoreceptors present in the upper airway (%8}t

Starling resistor

In the Starling resistor model, the upper airwayegresented as a rigid tube with a
collapsible segment. Upstream (nasal) and dowmnmstrég/popharyngeal) segments
have fixed diameters and resistances. The colleEpsdgment has no resistance but is
affected by a surrounding pressure, the criticasiolg pressure. Collapse occurs only
when surrounding pressure exceeds intraluminalspres Inspiratory flow will be
maintained as long as nasal pressure remains dbewgitical closing pressure. As a
consequence, critical closing pressure is a prodatber of the pressure upstream to
the collapsible segment than of the hypopharyngegment (20). There is a good
correlation between critical closing pressure dmal ¢linical picture: Pcrit normals<

Pcrit snorers < Pcrit hypopnea patients < apneargat

Figure 2. Starling resistor model
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5. Diagnostic work-up.

Medical history

Assessment of patients starts with medical histakyng with special emphasis on
snoring, daytime sleepiness and witnessed apneas.

Snoring can be easily documented using a visudbgua scale (VAS). In this scale
the bedpartner of the patient has to quantify thgept's snoring on a scale ranging
from O (no snoring) to 10 (extreme loud snoringtper has to leave the bedroom).
There are several tools for the assessment ofisk=sepbut none of them is considered
the gold standard. The Epworth Sleepiness ScaleS)(E%) is a simple, self-
administered questionnaire providing a measureroktite patient’s general level of
daytime sleepiness, which is a measure of the pilityeof falling asleep in a variety
of day life situations. Use of the ESS is quiclexipensive, easy and the questionnaire
has a high test-retest reliability. An ESS scarel0/24 defines the presence of
excessive daytime sleepiness (EDS).

Furthermore, questions about sleep quality, slesjtipn, nocturnal nasal obstruction,
use of medication and alcohol consumption shoulohtleded.

Anthropometric data including age, height and weayle mandatory in the work-up of
OSAS. Recent change in body weight should be chiecke

The medical history in general, and the ESS iniqder, do not have a reliable

predictive value to exclude OSAS (22).

Clinical examination

The general clinical examination includes measurgneé height, weight and neck
circumference. A clinical ear-nose-throat examomatishould be performed with
special attention to the pharyngeal dimensions.sifosize is graded following

Friedman (figure 3)(23). Grade 0 means no tonsifs dnd grade 4 means kissing
tonsils. The modified Mallampati score by Friednfagure 4) is a measure of tongue
size and length of the soft palate. It is a predicindicator for upper airway surgery

outcome in OSAS patients.
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Figure 3. Tonsil size score

The length of the uvula and the amount of pharyhgedbing is evaluated. Anterior
rhinoscopy and nasal endoscopy evaluates for pasablogy. The Miller manoeuvre
assesses the pattern of upper airway narrowingeimivake state. The predictive value
of this manoeuvre is poor (24). Dental conditioevaluated in case treatment with an

oral appliance is considered.

Sleep registration

Sleep apnea can be suspected on the basis of tiieainkistory and the physical
examination, but overnight polysomnography (PS@)aies the gold standard in the
diagnosis of OSA (25). PSG incorporates recordinglectroencephalography (EEG),

electro-oculography, snhoring (microphone), nasal rfloav (canulla),
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electrocardiography (ECG), pulse oximetry, tibiadisterior electromyography and

inductance plethysmography (respiratory effort).

Unfortunately, PSG is time consuming, expensive r@adires highly trained medical

staff and appropriate equipment. As a result oiMynrg awareness of OSAS and the
limited amount of sleep centers, the need for P&&ihcreased over the years (26).
Therefore the access to PSG might be compromisadyMome diagnostic methods
have been investigated with most simply measuresgpiratory signals. The current
systems vary substantially from two-channel (srp@amd oximetry) to four-channel

(oximetry, airflow, effort and position), to fullgbysomnography. In general, the
diagnostic accuracy of such tests is about 80%) witreasing channels improving

accuracy, but adding complexity (27). However, tble and use of such devices is

under investigation.

Specific investigation of the upper airway

Various sites along the upper airway are proneliagse during sleep. Moreover, UA
collapse can occur simultaneously at multiple si{@8). Localization of the
pharyngeal collapse in the individual OSAS patiewty be important to optimise the
results of local treatment.

Various methods are available to determine thedditgoper airway obstruction during
sleep in OSAS patients. These methods include btatic and dynamic methods,
performed during wakefulness or sleep. All of theawve their specific limitations and
advantages (29).

A routine ENT examination of the awake patient isitting position, including the
Muller manoeuver gives limited information on thpper airway behaviour during
sleep. Dimensions of the upper airway change duslegp because of muscle
relaxation.

Therefore the examination of the upper airway carceamplemented with a dynamic
evaluation to determine the site and pattern@gbeu airway collapse during sleep.
Cephalometry and computed tomography can be peefbgiaring sleep (30) but they
are static and unphysiological methods which arthéu limited by their side effects

of irradiation. Magnetic resonance imaging may lsgodne problem of irradiation, and
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ultra-fast sequencing may even provide dynamicys(@d), but this method is entirely
limited by costs and availability.

Several authors have used multi-sensor pressuheteed positioned in the UA to
determine the site of collapse (32). One of thenmagivantages of this technique is that
it can be applied simultaneously during a full owght PSG. However, conflicting
results have been reported when comparing pressooedings with flextube
reflectometry for the localisation of the site distruction (33).

The ideal method would involve direct visualisatadfrthe upper airway during natural
sleep. Fiberoptic evaluation of the upper airwasirdunatural sleep was described in
the late seventies (34), but this is clearly limiitey its requirement for an unnatural
sleep laboratory environment, not to mention ansuailly compliant sleeping patient.
So, the next best option would appear to be drdgaad sleependoscopy.
Sleependoscopy was pioneered by Croft and Primgtba early nineties (35). They
proposed a grading system for upper airway collapspatients with OSAS. This
grading system defines the type and site of upjpemas collapse in a specific patient,
which may improve patient selection for site-spedifeatments (36) .

Sleep endoscopy is currently an integrated parpper airway evaluation in OSAS
patients who are considered for surgery in the @inds of the Dutch Society of

Pulmonology (www.cbo.nl).
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6. Treatment of obstructive sleep apnea

Continuous positive airway pressure

OSAS is widely accepted to be associated with haggs of morbidity and mortality,
mostly due to cardiovascular disease and traffocdents (37).

Nasal continuous positive airway pressure (CPA®3tinent remains the treatment of
choice for OSAS because its effectiveness in eltiom of apnea and improvements
in apnea sequelae (38). Results of randomiseds tii@lve shown substantial
improvements in both sleepiness and neurocognu@réormance of patients on nasal
CPAP compared with those on placebo or subtherap€®AP (39). However, most
of these studies have potential limitations inahgdsuboptimal compliance rates (3 -
4.5 h/night)(40), moderate dropout rates (8 — 33%)(and the use of different
treatment comparisons (placebo pill, conservatiaaagement advice)(42).

In a large observational study, in which multivegianalysis adjusted for potential
confounders, it was shown that untreated severeSOSdnificantly increased the risk
of fatal (odds ratio 2.87) and non-fatal (odds aa8.17) cardiovascular events
compared with healthy participants (43). CPAP tresit significantly reduced this
risk, almost to the level of healthy subjects.

Thus, treatment of OSAS should include a trial BIAP in most cases.

Objective measures of patterns of CPAP use shotatisabstantial group of patients
have difficulties with adherence to the treatmend® not tolerate it at all (44). CPAP
was used on an average of 66% of the nights. WhHRARCwas used, the mean
duration of use was 4.9 hours. Although the majarftpatients (60%) claimed to use
CPAP nightly, only 46 % met the criteria for reguisse, defined by at least 4 h of
CPAP administered on 70% of the nights monitordte Hest compliance was seen in
patients with severe OSAS and substantial sleepinggategies including heated
humidification or nasal decongestants, steroiddaih to alleviate nasal symptoms
plus intensive support with regular follow-up impeoCPAP adherence (45).

Newer positive pressure devices have gained papukand include bilevel positive
airway pressure machines (different inspiratory amg@iratory pressure) and auto-

titrating devices, which provide variable pressleeels based on snoring and flow
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limitation. Results of clinical trials do not suppthe use of BiPAP over CPAP, since
patient adherence is generally similar (46). Howgeyatients needing high CPAP
pressures to eliminate disordered breathing ewehtscomplain about the expiratory
work of breathing often prefer bilevel positive vadty pressure. Results of studies
assessing autotitration devices have shown impraedeerence in only a few trials,
with most finding little effect. Routine use of $udevices is difficult to justify

because of their increased costs (47).

Oral appliances

There are three categories of oral appliances:
1. soft palate lifters which reduce vibration of oft palate.
2. tongue retaining devices which hold the tongoevérd during sleep in an
anterior bilb by suction.
3. mandibular advancement devices (MAD)(figure 5).

Figure 5. Mandibular advancement device
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Oral appliances should be considered for patietits tnave failed or refused CPAP
treatment, for those with snoring or mild obstruetsleep apnea and for those who do
not respond to surgery (48).

Mandibular advancement devices are the most widadprand evaluated oral
appliances. They are worn intra-orally at nightattbvance the lower jaw and reduce
collapsibility of the UA significantly (49). The wening of the pharyngeal cross-
sectional area induced by MADs occurs at the le¥elelo-, oro- and hypopharynx.
Both the reduction in UA collapsibility and the witing of cross-sectional area
caused by MADs have been reported to be dose-depe(tD).

Randomised cross-over trials comparing MADs withABPindicate that MADs
reduce the AHI to a lesser or a similar extend {GE#P, nevertheless, MADs appear
to have higher compliance rates and a higher patigmeference with fewer side
effects and greater satisfaction (48). Custom-mdeeices turn out to be more
effective than thermoplastic devices in the treainoé OSA (51).

The use of MADs might cause side effects: hypearattn, morning discomfort and

pain at the temperomandibular joint are mostly teralby.
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Surgical treatment

General principles

The recommendations formulated by the American Aoadof Sleep Medicine are as
follows (52): surgical treatment is indicated intipats who have an underlying,
specific surgically correctable, abnormality that dausing the sleep apnea, or in
patients for whom other non-invasive treatmentsshasen unsuccesfull or have been
rejected, who desire surgery and who are medicslyple enough to undergo the
procedure. Furthermore, there is a role for surf@rpatients with non-apneic snoring
and in patients with mild OSAS. In these patiestsmservative measures should be
emphasised, including maintenance of nasal pateawgjdance of depressants
including alcohol, and the goal of 7-8 hours ofegleoer night. In addition, patients
with documented positional apnea should be encedragt to sleep on their back.
Surgical candidates are selected after a propgndsdic work-up, based upon history,
general clinical examination, examination of the WA determine the site of UA
obstruction and polysomnography. Patient-relatetiofa are equally important: age,
obesity, comorbodities, previous treatments, fumai level and preference of the
patient.

Difficulties with the interpretation of surgical gglts for OSAS arise from the
variability in the definitions of surgical succeasd the lack of proper outcome
measures that not only include the apnea sevamitgrms of respiratory disturbance
index (RDI), but also the long-term effect on qtyadif life and associated morbidity.

A reduction of the AHI by at least 50% and a postafive AHI < 20 or a reduction of
the apnea index (Al) by at least 50% and a pos#tper Al < 10 were proposed as
criteria for success in the meta-analysis on UAyswyr performed by Sher et al (53).
Although these criteria are frequently employedthe current literature on OSAS
surgery, their validity might be questioned simeeent data show that even mild
OSAS can result in cardiovascular morbidity (54)atidition, recent data indicate that
polysomnographic date are not consistently assmtiaith daytime sleepiness, quality

of life or reaction time in OSAS patients (55). Téugthors suggested that parameters
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other than polysomnographic indices should be demed as outcome measures for
treatment to quantify some important aspects of ©8Arden or treatment outcome.
Surgical treatment of OSAS aims to correct anatamabnormalities in the UA,
contributing to its collapse during sleep. The sfeUA collapse can be located
anywhere between the choanae and the epiglottihoddh overly simplified, the
classification system proposed by Fujita et atléscribe the pattern of UA obstruction
is still frequently utilised (56). He describesdbrtypes of UA collapse: type | is
retropalatal collapse, type Il is retropalatal aettolingual collapse and type Ill is
retrolingual collapse. However, investigations itite pattern of UA collapse during
sleep indicate that the majority of OSAS patientsréh a diffuse pattern of UA
collapse, most frequently involving both the nasmd oropharynx (57). Only a
minority of OSAS patients have a specific spacaipgog abnormality in the UA for
which surgical removal is corrective. Thereforeg tfationale of OSAS surgery has
evolved towards a “multilevel surgical concept’ctdied by the patient’'s anatomy.
This concept can be realised through a stepwiseoapp in which a combination of
surgical procedures is performed one after the rothwil a successful result is
achieved (58,59).

The UA consists of soft tissues (tonsils, soft fmlauvula, tongue and lateral
pharyngeal walls) that are supported by and susmkmdm the cartilaginous and
bony UA skeleton. The special relationship betwd@nsoft tissues is also determined
by the orientation of UA muscles with their respeetorigins and insertions in the
craniofacial skeleton. The hyoid bone and the ni@dadare the most important
craniofacial bone structures determining UA sized andividual changes in their

shape or position may affect UA patency.

Uvulupalatopharyngoplasty
Uvulopalatopharynoplasty (UPPP) is the most fretjyerperformed surgical
procedure for OSAS and snoring. It was introduced Fujita in 1981 (60).

Uvulopalatopharyngoplasty consists of the removaédundant pharyngeal tissue and
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stretching the mucosal folds. This procedure eelarthe oropharyngeal airway
through excision of the tonsils, if present, trimgiand reorientation of the posterior
and anterior tonsillar pillars, and reduction o thvula and postero-inferior portion of
the soft palate (figure 6).

Figure 6. Uvulopalatopharyngoplasty

A review of surgical outcome of UPPP showed an al/esuccess rate of 40.7%
according to the definition of surgical success)($%3sponders were more likely to
have a lower baseline Al or AHI. If patients werdested for palatal obstruction
(determined by different techniques during wakefgshor sleep) the success rate was
52.3%. By contrast, among those patients with tyme type Ill collapse (involving
hypopharyngeal obstruction), only 5.3% respondedh® surgery. These findings
supported the consensus statements of the AmeSiemp Disorders Association that
UPPP, with or without tonsillectomy, may be appraf@ for patients with narrowing
or collapse in the retropalatal region (61).

Apparently UPPP has limitations in treating OSA8duse most OSAS patients have
multilevel obstruction of the UA. Moreover, the peat methods for the detection of
the site of obstruction are complex, expensivegtaansuming and not always reliable
(29). Much higher success rates of UPPP have bmmorted after selecting patients
with sleep endoscopy (58).

Given the limitations of UPPP in the treatment oBA®, a variety of surgical
procedures that address the tonguebase and hygoghare described in order to

improve success rates of surgery for OSAS.
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Hyoid suspension

Hyoid suspension, also called hyoidthyroidpexiaiolmes stabilisation of the hyoid
bone inferiorly by attachment to the superior bormfethe thyroid cartilage (figure 7).
The underlying principle for altering the hyoid tkat, anatomically, the hyoid
complex is an integral part of the hypopharynx. ékimr movement of the hyoid
complex improves the posterior airway space andrakzes obstruction at the tongue
base (62).

Figure 7. Hyoid suspension

Hyoid suspension is often performed in combinatiath other UA surgery such as
genioglossus advancement or radiofrequency ablatiorthe tongue base. Hyoid
suspension is performed under local or general stinegia and has a limited
morbidity. Temporal side effects include dysphaaid pain.

A significant decrease in AHI and ESS was reporitedseveral studies (63,64).
Limited improvement of snoring was reported. Aludies reporting on results of
hyoid suspension included patients with severe O8A& who had palatal surgery
before. Surgical success varied from 17% (studyufadion with BMI=34) to 78 %
(BMI=29). Significant improvement of EDS was reattn all but one study (65). All

studies have level 4 in evidence based medicinge (66
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Tongue suspension

The tongue suspension suture technique was firstribed in 2000 (67). The
technique describes the incisionless placementhufre screw into the lingual cortex
of the mandibular symphysis (figure 8). An attaclseture of proline is then looped
into the posterior tongue base and tied anteriddiien tightened, the suture supports
the anterior hypopharyngeal airway and tongue bdbkeoretically preventing
obstruction.

Figure 8. Tongue suspension suture technique

This technique has the advantage of being nonexaki potentially reversible and
minimal invasive.

The study of Woodson et al report on feasibilityd afficacy in 39 patients (68).
Important direct postoperative morbidity includisgvere pain, severe dysphagia and
dysarthria are reported. In 18% of patients, cooagilbns including delayed infection,
dehydration, sialadenitis and postoperative blegdiaccurred. The mean AHI
improved from 33.2 to 17.9 after 2 months follow-lymited to no improvement in
snoring was observed.

Most studies reporting on results of this procedurclude obese patients with
moderate to severe OSA. Each study demonstratechgnovement in AHI and the

proportion of patients with a successful outcomeedbfrom 20% to 57% (65).
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The fact that the advancement of the tongue igtitratable is a clear disadvantage.
With this technique, once the knot forming the sumgon suture is tied, no more
modifications to the advancement of the tonguebmmade. Thus, the surgeon has to
correctly judge the amount of advancement during pnocedure. Because the
procedure is performed under general anaestheianubation, complete relaxation
of the tongue may hinder a correct judgement ofatheunt of advancement necessary

for a particular patient.

Radiofrequency interstitial thermotherapy of the tongue base

Although the soft palate is the origin of snorimgisds in the majority of patients (69),
the tongue base seem to be involved in 15 to 25%aseés (70). Patients without
typical findings at the soft palate and with clalisigns of tonguebase obstruction may
benefit from tonguebase surgery. Furthermore, tehgse surgery may be a part of a

multi-level surgical approach in patients with nialel obstruction of the UA (71).

Figure 5. Radiofrequency interstitial thermotherapyhe tongue base

Radiofrequency surgery of the tongue base is simmplaimal invasive and can be
performed under local or general anaesthesia yrdphylactic antibiotic treatment.
Many studies report on outcome measures for RRetdnguebase (65). Most reports
include overweight and obese patients with modet@atsevere OSAS. Most of the
studies reported a significant improvement in thel,Aand the success rates ranged
from 20% to 83%.
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Although the clinical outcome depends on the amadifésions applied and the total
amount of energy delivered, significant reductidrnsooring has been reported after
RF surgery of the tonguebase in OSA patients @@l effects include post-operative
pain, dysphagia, swelling of the tongue and in@dasoring, but only last for several
days.

RF surgery offers the advantage of treating mutif@vels of the UA including
inferior turbinates, soft palate and tonguebaseaddition, RF treatment can be
repeated over time with minimal morbidity to tieathe effect for the patient. The
combined use of RF surgery of both the palate &edténguebase in patients with
OSA is safe and effective for both objective anbjsctive outcome measures (71). A
randomised controlled study comparing multilevel &fel CPAP in patients with mild
to moderate OSA showed that both treatments weuallygeffective at improving

levels of daytime sleepiness, sleep related qualfitye and global quality of life (73).

Multilevel surgery for OSAS

Surgery for moderate to severe OSAS is not a sutestior CPAP, but rather a salvage
procedure for those who failed CPAP and other awasige treatments and therefore
have no other options. The goal of surgical intetie is to reduce the number and
severity of respiratory events when complete elanon of these events is not
possible.

As it is clear that most OSAS patients have muwiéleobstruction of the UA, the
appropriate surgical procedure should be multileyel a recent meta-analysis on
multilevel surgery (= two or more procedures orr 2nore different levels) in general
showed a weighted average improvement of 60% i, 44% increase in %REM
sleep, 65% decrease in bedpartner’'s snoring VAS9adncrease in quality of life
(74).

The results of multilevel surgery were significgrbetter in patients with severe OSA
than in patients with mild to moderate OSAS. Thenplcation rate was 15%. The
evidence based medicine (EBM) level of the 49 idetli papers revealed that only 1

paper was level 1, two papers were level 3 andag@is were level 4 evidence.
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Bariatric surgery

Bariatric surgery is regarded as the most effediigatment for morbid obesity (75).
The degree of benefit and the rate of morbidity amattality vary according to the
surgical procedure (76). Several studies of surgmzight loss interventions have
shown substantial decrease in OSAS severity afeeghw loss (77). Bariatric surgery
should be considered in morbid obese OSAS patwititspoor CPAP compliance.

In a recent review, bariatric surgery appears toabeinically effective and cost-
effective intervention for moderately to severelyese patients compared with non-
surgical interventions. Uncertainties remain arthter research is required to provide
detailed data on patient QoL, impact of surgeonedgpce on outcome, late
complications leading to reoperation and duratibnc@morbidity remission. New
research must report on the resolution and/or deweént of comorbidities such as
Type 2 diabetes and hypertension so that the patdygnefits of early intervention

can be assessed (78).
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Outcome of sleep endoscopy

Abstract

Objectives

Snoring and obstructive sleep apnea syndrome (O8&8)t from upper airway (UA)
collapse during sleep. Sleep endoscopy is a dynavailtiation of the UA that can be
used to determine the site(s) of collapse durisgiratory events. This study evaluates
the feasibility and outcome of sleep endoscopyaitnepts with OSA, compares the
findings with the literature, and reviews the thpEnatic advice given to patients.
Methodology

A retrospective analysis was conducted of the ftatZ0 OSAS patients in whom UA
surgery was considered. Sleep endoscopy was pextoafiter IV administration of
midazolam and propofol. The UA was visualised asgbased for the location of UA
flutter, narrowing or collapse. Feasibility andesgifwere evaluated retrospectively.
Outcome data were described as type and pattdhmiefr and/or collapse. Treatment
advice given to the patients was reviewed.

Results

Sleep endoscopy showed monolevel palatal collap8&.8%, monolevel
tongue/hypopharyngeal collapse in 27.8% and muélleollapse in 31.9% of
patients. In 5.6% of patients, no collapse was doum all patients except 2, reliable
assessment proved possible of the site(s) of aliktnu No side effects were reported.
Conclusion

Sleep endoscopy is feasible and safe in daily weawthen sedation is performed by
an anaesthesiologist and can be used to locawt¢hef collapse in the UA. Sleep
endoscopy findings in our study sample, as weilhdke literature, differ according to
the content of the study sample and the methodddtson. Treatment advice may
differ from sleep endoscopy findings since othetdes such as age and patient

preferences need to be considered.

Keywords

snoring — sleep apnoea — upper airway - sleep eogdgs
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Introduction

Obstructive sleep apnea (OSAS) is a sleep-relatedthing disorder caused by
repeated partial or complete collapse of the ugpevay (UA). These moments of
collapse, which are known as “respiratory eventsause apnoea, hypopnoea,
increased upper airway resistance and oxygen dasiaty or a combination of these
symptoms.

OSA is thought to affect up to 2% of middle-agednvem and 4% of middle-aged
men.

According to the American Academy of Sleep Medici@SAS is defined as 5 or
more respiratory events per hour (apnoea-hypopmas« AHI) accompanied by
daytime symptonfs These events lead to recurrent arousals, whidrim result in
daytime symptoms like hypersomnolence and fatigoacentration impairment and
an increased incidence of traffic and occupati@caldentd

Continuous positive airway pressure (CPAP) is taadard treatment for patients with
moderate and severe OSAS (AHI>15). However, UAysy may be considered in
subjects with mild disease (AHI < 15) and those wbmot tolerate or do not comply
with CPAP. In Belgium, CPAP is reimbursed by the health insge system for
patients with an AHE 20 and an arousal index30.

Uvulopalatopharyngoplasty (UPPP) is probably thestwadely performed procedure
for patients with snoring and OSAS. In a meta-asialypoy Sher et al., the overall
success rate for this procedure was 41%. This p&xge was even lower in patients
with multilevel collapsg It is likely that an important reason for thissappointing
success rate is inadequate patient selection henldw success rate suggests that good
diagnostic topical work-up to localise the site() obstruction is mandatory to
improve treatment resufts

Many OSAS patients were found to have UA collapseseveral sites and a
combination of more or less distinct anatomical abralities referred to as

“disproportionate anatomy”. A thorough UA evaluatichould therefore precede
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therapeutical decision-making for these patientpeeially when UA surgery or

treatment with a mandibular advancement deviceiisgoconsidered

Various methods are available to determine thedditgoper airway obstruction during
sleep in OSAS patients. These methods include statlc and dynamic methods when
the patient is awake or asleep. They all have gpecific limitations and advantades
A routine ENT examination of the patient, awakeaisitting position, including the
Miiller manoeuvet supplies limited information about upper airwaghbviour during
sleep. The dimensions of the upper airway changsglsleep because of muscle
relaxation.

The examination of the upper airway can theref@edmplemented with a dynamic
evaluation to determine the site and pattern otuppway collapse.

Croft and Pringle pioneered sleep endoscopy iretirey ninetie¥. They proposed a
grading system for upper airway collapse in pasiemth OSA. This grading system
defines the type and site of upper airway collaps@& specific patient, and may
improve patient selection for site-specific treattse.

Sleep endoscopy is currently an integrated pamppfer airway evaluation in OSA
patients who are being considered for surgery aaogrto the guidelines of the Dutch

Society of Pulmonology (not published).

The attraction of sleep endoscopy is its potemdigdrovide a dynamic visualisation of
the anatomical areas responsible for the generafiomise (snoring) or obstruction
under conditions that mimic natural sleep. It hasrbcriticised for not being a true
reflection of normal physiological sleep and, inm&o studies, even non-snoring
patients started snoring during drug-induced sfeePn the other hand, sleep
endoscopy is a simple and non-invasive way of ingasng the upper airway during
sleep. Sleep endoscopy using target controlledsiofu(TCIl) of propofol has been

validated and it distinguishes between symptonatit non-symptomatic subjetts
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The primary purpose of this retrospective studioigvaluate the feasibility of drug-

induced sleep endoscopy in patients with snorirthadostructive sleep apnea.

The second purpose is to evaluate the outcomesep #ndoscopy and to compare the

findings for our study sample with other samplesifithe literature.

The third purpose is to compare the sleep endosfiopyngs and the therapeutic

advice given to the patients.

Materials and methods

Between March 2005 and August 2006, 70 patientswadre being considered for UA

surgery underwent sleep endoscopy in order to materthe site(s) of collapse. All of

these patients presented with a history of snamdjor excessive daytime sleepiness.

The data of these patients were retrospectivelyysed. Table 1 lists the patient

characteristics, polysomnographic data and subgsttoring of snoring and daytime

sleepiness.
Table 1
Subject Demographics

n mean (SD) range
BMI (kg/m?) 70 26.4 (3.28) 19.7-33.6
AHI 70 18.5 (12.6) 0-73
AHI supine 47 40.5 (27.5) 1-98
AHI side 47 10.7 (12.3) 0-62
VAS snoring (/10) 64 7.5 (2.8) 0-10
ESS 68 9.9 (5.4) 1-21
Age (years) 70 49.3 (8.4) 26 -78

BMI=body mass index,AHI=apneahypopnea index, VASuaal analogue scale, ESS=epworth sleepiness scale
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At the first visit and after a routine ENT examioat all the patients with a history of
snoring and/or excessive daytime sleepiness wéredsted for polysomnography. In
all these patients, the severity of snoring waess=d with a 10-point, bed-partner-
evaluated, visual analogue scale (VAS) ranging ffdifmo snoring) to 10 (extreme
snoring where bed partner has to leave the rooraytibe sleepiness was assessed
using the Epworth Sleepiness Score (ESS). It rariges 0-24, and abnormal

somnolence is considered to be represented bya gakater than 10.

At the second visit, polysomnographic data andabeutical options were discussed
with the patient. Only those patients with mild O8<AHI<20), who did not meet
the criteria for CPAP reimbursement in Belgium, &echeduled for sleep endoscopy
to locate the site(s) of obstruction. Patients witbderate to severe OSA (AHI>20)
were scheduled for CPAP titration. Patients with-apnoeic snoring did not undergo
sleep endoscopy since palatal flutter is the niketyl cause in these patiettsLocal
palatal treatment was proposed as the first-steptrtrent. Patients with CPAP
intolerance or poor compliance were also schedaesdleep endoscopy, regardless of
the AHI.

Patients scheduled for sleep endoscopy were eedludr risk factors by the
anaesthesiologiSt Table 2 shows the inclusion and exclusion catefihese criteria
apply to patients who undergo sleep endoscopy witltbe involvement of an
anaesthesiologist. In those cases where sedatjmerfisrmed by an anaesthesiologist,
patients with AHI>40 may be included.
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Table 2

Inclusion and exclusion criteria for sleep endostdp

1. Inclusion criteria for sleep endoscopy:
- AHI<400rAI<30
- ASA classification | and Il
- Invasive intervention or surgery is considered
- CPAP intolerance
2. Absolute exclusion criteria for sleep endoscopy:
- AHI>400rAl>30
- ASA classification > I
- Conservative management is preferable (weiglst, jogsitional therapy,
NCPAP,...)
3. Relative exclusion criteria for sleep endoscopy:
- Severe obesity

- Alcohol abuse

The patients were hospitalised in the surgical ciang centre. Sleep endoscopy was
performed in a darkened operating room with theeptt in a supine position. To
mimic the sleep condition of the patient at honiee patient was positioned in a
hospital bed instead of on the OR table. Continummitoring took place with
electrocardioagram and oxygen saturation. An ahasstlogist induced artificial
sleep through the intravenous administration ofanadam and propofol. Midazolam
was administered in a bolus injection (1.5 mg) @nopofol was titrated by target
controlled infusion (TCI). No local anaesthetic wased in the nose in order not to
interfere with the effect of local reflexes on hteag'’. Before the state of
unconsciousness was achieved and the patientsedstashoring, a flexible
videolaryngoscope was introduced through the nosasualise the upper airway and

to assess the location of upper airway narrowingpdapse.
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After the introduction of the flexible endoscopetook a few minutes to reach a stage
of stable sleep where reliable assessment washpossi the pattern and site of

obstruction. Once the endoscope was introducedmidu@pulation of the endoscope
was kept to a minimum in order not to wake up théemt since this could cause

irritation in the nose or throat, resulting in betfbome sneezing.

After sleep endoscopy all patients were moved taignght position and an oxygen

mask was placed on the nose. The patients weretonediin the recovery room for 1

hour. Three hours after sleep endoscopy, patieate @ischarged. All of them were

told to leave the hospital with a companion, antitaalrive a car. Patients were given
a new appointment to discuss the results of thepsendoscopy. Discussion of the
results directly after the procedure was not recemmhed because most patients

experience retrograde amnesia due to the sedation.

Obstruction was specified as flutter or collapselldpse was specified as monolevel
palatal collapse (type I), multilevel palatal armhdguebase (type II) or monolevel
tonguebase collapse (type Ill) in accordance witfit&®. The type of collapse was

described as circular, postero-anterior or origimgafrom the lateral wall. Flutter was

described as present or absent, and the site weg.no

Data relating to the therapeutic advice given afteep endoscopy were reviewed.

Results

Sleep endoscopy was easily performed in all patienttook about 20 minutes per
patient, including the induction of sedation arahsport to the recovery room.

There was no severe,@esaturation during the procedure. When saturatiopped
below 85%, a chin-lift manoeuvre was performed perothe upper airway. In all
cases this manoeuvre resulted in an immediate wepment in oxygen saturation. No

intubation (emergency or otherwise) was needeldigngroup of patients.
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The reliability of sleep endoscopy was poor becaatebothersome continuous
sneezing in 2 cases (2.8%). Visibility was somesirmempromised by abundant saliva
but this could be removed in all cases with a smadition probe through the nose,
resulting in good visibility. No other side-effest®re noted.

Tables 3, 4 and 5 set out the endoscopic findings.
Table 3 shows the type of collapse. Monolevel alasion (type | and type IIl) was
observed in 61.4% of patients, while multilevel bstion (type Il) was found in

32.9%. No obstruction was observed in 5.7% of p&die

Table 3

Type of collapse (N=70)

No obstruction Monolevel obstruction Multilevel obstruction

Palate Tongue/Hypopharynx

Type | Type llI Type Il
Total

4 (5,7%) 23 (32.9% 20 (28.5%) |43 (61.4% 23 (32.9%)

Table 4 specifies the pattern of collapse. Paleddbpse was mainly described as a
circular collapse (58.7%). Lateral wall or antewsterior collapse was of minor
importance at the palatal level. The same tendeveey seen at the hypopharyngeal
level: circular collapse was seen in 46.5%. Theegaion of a snoring sound (flutter)
(table 5) was mainly observed at the palatal 1€6606). Flutter was observed at the

hypopharyngeal level in only 20% of cases.
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Table 4

Pattern of collapse according to obstruction site

anteroposterigrlaterolateral circular

Palatal

9 (19,6%) | 10 (21,7%) 27 (58,7%)

Tongue / Hypopharyngea

14 (32,6%) | 9 (20,9%) 20 (46,5%)

Table 5

Generation of noise: site of flutter (N=70)

6 49

Absent Palatal

Tongue/Hypopharyngeslultilevel

13

2

After sleep endoscopy, patients were given treatraduice (Table 6) based on the
severity of OSAS, the results of the ENT examinatiage, findings based on sleep
endoscopy and patient preference. This table mentiovo experimental surgical

treatments: hyoid-expansithand adjustable tongue advancerfienBoth surgical

procedures address the hypopharyngeal segmerg tfAh

Table 6

Collapse Absent Palatal

Endoscopic findings and therapeutic advice (n=70)

Tongue/HypopharyngeaBoth sites

Therapeutic advice

No therapy 0
MAD 1

UPPP 3
RF Palate 0
RF Tongue 0

Hyoid expansion 0
Advance 0
CPAP 0
Total 4

RF palate and tongue 0

2 0
0 8

13 4
1 0

0 1

0

6 2

1 4
0 0
23 20

23
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Discussion

In our experience, sleep endoscopy proved to berwemnient and safe way of
assessing upper airway obstruction in OSA patidrtis. procedure was well tolerated
by all patients. No adverse events were seen, latevel of obstruction and snoring
could be located in all but two patients. In 2 ca$2.8%) the reliability of the

procedure was poor.

Sleep endoscopy remains controversial. It has loksnonstrated that snoring and
sleep apnea varies with sleep position and slesp#t Information about the site of
the obstruction is particularly important when scad therapy is being considered.
Although X-ray cephalometry and computed tomograpbyld be performed during
sleep, these are static and non-physiological @gmes to UA investigation, and are
limited by the side-effects of irradiatih Magnetic resonance imaging is a safe
method and can be used to perform dynamic studigbeoupper airway, but its
potential use is limited by costs and availabifityThe ideal method is the direct
visualisation of the upper airway during naturakegl with a flexible endoscope via the
nosé*. This method depends on the sleep quality of #iept while an endoscope is
present in the nose and while sleeping in an unalasieep laboratory environment. It
also places a heavy burden on the sleep laborgiergonnel and the physician
performing the examination. The next best optiopeaps to be drug-induced sleep

endoscopy. However, it remains controversial émesal reasons.

Drug-induced sleep endoscopy comes closer to theatgphysiological state of sleep
than all the other methods currently available. Eeer, the procedure suffers from
major limitations.

It is uncertain whether the short analysis timeZ05minutes) is representative for all
obstructive events during a full night of sleemc®i the procedure is performed only
in the supine position, it is not possible to eatdupositional effects.

Midazolam may induce excessive muscle relaxatiorindusleep, yielding false-

positive obstructive events. On the other hanthiff is the case, relaxation affects the
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entire upper airway and not a specific site. Wendbtherefore believe that there will
be a major effect on the site of obstruction. The af TCI with propofol, starting at a
low target concentration which is slowly increasempvides an objective and
reproducible state of sedation, reducing the lil@id of excessive muscle relaxation
and consequent false-positive obstructive evemis,tiaerefore enhancing the validity

of sleep endoscopy

Sleep endoscopy is a subjective assessment. Tlserprobably inter-observer

variability and also variation between anaesthegists' sedation methods, for which
there are no standardised protocols. Sleep endpstmuld therefore be performed by
an experienced physician using a strict protocolbimh collecting and reporting the

data as described above.

If the inclusion and exclusion criteria are respdctsleep endoscopy is a safe
procedure. These inclusion criteria are extremelgdrtant in those cases where the
sedation is performed by a non-anaesthesiof§gi€xygen desaturation due to
obstructive events during sedation might be a imskatients with severe OSA. We
perform sleep endoscopy together with an anaeslbgst, and we are therefore able
to perform the procedure in patients with severédO8 the case of severe oxygen

desaturation, the anaesthesiologist is able toviete immediately.

In our experience, sleep endoscopy was useful danselling the patient about the
nature of the disease and the need for furthetntexat (with possible associated

morbidity).

Table 7 compares our sleep endoscopy findings déia in similar studies in the

literature %> 28
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Table 7

Comparison of results of our sample with literature

Obstruction: None Monolevel Multilevel

Tongue/

Palate Hypopharynx Total

Present study 4 23 20 43 23
(n=70) (5.5%) (31.9%)  (27.8%)  (59.7%) (31.9%)
Hessel studf 74 8 82 205
(n = 340) (21.7%) (2.4%) (24.1%) (60.3%)
Quinn stud{® 35 4 39 11
(n=50) (70%) (8%) (78%) (22%)
Pringle stud}* 33 9 42 28
(n=70) (47.1%) (13%) (60%) (40%)

In our study, monolevel obstruction was seen ind%&il.of our patients: palatal
obstruction in 32.9% and tongue/hypopharyngealrabsbn in 28.5% of cases. Quinn
et al®® and Pringle et df* report comparable rates of monolevel collapse: 8
60% respectively. Hessel et %lreport 24.1% for monolevel collapse, which is
substantially lower than the rate we found.

Hessel's study included patients with socially wdising snoring without excessive
daytime sleepiness, but with comparable BMI and Hg#oes not state the meAhl|
for the included patients, but since the study &etbgtringent inclusion criteria (table
2), they probably included patients with mild diseaWe included patients with a
mean AHI of 18.5 (range 0-73) and a mean ESS of SiAce the role of the
hypopharynx increases with the severity of the afise this could explain why we
found more monolevel hypopharyngeal obstruction.528 than in their sample

(2.4%). The fact that they report a very high petage of multilevel collapse in their
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sample (60%) is probably due to the fact that tlesessment of upper airway
narrowing was less stringent than ours. We woulgkeka relative low percentage of
multilevel collapse in a group of patients with 8ng only and without excessive
daytime sleepiness. The fact that they use a hidbse of midazolam (7-12 mg) for
sedation might explain a more collapsible airway comparison with propofol.
Quinn's stud$” included only non-apneic snoring patients, andnditistate the cut-off
AHI value. The mean age of their sample was conigp@naith ours, but they included
no data about BMI. Since OSA was excluded from ¢gin@up of patients, it is logical
that they report a 70% rate of monolevel palatatmiction. Their observation of 22%
multilevel collapse seems high for a sample of apneic snorers. Their method of
sedation (midazolam 12 mg IV and topical nasal sif@sia) may well explain these
findings. The endoscopic findings in Pringle's gtudare closest to our findings,
although that study did not include any demograpiipolysomnographic data about
their sample. They included both snoring and OSA&epts without defining them. It

is therefore impossible to comment about the coatpbty of the findings.

This study makes it clear that snoring noise istimogenerated by palatal flutter
(68%). In 19% of cases it is generated by vibraiohthe hypopharyngeal lateral wall
or the epiglottis. This finding compares well witie fact that UPPP is an efficient

treatment for snoring, although not always effitiem OSA’.

Treatment advice was given according to the patientiplaints, severity of OSA, age
and comorbidity, the characteristics of collapseented during sleep endoscopy and
patient preference. In some cases, therefore, @adbout treatment could contradict
the sleep endoscopy findings. The four patientk wit collapse had an AHI in excess
of 15, which warranted treatment. Both ENT examaratind PSG results were taken
into account when deciding to proceed with UPPB iof these patients. The fourth
patient opted for a mandibular advancement devioesdif. Of 23 patients with
monolevel palatal collapse, 13 were advised to guldJPPP. Six patients were
advised to undergo hyoid expansidhecause of the severity of OSA and because of

the collapsibility of the hypopharynx seen durihg Miller manoeuvre. In 2 cases it
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was agreed with the patient not to proceed witlatinent because there was no
medical reason to treat (despite their snoring) laechuse of the patients’ reluctance
to undergo surgery. The 20 patients with monoledwgbopharyngeal/tongue-base
collapse were treated with a procedure addressieghiypopharynx in all but 4
patients. These 4 patients were advised to provedtd UPPP because their main
complaint was snoring without daytime sleepinedevén of the 23 patients with
multilevel collapse were advised to undergo treatnaeldressing both the palatal and
tongue-base levels. UPPP was advised in 9 patectsuse their major complaint was
snoring without daytime sleepiness. Radiofrequeablation of the palate and/or
tongue base was performed at the request of tihengato prevent morbidity.

In 41 patients (58.6%), the treatment advice mat¢he sleep endoscopy findings.
Sleep endoscopy is not the “final diagnostic tagdon which the treatment decision is
based. It should be considered part of a compréhedggnostic work-up taking into
account both patient characteristics and habits,flddings, polysomnographic data

and the personal experience of the surgeon.

Conclusion

Drug-induced sleep endoscopy is a fast and safeofvayaluating the site(s) of upper
airway obstruction. Sleep endoscopy findings helghoose a targeted treatment. A
standardised method for the procedure is essewtiahinimise inter-observer and
inter-anaesthesiologist variability, yielding regucible results. Treatment advice was
given taking into account the sleep endoscopy figslin the majority of the patients
but additional patient characteristics were correidéo be more important in the final
decision-making, and so the advice did not alwaggchnthe findings. Further analysis
of outcome after treatment will assess the valugded#p endoscopy for the selection of

surgical techniques and treatments for patients @BA.
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Abstract

Objectives:

Hyoid expansion is a novel procedure that aims ideming of the hypopharynx in
order to improve obstructive sleep apnea.

Study design: prospective, non-randomized multeefgasibility, safety and efficacy
pilot study.

Method:

An implantable device (Air Frame System) was usedurgically expand the hyoid
bone in order to stabilize the hypopharyngeal tdtealls.

Results:

The procedure was performed without technical asvewents. Three clinical adverse
events occurred. Tolerability was good. No objextimprovement of apnea-
hypopnea-index was achieved. There was a signtfitaprovement in snoring and
excessive daytime sleepiness.

Conclusion:

Based on the presented data, hyoid expansion issuitdble for the treatment of
patients with obstructive sleep apnea. Furtherofisieis procedure with the Air-Frame

system is not recommended.

Keywords: hyoid, hypopharynx, sleep apnea, tongseb
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a stdafed breathing disorder caused
by repeated partial or complete collapse of thesupirway (UA). These moments of
collapse, called “respiratory events”, cause aphgpppnea, increased upper airway
resistance and oxygen desaturation, or a combmatidhese. As a consequence of
these events, frequent arousals may occur duregpskesulting in sleep-fragmentation
and therefore complaints of hypersomnolence (1) datigue, concentration-
impairment and increased incidence of traffic aeotd (2). Loud snoring is one of the
most common complaints for which subjects consuyhgsician. Subjects with OSA
are prone to long-term morbidity and mortality (3,4

Four percent of men and 2% of women meet the minthagnostic criteria for OSA
(5). Obesity, a compromised upper airway anatorgg, @d post-menopausal status

are important risk factors (6).

Surgery for OSAS is indicated in patients who da taerate CPAP or in case a
surgically correctable upper airway anatomy is @ne$7).

Innovative research in surgery for OSAS is jusiifi'ecause a) a substantial group of
patients do not comply with CPAP because of sideces, intolerance (8), or lack of
substantial benefit (9), b) the poor results of BPPLO) and c) the present

hypopharyngeal procedures are invasive and ladeace based efficacy (11).

Lateral wall collapse at the hypopharyngeal segroétite UA might play a role in the

pathogenesis of OSA (12). The role of the laterall w the circumferential collapse
pattern of the hypopharynx is observed in OSAS ep&ti undergoing flexible

endoscopy of the UA during drug-induced sleep (13).

Substantial increase in airflow and drop in “clgsipressure” was observed by
performing expansion hyoidplasty in a canine mo@el). The hyoid bone is a
horseshoe-shape bone surrounding the hypopharymxs Telationship to the

hypopharyngeal lateral wall and its easy surgicakasibility makes the hyoid bone a

potential ideal substrate to stabilize the UA lakevalls.
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The present study evaluates a novel procedureatifdiesses the hypopharynx. The
Air-Frame™ system (Aspire Medical, Sunnyvale, California, J3# an implantable
device which was used to surgically expand theichppone in order to stabilize the
hypopharyngeal lateral walls. The purpose of thiggp is to describe the procedure, to
emphasize the technology and method of implantatiod to present the results

concerning feasibility, safety and efficacy.

Material and method

Study design

This prospective, nonrandomized, multicenter stadgluated the feasibility, safety
and efficacy of the Air-Frame system. The study wasformed in the University

Hospital Antwerp (Belgium), the University Hospitsdlannheim (Germany) and the
Saint Lucas Andreas Hospital in Amsterdam (The Bigdimds). The study protocol
allowed 30 patients to enter the study with a felap time of 6 months. Between
January and June 2005, 25 patients were includeel pfotocol was approved by the
Ethics Committee of the three institutions. Infodneonsent was signed by the

patients prior to inclusion in the study.

Inclusion and exclusion criteria for this study atenmarized in table 1.

All patients included in this study were intoleraot CPAP therapy and showed
evidence of lateral wall collapse. Selection fdetal wall collapse was performed by
clinical and endoscopical (Miller manoeuvre) exation in the awake patient and/or

drug-induced sleep endoscopy (15). Patients’ clheniatics are shown in table 2.
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Table 1. Study criteria

Inclusion criteria

« Documented diagnosis of obstructive sleep apnda Auitl 15-40 measured within 90 days prior to

planned procedure
« Age= 20 anck 60 years old
* Body Mass Index (BMIx 30
» Signed informed consent to participate in thisichhstudy
*  CPAP intolerance/refusal

e Evidence of lateral wall collapse

Exclusion criteria

e Prior hyoid surgery

e Other airway surgery within 90 days

« ldentified obvious palatal stenosis

* Enlarged tonsils

« Significant mandibular deficiency/retrognathia

e Pregnancy

< Enroliment in another pharmacological or medicalicke study that may effect or bias the resultshef

study

the

—

Table 2. Patients characteristics

Average Range SD
Age 45,0 27-57 8,4
BMI 26,9 23-30 2,4
Male/Female| 24/2 n/a n/a
AHI 25,3 15-49,9 5,6
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Implant

The Air-Frame system consists of a two-piece deviméde implanted in the centre of
the body of the hyoid bone after it has been gplihe midline, and a delivery clamp.

Procedure

The patient is positioned in the supine positiothvihe head extended. The anterior
neck region is prepared sterile. Under general thass with oral intubation and
antibiotic prophylaxis (2 g cefazolin), a 4 cm lzomtal incision is made at the level of
the hyoid bone. The body of the hyoid bone is egdaand freed from the insertion of
the thyrohyoid membrane. The hyoid bone is splitt@midline. On each end of the
exposed body of the hyoid bone, a part of the Aaniie system is delivered with the
clamp and fixed on the hyoid bone with a screw. e parts are connected with two
additional screws (Figure 1 and 2). An expansiomtmdut 10-11 mm is achieved. A

temporary drain is left in place for 2 days. Theuwd is closed in 2 layers.

Figure 1. Air-Frame system is delivered to the dymone with use of a clamp
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Figure 2. The Air-Frame system is fixed to the boflthe hyoid bone with 4 screws

Outcome measures

The objectives of this study were to evaluate fahbtsi, safety and efficacy of the Air-
Frame system. Feasibility of the procedure wasuatatl by the procedure time and
occurrence of technical adverse events during tbeeplure. Safety was evaluated by
the occurrence of clinical adverse events. Advessents were defined as the
occurrence of any medical event during the studgeAous adverse event was defined
as any medical event leading to death, seriousidetgon of the health status of the
patient or leading to hospitalisation.

Tolerability was assessed with a pain visual apalcale (VAS) ranging from 0 (no
pain) to 10 (extreme pain) at baseline and duringoBsecutive days after the
procedure. All patients were given pain-killers idgr the procedure and in the
recovery-room, according to the anaesthesiologisitsce.

Efficacy was evaluated by the reduction of AHI, N@ and daytime sleepiness.

Standard full-night polysomnography (PSG) was penéxl for screening and 6
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months follow-up. No separate baseline PSG wa®pedd: screening PSG was used
as baseline for statistical analysis. Sleep reaggwere scored manually in a standard
fashion by the same qualified sleep technician, stading was blinded for the sleep

technician. The AHI was the average number of rasply events per hour of sleep.

Apnea index and lowest oxygen saturation were elstuated.

Surgical success was defined as a 50% or greatectien of the AHI and a final AHI

of less than 20 (10). Snoring was evaluated with3nore Outcomes Survey (SOS)
ranging from O (worst) to 100 (best)(16). Daytimieepiness was assessed by
completing the Epworth Sleepiness Scale (ESS)d4fBaseline and 3 months follow-

up. An ESS score above 10 defined excessive dagiemepiness.

Statistical analysis

All data were stored in and analysed with Micro90ffice Excell 2003 (Microsoft,
Redmond, Washington). The results were presentethess, ranges and standard
deviations. A paired t-test was used to compara dabaseline and 6 months follow-
up for PSG variables and to compare data at baselml 6 months follow-up for
scores of SOS and ESS. A 2-tailed p-value of lémm t0.05 was considered

statistically significant.

Results

Between January and July 2005, 25 patients werdamtgd with the Air-Frame
system (17 in Antwerp, 7 in Mannheim and 1 in Anden)

All patients completed the 6 months follow-up. Tdavas no significant change in
BMI for any of the patients during the study. Ndigats were lost to follow-up and
there were no dropouts. All data of objective anbjective outcome measures were

available for statistical analysis.
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Feasibility

The implantation of the Air Frame system was susftdly performed in all cases.

During one procedure, the mucosa of the hypophawas opened while dissecting
the hyoid bone. This was peroperatively closed aitsuture. No post-operative leak
was noticed.

No technical complications were observed at anpefprocedures.

The average procedure time was 68 minutes.

Three adverse events (AE) were noted during thdyst®One patient reported a
common cold 3 weeks after the procedure. This AE wat procedure related nor
device related. One patient developed granulatissu¢ at the wound site. Both
conservative therapy with antibiotics and non-stiEloanti-inflammatory drugs and
surgical removal of this granulation under localesthesia were performed and
successfully resolved this problem. This AE wasbpliy device related. One patient
reported on severe neck pain after the procedunés Was probably due to the
positioning of the patient during the procedurehweiktension of the head. This AE
was procedure related, but not device related.

There were no serious adverse events during themshs follow-up.

Tolerability

All patients were in good health at any of thedaltup visits and there have been no
observations of infection, seroma formation, itida, hematoma, extrusion or
migration of the implant. The patients did not re¢@my lasting foreign body sensation
or irritation due to the implant or procedure. Naofethe patients showed signs of
dysphagia or dysphonia during the immediate posé&ipe period of implantation.

Post procedural pain (figure 3) was limited andeddsl or 2 days in most patients.

None of the patients required narcotics to manage p
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Figure 3. Postoperative pain score with use ofalianalogue scale (VAS)
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Objective outcome

The results of polysomnographic data are presenteble 3.

The average AHI was reduced from 25.3 to 23.5fHogtwas not statistical significant
(p=0.47) (figure 4). There was no statistical cleng apnea index (Al) and lowest
oxygen saturation (LSAT). Six patients (24%) shove@&o reduction in AHI and 10
patients showed a post-operative AHI below 20. Fagents (20%) showed both a
50% reduction in AHI and a post-operative AHI bel@®: Six patients showed a mild
increase in post-operative AHI and three patientsagd a severe increase in post-

operative AHI.
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Table 3. Polysomnographic data.

Baseline 6 month follow up
Patient ID AHI Al LSAT AHI Al LSAT
Al 20 6,8 77 27, 13,3 82,0
A2 24 6,4 67| 51,4 10,2 75,0
A3 21 0 75 0,4 0,0 95,0
Ad 21 0 85 15,5 0,5 90,0
A5 27, 0 86 21,9 4,5 81,0
A6 39 0 66 17,4 2,6 80,0
A7 30 1 79 28,9 2,6 67,0
A8 44 25 70 53,6 4,0 67,0
A9 28,6 1 65 5,1 4,8 81,0
Al10 20,3 0 89 15,6 1,0 87,0
All 49,9 2,6 66 72,5 32,4 73,0
Al12 20,4 0 81 19,8 2,3 73,0
A13 21,7 3,2 84 16,8 15,8 84,0
Al4 34,1 14,4 81 35,4 22,0 79,0
Al15 19,6 6,7 78 24 6,2 79,0
Al6 29 15 82 35,6 1,0 81,0
Al7 28,5 10,5 81 25,3 0,0 87,0
M1 30,7 1,4 88 21,8 8,5 86,0
M2 28,3 15 85 10,5 0,4 88,0
M3 15 7,2, 89 12,8 2,5 87,0
M4 16,5 0,3 90 0,3 0,0 89,0
M5 16,8 0,5 84 19,2 0,4 86,0
M6 15 0,5 86 5,9 4,1 78,0
M7 16,3 0,2 88 34,7 3,8 81,0
N1 17 6 86 15 12,0 83,0
mean 25,3 4,9 80,3 23,5 6,2 81,6

Figure 4. Apnea-hypopnea index measured at basalitié& months.
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Subjective outcome

The ESS improved from 11.0 at baseline to 7.6 mto@ths follow-up (figure 5) and

reached statistical significance (p=0.0004). Elepatients (44%) did not show an
ESS above 10 before treatment. Six patients (24&46) their daytime sleepiness
problem resolved.

The SOS score improved from 24.8 at baseline t6 896 months follow-up (figure

6), which was statistical significant (p=0.00005).

Figure 5. Epworth Sleepiness Scale measured difmaad 6 months follow-up.
P=0.0004

Baseline ESS 6 month ESS
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Figure 6. Snore Outcomes Survey (SOS) measureabatiibe and 6 months follow-up.
P=0.00005
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Discussion

This is the first study reporting on hyoid expansifor obstructive sleep apnea in
human subjects.

The concept of this procedure was earlier investmjan animals (14), where an
increase in flow and a decrease in closing pressuifee UA were reported. Since this
is a feasibility pilot study, only a limited samplef selected patients with
hypopharyngeal lateral wall collapse was included anly limited conclusions can be

stated on efficacy of this procedure.

Hyoid expansion with the Air-Frame system is an eloprocedure that aims for
expansion of the hypopharyngeal airway space bgidamg the hypopharyngeal
lateral walls in the lateral direction. The ideastdbilizing the lateral walls originates

in creating extrinsic lateral traction on the latewalls by pushing the 2 corns of the
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hyoid bone outwards. This study is not evaluatimgeffect of hyoid expansion on UA
dimensions in a systematic way, but rather on #a&sibility and safety of this

procedure and on the efficacy on respiratory evelagtime sleepiness and snoring.

Based on the presented results, hyoid expansidm tvé Air-Frame device is not
suitable for the treatment of patients with obgiuec sleep apnea. Only a small
number of patients demonstrated clinically relevamprovement of the disease and
there was a significant number of patients withigniicant deterioration in the
number of respiratory events. Regardless the lovbidity, the efficacy was limited.
The study protocol allowed 30 patients to enter shaly. Since the efficacy results
showed no significant improvement in AHI, it wascdied to stop inclusion after 25

patients were included.

Feasibility of this procedure was good. In all cagee were able to split the hyoid
bone and attach both parts of the Air-Frame systemas important to identify the
exact midline of the body of the hyoid bone to avai suboptimal position of the
implant. Para- median position of the implant worddult in unbalanced force on the
2 cornu of the hyoid bone. Because of the fixedtwsng of the two parts of the
implant on both sides of the midline-split hyoidnleo the amount of expansion was
between 10-12 mm in all cases. No adjustability p@ssible after fixing the two parts

together.

The tolerability of this procedure was good. Postafive pain was mild to moderate

and can be compared with a radiofrequency proceafutes palate (18).

The safety of the procedure was not compromisedebiinical issues during the
procedure. The reported adverse events (AE) weseedure related in 1 case and
device related in 1 case. The patient who develop@id in the neck after the

procedure appeared to have a history of neck isgugmntion should be paid in those
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patients with previous neck pain to position thadch@ limited extension during the
procedure.

The patient who presented with granulation tissu¢ha site of the incision, was
treated with local removal of the granulation. Astabpathological analysis of this
tissue showed many small bone particles all over ghecimen without signs of
foreign body reaction. It was concluded that thangfation tissue was probably
caused by the numerous bone fragments caused lsgitheg of the hyoid bone. After
this AE occurred, rinsing was performed during pihecess of sawing to remove most

bone particles before closing the wound.

The factors that determine the clinical efficacytlad Air-Frame system include patient
selection, site of obstruction and the ability bé tsystem to affect UA dimensions.
Since this procedure targets the hypopharyngeatdaivalls, patients with clinical
evidence of lateral wall collapse were includediludfa of clinical efficacy could
partly be explained by the way true lateral wallaquse is clinically identified in this
sample.

The effect of hyoid expansion on the UA dimensiaas not evaluated in this study. It
might well be possible that the procedure did rftech UA dimensions at all. This
might be explained by a possible rotating movemdmgre the 2 corns point inwards
instead of an expanding movement outwards. Thetfiattwe did not cut the insertion
of the thyrohyoid membrane completely, might prévée two parts of the dissected

hyoid bone to expand sufficiently.

There are no other techniques for hyoid expansionvever, there are techniques that
describe stabilization of the lateral walls. Maxiiandibular advancement is a highly
effective procedure for OSA because it affects Udsahsions by moving the tongue

base forward and by tensioning the lateral wallefhypopharynx (19).
The strength of the statistical analysis is compsenh by the small sample size, the

study design (case series) and the fact that basglolysomnography was not

separated from screening.
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Polysomnographic data, and AHI in particular, showortant variability (20). The
sample size of this study is small. Therefore dmtyted conclusions can be drawn
from the objective outcome measures.

Both snoring and daytime sleepiness were signifigamimproved. Subjective
improvement in the absence of objective improven®igescribed in various studies
(21). This might be explained by variability of ebfive data, placebo-effect of the
procedure and poor correlation between objectivea dand subjective outcome

measures.

The data presented in this study do not suppotti¢ause of this procedure or further
trials with this device.

Conclusion

Hyoidexpansion with the Air Frame system does netrelase AHI. It results in

significant reduction in daytime sleepiness andriaring. In 5 patients the criteria for
surgical success were reached. The rates of fegsiond safety were satisfactory.
Further investigation of the impact of hyoidexpanson UA dimensions is needed for
better understanding the role of the lateral wallsobstructive sleep apnea. The

presented technique was not able to stabilizeateed! wall of the upper airway.
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A tongue implant in a canine model

Introduction

Obstructive Sleep Apnea Syndrome (OSAS) is an @ambeeciated problem in our
society resulting in social consequences and healtiterns. A mounting body of
evidence links the disorder to hypertension, strad@rdiovascular morbidity and
mortality (1), motor vehicle accidents (2) as wadla loss of productivity in the work-
force. Treatments have been centered on behaviwdifications, medical treatments,
dental and oral appliances, CPAP and surgical piges to modify the predisposing
anatomic abnormalities. There are multiple sitesobstruction identified (3) and
successful treatment often requires a step-wiseoapp. The tonguebase is the target
of some current treatments for OSAS (4). In sorBADS patients, the tongue base has
been shown to collapse and contact the rear ardvgadls of the pharynx and/or the
soft palate leading to airway obstruction. Varitnestments including radiofrequency
ablation and tongue advancement strategies (5used currently to increase the
volume of the airway posterior to the tongue tovpre the tongue from obstructing
the airway. OSAS has been studied in many diftespecies of animals such as
lambs (6), goats (7), pigs (8) and rabbits (9).p&fect model has not been found
because naturally occurring sleep apnea has omy bdemonstrated in the English
Bulldog (10). However, important information ababe mechanism and potential
adverse effects of the disorder has been learmedgh these animal studies.

The present study in canines reports on aspedsfety, feasibility and histology of a
newly designed anchoring device implanted in thegt® and attached to the
mandible. The device provides an advancement ef ttimguebase, resulting in
increased airway space and reduced tendency dbiigeie to collapse during sleep,
thereby reducing the occurrence of apneic eventshéntargeted population. No
functional outcome measures were included in thudys The outcome of this study
resulted in an investigational implant for adjugatongue advancement in humans

with obstructive sleep apnea (11).
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Material and method

The present study was performed between August 200b February 2006 in a
licenced animal laboratory (California, USA). Altipciples of laboratory animal care

(National Institues of Health: publication No. 88;2evised 1985) were followed.

Test article
The Advance System consists of three componentsanghor system (bone- and

tissue anchor), the delivery system, and an impkmbval system.

Anchor system: the anchor system comprises aetigaahor (fig. 1) constructed from
titanium alloy (Ti6Al4V) and Nitinol alloy (NiTi),a tether line constructed from
Dyneema (DSM, The Netherlands), and a bone ancigr Z) constructed from

stainless steel alloy (316LV), and Nitinol alloyi{N. The bone anchor is attached to

the mandible with titanium alloy (Ti6A14V) bone surs.

Figure 1. Tissue anchor Figure 2. Bone anchor

Delivery system: the delivery system comprises @ess trocar and cannula set used
to tunnel into the genioglossal muscle to the idéehlocation for the placement of the
tissue anchor. A delivery handle is provided thdk contain the tissue anchor in a
delivery tube, advance the tissue anchor to theftithe access cannula and deploy the
tissue anchor into the tissue adjacent the tiphefaccess cannula. Also included in

the delivery system is a snare for threading theetdine into the bone anchor, and an
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adjustor tool to titrate the degree of tongue adeament. The delivery system is

constructed from various stainless steel alloysd®idn polymer.

Implant removal system: the implant removal systamsists of a tether line snare,
and a tunneling trocar and cannula set. This systlows the user to remove the
tissue anchor if desired. The tissue anchor maneiy®ved either acutely at the time

of the procedure, or after a period of healingd@surred.

The part numbers and lot numbers provide tracaglbdithe test system. The Advance
System components will be sterilized via autocl&terilization process indicators are
placed on the product packaging.

There is no control test article.

The following accessory devices may be used duthingy study: bone drill with 1.2
mm drill bit (MicroAire 6000 or similar), cross slecrew driver for 1.5 — 2.0 mm

screws and standard surgical instrument set (dchkpeostats, scissors, retractors).

Test system

Twenty-one adult Hound crossbred canines a minino@ir® months old are used in
this study. The gender of the test system is rpéeted to influence the study results
and either gender are used as provided by the &sonece. At the onset of the study,
the animals were experimentally naive. Adult ansrs®lected for use in this study are
as uniform in age and weight as possible. Theitybeeights range from 15 — 30 kg
(ideally from 25 — 30 kg), and their exact age wasimensurate with weight, but was

a minimum of 6 months old. Animals were identifiedh a tattooed number.
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Implantation

On the day of treatment the animals were anestttiweighed and instrumented to
undergo the Advance procedure. Prior to the prnaeedanimals received 5mg/kg
enrofloxacine IM once.

The implantation procedure involved the placemdra bone anchor in the mandible
and a tissue anchor in the posterior tongue ohesni The treatment involved making
an approximately 1-2 cm incision on the ventraleg$pmf the snout approximately 3
cm from the end of the snout. The Advance Systeswsad to place the tissue anchor
in the genioglossal muscle near the boundary betwe genioglossal muscle and the
intrinsic muscles of the tongue. An adjustable éo@mchor was placed onto the
mandible near the incision site, and the tether &ttached to the bone anchor (fig. 3).
Tension was placed on the tether line and tissukarby spooling the tether line onto
the bone anchor using the adjustor tool. Followihg titration of the tether line
tension, the wound was closed in layers, the camoevered and monitored. After the
procedure, buprenorfine 0.01-0.05 mg/kg IM was auktered once. Enrofloxacine

5mg/kg IM or PO SID was continued for a minimuni7adays post procedure.

Figure 3. Fluoroscopy image of the implanted tissnehor and bone anchor
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Retrieval Procedure

At 1-2 weeks post-implantation, the animals werdased, anesthetized, prepared,
weighed and draped for aseptic procedures. Toeis wot sterilized in those animals
which were to be euthanized at the completion efrétrieval procedure. All animals
were positioned for the study in a supine positidihe anterior neck and chin was
shaved and prepared. After the animal was prepé#nedstart time of the procedure

was documented.

A small incision was made approximately coincidesith the previous incision and
proximate the estimated location of the bone anca®rdetermined by digital
palpation. The titration needle was inserted thhothe incision and into the bone
anchor. The spool was rotated clockwise and cociotkwise to verify the

functionality of the adjustment mechanism and tleeusty of the tissue anchor
attachment to the bone anchor.

After verifying the functionality and security ohd adjustment mechanism, blunt
dissection was used to expose the bone anchortelier line was separated from the
bone anchor by severing the knot on top of the bamehor spool and pulling the
tether line out of the bone anchor through the guidshing. The tether lines were
threaded into the retrieval system and gripped tighwinding tool or a needle driver
per the evaluator’'s preference. Blunt dissecti@s wsed to expose additional tether
line as necessary to allow the user to get an adedold on the tether line by
wrapping it several times around the winding tooheedle driver. The retrieval tool
was then advanced along the tether line until tb&imal hub of the tissue anchor was
reached with the dilator tip,verified with fluoragzy and palpation. The cannula was
then further advanced over the tissue anchor whadetaining tension on the tether

line until the tissue anchor was fully retractetbithe retrieval tool.
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Twenty-one canines were used in this study. Thdyspopulation was divided in 4
subgroups. Implantation of the Advance System vesfopmed in different groups for

different purposes. The subgroups are presenttdbia 1.

Table 1. Devices Design Subgroups

Subgroup| Description Comments
A Early Development Group 2 samples at 122 anddEy@ post-implant.
Early anchor designs & delivery/retrieval tools

B Development Group 3 samples at 84 days. Clofiedabdesign &
procedure
C Pre-clinical Group — singlé 2 samples at 30 days of the final implant design
fixation screw placed with one fixation screw and 3 samples at
30 days with 1 extra screw placed at revision
procedure
D Pre-clinical Group — 11 samples at 30 to 180 days post-implant

multiple fixation screw representing the final design, materials and
implantation procedure.

Outcome measures

Evaluation of the implant and the implanted anima&se conducted at the time of

implantation, at 30 days, 60 days, 90 days, 12@ dayg 150 days. At each evaluation
some animals were sacrificed for histological asiglyf the implant and surrounding

tissues.

Implant procedure: feasibility was evaluated by suemg the procedure time, length

of incision, implantation depth and location, ampbahadvancement and presence of
technical or clinical adverse events.

Retrieval procedure: feasibility of attaching tle¢her winder to suture, feasibility and

safety of accessing the tissue anchor with dilatwapturing the tissue anchor into the

recapture tube and controlling the integrity of teeaptured tissue anchor.
Each animal was clinically evaluated for the preseof infection, seroma formation,

hematoma, implant extrusion or exposure, vocatisatind eating pattern at each of

the follow-up examinations.
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Samples of mandibular bone (bone anchor) and lingpfatissue (tissue anchor) were
harvested from 21 dogs with four distinctive sulugp® at specified time points (table
1). At each time point, the assigned animals warzificed and the bone, soft tissues,
and associated anchors were removed. The boneranahd fixation screws were
evaluated for stability on the mandible. Finallye tepecimens were fixed in 10%
formaldehyde for histological preparation and eatin.

The specimens were exposed to soft x-ray to oltamtact radiographs for proper
identification of the location and orientation bktanchors in mandible and in lingual
tissues. The specimens were trimmed using an EXAKSAw to obtain the desired
tissue slices, approximately 5 mm thick. The mbuldir bone with the bone anchor
was prepared in a coronal plane of the jaw throtigh middle of the anchor
(approximately 1 cm x 1 cm x 1.2 cm). A mid sadiftlane was used to prepare the
lingual anchor (approximately 1 cm x 1.5 cm), pblssincluding some portion of the
tether line.

The slices were dehydrated and cleared using avmatic processor. Slices were
infiltrated and embedded in methylmethacrylate (MMitiedium and sectioned to
obtain one 200 + 50um thick slide using the EXAKT2Ww. The slides were ground
to about 50 um thick and then stained with toluedotue.

Histopathological assessment of the stained shdes performed to determine the
general tissue responses and bone integrationrin§oxriteria for the histopathology
iIs summarized in Table 2. Severity of infiltratioh lymphocytes and presence of
polymorphonuclear cells are evaluated as a meaduoeal inflammation. Presence
of macrophages and giant cells is evaluated as asume of the activation of local

defence against foreign bodies. Histological anass performed on all specimens.
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Table 2. Histopathological Scoring Criteria

Characteristic Grading Score
Severe 4
Moderate to severe 3
Severity on infiltration of lymphocytes Moderate 2
Mild 1
None 0
Marked 4
Moderate to marked 3
Presence of polymorphonuclear cells Moderate 2
Mild 1
None 0
Marked 4
Moderate to marked 3
l. Presence of macrophages Moderate 2
Mild 1
None 0
Marked 4
Moderate to marked 3
Presence of giant cells Moderate 2
Mild 1
None 0
Severe 4
Moderate to marked 3
Extent of fibrous encapsulation Moderate 2
Mild 1
None 0
Maximum score of section | 20
Marked 4
Moderate to marked 3
I. Bone growth at implant site Moderate 2
Little 1
None 0
Sub total of section Il 4
Marked 4
Moderate to marked 3
[l. Bone lysis around implant site Moderate 2
Little 1
None 0
Sub total of section Il 4
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Results

Implant procedure

All 21 implant procedures were successfully comgaetvithout complications. No
device failures or malfunctions were observed attifime of implantation. The average
procedure time was 53.5 minutes (range: 36-81 t@#)u The average incision length
was 27.5 mm (range: 20-43 mm). The tissue anclasradvanced an average of 13.5
mm (Range: 6.7-22.3 mm). The average depth ofantation (canula insertion) was
6.6 cm (range 5.5 — 7.5 cm).

During the procedure, no complications were obsksteh as: perforation of the oral
cavity, difficulty inserting trocar or delivery s¢sn into tongue, vessel perforation,
excessive bleeding, damage to the mandible, fracburfailure of any part of the
implant or delivery system, excessive force reqlive other difficulty with titration.
The implanting investigator was able to palpate dbivery system and successfully

deliver the tissue anchor in the desired location.

Retrieval procedure

The feasibility of attaching the tether winder be tsuture, the feasibility and safety of
accessing the tissue anchor with the dilator aedrétapturing of the tissue anchor
into the recapture tube was rated clinically acalelgt in all cases. All tissue anchors

were intact after retrieval.

Follow up evaluation

During the early follow-up periods (up to 30 daysje of the canines showed wound
infection and four showed a seroma at the surgicadion site. All the infections and
seromas resolved with antibiotic treatment withiiet need for surgical intervention.
None of the canines demonstrated any other sigmifibealth issues during the in-life
phase of the study. All canines vocalized normaltg normally, and showed no signs

of distress or pain that might be indicative of dae to or impingement on nerves. No
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device extrusions into the oral cavity or through skin have been noted at any time
point in any of the implanted animals. On grossnexation, the tongue, oral cavity
and mandible implantation areas appeared normaingluthe in-life follow-up
examinations and at the time of their removal fistdiogy.

Of the 14 bone anchors secured with two fixatio®ws in this study, only one bone
anchor showed signs of instability. In this anijibé central screw affixing the bone
anchor was not adequately seated and tightendu dinhe of implantation. Four out
of seven bone anchors secured with a single firagmew loosened during the study

period.

Histology

Group A: early development:

The samples of 2 canines were harvested at 122(83$835) and 150 days (527939).
The tissue reaction to the bone anchor was simndrmild in both animals, while the
lingual anchors had large variations in the amairymphocyte and the presence of
giant cells.

Results of histologic evaluation is presented e&.

Table 3. Histopathology Scores on Bone and Tissughérs — Group A

Bone Anchor
Animal Giant Bone Bone
ID Lymphocytes | PMN | Macrophages| cells | Fibrosis| Growth Lysis
533335 1 1 1 1 2 1 0
527939 1 1 1 1 1 1 0
Tissue Anchor
Animal Giant
ID Lymphocytes | PMN | Macrophages| cells | Fibrosis
533335 1 0 2 2 1
527939 4 0 2 0 1

100




A tongue implant in a canine model

Figures 4 and 5 show histologic images of the bammehor and tissue anchor at 150

days after implantation.

Figure 4. Bone anchor 150 days: left: early dgwelent bone anchor (527939), 10X
magnification, right 100X magnification. Toluidinblue stained. Bone remodeling was
observed by the presence of bone resorption ang fratiferation adjacent to the screw and the
mandible and on the periost.

% z ’.'

Figure 5. Tissue anchor at 150 days: left: earlyettgment lingual anchor (527939), 10X
magnification, right: 200X magnification. Toluidinélue stained. The tissue anchor is
incorporated in the tongue muscle with a thin fisr@overing without inflammation outside this
fibrous layer.

Group B: development:
The samples of three canines were harvested atykl dThe tissue reactions to the
bone anchor and lingual anchor had large variatioadl parameters. Animal 518611

contributed the most to the variations, while ttiheo two had mostly mild tissue
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reactions. Bone growth and lysis in that case miglve resulted from the tissue

reactions. Results of histologic evaluation is présd in table 4.

Table 4 Histopathology Scores on Bone and Tissue Anch@sodp B

Bone Anchor
Animal Giant Bone | Bone
ID Lymphocytes | PMN | Macrophages| cells | Fibrosis| Growth | Lysis
518174 1 1 1 1 1 1 1
518611 3 3 2 2 3 3 2
518786 1 1 1 0 2 1 1
Tissue Anchor
Animal Giant
ID Lymphocytes | PMN | Macrophages| cells | Fibrosis
518174 2 1 2 1 1
518611 4 2 4 1 2
518786 1 0 2 2 1

Figures 6 and 7 show histologic images of the bamehor and tissue anchor at 84

days after implantation.

Figure 6. Left: pre-study development bone anchd4adays (518174), 10X magnification, right:
200X magnification. Toluidine blue stained. A derfibrous layer is observed between the bone
anchor and the mandible.
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Figure 7. Left: pre-study development lingual arcain84 days (518174), 10X magnification. Right:
100X magnification. Toluidine blue stained. A fibilayer of 1 mm encapsulates the tissue anchor
(left). No inflammation is seen outside this fibsolayer. Moderate inflammation is observed within
the interior portions of the fibrous layer (right).

Group C — Pre-Clinical Single Fixation Screw

Two of the five samples (529427 and 541672) hath@gles fixation screw and were
harvested at 30 days. The other three samples (63313608 and 543888) were
harvested at 30 days and were originally implantgtl a single fixation screw and
had a second screw added in a revision surgery.tifhae reactions to the bone
anchor and lingual anchor had large variations linparameters among these five
samples. Results of histologic evaluation is presskm table 5. Figures 8 and 9 show
histologic images of the bone anchor and tissub@mat 30 days after implantation.
Figure 8. Left: pre-clinical single fixation scrdwane anchor at 30 days (529427), 10X magnification.
Right: 100X magnification. Toluidine blue stainddhe original cortical bone is located at top. A dan

of lighter blue stained bony tissue separates #ivdynformed woven bone that is perpendicular to the
band. Strings of Sharpey'’s fibers can be seen thensurface of newly formed bone.
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Figure 9. Left: pre-clinical single fixation screWingual anchor at 30 days (541672), 10X
maghnification. Right: 100X magnification. Toluidifdue stained. The implant part is seen at the top
left corner. The tissues seen around the implarttquatain many newly formed vessels and obvious
infiltration of inflammatory cells.

- Figure 64, 10X

-

Table 5.Histopathology Scores on Bone and Tissue Anch@sodp C

Bone Anchor
Animal Giant Bone | Bone
ID Lymphocytes | PMN | Macrophages| cells | Fibrosis| Growth | Lysis
529427 1 1 1 0 2 2 0
541672 2 2 1 0 2 2 2
537900 1 2 2 1 1 2 1
543608 2 2 3 1 2 1 2
543888 1 2 1 1 1 1 1

Tissue Anchor

Animal Giant

ID Lymphocytes | PMN | Macrophages| cells | Fibrosis
529427 4 4 2 1 2
541672 4 2 4 2 2
537900 3 3 3 1 2
543608 1 1 1 2 1
543888 4 1 3 1 1
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Group D - Pre-Clinical Multiple Fixation Screws

Eleven animals were implanted with the Advance ckewtilizing two fixation screws.
Of these animals, two were sacrificed at 30 ddys, dt 90 days, and four at 180 days
post-implantation. Results of histologic evaluataf the bone anchor is presented in
table 6.

Table 6.Histopathology Evaluation on Bone Anchors — Group D

Bone anchors Pre-Clinical Evaluation Group
Time Giant Bone Bone
Animal ID Points | Lymphocytes | PMN | Macrophages | cells | Fibrosis | Lysis | Growth
544990 30 1 0 1 1 3 1 3
MOVF34152 30 2 2 1 0 2 0 2
30 day average 15 1.0 1.0 0.5 2.5 0.5 2.5
2X128 90 1 0 1 1 3 0 1
35153 90 2 3 2 1 1 3 3
85125 90 1 2 2 1 1 0 4
34189 90 1 0 2 2 3 1 1
54253 90 2 3 2 1 1 1 3
90 day average 1.4 1.6 1.8 1.2 1.8 1. 2.4
24253 180 1 3 2 1 2 1 2
545031 180 1 0 1 1 3 0 2
34325 180 1 0 1 1 3 0 2
24382 180 1 0 1 1 1 0 1
180 average 1.0 0.8 1.3 1.0 2.3 0.3 1.8

Figures 10 and 11 show histologic images of theskamchor at 90 and 180 days after
implantation.

Fig. 10. Bone anchor at 90 days. Left: screw wilinolus tissue and some bone attachment. Right:
direct bone apposition to implant.
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Fig. 11. Bone anchor at 180 days. Seamless screa-hpposition is seen in both slides and bone
proliferation in response to mechanical stresses.

Bone anchor histology:

A dense fibrous layer was seen between the boneoesm@and the mandible (fig. 6)
with direct bone apposition to the screws and/golamt seen in most of the slides at
the 90 (fig. 10) and 180 (fig.11) day timepointd. 2 to 8 mm thick tissue reaction
zone was seen around the bone anchors at 30 daigd©this reaction zone, normal
tissues were present without signs of inflammatiémaddition, the width of the zone
reduced to a thin layer at 180 days from about 2 w8 mm at 30 days. Bone
remodeling was demonstrated at 150 days by boweptesn adjacent the interface of
the bone anchor and mandible and bony proliferationthe lateral periosteal and

ventral endosteal surfaces (fig. 4 and fig. 8).
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Results of histologic evaluation of the tissue amadh presented in table 7. Figures 12

and 13 show histologic images of the tiisue anchor30 and 90 days after
implantation.

Table 7. Histopathology Evaluation on Tissue anskoGroup D

Tissue anchors Pre-Clinical Evaluation Group
Giant
Animal ID Time Points | Lymphocytes | PMN Macrophages| Cells Fibrosis
544990 30 1 0 2 1 1
MOVF34152 30 4 1 4 1 2
30 day average 2.5 0.5 3.0 1.0 1.5
2X128 90 1 1 2 2 2
35153 90 3 2 3 1 1
85125 90 3 1 3 2 2
34189 90 1 0 2 1 1
54253 90 3 2 3 1 1
90 day average 2.2 1.2 2.6 1.4 1.4
24253 180 1 1 1 1 1
545031 180 1 0 1 1 1
34325 180 1 0 1 1 1
24382 180 1 0 1 1 1
180 day average 1.0 0.3 1.0 1.0 1.0

Fig. 12. Tissue anchor at 30 day. Tissue anchadndapsulated in thin layer of fibrous tissue
surrounded by normal muscular tissue.
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Fig. 13. Tissue anchor at 90 days. Tissue anchancepsulated in thicker layer of fibrous tissue
surrounded by normal muscular tissue.

Tissue anchor histology:

Grossly, the tongue and mandible appeared normall ithe samples submitted for
analysis. After dissection and slide preparatibistopathological analysis of the
tissue anchor showed similar tissue componentsll ahr@e time points, and the
severity of the tissue reactions reduced with tirAethin 0.5 to 1.0 mm thick fibrous
layer encapsulated the tissue anchor at each tioet (§fig. 5 and fig. 12).
Histologically normal striated muscle was seen @aurding the encapsulated tissue
anchor. The tissue anchor is incorporated intotdingue muscle with a thin fibrous
covering without inflammation of the tongue musalgside the fibrous layer and mild
to moderate inflammation observed within the iegportions of the fibrous layer
(fig. 7 and fig. 9). The points of the tissue ancharbs did not appear to cause any
clinically significant effects such as erosion @ranic irritation of the muscle tissue.
The lack of residual fibrous tissue dorsal to tlesue anchor indicates the tissue
anchor was stable in the tongue muscle with noesdd of migration through the
tongue or other instability. The tissue anchor waedl-tolerated within the tongue

muscle and was well-healed in all the samples QtdEy/s.
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Discussion

This study is an evaluation of the feasibility aadety of a new tongue implant for the
treatment of obstructive sleep apnea. Histologialysis of the two parts of the
implant was performed to evaluate tissue reactiod stability of the implant in

canines.

The fact that all procedures were performed suéagsaand no device failures or
complications were reported resulted in a novelcgdore under investigation for

treatment of obstructive sleep apnea that is saldeasible in humans.

Some canines showed wound infection or seroma.elhi@ections were related to
difficulty in wound management and cleanliness lué surgical site in the canine
model. The seromas appeared to be related to &tdiip to place a suitable drain in
the snout of the canine due to the attending irseréa infection risk associated with

the placement of drains in canines.

One bone anchor secured with 2 fixation screws shosigns of instability. Four bone
anchors secured with one single screw loosenedgltine study period. In the final
design of the bone anchor for human implantatibe, lone anchor will be secured

with three screws which will further enhance trebdity.

Histologic evaluation of the bone anchor and tisamehor showed only limited
inflammation at 30 days. This inflammation decrelaseer time.

The tissue anchor was incapsulated in a fibrousrlayhis finding is in accordance
with other studies evaluating titanium biocompaitypi(12). The surrounding muscle
tissue was free of inflammation. These findingspsup the biocompatibility of the

implant. The implant is well tolerated by the cantongue.

Around the bone anchor, bone reformation and rettingecould be in favor of the

stability of the implant fixed in the mandible. Shremodeling is apparently in

109



Chapter 5

response to the biomechanical loading of the barh@ and mandible due to the
tension supplied by the tissue anchor connectitre 3trings of Sharpey fibers are
probably the result of the traction of the bonehamcon the mandible. Bone matrix
was particularly abundant and thick at 150 daydicating progressive mineralization

and maturation of remodeled bone matrix and corgigyiof the implant (13).

Local inflammation around the bone anchor and &ssochor are mild and decrease
over time (table 4). Foreign body reaction arouathlparts of the implant are mild in
the early phase after implantation, have the tetyldo increase at 90 days and
decrease again at 180 days. The presence of gaist was observed by other

investigators using titanium bone screws in thedhiida (14).

Conclusion

The implantation of the Advance™ System is safehm canine model. Technical
success was achieved in all dogs clinically. Theeee no procedural complications
observed that required revision. The seromas @afedtions noted during the in vivo
portion of the study did not appear to adversefeafthe healing of the implanted
components nor involve or originate from the impgan

The implant devices are well-tolerated in the canias evidenced by gross
examinations in-life and post-mortem as well asopiathological examination of the
explanted tissues and devices. No adverse haaigequences or other complications
on the mandible or tongue of the canines relatedgamplant were evident with up to
16.5 mm of advancement. Infections and seromasredg within the study are
related to wound management difficulties specificite canine model which are not
relevant to human clinical cases. Histological lex@on indicates good healing
responses for both the tissue and bone anchors.bdime anchor appeared to be stable
in position to the mandible in all cases where bHome screws were sufficiently

secured in the intended places, and the mandidiieed a remodeling response
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accommodative to the biomechanical loading of tbheebanchor. Histology of the
tissue anchors showed a thin fibrous layer encapseglthe tissue anchor, and a lack
of tissue anchor migration at time points up to #89s as evidenced by a lack of a
residual trail of fibrous tissue distal to the amchThe components of the Advance™
system were found to be benign, well-tolerated, sumitable for implantation in the

tongue.

111



Chapter 5

References

=

Marin J, Carrizo S, Vincente E, Agusti A. Loregth cardiovascular outcomes
in men with obstructive sleep apnea-hypopnea witlvithout treatment with
continuous airway pressure: an observational studycet 2005:365:1046-
1053.

Pichel F, Zamarron C, Magan F, Rodriguez J. dustl attention
measurements in obstructive sleep apnea and ristafic accidents. Respir
Med. 2006:100:1020-1027.

Boudewyns A, Van de Heyning P, De Backer W. Sifeupper airway
obstruction in obstructive sleep apnea and infleavfcsleep stage. Eur Respir J
1997:10:2566-2572.

Kezirian E, Goldberg A. Hypopharyngeal surgeryobstructive sleep apnea.
An evidence-based medicine review. Arch Otolaryngtdad Neck Surg
2006;132:206-213.

. Woodson B, DeRowe A, Hawke M, Wenig B, Ross Engantonis G,

Mickelson S, Bonham R, Benbadis S. Pharyngeal sisspe suture with
Repose bone screw for obstructive sleep apneaa@igol Head Neck Surg
2001;124:297-303.

. Wilkinson M, Berger P, Blanch N, Brodecky V. &ft of venous oxygenation

on arterial desaturation rate during repetitiveegmin lambs. Respir Physiol
1995:101:321-331.

O'Halloran K, Herman J, Bisgard G. Respirat@iated pharyngeal contrictor
muscle activity in awake goats. Respir Physiol. %9916:9-23

Frgen J, Akre H, Stray-Pedersen B, Saugstaddlbrigjed apneas and hypoxia
mediated by nicotine and endotoxin in piglets. Bielonate 2002;81:119-25.
Huang W, Hua Y, Lee C, Chang C, Yuh Y. Comparisetween bubble CPAP
and ventilator-derived CPAP in rabbits. Pediatohol 2008;49:223-9.

112



A tongue implant in a canine model

10. Hendricks J, Kline L, Kovalski R, O'Brien J, Mison A, Pack A. The English
Bulldog: a natural model of sleep disordered bregthJ Appl Physiol
1987:63:1344-1350.

11.Hamans E, Boudewyns A, Stuck B, Baisch A, Wilkea M, Verbraecken J,
Van de Heyning P. Adjustable tongue advancementlfstructive sleep apnea:
a pilot study. Ann Otol Rhinol Laryngol 2008;11758&23.

12. Tschon M, Fini M, Giavaresi G, Borsari V, Lend# Bernauer J, Chiesa R,
Cigada A, Chiolosi L, Giardino R. Soft tissue resp® to a new austenitic
stainless steel with a negligible nickel content.J Artif Organs 2005;28:1003-
1011.

13. Abe L, Nishimura I, Izumisawa Y. Mechanical amdtological evaluation of
improved grit-blast implant in dogs: a pilot studywet Med Sci 2008;70:1191-
1198.

14. Hirai H, Okumura A, Goto M, Katsuki T. Histologstudy of the bone adjacent
to titanium bone screws used for mandibular fractareatment. J Oral
Maxillofac Surg 2001;59:531-537.

113






Chapter 6

Adjustable tongue advancement for
obstructive sleep apnea: a pilot study.

Presented at:
World Congress of Sleep Apnea, 26 March 2009 iruseo

This chapter is based on the following publication:

Hamans E Boudewyns A, Stuck B, Baisch A, Willemen M, Vabcken J, Van de Heyning P.
Adjustable tongue advancement for obstructive shgepea: a pilot study. Ann Otol Rhinol Laryngol
2008;117:815-823.

Antwerp University Hospital (Belgium), Universityddpital Mannheim (Germany).

115






Adjustable tongue advancement

Abstract

Objective:

Surgical treatment of obstructive sleep apnea chbgehypopharyngeal collapse of
the upper airway can be considered in patients areointolerant to CPAP. Present
procedures addressing the hypopharynx are invasaxe a substantial morbidity and
limited efficacy.

Methods:

Ten patients (mean age 44 y) with moderate to se®&AS (15<AHI<50) with CPAP
intolerance were included in a prospective, normoamzed, multicenter study to
evaluate the feasibility, safety and efficacy afavel tongue advancement procedure.
The procedure consist of the implantation of ausanchor in the tonguebase and an
adjustment spool at the mandible. Titration of thissue anchor results in
advancement of the tongue and a patent upper airway

Results:

AHI decreased from 22.8 at baseline to 12.9 atsbnth follow-up (p=0.009).
Epworth Sleepiness Scale decreased from 11.6 atil@so 7.4 at six month follow-
up (p=0.094) and snoring decreased from 7.7 alihage 3.8 at six months follow-up
(p=0.005). Four technical adverse events were natebone clinical adverse event
occurred.

Conclusion:

Adjustable tongue advancement is a feasible aratively safe way to reduce AHI
and snoring in selected patients with moderatewer® OSAS and CPAP intolerance.

Technical improvements and refinements to the ghaeeare ongoing.

Keywords: obstructive sleep apnea, hypopharynguerbase, sleepsurgery
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a stdafed breathing disorder caused
by repeated partial or complete collapse of theeupprway which can be diagnosed in
4% of middle aged men and 2% of women (1). Thesenembs of collapse, called
“respiratory events”, cause apnea, hypopnea, iseckaipper airway resistance and
oxygen desaturation, or a combination of theseaAsonsequence of these events,
frequent arousals occur during sleep resulting iaytihe symptoms like
hypersomnolence (2) and fatigue, concentration-impant and increased incidence
of traffic accidents (3). Standard treatment forderate to severe OSAS is nasal
continuous positive airway pressure (CPAP) (4).

Planning for surgical treatment of OSAS starts vetfaluation to determine the most
likely site(s) of upper airway (UA) narrowing orlapse. The soft palate and tongue
base are the most common sites of UA obstructiddSAS.

Palatal surgery was introduced by Fujita in 19816)(5 The response rate of
uvulopalatopharyngoplasty (UPPP) in unselectedeptti with OSA was 41% (7).
These poor results are probably caused by tongeebaslvement during collapse,
where a palatal procedure alone will not resultojptimal improvement. New
hypopharyngeal procedures are to be investigatemtdar to improve those patients
with hypopharyngeal collapse (type Il according Rajita) (5) or with multilevel
collapse (type Il).

Several hypopharyngeal procedures have been dedkioporder to achieve higher
response rates in patients with hypopharyngealratigin. Most of the studies that
report on results of these procedures are suppdrtedevel 4 evidence (8,9).
Intolerance and/or poor adherence to CPAP, limitkdical effect of the present
hypopharyngeal procedures and lack of minimal nabdtyi procedures justify

innovative research for new procedures that addhestypopharyngeal region of the

upper airway.
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The present study investigates the feasibilitye said efficacy of a novel procedure
for adjustable tongue advancement to stabilizeédhgue in OSAS patients with type
Il (mainly tonguebase) obstruction. The Advaht&ystem, which is implanted in a
reversible procedure, consists of a lingual tissughor and mandibular titration spool
that provides for adjustable advancement and stabdn of the tongue base.

The purpose of this paper is to introduce the AdeanSystem as a novel procedure
that addresses the hypopharynx, to emphasize tblendgy and method of

implantation and to present the preliminary resatiacerning feasibility, safety and

efficacy.

Materials and methods

In a prospective, phase 1, non-randomized stu@yfaasibility, safety and efficacy of
the Advancél System were evaluated. The study protocol allB/patients to enter
the study with a follow-up time of 1 year. This ogpevaluates the preliminary results

of the first 10 patients at 6 month follow-up.

Study Design

This prospective, multicenter, single arm pilotdstistarted in February 2006 at the
University Hospital Antwerp in Belgium and in Map@6 by the University Hospital

Mannheim in Germany. From the 10 patients in thial@ation, 9 were treated in

Antwerp and 1 in Mannheim. The study was approvedhe Ethics Committee of

both institutions.

Inclusion into the study (table 1) required a higtof moderate to severe OSAS
(screening apnea-hypopnea-index (AHI) between 16554)), body mass index (BMI)
of 32 or less, refusal or non-compliance to cordusl positive airway pressure
(CPAP) therapy, age of between 18 and 65 and es#deh tonguebase obstruction.
Selection for tonguebase obstruction was perforiogdclinical and endoscopical

(Muller manoeuvre) examination of the awake patard/or by sleep endoscopy (10).
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TABLE 1. STUDY CRITERIA

Inclusion Criteria
Diagnosed with obstructive sleep apnea (15 < AHI < 50)
Age = 20 and < 65 years old
Body mass index < 32 (kg/m?)
Refused or failed CPAP treatment
Identified evidence of airway collapse at base of tongue

Exclusion Criteria
Prior obstructive sleep apnea surgery
Enlarged tonsils (3+ & 4+)
Unsuitable anatomy for implant
Severe retrognathia
Rhinitis or nasal obstruction
Unable to comply with follow up visits
Women who are pregnant or breastfeeding
Active systemic infection
Allergy to medication used during implant
History of neck/upper respiratory tract cancer
History of radiation therapy for neck/upper respiratory tract
Dysphagia
Major cardiovascular and/or pulmonary disorders
Other medical/social/psychological disorder that preclude them from study
Enrollment in another study

CPAP = continous positive airway pressure

Patients with clear hypopharyngeal obstruction ruriMdller manoeuvre and/or
during sleep endoscopy were eligible for the stirhtients with prior airway surgery
(except tonsillectomy, adenoidectomy or nasal syjgenlarged tonsils (3+ or 4+),
severe retrognathia or dysphagia were excluded frenrollment. Patient

characteristics are shown in table 2.

TABLE 2. PATIENT CHARACTERISTICS

Standard
n=10 Average Range deviation
Age (yr) 44 (27 - 60) 10.0
Sex M (100%) - -
BMI (kg/m?) 26.6 (23.0 — 31.6) 2.7
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Since the inclusion criteria were stringent, incuasof patients took more time than
expected. This study only included a highly sel@gmup of CPAP intolerant patients

having clinical signs of type Ill obstruction.

Implant

The Advanceél System consists of a tissue anchor with eighteaifaging struts and
pre-attached tether line, a titration spool withethholes to accommodate fixation to
the inferior rim of the mandible, a trocar and aalanto facilitate access into the
tongue base, a delivery system which allows forlamgation of the tissue anchor
through the trocar and a titration needle whiclovedl for adjustment of the forward
tension of the tissue anchor either during or aftey implantation procedure. In
addition, to facilitate removal of the system iftessary, a recapture system has been

developed.

Implantation Procedure

The patient is positioned in the supine positiothwine head extended. The submental
region is prepared sterile, while the oral regisrpiepared separate in order to have
access to the mouth while keeping the submentabmegterile. Under general
anesthesia with nasal intubation and antibiotiov@néion (2 gram cefazolin), a 2 cm
submental horizontal incision is made. Using bldissection, cautery and a periosteal
elevator, a 1 cm x 5 mm portion of the inferior mdxe at midline is prepared to
accommodate the adjustable titration spool. Onpeoger location is prepared, the
trocar and cannula kit is used to gain access ¢ottimgue base. Using digital
palpation of the tongue with one non-sterile hand, af necessary, with the use of
fluoroscopy, the trocar is inserted into the geluegus muscle and advanced
posteriorly toward the base of tongue near the unikallate papillae and
approximately 1 cm from the dorsum (Figure 1). Tioear is then removed from the
cannula and replaced by the delivery system (Figurd&he tissue anchor is deployed
from the delivery system and prior to removing tledivery system, traction is placed

on the tissue anchor to insure adequate advancewhéhé tongue is possible in its
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present location. If necessary, the tissue anchor be withdrawn back into the
delivery system in order to reposition it to anioyt location. The tether line is
threaded to the titration spool, which is then niednto the mandible with three
fixation screws. The tether line is tied to theation spool with a figure 8 knot and
the titration needle is used to rotate the spoal tire excess line is taken up. The

wound is closed in two layers and a suction draileft in place.

FIGURE 1. Introduction of trocar. Left: Introduction of trocar/cannula into
the genioglossus using digital palpation. Right: Positioning trocar at base
of tongue approximately at the circumvallate papillae.

FIGURE 2. Delivery of the tissue anchor into the tongue with the
delivery system
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Titration

Two to four weeks after implantation, patients umdmnt a titration procedure in an
outpatient setting, which resulted in advanceméth@tongue.

During the titration procedure, the patient is plhcin supine position. A local
anaesthetic (lidocaine 1%) is administered asiteeof the titration spool. The patient
Is sedated (propofol titration and midazolam) thiaege a state of drug-induced sleep
where the patient is breathing spontaneously botvshclear signs of obstructed
breathing and snoring. A small, 2 mm submenteilsion is made and the titration
spool is engaged with the titration needle (FigByeFluoroscopy was available in
order to facilitate the engagement. By rotating gpeol with the titration needle, the
tissue anchor is advanced until an improvemertienairway patency is observed with
either flexible endoscopy, a decrease in snorirdg@ease in obstructive breathing or

via fluoroscopy (figure 4).

FIGURE 3. Titration Procedure: Patient in supine position, under local
anesthesia with sedation, the tissue anchor is advanced with the titration
needle until an improvement in airway patency is observed.
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ost-advancement

Airway patent "

<) s

FIGURE 4. Fluoroscopy images demonstrating the effect of 1 cm
advancement on airway site in patient 3 during titration (pre-advancement
left, post-advancement right).

Airway obstructed

<.

Outcome measures

Standard full-night polysomnography was performededilog SAC, Oxford
Instruments, Oxon, UK) for screening, baseline @dmnonth follow-up. Sleep
recordings were scored manually in a standard dashy the same qualified sleep
technician, and scoring was blinded for the slegpnician. The AHI was the average
number of respiratory events per hour of sleepgiBal success was defined as 50%
or greater reduction of the AHI and a final AHIleks than 20 (7). For evaluation of
snoring, a 10-point, bed-partner evaluated, visua@logue scale (VAS) ranging from
zero (no snoring noise) to 10 (extreme snoringpbeter has to leave the room) was
used as snoring index. The VAS was completed atlipasand 6 month follow-up.
Heavy snoring was defined as a snoring index tdast seven. A decrease of 3 points
following treatment is considered satisfactory. fl8ignt reduction of snoring is
considered as a snoring index 3 (11). Daytime sleepiness was assessed by
completing the Epworth Sleepiness Scale (ESS) ét2haseline and at 6 month
follow-up. An ESS score above 10 defined excesdagime sleepiness. Feasibility
was evaluated by procedure-time and occurrenceabinical adverse events during

the procedure. Safety was evaluated by the ocaterer clinical adverse events.
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Tolerability of the procedure was assessed witlia WAS ranging from 0 (no pain)
to 10 (extreme pain) at baseline and during th&t fir consecutive days after the
procedure. All patients were given 100 mg tramaticdct post-operatively. After 4
hours, one gift of 1 gram paracetamol was givennmvgked by the patient. No pain

medication was needed from day 1.

Statistical analysis

All data were stored in and analyzed with MicrosOffice Excel 2003 (Microsoft,
Redmond, WA, USA). Results were presented as meamges and standard
deviations. A paired test was used to compare data at screening andinease
screening and 6 month follow up and baseline amabfth follow up for PSG sleep
variables and to compare data at baseline and éhniolfow up for scores of ESS and
Bed Partner Evaluated Snoring. A two-tailed p gadfiless than 0.05 was considered

statistically significant.

Results

All objective and subjective data were availablethe first 10 patients of this trial.
There was no significant change in BMI for any loé¢ patients during the study. No
patients were lost to follow-up and there were rmupebuts. Screening PSG of patient
9 was performed 2 years before inclusion in thedystuvhich was outside the
timeframe of 1 year mentioned in the protocol. Thias considered as a violation to
the protocol. Therefore this screening PSG wasuebetl for statistical analysis. All
patients returned for at least one titration sessiod 2 patients returned for a second
titration. The average advancement the tissue anaoterwent at the time of titration
was 1.4 cm (range 0.25 to 3.5 cm). In one patieatinitial advancement of 1.5 cm

resulted in significant discomfort so, during them® visit, the advancement was
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reduced to 1.0 cm. This degree of advancemeniwetigolerated by the patient. All

other patients have tolerated the advancement guoeeavell.

Objective outcome

Reduction of the AHI was observed for all patiegnsept one (Table 3). There was no
significant difference between screening and baselHI (Figure 5). Seven out of ten
patients (70%) showed a 50% reduction of the AHhe Taverage AHI was
significantly reduced from 22.8 to 11.8 (P=0.008)is is a reduction of 48%.

APNEA-HYPOPNEA INDEX

60 -

50

40

30 -

20 -

10 A

Screening PSG Baseline PSG 6 month PSG
6 month
p-value Baseline follow up
Screening 0.270 0.006
Baseline - 0.007

FIGURE 5. Apnea-Hypopnea Index (AHI) measured with full-night
polysomnography (PSG) at screening, baseline and 6 month follow-up.
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TABLE 3: APNEA-HYPOPNEA AND APNEA INDICES OF PATIENTS
AT SCREENING, BASELINE AND 6 MONTH FOLLOW-UP AFTER
IMPLANTATION USING POLYSOMNOGRAPHY

Screening Baseline Baseline 6 month 6 month
Patient AHI AHI Al AHI Al
1 15.3 27.0 3.8 11.6 0.2
2 19.0 18.8 5.7 5.2 0.5
3 17.2 9.6 6.9 0.8 0
4 20.0 5.1 25 29 -
5 33.1 18.7 0.7 9.3 0.5
6 23.2 19.3 0 25.5 2.5
7 45.0 23.0 0.2 8.9 0.8
8 25.0 27.0 18.7 21.4 14.9
9 - 32.0 0.4 15.5 7.4
10 38.9 47.9 0.6 16.4 3.1

Subjective outcome
Epworth Sleepiness Scale improved from 11.4 atlinest 7.7 (P=0.094) at 6 month

follow-up (Figure 6). This effect was not statislly significant. Four out of the six

(67%) patients with excessive daytime sleepineBsS)Eprior to treatment (ESS above

10) had resolution of their hypersomnolence.

25

20

15 4

10

EPWORTH SLEEPINESS SCALE

.-
‘:& .
14 A= SR

......A7.7

p = 0.094

Baseline ESS

6 month ESS

FIGURE 6. Epworth Sleepiness Scale measured at baseline and 6 month

follow-up.
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Bedpartner evaluated snoring (VAS) improved sigaifitly at 6 month compared to
baseline from 7.5 to 3.9 (P=0.005) (Figure 7). Sewat of 10 patients (70%) showed

resolution of their socially disturbing snoring.

SNORING VISUAL ANALOG SCALE
—

p = 0.005

Baseline 6 month

FIGURE 7. Bed partner evaluated snoring measured with a visual
analog scale.

Feasibility

The procedure characteristics are shown in table 4.

In four patients (No 2, 3, 4, 7) a detachment @ lingual anchor was noted. After
additional testing of the surgeons knot in the tabary it appeared that this knot was
not always reliable and could sometimes fail. Weréfore decided to use a modified
knot, which was more consistent and reliable. Nalitawhal detachments were
observed since we used this modified knot. In tHose patients a revision procedure
was performed. In two patients this revision inelddecapture of the lingual anchor
and adjustment mechanism followed by re-implantatd the complete system. In

two patients only the lingual anchor was recaptdioidwed by a re-implantation. The
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originally implanted adjustment mechanism could used for attachment to the
lingual anchor. In two patients, the recapture eaystvas not able to take the lingual
anchor out and the lingual anchor had to be remdwyedissection in the tongue. In
one patient this resulted in a temporary hemiparesihe tongue, which resolved in
two days.

In one patient, the lingual anchor was placed sula-optimal location resulting in a
poor clinical improvement. Both snoring and daytisteepiness were unchanged. A
lateral view X-ray showed a very shallow positidrifee lingual anchor that resulted in
a limited amount of advancement of the lingual ancihis patient was followed at 2
months with polysomnography, which showed an irggem the apnea-hypopnea-
index (AHI) from 18.8 to 35. This patient electex have a revision procedure to
remove the lingual anchor and implant a new tisswshor in a more optimal location.
This procedure was successfully performed. Subselyuethe patient’'s 6-month

follow-up polysomnography post revision implantatshowed an AHI of 5.

TABLE 4. PROCEDURE CHARACTERISTICS

Standard
n=10 Average Range deviation
Implantation procedure time (min) 74.2 (35 -179) 44.6
Titration procedure time (min) 241 (11 - 58) 15.7
Titration advancement (cm) 1.5 (0.8 —3.5) 0.8

Patients with two titration procedures 2 - -

Procedure Safety and Tolerability

All patients were in good health at each of théof@tup visits and except as noted
below, there have been no observations of infectsmmoma formation, irritation,
significant hematoma, inflammation or extrusionnagration of the implant. Patients

did not report any significant lasting foreign boslignsation or irritation due to the
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implant or procedure. None of the patients showgdssof dysphagia or dysphonia
during the immediate post-operative period of impddon and titration. Post
procedural pain (Figure 8) was limited and lastely or 1 to 2 days in most patients,

and none of the patients required narcotics to g&pain.

AVERAGE POST IMPLANTATION PAIN (VAS)

0 [ 1

Day 1 Day 2 Day 3 Day 4 Day 5

FIGURE 8. Pain visual analog scale measured five consecutive post-
operative days.

Wound Healing Complications

In one patient, a 5 mm submental granuloma atrttision spot developed one month
after the titration procedure. The granuloma wasuacessfully managed with IV
antibiotics, debridement and hyperbaric oxygenaper The implanted device was
not implicated in the infection. At the time of shieport, the granuloma was decreased
to a degree that was not bothersome to the paflém. patient will continue to be

monitored.
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Discussion

Our group was the first worldwide to implant thevadce] System in February 2006.
This is a prospective, phase 1, feasibility, safmty efficacy study and this paper
reports the preliminary results of the first 10ig@atis with a follow-up time of 6
months. This interim analysis was necessary torehe the further progress of the
study.

Since this is a pilot feasibility study, the pratbincludes a limited sample of selected
patients with tonguebase obstruction.

There are several innovative aspects to the AdvanSgstem. The clinical effect of
the system is achieved by progressively advandiweglingual anchor by using the
adjustment mechanism. The forward tension of thguial anchor can be adjusted
during or after the implantation procedure in cdke initial clinical effect is
insufficient. In the unlikely case the implant tae removed, the lingual anchor can
be recaptured with the use of a recapture systehirenbone anchor can be removed
by releasing the three fixation screws.

The overall feasibility of the procedure in thiage of the study was moderate. In all
of the cases we were able to implant both parthefimplant with success without
technical failures during the procedure. The cdrpasitioning of the lingual anchor
was achieved by the surgeon’s manual guidanceeipdiient’s mouth, and in 9 out of
10 patients aided with the use of fluoroscopy. @liph the use of fluoroscopy is not
explicitly needed during implantation, our expederis that it is very helpful to get
acquainted with the procedure and to find the ogltiposition of the lingual anchor.
Proper positioning of the lingual anchor is crucfal the clinical effect of the
Advanceé]l System. As this is the first experience with threcedure, the optimal
position of the lingual anchor has not yet been metely defined. Until we have
analyzed the relationship between the positiomeflingual anchor and clinical effect,
we believe that the best initial position of theglial anchor is in the base of tongue
just behind the circumvallate papillae and clos¢h® dorsal surface of the tongue.
The palpability of the trocar via the mouth of fheient allows the surgeon to find this

position correctly. In case the position of theglial anchor is not optimal, the anchor

131



Chapter 6

is withdrawn back into the delivery system and thecar can be repositioned.
Repositioning of the tissue anchor with the tradiar not result in excessive bleeding
or post-operative hematoma.

The importance of the adjustability of the deviestill uncertain. Obviously, there is a
limit on how far the tongue can be advanced anchi bn tolerance of advancement.
The limit on how far the tongue can be advancedamly determined by the limited
length of the tetherline. If the tetherline allofes much advancement, the tolerability
becomes the limit. On the other hand it is not sunat happens to the tongue if it is
advanced too much. Maybe the intra-oral part oftbrgue will be pushed up and
creates a palatal obstruction. Limitations of aechhiques or ability to identify true
type Il collapse might be a factor that influensesgical outcome of this procedure.
The tolerability of the implantation procedure vwgpd. Post-operative pain was mild
to moderate. With a score of 3.8 on a visual anadogcale of 10 on the first post-
operative day, this procedure can be comparedawtdiofrequency procedure of the
palate (13). There was no foreign body sensati@ninof the patients.

Safety issues in this study were mainly relatedht initial technical failures of the
tetherline fixation. Since we used the modified kkimstead of the surgeons knot for
fixation, these issues were solved. The reporteceraé events in this study were
mainly related to the revision procedures becaukethese detachments. The
granulation formation in one patient remained utered. Histopathological

examination of this granulation did not show forelgpdy reaction nor infection.

The Advancél System was able to significantly reduce the apgngmpnea-index
from 22.8 at baseline to 11.8 at 6 months follow-Tpe AHI at screening was used
for inclusion in the study, and the baseline amddhths follow-up AHI was used for
evaluation of efficacy. Using different measuresdoreening and baseline covers the
“regression to the mean” effect (14) that is knowith polysomnography. Using
different measures for screening and baseline dirtiie effect of night-to-night
variability of PSG data. There was no significaiffedence between screening and

baseline evaluation, although the small sample aiz@ the variation weakens the
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statistical analysis. The difference between basednd 6 months follow-up was
statistically significant.

This pilot study has important limitations. Theesigth of the statistical analysis is
compromised by the small sample size and the stddgign (case series).
Polysomnography data in general and AHI in pardicuthow important variation and
therefore only limited conclusions can be withdrdwam the efficacy results.

Factors determining clinical efficacy of the Advanc System include patient
selection, site of collapse, location of the tisanehor and precision of titration. Since
this procedure targets the hypopharyngeal segnfeheaupper airway, patients with
clinical evidence of tonguebase collapse were smled-ailure of clinical efficacy
could be explained by including patients with palatollapse or multisegmental
collapse. Adjustable titration of the implant isetimost crucial aspect of clinical
success. With the patient under sedated sleep sind tluoroscopy, titration can be
performed with precision and within limits of toddmility. If the clinical effect is
insufficient, an additional titration should be foemed.

In two patients, the AHI at baseline was below thelusion criterium used for
screening. In one patient, AHI at screening wasat haseline 10, and 1 at 6 months
follow-up, and in a second patient AHI at screenivags 20, at baseline 5, and 3 at 6
months follow-up. Although the baseline AHI in teepatients did not necessarily
justify surgical treatment, the patient’'s historydascreening AHI was considered as
positive for obstructive sleep apnea and theretbesprocedure was performed. In
both patients the objective outcome measures showgmovement. Subjective
improvement was only seen in one of those two ptdie

Most of the included patients suffer from modetatsevere OSAS. Only two patients
showed an AHI above 30 at baseline. In both cdsesH| was reduced to below 20.

If we use the definition of surgical success (7puBof 10 patients have an AHI below
20. Three of these patients had an AHI below Z8aatline.

Other techniques with a comparable effect on thegue are tongue suspension
(Repose) and mandibular advancement devices. Tiikeretice between the
Advanceé]l System and tongue suspension is its adjustakalitg low morbidity.

Similar as in tongue suspension (Repose), thisgoiue is performed under general
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anesthesia. The manipulation in the patient's pirarynakes this procedure
bothersome to the patient when performed undef bt@esthesia. Heavy gag reflexes
might compromise correct placement of the tissuehan A two week period is
recommended for healing before putting tensionhentissue anchor. Scarring around
the tissue anchor might result in more effectiveamdement of the tongue during the
titration procedure.

Woodson et al report on limited objective improvemafter tongue suspension
(Repose) (15). In a group of 14 OSA patients, tlreamAHI decreased from 35 at
baseline to 24 at 2 months follow-up. Epworth Sieegs Scale significantly
decreased from 14 at baseline to 9 at 2 month®waellp. Snoring decreased
significantly after 2 months but was still bothersoto the partner. Three of the 14
(21%) patients reached the following definitionsoirgical success: 50 % reduction in
AHI and AHI < 15. Post-operative complications weeen in 15% of cases.

The differences in efficacy between tongue suspen@Repose) and the Advante
System is probably due to the adjustability of #ystem. With tongue suspension,
once the knot forming the suspension suture is, ted more modification to the
advancement of the tongue can be made. This n&essthat the surgeon correctly
judges the amount of advancement during the proeedbsince the procedure is
performed under general anesthesia with intubatomplete relaxation of the tongue
may hinder a correct judgment of the amount of adeaent necessary for a
particular patient. With the Advande System, tongue advancement is not attempted
during implantation but two weeks after implantatiddjustment of the device under
local anesthesia with sedation allows for the adearent of the tongue in a controlled
way and to an amount optimized for each particpérent. The clinical effect can be
measured during the procedure by attenuation afremand the behavior of the upper
airway visible with fluoroscopy or endoscopy, arittathe procedure with subjective
and objective measures as discussed earlier ipapier. If subjective and/or objective
measures show insufficient clinical response, urtiiration can be performed.

Some Mandibular Advancement Devices (MAD) have ahdity of adjustment. The
overall efficacy of MAD in patients with moderate severe OSA varies between 14

and 61%, whereas for mild to moderate OSA the &ffjcvaries between 57 and 81%
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(16). Increased amounts of mandibular protrusiondpce greater reduction in
respiratory events. Overall patient compliance VitAD is 71% at 1 year and this
compliance decreases with duration of use (16).

Once the Advandeé System is implanted and titrated, the clinical eeff is
continuously present. There is no issue with coamge or side effects during
treatment. The tension on the tongue caused bylékhiEe is enough to prevent the
tongue from obstructing the upper airway duringeglebut not enough to cause side
effects like dysphagia or dysphonia while awakee @bhieved effect is present during
total sleep time while in MAD or CPAP treatment thiect is only present during
those hours of sleep where the treatment is t@drhy the patient. In a prospective
study of CPAP adherence, only 46% of patients weirg their CPAP for at least 4
hours per night on 70% of the nights (17). Adheeettt CPAP is overestimated by
most patients. Therefore further study of the AdeAh System is needed to
investigate efficacy before it could be consideesdalternative treatment in those

patients with poor adherence or tolerability of GRA

Conclusion

The Advancél System reduces AHI with 48%. Seventy percent efphtients show a
50% reduction of AHI. Complication rate and siddeefs were mainly due to
technical learning curve. Feasibility and safety aatisfactory. This is a novel
technology applied for the first time worldwide feurgical treatment of obstructive
sleep apnea in patients with type 3 collapse. Ratiwho are intolerant to or seeking
an alternative for CPAP treatment might benefitrfrthis procedure, although further

study is needed to investigate efficacy of thiscpoure.
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Introduction

Obstructive sleep apnea syndrome(OSAS) is causgaidyal or complete collapse of
the upper airway during sleep. There are diffepaiterns of collapse, depending on
the level in the upper airway where the collapseuos Retropalatal collapse and
retrolingual collapse are the most common sitesppler airway obstruction. Planning
for surgical treatment of OSAS starts with deteingnthe level of obstruction (1) in
order to select the patient for a site specifiatiment. Palatal obstruction can be
treated by a wide range of procedures (2). Proesdwhich address the retrolingual
segment of the upper airway are mostly invasivepanied by important morbidity
and lack evidence based efficacy (3).

Continuous positive airway pressure (CPAP) is tha thoise treatment for patients
with moderate to severe OSAS (4). An important grofi patients are intolerant to
this treatment or show a lack of adherence (5). tiMuEl obstruction (both
retropalatal and retrolingual) and retrolingual tobstion in particular play an
important role in patients with moderate to seV@®AS (6). Innovative research for
new procedures addressing the retrolingual seguietite upper airway is therefore
justified.

Adjustable tongue advancement with the use of tlilwaAce System is a novel
surgical procedure which addresses the tongue llhas@planting a tissue anchor in
the tonguebase and an adjustment spool at the lowerof the mandible. The
technique and preliminary results of this procedwese recently published by our
group (7). A significant reduction of the apnea-bgpea-index (AHI) was achieved
by advancing the tongue with this novel technique.

The position of the tissue anchor in the tonguee kasthe time of implantation was
determined by the surgeon with the use of manudpagan intra-orally and
fluoroscopy. Since we were the first to performstlprocedure in humans, no
information about the optimal position of the tissanchor was available. It could be
argued that the tissue anchor should be closestddhsum of the tongue base in order
to have a maximum of tetherline length for advaneetnbut this position could result

in formation of a dimple at the tonguebase levedding to insufficient advancement.
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On the other hand, a certain distance from theutiorsould result in scar formation
around the tissue anchor, which could enhance ttal tamount of tongue
advancement but might result in a short tetherlemgth limiting the amount of
advancement at titration.

The aim of this study was to evaluate the effecvarfiable positions of the tissue
anchor in the tonguebase on the objective outcoeesuares, being the post-operative

apnea-hypopnea-index (AHI).

Material and method

In a retrospective study the effect of variableifpmss of the tissue anchor in the
tongue base at the time of implantation was contpaii¢h the improvement of AHI
six months after titration.

From February 2006 till April 2007, 23 patients wamplanted with the Advance
System in a prospective, multicenter, single-arlot gitudy at the University Hospital
Antwerp in Belgium (14 patients) and at the UniwgrsHospital Mannheim in
Germany (9 patients). The technique of implantaton titration of the Advance

System was previously described (7).

During the implantation procedure under generaleathesia, the tonguebase was
approached by a trocar in a cannula (figure 1)eAfemoving the trocar and leaving
the cannula in place, the tissue anchor was deliver the tonguebase via the cannula
(figure 2). After delivering the tissue anchor, tpesition was determined by oral
palpation and with fluoroscopy. The systematic uxe fluoroscopy was only
performed in Antwerp and not in Mannheim, and tfaee the available data origin
from the patients implanted in Antwerp. Fluoroscapgs used at implantation in all
the 14 patients and images captured and printadyX-at 2 months and/or 6 months
follow-up visits were taken depending on the clihistatus of the patient and/or the

PSG outcome (figure 3).
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FIGURE 1. Introduction of trocar. Left: Introduction of trocar/cannula into
the genioglossus using digital palpation. Right: Positioning trocar at base
of tongue approximately at the circumvallate papillae.

FIGURE 2. Delivery of the tissue anchor into the tongue with the
delivery system
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Figure 3. Patient A10. Left: position of tissue lamicat implantation with fluoroscopy. Right:
tissue anchor 3 months post-op with X-ray.

The position of the tissue anchor on the fluorogcopage and on the post-op X-ray
was projected on a grid which was placed on anyXafaa random patient in this
study. This X-ray was used as a model for the @malyf the positioning study (figure
4). A red line was drawn at the spot were the tebgse was projected, and this line
was used as baseline for measurement for the destagtween the tonguebase and the
tissue anchor. The baseline of the grid was posticat the lower rim of the mandible
and was used as baseline for measurement of ttencesbetween the tissue anchor
and the level in the tonguebase.

The position of the tissue anchor was determinedhbgsuring the distance from the
dorsal side of the tongue to the proximal end ef tissue anchor, and the distance
from the lower rim of the mandible to the proxineald of the tissue anchor.

After drawing the different positions of the tissalechors on the grip (figure 4), the
outcome in AHI was compared with the position af tlssue anchor at implantation.

Successful outcome was defined as 50% reductidiHbfafter advancement.
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Green Text = Pre-Titration

Red Text = Post-Titration
Scale 2.3:1
—_—

o All measurements referenced off tongue and bottom of mandible

Figure 4. Positions of tissue anchor at implantafgreen) and post titration (red). The “target
position” is marked as a yellow circle. The recklis the dorsum of the tongue base.

Results

From the 14 patients, both fluoroscopy images g@iantation and X-ray images at 6
months follow-up visits, were available in 5 paterfA2, A3, A5, A9 and All).
Patient 2 was re-implanted because the tissue amgmw implanted not close enough
to the dorsum of the tongue. At the titration pchge, a maximum of titration was
achieved but this was not sufficient to resultlinical improvement. Therefore it was
decided to re-implant the tissue anchor closeh&dorsum of the tongue. After re-
implantation, no follow-up X-ray was available. itat 3 was re-implanted because of
a detachment of the tissue anchor. The data offirstrand second implantation were

available for this study. In the other patients, gpite of using fluoroscopy at
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implantation, no images were stored or the qualitthe images was insufficient for
analysis.

The data of the tissue anchors position in theuerizase are presented in table 1.
Baseline polysomnographic data were availablelipatients. Two months follow-up
PSG data were not available for revision implaotatin patient A2 and for patient
All. Six months follow-up PSG data were not avddah patient A2 and A3, since
these patients were re-implanted. The data of thd Aeasured by full-night
polysomnography at baseline, at 2 months followand at 6 months follow-up are
presented at table 2. The position of the tissueh@nin the tongue base at

implantation and after advancement are presentédure 4.

Tablel. Position measurements of the tissue anchor.

Anchor Position (distance from feature, cm)
Pt ID Implantation Advanced
Dorsum 'V'af‘d'b'e Dorsum 'V'af‘d'b'e
line line
Al 2,1 1,1
A2,1 2,7 1,3 3,7 1
A2,2 2 2,6
A3,1 2,4 2 4,2 1,2
A3,2 1,2 1,2 2 0,5
A5 0,7 1 2,3 1
A9 1,9 0,8 2,9 0,7
A10 3,3 1,2
All 1,9 0,5 3,6 0,3

Table 2. Data of apnea-hypopnea-index.

Baseline 2 months 6 months
Pt. ID
AHI AHI AHI

Al 27 24 12
A2,1 19 15
A2,2 19 5
A3,1 10 4
A3,2 10 5 1

A5 19 16 9

A9 32 19 16
A10 22 6 13
All 19 9
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Discussion

Patient A2 has two data points: initial implantatend re-implantation. Tissue anchor
position A2.1 showed a decrease of the AHI fromtd 95 at two months follow-up.
After re-implantation, the tissue anchor positio2.2 showed a decrease to 5 at 6
months follow-up. Position A2.2 was closer to thersuim of the tongue and
apparently a better position than the original pasi

Patient A3 has two data points: initial implantatend re-implantation. Tissue anchor
position A3.1 showed a decrease of the AHI fromtd @ at two months follow-up.
After re-implantation, the tissue anchor positioB.2A showed a decrease to 1 at six
monts follow-up. Position A3.2 was closer to thesdon of the tongue and lower in
the tongue base and apparently a better positeonttie original position.

Tissue anchor position A5 showed a decrease in #bth 19 to 9 at six months
follow-up. This position is close to the dorsum aow in the tongue base. This seems
to be an effective position.

Tissue anchor position A9 showed a decrease in #bth 32 to 16 at six months
follow-up.

This position is far from the dorsum and low in tbegue base. This seems to be an
effective position.

Tissue anchor position A1l showed a decrease in fdth 19 to 9 at six months
follow-up.

This position is far from the dorsum and low in tbegue base. This seems to be an
effective position.

Tissue anchor position A1 and A10 are post-titrapositions. Their orinigal position
at implantation can only be speculated. In bothepé&t, AHI dropped with more then
50%.

Successful positions were A2.2, A3.2, A5, A9 andLAlUnsuccessful positions were
A2.1 and A3.1.

If we look at the positions of the tissue anchdrsha time of implantation of those

patients with successful outcome, we could argae tthe optimal position is situated
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1-2 cm away from the dorsum of the tongue baselah® cm above the lower rim of
the mandible. This “target area” is drawn as aeion the grid (figure 4).

The initial position of the tissue anchor in pat&sAl and A10 was not known since
fluoroscopy image at implantation was not availabiwever the position after
advancement presumes that the initial positionadiept A1 was probably situated in

this target area. The original position of patiaa0 is difficult to presume.

Successful improvement was defined as 50% reductioAHI. The definition of
surgical success according to Sher et al. (8) sigge 50% reduction in AHI and a
post-operative AHI below 20. Since we were interdsthose patients who showed
significant reduction in AHI, we excluded the latteiterium in this analysis. An AHI

below 20 does not necessarily mean a significahtaton in AHI.

This study has important limitations. The sampleesis small and therefore only
limited conclusions can be made from this study.

Determination of the position of the tissue ancbar the fluoroscopy image was
slightly compromised by the fact that the patier#iswn a recumbent position and
intubated during the procedure. The intubation tubight influence the natural

position of the tongue. Measurements of post-adaent positions were performed
on X-rays taken in awake patients in an uprighttmss In these images the tongue
appears to be in a more natural position. Compgrogtions in two different types of

images might have influenced the results of thigt

We argue that the “target position” of the tissuehwor is relatively close to the
dorsum of the surface of the tonguebase becausertmtes a longer distance between
the adjustment spool and the tissue anchor andftitermore space for advancement.
If the tissue anchor is implanted in a shallow posj advancement could be limited
and therefore compromise clinical outcome.

Implanting the tissue anchor too close to the serfaf the tongue base could result in
perforating the dorsum of the tongue and expostitbeoimplant in the (non-sterile)

oral cavity. Positioning the tissue anchor lessitham to the surface would result in
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dimple formation while advancing. This could resalian advancement of the tongue
base in the center but incomplete advancemeneadpes of the tongue base.
The results of this study might be of interesthie turther development of implants for

tongue advancement.

Conclusion

Adjustable tongue advancement is a novel technifpre surgical treatment of
obstructive sleep apnea. The implantation procedsiréacilitated by the use of
fluoroscopy. Using fluoroscopy and X-ray images tiptimal position of the tissue
anchor, called the “target position”, was deterrdit@ be 1-2 cm close to the surface

of the dorsum of the tonguebase and 1-1.5 cm atheviower rim of the mandible.
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Summary and conclusions

Samenvatting en conclusies






Summary - Samenvatting

Six aims were formulated in this thesis:

1. To focus on the present knowledge of diagnos teeatment of obstructive
sleep apnea syndrome (chapter 2).

2. To evaluate the role of drug-induced sleep etmmg as a diagnostic tool to
identify tonguebase and hypopharyngeal collapst@fupper airway (chapter
3).

3. To evaluate feasibility, safety and efficacy lofoid expansion as a new
procedure for obstructive sleep apnea in patientis ypopharyngeal lateral
wall collapse (chapter 4).

4. To evaluate feasibility, safety and histologyaof adjustable tongue anchor for
the treatment of obstructive sleep apnea in an@mmodel (chapter 5).

5. To evaluate feasibility, safety and efficacyadfustable tongue advancement as
an innovative procedure for obstructive sleep apngmtients with tonguebase
collapse (chapter 6).

6. To evaluate the effect of the position of thagiee anchor on the objective
outcome measures in patients treated with adjestairhgue advancement
(chapter 7).

Aim 1.

Chapter 2 gives an overview of the diagnostic wagokand current treatment options
for OSAS. Diagnosis of OSAS is a combination of thedical history, the clinical
examination and sleep registration. In order tal@ate the site of obstruction in the
UA, specific investigation techniques are availableich allow for better patient
selection for specific (surgical) treatment. Slespmloscopy seems to be preferable
because of its simplicity, low costs, reliabilisgfety and specificity.

Continuous positive airway pressure (CPAP) is thlel gtandard treatment for OSA.
Other (non-CPAP) treatments should be consideredthiree situations: First,
individuals with clearly reversible causes of OS@8atomical abnormalities) should

be considered for surgery. Second, individuals Wiawe failed or refuse CPAP
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treatment should be considered for other approa@ras appliances or upper airway
surgery). Third, treatment of mild OSAS is a subjet debate. Specific surgical
treatment options are described and their speaaifiications discussed.

Surgical treatment of the hypopharynx lacks evidermmased efficacy and has
substantial morbidity. Patient selection for hypagmgeal obstruction is controversial

and much debated.

Aim 2.

Many specific methods for evaluation of the UA areilable with their specific
advantages and disadvantages. In chapter 3 thefrsleep endoscopy is evaluated in
the selection of patients with hypopharyngeal mgteebase obstruction. The majority
of patients with OSAS seem to have multilevel aligion (both palatal and
hypopharyngeal), and the minority of patients pnésgure tonguebase or
hypopharyngeal collapse. The technique of sleepsapy is simple and safe, and
allows for evaluation of site and pattern of obstimn. No complications were
observed. Site-specific (surgical and non-surgit@atment could be offered to the

patient after sleep endoscopy.

Aim 3.

The role of the lateral hypopharyngeal walls in d#llapse is controversial. Specific
surgical treatment to correct hypopharyngeal |lat@edl collapse is almost inexistent.
The anatomical position of the hyoid bone makesitdeal substrate for widening the
hypopharyngeal airway space and stabilize the dhteralls. In a prospective
multicenter study, the feasibility, safety and @&dfiy of a hyoid expansion implant was
evaluated in 26 patients with OSAS and hypopharghdateral wall collapse.
Although there were responders and non-respondecs, statistical objective
improvement of apnea-hypopnea-index (AHI) was olegr However, there was
significant improvement of subjective measures Bkering and daytime sleepiness.
According to the findings in this study, hyoid ergen using the described technique

and implant is not a valid treatment option foriguails with OSAS.
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Aim 4.

Treatment of tonguebase obstruction in OSAS patiast challenging. Present
procedures like radiofrequency ablation of the tmizase, tongue suspension or
partial tonguebase resection, are ineffective,simweaand have substantial morbidity.
A novel concept of adjustable tongue advancemestsuadied for feasibility, safety
and histology in an animal model. The implantatmna two-fold tongue implant
(tissue anchor and bone anchor), and the retripsaedure, could be performed
uneventfully in all cases. Some minor complicatjoredated to this specific animal
model, were observed and could be successfully gehaHistological evaluation of
the tissue anchor showed normal incapsulation aritly minor signs of inflammation.
Inflammation decreased over time and no substambidign body reaction was
observed. Histological evaluation of the bone andimwed good osseo-integration
of the fixation screws and bone-regrowth at theebomplant interface. The findings
of this study resulted in the development of arestigational tongue implant suitable
for human implantation.

Aim 5.

A novel procedure for adjustable tongue advancererthe treatment of OSAS was
studied in a prospective multicenter study. Thistmtudy reports on data concerning
feasibility, safety and efficacy in the first 10tjeats that were treated with this
technique. The implant procedure could be perforomeelentfully in all patients. No
significant complications could be observed in fhwst operative period. Patient-
evaluated morbidity was low.

A significant improvement of both objective and gmahve measures was observed.
Apnea-hypopnea-index decreased almost 50% (fron8 2@. 11.8). Significant
improvement of snoring and daytime sleepiness wae abserved. This novel
treatment needs further study, as the preliminasylts are promising for treatment of

CPAP intolerant patients with mild to moderate OS#sSed on tonguebase collapse.
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Aim 6.

Adjustable tongue advancement is a novel techniguethe treatment of OSAS.
Satisfactory clinical results were observed in latpstudy. In order to improve the
results, the effect of the position of the tongueher on objective outcome measures
(AHI) was retrospectively studied in 5 patients.eTposition of the tissue anchor at
implantation using fluoroscopy images and the pmsiof the tissue anchor after
titration, were linked with change in post-operatidHI. The data of this study
support the idea that the tissue anchor shouldlédeeg close to the dorsum of the

tonguebase halfway between the level of the palatkthe epiglottis.
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Zes doelstellingen werden geformuleerd in deze thes

1. Het uiteenzetten van de huidige kennis overrdiatiek en behandeling van
obstructief slaap apneu syndroom (hoofdstuk 2).

2. Het evalueren van de rol van medicamenteus-geeetde slaapendoscopie als
een diagnostisch onderzoek om hypofaryngeale egbamis collaps van de
bovenste luchtweg te identificeren (hoofdstuk 3).

3. Het evalueren van de uitvoerbaarheid, de vaildjlen het effect van hyoid
verbreding als een nieuwe behandelingsoptie votrotiief slaap apneu
syndroom bij patienten met hypofaryngeale lateraknd collaps van de
bovenste luchtweg (hoofdstuk 4).

4. Het evalueren van de uitvoerbaarheid, de velgjlen histologie van een
aanpasbaar tonganker voor de behandeling van obefruslaap apneu
syndroom in een diermodel (hoofdstuk 5).

5. Het evalueren van de uitvoerbaarheid, de valdjhen het effect van
aanpasbare tongverankering als een innovatieveepgvoor obstructief slaap
apneu syndroom bij patienten met tongbasis coNapsde bovenste luchtweg
(hoofdstuk 6).

6. Het evalueren van het effect van de positie h@tntonganker op de objectieve
resultaten bij patienten behandeld met aanpaslmargvérankering wegens

obstructief slaap apneu syndroom (hoofdstuk 7).

Doelstelling 1.

Hoofdstuk 2 geeft een overzicht van de diagnosteek de meest gangbare
behandelingsmogelijkheden voor OSAS. De diagnoseQ8AS wordt gesteld door
een combinatie van anamnese, klinisch onderzoekslaapregistratie. Voor het
opsporen van de plaats van obstructie in de bogehsthtweg (BLW) staan er
verschillende onderzoekstechnieken ter beschikldigg het mogelijk maken om
patienten beter te selecteren voor het uitvoeren plaats-specifieke (heelkundige)

behandelingen. Een voorkeur gaat uit naar slaapeonge omwille van de voordelen:
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eenvoudig uit te voeren, betrouwbaar en reprodbeaer goedkoop, veilig en
specifiek.

Continue positieve luchtwegdruk (CPAP) is de goudaandaard behandeling voor
OSAS. Andere (niet-CPAP) behandelingen dienen ovgem te worden in 3
verschillende situaties: ten eerst: bij patientest duidelijk corrigeerbare anatomische
afwijkingen van de BLW dient heelkunde overwogen werden. Ten tweede:
patienten die intolerant zijn voor CPAP of deze deleling weigeren dienen
overwogen te worden voor andere behandelingen (stokijgs of heelkunde). Ten
derde: de behandeling van mild OSAS is een ondgrwan discussie. Bij deze
patienten dienen eerst conservatieve maatregeldrofigea te worden, zoals
gewichtsreductie, behandeling van neusobstrucgmyden van spierrelaxerende
medicatie inclusief alcohol, slaap-positie trainergoptimale slaap hygiene.
Specifieke heelkundige behandelingsmethoden wdoésnohreven met hun specifieke
indicaties. Voor de heelkundige behandeling vamysofarynx ontbreekt er evidence
based bewijs, en deze heelkunde heeft belangrifkdiditeit. Over patienten selectie

voor hypofaryngeale obstructie bestaat geen consens

Doelstelling 2.

Er zijn verschillende methoden beschikbaar voorelratueren van de BL, elk met zijn

specifieke voor- en nadelen. In hoofdstuk 3 wordt ml van medicamenteus-

geinduceerde slaapendoscopie geévalueerd voor dietteyen van patienten met

hypofaryngeale collaps van de BLW. De meerderhaid gle patienten met OSAS

vertoont multi-level obstructie (zowel palatale &egbasis collaps), en de minderheid
vertoont enkel tongbasis collaps. Slaapendoscsepiechnisch eenvoudig en veilig en
het stelt de onderzoeker in staat het type en &ebgn van collaps van de BLW te

evalueren. Er traden geen complicaties op. Op hasisde slaapendoscopie kon aan

de patient een plaats-specifiek behandelingsad@gsven worden.
Doelstelling 3.

De rol van laterale wand collaps van de BLW is ooversieel. Er bestaat geen

specifieke heelkundige behandeling om laterale weaaollaps te behandelen. De
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anatomische positie van het hyoid is ideaal om yeotarynx te verbreden en de
laterale wand te stabiliseren.

De uitvoerbaarheid, veiligheid en het effect vanityerbreding met behulp van een
implant werd in een prospectieve multicenter stugbévalueerd in 26 patienten met
OSAS en hypofaryngeale laterale wand collaps. Er geen statistisch significante
verbetering van apneu-hypopneu-index (AHI) wordastgesteld. Zowel het snurken
en de slaperigheid overdag waren wel significambeterd. De resultaten van deze
studie tonen aan dat de gebruikte techniek vandhyerbreding bij deze groep

patienten geen valabele behandeling is voor OSAS.

Doelstelling 4.

De behandeling van tongbasis collaps in OSAS piatieis een uitdaging. De huidige
technieken zoals radiofrequentie ablatie van dgliasis, tongophanging of partiele
tongbasis resectie zijn weinig efficient, invastefhebben belangrijke morbiditeit. Een
nieuw concept van aanpasbare tongverankering weko diermodel bestudeerd op
uitvoerbaarheid, veiligheid en histology. De inmgktie van het tweevoudig implant
(tonganker en botanker), en de procedure om hefaimpe verwijderen, konden in
alle gevallen zonder problemen uitgevoerd worden. tfaden enkele minieme
complicaties op die gerelateerd waren aan dit §pkaliermodel. Deze complicaties
konden behandeld worden. De histologische evaluedie het tonganker toonde
normale inkapseling gepaard gaande met miniemanmflatie. De inflammatie
verminderde met de tijd en er werd geen belangrijkeemdlichaam reactie
waargenomen. Histologische evaluatie van het betatdonde goede osteo-integratie
van de fixatie schroeven in de mandibula en bowneuming tussen het botanker en
de mandibula. De bevindingen van deze studie hebbksid tot de ontwikkeling van

een veilig tong implant dat geschikt is voor impédre bij de mens.

Doelstelling 5.
In een prospectieve multicenter studie werd eerovatieve behandeling voor
aanpasbare tongverankering bestudeerd. Deze stadte rapporteert de gegevens

over de uitvoerbaarheid, de veiligheid en het ¢fflen deze ingreep bij de eerste 10
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patienten die met deze techniek behandeld werden.iniplantatie kon in alle

patienten succesvol uitgevoerd worden. Er werdem gemplicaties waargenomen in
de per- en postoperatieve periode. De morbidita@tdndoor de patienten als laag
gescoord. Er werd een significante verbetering zawel objectieve als subjectieve
parameters waargenomen. De apneu-hypopneu-indexnaggrde met 50% (van 22.8
naar 11.8). Tevens trad er een significante veripgt®p van snurken en slaperigheid
overdag. Gezien de hoopgevende resultaten vanideagatieve behandeling dient

deze verder bestudeerd en geoptimaliseerd te worden

Doelstelling 6.

Aanpasbare tongverankering is een innovatieve tekhwoor de behandeling van
OSAS. Er werden bevredigende resultaten gerappdrieesen piloot studie. Om de
resultaten te optimaliseren werd het effect vanpldats van het tonganker op de
objectieve resultaten (AHI) bestudeerd bij 5 pdagan De positie van het tonganker
tijdens implantatie en na titratie, vastgelegd ndetgenscopie of rontgenfoto, werden
gekoppeld aan de verandering van AHI. De gegewens deze studie doen
vermoeden dat de optimale positie van het tongadikét tegen het oppervlak van de

tong ligt, en dit halverwege het niveau van de avutn de epiglottis.
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Future perspectives

Surgery for OSAS aims for decreasing critical aigsipressure of the collapsible
segment of the upper airway. A proper and religidgnostic work-up should result in
a better understanding of the site of collapse & upper airway. Using sleep
endoscopy or multi-sensor pressure measurements,stiown that the majority of
patients show multilevel collapse of the upper aywin order to improve patient
selection for upper airway surgery and inter-obsemariability, the methodology of
sleep endoscopy needs an optimal and uniform stdisddon and classification.
Classification should not only focus on site oflapse but also on type of collapse.
Aero-engineering is a new way of looking at the erppirway. Functional imaging
using computational fluid dynamics might help tadarstand the site and pattern of
collapse in the upper airway. Comparison of fun@iamaging and sleep endoscopy
IS ongoing.

After performing a proper diagnostic work-up, treant of the OSAS patient should
be custom-made and well adapted to the specificl@nms and causes in the particular
patient. In most patients with mild to severe OSASnultilevel surgical treatment is
therefore appropriate. A combination of a palatedcpdure and a tonguebase- or
hypopharyngeal procedure, in one or multiple stagels probably result in better
treatment outcome than a unilevel approach. Ineapalatal procedures, like UPPP,
are highly effective in well selected patients, ahduld not be avoided in spite of the
tendency towards minimal invasive (and sometimss &ficient) palatal procedures.
Further innovative research for the treatment ofgteebase- and hypopharyngeal
collapse is needed, with the use of implants thatraliable and not susceptible for
technical failure. The use of eminent and biocombpat material is of utmost

importance. Titratability of such implants seem&éahe key to superior results.
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