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Abstract

Obstructive sleep apnea (OSA) is a disorder cabgecepetitive
occlusion of the upper airway during sleep. It bantreated by multiple

therapeutical options including medical, behaviarad surgical.

Nasal continuous positive airway pressure (CPAR)astreatment
of choice of OSA however; the compliance of thequas is very low.
Surgery is used as an alternative to CPAP. Thesenaany surgical
modalities in the treatment of OSA but neither oofethem have
accomplished  complete  success. The  success rate
uvulopalatopharyngoplasty which is the most famopsration in the

treatment of snoring and obstructive sleep apnea dot exceed 40%.

In this study we aim at highlighting the differesguses of failure

of the different treatment modalities of OSA.

Keywords: Obstructive sleep apnea, snoring, CPAP, surgreakrnent,
uvulopalatopharyngoplasty, success.
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Abbreviations

OSA: Obstructive sleep apnea

OSAS. Obstructive sleep apnea syndrome
SAS Sleep apnea syndrome

CPAP: Continuous positive airway pressure
UPPP; U3P. Uvulopalatopharyngoplasty
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ESS Epworth Sleepiness Scale
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RDI: respiratory disturbance index

RERAs: respiratory event-related arousals
TRDs: Tongue Retaining Devices

MRDS: Mandibular Repositioning Devices
biPAP: Bi-level positive airway pressure
ESS Endoscopic Sinus Surgery

LAUP: Laser-assisted uvulopalatoplasty
TCRFTA : Temperature-controlled radiofrequency tissuetairia
GA: Genioglossus advancement

MMA : Maxillomandibular Advancement



LMG : Laser midline glossectomy

EDS: Excessive Daytime Sleepiness
HM : Hyoid Myotomy

BMI : Body Mass Index

OHS: Obesity-hypoventilation syndrome
AN: Autonomic Neuropathy

(IGF)-I : Insulin-like growth factor

CT: Computed Tomography

FPP: Friedman Palate Position

LAST : Lowest Oxygen Saturation
LA-UPPP: Laser-assisted Uvulopalatopharyngoplasty
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Introduction

| ntroduction

Snoring is an undesirable sound that originata®s fite soft tissues

of the upper airway during sle€poung et al., 1993)

Obstructive sleep apnea (OSA) syndrome is a relgtizommon
but fatal disorder affecting 4% of the adult maled a&2% of female
population and it represents a more severe aspacioong as it usually

involves more than one level of obstruct{®oung et al., 1993)

Obstructive sleep apnea is a condition charaeerizy repetitive
episodes of complete or partial obstruction ofupper airway leading to

cessation or reduction of airflow during sl§&emmers et al., 1978)

Athough application of nasal continuous positivevay pressure
(CPAP) is a safe and effective treatment and isqoiieed for the
treatment of OSA in approximately 80% of patientthhv©SA in United
States, a low compliance rate of the therapy (50%eat) attenuates its
usefulnesgAloia et al., 2005)

It was well established that the retropalatal regias diagnosed
as the most common site of obstruction in patiemts snoring and
obstructive sleep apnea (OSAMetes et al.,, 1991) Consequently,
uvulopalatopharyngoplasty (UPPP) that consists ehaval of the
palatine tonsil, uvula, a portion of the soft palaand the lateral
pharyngeal wall is the most common surgical prooedor the treatment
of OSA (Shepard et al., 1990)




Introduction

The hypopharyngeal space has been found to bearnatportant
area of obstruction. Traditionally, maxillary-mabdiar advancement has
been used to expand this level of airway obstracti@ven the morbidity
of such a procedure, other operations have beepoged, including
genioglossus advancement, hyoid advancement, asd bf tongue

reduction using radiofrequency enefiiley et al., 2000Q)

Uvulopalatopharyngoplasty was first describedHuyita et al, in
1981 However, using this technique, failure ratesraported from 30%
to 90%(Maisel et al., 1992; Cahali, 2003)

A systematic review of the literature in 1996 itieed a 42%
success rate in published studies using polysonapbgr outcomes of an
apnea hypopnea index (AHI) of less than 20 or ameapndex of less
than 10 events per hogsher et al., 1996)Better success rates remain

elusive despite attempts to improve selection dedrative techniques.

Although subjective improvement of symptoms inahgd
excessive daytime sleepiness and snoring have dm@ptabl€Friberg
et al.,, 1995) the response rate on objective assessment based o
polysomnographic (PSG) results has been no grédaer 50%(sher et
al., 1996) To improve the response rate, many modificativenge been
attempted; however, the results have been mjdeary et al., 1991,
Fairbanks, 1999).

The multiplicity of surgical modalities describeat {OSA suggests
that no clear surgical approach has been widelyemed for the

management of this disease.




Introduction

Most of the studies on various surgical approadbeOSA focus
on a single surgical modality; most studies asstimethe patients with
OSA are a homogeneous group with the same typatbbjogy.

Kao et al., (2003)elieve that OSA is a multilevel, multifactorial
disease process creating a very heterogeneoustpat@ulation. To
improve the surgical cure rates for OSA, the enipper airway must be
brought under inspection, and each level of obstmcshould be
identified. The treatment plan should potentialipclude nasal,
oropharyngeal/palatal, and hypopharyngeal meastoesnprove the
airway.

Many combinations of surgical procedures coexistaim to
improve the success rates including; 50% success inaUPPP and
tongue-base radiofrequency, 42-59% in UPPP andmaidjlossectomy,
35-77% in UPPP and genioglossus advancement withitbout hyoid
myotomy and suspension. The most impressive restll@)% or more
occur with combined UPPP, genioglossus advancenaait,maxillary-

mandibular advanceme(¥ilaseca et al., 2002)

The different methods of identifying the levelamfilapse including
fiberoptic airway endoscopy with the Mduller maneuveand
cephalometrics, etc all give contradictory dataclihis not surprising
given the fact that these static measurements of lamd soft tissue
anatomy most likely do not reflect the dynamic adesin pressure that

result in airway collapsibilityYao et al., 1998)




Introduction

Multiple methodological issues hamper attempts $seas and
improve surgical success rates. Differences inepatanatomy, surgical
technique, and variable methods of patient selecatimke meaningful
comparisons of equivalent patient groups difficulick of comparative
or randomized studies, in turn, contributes to waoaty about surgery’s

effectiveness.

The etiology of surgical failure is multifactoriahcluding medical
factors like obesity and hormonal disturbancesyrerin the diagnosis of
the site of the obstruction as there is usually entbran one level of
collapse and errors in the choice of the suitablgisal procedure that
gives a higher and prolonged success rate as d@nemaultiple choices of

surgical procedures even for the same level oape#.

In this study, we aim at spot lights on the différdactors
contributing to the failure in the treatment of O%Ad conclude the

different methods of assessment of surgical success
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Pathophysiology of leep apnea syndrome

The almost continuous patency of the upper airwayingd
wakefulness and sleep under normal conditions tsbated to the
morphology of the upper airway. The nasal passagenon-collapsible
conduit due to its cartilaginous and bony architext Similarly, the
larynx and extrathoracic trachea have cartilagirfousmework. However,
the pharynx lacks a strong structural support, dmas potentially
collapsible. The stability of the pharynx and byplication the upper
airway is significantly dependent on the actiothe&f pharyngeal muscles,
which are normally activated in rhythmical fashidaring inspiration
(Strohl et al., 1980).

The pathophysiology of snoring and obstructive slep@nea is

determined by a number of interrelated factorslétal

(Table 1) Known and suspected predisposing conditions for
obstructive sleep apnea

Condition Examples Contribution
Obesity, body fat . T Complex and ill-
distribution Adult obesity, Prader-Willi syndrome defined

. ?Anatomical
Race/genetics L
similarity
Age ?Tissue laxity
Male gender Unclear
Alcohol, sedatives, .
. Muscle relaxation,
analgesics,
. depressed arousal
anaesthetics
?Chronic nasal
Smoking congestion,
pharyngeal oedema
Septal deviation, chronic nasal Increased :
: pharyngeal negative
. congestion
Nasal obstruction pressure
Pharyngeal . . Increased .
obstruction Tonsillar and adenoidal hypertrophy | pharyngeal negative
pressure
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Down’s, Pierre-Robin, Treacher- Mid-face
Cranio-facial Collins, Apert’s, Crouzon’s, Beckwith{ hypoplasia,
abnormality Wiedemann, achondroplasia, macroglossia or
acromegaly, fragile-X micrognathia
- Upper airway
Endocrine/Metabolic Hypo?hy1r0|d|sm, androgen therapy, infiltration or
Cushing’s .
myopathy, obesity
Disordered
Neuromuscular Poliomyelitis, myotonic dystrophy, pharyngeal
disorders dysautonomia, tetraplegia neuromuscular
function
Connective tissue , A_bnormal upper
: Marfan’'s airway connective
disorders :
tissue
Storage diseases Macroglossia
Chronic renal failure Unclear

(Loadsman and Hillman, 2001)

The onset of the inspiration triggers a reflex @ase in the EMG
activity of the pharyngeal dilator muscles (e.gnigglossus, geniohyoid,
palatoglossus, and medial pterygoids). These mwisale activated
rhythmically during daytime respiration and holde thairway open
preventing collapse. The tensor palatini retraoésgosterior pharyngeal

wall, thus maintaining pharyngeal patency duringahareathing, the

primary route during slegisleeson et al., 1986)

In common with other skeletal muscles they becdweotonic
during sleep, especially rapid eye movement (REKREG® However, in
patients with obstructive sleep apnea EMG actiistyurther decreased
during an obstructive episode and can sometimeplebdety disappear.
An excessive reduction in upper airway muscle tooe any
incoordination between reflex EMG activity in thesascles and onset of

Inspiration results in an increased susceptibititythe upper airway to

collapse(Wiegand, 199Q)
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Upper airway resistance is determined by the diamef the
airway, which in turn is dependent on the patientsaniofacial
morphology and anatomical defects of space occgpgsions. Anything
narrowing the airway will increase the resistanice order to pull air
through the narrowing, greater respiratory effoift lne needed resulting
in the generation of a higher negative intra-lurhipgessure which, in
turn, encourages collapse. As the airway narrotws, rate of airflow
through it increases and, on the basis of Ventuncple, there is a
further drop in the intraluminal pressure againcemaging collapse.

Increased compliance of the pharyngeal tissuagtseis collapse
at a lower negative pressure.

Despite the long list of causes (mentioned befon@st adult
patients with obstructive sleep apnea, have noeavigpredisposing
abnormality.

Many adult patients with snoring and obstructiveepl apnea, while not
having obvious skull base and facial skeletal an@sahave more subtle
anatomical variations which mean that they falba¢ end of the normal
distribution of pharyngeal dimensions. Thus, theffes from obstructive
sleep apnea despite having no evident craniofabrabrmality(Tangel et
al, 1992)

The impaired activities of the dilator muscles esu ineffective
splinting of the upper airway, thus increasing trensmission of the
subatmospheric intrathoracic pressure into the wuppeway. The
interplay of the impaired upper airway muscle attiend the unopposed
subatmospheric inspiratory pressure into the upgeray resistance
provides a favorable ground for airway collapseirdyursieep(Kuna,

Sant’'s Ambrgio, 1991)
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The deposition of fat predominantly in the latevalls of the
pharynx results in decreased patency of the pharjhis increases the
risk of collapse particularly during sleep whenréhes relaxation of the
pharyngeal dilator muscles. Similarly, increasettalnminal pressure
due to superficially located fat masses, furthersens the delicate

balance between transmural pressure and complisintee pharyngeal
wall (Delberto et al, 1994)

Fig (1): Obstructed airway (Helfear and Wilson, 1899
The clinical features and complications associatithl the obstructive

sleep apnea syndrome essentially result from tlentain effects of the
obstructive episode, which are hypoxia and the mgiom of high
negative intrathoracic pressure.
|-Hypoxia

During an apneic episode there is no air flow thi® lungs, thus if
the episode is long enough the patient will beconypoxic and
hypercapnic. The degree of hypoxia will be deteadiby the duration of
the apneic event, lung volume (which is reducedbesity) and any
coexistent neuromuscular or cardiopulmonary dissrd€arlson et al,

1994)
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Hypoxia is associated with a rise in sympathetictpou and
catecholamine production and the resulting perglheasoconstriction
causes transient pulmonary and systemic hypertensiowever, the
relationship between night-time hypoxia and essalgld systemic
hypertension is controversi@larlson et al., 1994)

Long standing pulmonary hypertension was thoughtievelop
only in patients with coexisting chronic obstruetigirway disease but it
has been found in patients without respiratory |emis (Laks et al.,
1997).

Hypoxia can cause a variety of cardiac arrhythmmsch range
from bradycardias to ventricular ectopies. Durimgadstructive episode
the effort of trying to inspire against a closedtt$ results in increased
vagal activity with subsequent bradycardia. Thespnee of hypoxia
significantly worsens this bradycardia. Polycythenmassociated with
prolonged hypoxia is thought to develop only inigrats with coexistent
daytime oxygen desaturati¢Garlson J.T. et al., 1994).
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|1-Negative intrathoracic pressure

A-Arousals

The efforts of the respiratory system to overcompeeu airway
obstruction result in the generation of high negatintrathoracic
pressure. The main symptomatic consequence of Hige negative
pressure is that they stimulate arousals and themirtation of an
obstructive episode is thought to depend heavilpmusal. The place of
hypoxia or hypercapnia as mechanism of arousaliresmanclear. It was
thought that arousal was caused by hypoxia stimmglahe carotid body
receptors or hypercapnia stimulating the CNS regxsptHowever, it is
now recognized that obstructive episodes can raésudtrousal without
there being any associated hypoxia or hypercaprii@ main factor
proceeding arousal is the high level of negativeathoracic pressure
generated by increased respiratory effort assatiasgth airway
obstruction(Vinchen et al, 1987).

Hypoxia and hypercapnia will contribute to this bymulating
increased ventilatory efforts. When the degree rdpiratory effort
reaches a certain threshold in a given subjectsataccurs, resulting in a
return of tone to upper airway muscles and therobson clears. The
patient is often unaware of these arousals, whigh occur many
hundreds of times throughout the night (Fig.3). Hifect of repeated
arousals is a very disturbed sleep pattern, whialeflected in symptoms
of excessive daytime sleepiness, one of the comsbtosyamptoms of
obstructive sleep apnea. Excessive daytime slespiaéso occurs in
patients with higher upper airway resistance symg@rcand in some
patients who snore loudly without any obstructiypesedes. Presumably
these patients are generating sufficiently high atigg intrathoracic

10
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pressure from their partial obstruction to stimalarousals frequently
enough during the night to disturb sleep. The thokk for arousal is
elevated during REM sleep such that obstructivesaejgs are more

prolonged and severe during this sleep s{&gnnet, 1985).
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(Fig 3) Monitoring of Arousals
This patient with OSA shows the typical snore/siksnore pattern in
association with body movements and pulse rates risdicating sleep

disturbance, and falls in oxygen saturation showilmag the obstruction

has been bad enough to interfere with gas exchd@ganet, 1985).
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B-Cardiovascular Consequences.

The generation of high negative intrathoracic presshas
cardiovascular consequences. The heart has tolvanckto pump against
the subatmospheric pleural pressure as well asnstgan increased
pulmonary and systemic arterial resistance. Thatidd force on the
heart will tend to aspirate venous blood into tlghtr heart but at the
same time, increases the preload of the left headtthere is evidence
that the heart enlarges during an obstructive epifdaavie et al., 1995).

When the obstruction clears and the negative predsureleased
the heart will continue to pump against the highigheeral resistance
until this also returns to normal. In those pasel&ft ventricular wall
thickening has been observed. The increase in aandiork may be
reflected by ischemic changes that are sometimes ss an ECG
recording during obstructive episod&oskenvuo et al., 1987).

Carlson et al., 1994; Hu et al., 199%eported a high prevalence
rate of hypertension among patients with obstrecsieep apnea
) The most serious consequence of untreated obst&steep apnea
Is increased cardiovascular morbidity and mortalitfis is the reason
why it is so important to exclude or establish dregnoses. There is also
an increased incidence of angina and myocardiaratibn in snorers

(Hung et al., 1990).

C-Social consequences

As well as daytime sleepiness the combination sfudbed sleep
and chronic hypoxia is also responsible for othbysmlogical and
intellectual changes the patients with obstrucsieep apnea may exhibit.

These include personality changes, poor memory difftculty in

12
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concentrating. These problems combined with loumlisg can result in
serious social consequences. Examples includeahatress sometimes
leading to divorce, interference with the perforcaif the patient’s job
possibly leading to loss of employment and an dmgihess to stay in
hotels. The more serious is the increased incideniceaccidents,
especially road traffic accidents because of daytaeepiness and poor

concentratior{Kales et al, 198p

Clinical features and differential diagnosis

Snoring is the cardinal symptom of the obstructskeep apnea
syndrome as essentially all patients with this sgn@ snore. Of course,
not all patients who snore have obstructive slgspea syndrome. By far
the commonest associated symptom is excessive ntaysieepiness

(Young et al, 1993)

1-Snoring and obstr uctive episodes

The classic snoring noise is due to partial upp&rag obstruction
causing turbulent airflow with resultant vibratioh the soft palate and
uvula, the faucial pillars, the lateral pharyngealls and sometimes the
tongue base level or is associated with a high upp&ay resistance
syndrome in which the noise has a different, lebsant quality. In the
obstructive sleep apnea syndrome the bed partiedesgicribe periods of
very loud snoring interspersed with the periodssitdnce during apnic
episodes. The apnic episodes unusually last 2@&ansis but can last up
to a couple of minuets. Most partners will not ulyuaait this long time
and will rouse the patient. During an episode therao airflow at the

nose or mouth yet the patient can be seen to bengakarked

13
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respiratory efforts associated with tracheal tugrapgoxical abdominal
and chest movements and suprasternal recessiomird®es/ efforts

become more vigorous as time passes until thecallenbroken by a loud
snoring, grunting noise followed by some deep Iveatas the patient
clears the airway. The snoring then resumes béfi@r@ext apnic episode
begins. Although, the minimum criteria for diagn®®é obstructive sleep
is > 5 apnic episodes per hour some patients wileBence many
hundreds of episodes throughout the night and ttiedeare symptomatic

will usually have an apnic index of > 28sa, Sullivan, 1982)

2-Excessive daytime sleepiness

This symptom can vary from a feeling of being gaitertired to
actually falling asleep during important activitieh the mild form,
patients will complain of falling asleep during iaittes such as watching
television or trying to read a novel. More serigugley may fall asleep
during important events such as meetings and ewengiface — to — face
conversation and most seriously while driving oemging machinery.
Patients are often not good at assessing theiedagrdaytime sleepiness
and talking to partners may give a more accurateation of the degree
of the problen{Wittig, 1992).

The Epworth sleepiness scale is a self — admiredtquestionnaire
which provides a measurement of the patient's géihevrel of day time
sleepiness. Epworth sleepiness scale scores iecvats the severity of
obstructive sleep apnea and are more closely cetatéhe apnea index
than the degree of hypoxenfilohns, 1991)

Normal patients score between 2 and 10 whereak Eptaorth

sleepiness scale scores greater than 16 are faugdro patients with
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moderate or severe obstructive sleep apnea, npsyoler idiopathic
hypersomnia. However, small minorities of patiemish moderate or
severe obstructive sleep apnea score in the noangé so a lower score
alone cannot exclude obstructive sleep apnea. Asmany assessments
related to obstructive sleep apnea the resultsldhmmi be interpreted in
isolation. Other conditions should be consideredpatients who fall
asleep during the day. A rare condition causingtioegy sleepiness is
narcolepsy in which there are episodes of suddeetart sleep usually
lasting about 15 minutes. This disease usuallysstaatween the ages of
10-20 years and affects both sexes equally. It marmassociated with
cataplexy, sleep paralysis and hallucinations ebitset of sleep or when
waking up.Snoring is not usually a feature anddiagnosis is confirmed
using EEG, which shows REM stage at the onseteefp$lohns, 1992).
The Epworth sleepiness scale questionnaire is epph sleep
centers as follows:
How likely are you to doze off or fall asleep iretfollowing situations,
in contrast to feeling just tired. This refers touy usual way of life in
recent times. Even if you have not done some cfetltieings recently try
to work out how they would have affected you (talle Use the
following scale to choose the most appropriate remidr each situation
0 = would never doze
1 = slight chance of dozing
2 = moderate chance of dozing

3 = high chance of dozing
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Table (2) Epworth sleepiness scale

Situation

Chance dozin

Sitting and reading.

Watching TV.

Sitting inactive in a public place. ( e.g. a theair
a meeting).

As a passenger in a car for an hour withot
break.

Lying down to rest in the afternoon wh
circumstances permit.

Sitting and talking to someone

Sitting quietly after a lunch without alcohol in
car, while stopped for a few minutes in the traff

it a

en

a

iC

3-Morning headaches

(Johns, 1992)

These are often included as a common symgwittig, 1992).

4-Intellectual deterioration and personality changes

As with excessive daytime sleepiness a more

be obtained from the partn@€ales et al, 1985).

Physical signs

accyiature will

Review of Literature

g

- Obesity most patients with symptomatic obstructive slappea are

obese however many patients with obstructive skgepea are not

significantly overweight. Obesity is defined as padass index >30

kg /m2,
Narrowing of the lateral airway walls.

Enlarged (kissing) tonsils.

16
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- Retrognathia or micrognathia.
- Long or thick uvula.
- High arched hard palate.
- Soft palate edema or erythema.
(Loadsman and Hillman, 2001)
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DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA

A patient with a unilateral sensorineural hearingsl may have an
acoustic neuroma, a potentially life-threateningditon which should
be excluded. In the same way a patient presentitigsmoring may have
obstructive sleep apnea syndrome another possibdythreatening
condition either directly because of its long-terandiovascular effects or
indirectly because of excessive daytime sleepitesgting to road traffic
accidents or other injuries. A patient presentintpwnoring one should
consider the possibility of obstructive sleep apmdach cannot be
reliably excluded as the basis of hist@vyner et al ., 1991) , examination
(Viner et al., 1991), or observation during sledplaponik et al., 1984)
alone. The extent of any investigations will ob\atyube influenced by
resources and locally available facililies. Howetemperform surgery,
such as uvulopalatopharyngoplasty (UPPP), on argppatient without
any attempt to exclude obstructive sleep apneadepkive some patients
of an important warning sign (i.e. snoring) thattthave potentially life-
threatening condition.

A condition that may well not be cured by surgewy for which
there are successful alternative treatments ifctnadition is identified

(Charles and Michael, 1997).
DIAGNOSIS
History:

Snoring is a noise generated from the upper aimiegy/to partial
airway obstruction.

An apnea is the cessation of airflow at the nasarid mouth for at
least 10 seconds. The apnea index (Al) is the nuwibapneas per hour

of sleep. Hypopnea is a reduction in tidal volufieere is disagreement
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as to the exact definition of hypopné&sould et al., (1988), suggested
that it is a 50% reduction in thoracoabdominal nmeet lasting for 10
seconds in the presence of continued air flow. H@nesome authors
describe it as a decrease in airflow associatdd exygen desaturation
(Block et al., 1979).

The sleep apnea syndrome (SAS): 30 or more apnesodaes
during a 7-hour period of sleep or an apnea indgraks to or greater than
5. This is an arbitrary definition, with increasirexperience of the
condition, others have suggested that an apnea wid&0 (Fletcher et
al., 1985), or an "apnea - hypopnea" index of (Gould et al., 1988)
should be present before diagnosing the sleep agymeiome.

The American sleep association grades sleep apiedavs:
* Mild =5-20 apneas per hour.
* Moderate = 20-40 apneas per hour.

» Severe = > 40 apneas per hour.
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| mportant pointsin the history (Charles, 1997):

» Partner must be present

* Snoring

* Positional

* Obstructive episodes

» Arousals/nocturnal choking

» Excessive daytime sleepiness

 Intellectual deterioration

* Abnormal motor movements

* Morning headaches

* Nocturnal enuresis/Impotence

* Nasal obstruction

e Drugs

» Alcohol intake

» Cardiovascular symptoms

» Respiratory symptoms

* Thyroid symptoms

» Social history
Quality-of-life scales (general and disease-specific):

In early work, global measures of health were usedssess the
effect of OSA. These measures originally were desigto measure
aggregate health characteristics and to provideomie information
regarding a patient’'s own perception of health. Medical Outcome
Survey Short Form (SF-36) includes eight domains¢asure health and
well-being(Stewart et al, 1991).

Briones et al. 1996 showed a correlation among the Epowrth

sleepiness scale (ESS) score and vitality, roletemal and general
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health domains. Another study using the SF-36 sawgrovement in
energy and vitality and mental and physical funutig domains,
although another measure used in the study failédeintify these effects
(Jenkinson et al, 1997). Mild to moderate sleep disturbed breathing
(SDB) was associated with decreased vitality measur the SF-36,
whereas severe SDB was associated with a globata®se in quality of
life (QOL) (Baldwin et al., 2001). All dimension of QOL were
diminished significantly on the SF-36 in patient$hwOSA as compared
with control patient¢Baldwin et al., 2001).

The Obstructive Sleep Apnea Patient-Oriented Sevdndex
(table 3) was designed for use in the OSA Treatn@uicome Pilot
Study. It involves responses to questions regardiveg subscales to
which importance and magnitude of effects are agsig A symptom
Impact score is generated from the product of thportance and the
magnitude. The OSA Treatment Outcome Pilot Studglystiemonstrated
worth QOL in all domains except body pdkiccirello et al, 1998).
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Table 3

ltems on the Obstructive Sleep Apnea Patient-Orient  ed Severity Index

Sleep problems

Trouble falling asleep

Waking during sleep
Loud/excessive snoring
Restlessness during sleep
Waking “too early” in the morning
Waking up feeling tired

Bed wetting

Nook,rwhE

Awake problems
8. Fatigue or tiredness
9. Frequent yawning
10. Sleepiness while driving
11.Memory and/or concentration problems
12.Productivity limited at certain times of day
13. Often late for meetings or appointments
14.Participation in community, volunteer or religi ous activities
limited

Medical problems
15. Amount of medical care required for OSA
16. Interaction of OSA with other medical problems
17.Travel by car to other regions of country limit  ed because of fear
of medical problem
18.Unable to have sexual relations because of medi  cal problem
19.Financial burden as a result of illness

Emotional and personal problems
20.Fear going to bed
21.Nerves are “right on surface”
22.Inability to relax, always anxious
23.Marital strain, stress and tension
24.“Foul” mood
25.Unable to experience closeness with spouse and/  or others
26.Lack of desire for sexual relations
27.Feeling that future is hopeless

Occupational impact

28.Competence questioned

29.Reliability questioned

30. Inability or difficulty getting new job

31.Loss of job

32.Modification in job because of excessive sleepi  ness
(Piccirillo et al, 1998)
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Examination;:

The patient's general appearance will indicate ekient of any
obesity and may suggest condition such as acromegainyxoedema.
Height, weight, neck-circumference and blood pressneed to be
recorded. Craniofacial morphology is assessed tapfar retrognathia or
micrognathia. Nasal examination will allow assessmef the nasal
airway and reveals causes of nasal obstruction. caraty examination
allows assessment of the size of the tongue, stdtgy uvula and tonsils.
Patients with obstructive sleep apnea often haekassic picture of an
enlarged swollen edematous uvula and soft palate @ust be very
cautious about seeing this as an invitation to qerf a
uvulopalatopharyngoplasty as this appearance cpresent part of a
multisegmental upper airway problem for which treatt may be
preferable, so a full assessment is required bedore surgery. The
nasopharynx examined to exclude adenoidal tissogjp®, cysts or
tumours. The oropharynx often appears congestedtlaa@ may be
redundant mucosa and prominent lateral pharyngeaid$y The
hypopharynx and larynx must be examined to lookafoy lesions that
may be narrowing the airway such as enlarged lingussils, cysts or
tumours. A normal glottis with mobile vocal cordsishbe confirmed. In
most patients no obvious obstructive lesion is tband in a few patients
with obstructive sleep apnea the oropharyngeat agpears completely

normal and widely patent.
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I mportant aspects of the examination (Charles, 1997):
» General appearance
* Weight
* Height
* Blood pressure
» Craniofacial morphology
* Nasal airway
» Tongue size
» Soft palate/uvula/tonsils
* Nasopharynx-adenoids/polyps/cyst/tumour
* Hypopharynx-lingual tonsils/vallecula, epiglottic o r

supraglottic cysts/tumour

| nvestigations:

The reasons for investigations in this conditioa & assess the
patient's general condition, to differentiate betwesimple snoring and
sleep apnea and to determine the presence, typesarmdity of any
apneas or hypopneas and to assess the site ofuahmir The

Investigations that assess the patient's genendlitoan are:

» Complete blood picture: to look for polycythaemredamia/mean
corpuscular volume.

* Thyroid function tests: if hypothyroidism is sustest

» Blood gases: if there is any suspicion of daytingpdventilation
and hypoxaemia then arterial PO2 and PCO2 need eo b

determined.
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» Electro-cardiography: if there is any suggestion asSociated
cardiac disease.

* Lung function tests: performed if there is suspmocod a coexisting
pulmonary disorder. The finding of a "saw-toothttpen on a flow
volume loop is thought to be very suggestive that patient has
obstructive sleep apnea.

* Chest X-ray: to detect cardiomegaly or pulmonaspttiers.

The investigations to differentiate between simgnering and sleep
apnea and determine the presence, type and seweérdgy apneas or
hypopneas and to assess the site of obstructiobeaivided into those
that are performed on awake patients and thosemestl on sleeping
patients.

The introduction of specific examination modalities Muller's
maneuver which performs an awake video nasophasgopy under
local anesthesia and the patient is asked to peréoreverse Valsalva
maneuver in order to locate the site of airwayaguse(Friedlander et
al., 2000). Lateral cephalometry is one of many techniques lias been
used to investigate the facial characteristics lmdtimuctive sleep apnea
patients. Lateral cephalometric characteristicghef bony structure in
obstructive sleep apnea patients include a retrotiatible, a low hyoid
bone and large overbi(®ae et al., 1999). Cephalometric analysis of the
upper airway seemed promising in predicting thecaome of surgery
(Riley et al., 1983). Objective evaluation of the nasal airway by adoust
rhinometry has been shown to be helpful tool forargilying the
symptom of nasal obstruction in case where nasabifao assess the
pharyngeal, tracheal and bronchial cross-sectiares along the airway.

This method has been used extensively, particufarlfhe comparative
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assessment of the pharynx size among snorers, or@nsrand patients
with obstructive sleep apnea syndrome. It has thartage of being
quick and non-invasive technique which is basedanalyzing sound
waves reflected from the oropharyngeal cavity wheelm be helpful in
localizing the site of airway obstructigHuang et al., 2000).
Multiple sleep latency test

The multiple sleep latency test (MSLT) evaluatesgrde of
impairment of daytime alertness. This test involkasording the time of
sleep initiation for multiple naps separated byeaist 2 hours during a
patient’s normal waking period. This instrument cenused to diagnose
upper airway resistance syndrome (UARS) or an assad of treatment
effect Chervin et al, 1996).
In the absence of UARS, the MSLT is used to diagnuarcolepsy. It
generally is considered the “gold standard” for leaang daytime
somnolence and sleep latency. Moderate correlagigists between
“irresistible sleepiness,” which describes the a@oa of being overcome
by sleep, and MSLT ; however “irresistible sleegsiefailed to identify
pathologic MSLT in patients with sleep disturbededihing (SDB).
(Rinaldi et al, 2001).

Muller maneuver: palate, base of tongue and lateral walls

The Muller maneuver originated from attempts taleate various
levels of upper airway obstruction. The examinema the upper airway
through the nasopharyngoscope at rest and with maxinspiratory
effort against closed nose and mouth. The baseoonfjue, lateral
pharyngeal walls and palate are examined for cedlag’he examiner
rates collapsibility of each structure from O (mmail collapse) to 4+
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(complete collapse). Muller maneuver score was shtmabe correlated
moderately with preoperative SDB severity and @producibility was
verified between examinerSlerris et al, 2000).

Collapse of the palate was correlated highly widspiratory
disturbance index (RDI), whereas lateral wall ajodle was correlated
moderately, and base of tongue collapse was notlated.(yao et al,
1998)

P close

P close is the pressure at which the upper aiceigpses. This value
Is a significant discriminating feature betweenmalk subjects and patients
with abnormal collapsibility as is seen in O8Aono et al., 1997).

In apneics, P close tends towards higher values tim control
subjects. Airway collapse can occur at the levahefpalate or tongue base.
Positive P close predicted treatment effect ingmaisi with OSA. For patients
with positive P close, nocturnal oxygenation waswadized after UPPP in
27%, whereas oxygenation corrected 73% of OSA trepis with negative
P closg(Rowley et al., 1996).

Cephalometrics

Cephalometric radiographs are obtained and evaluatstandardized
manner. Relationships of different structures te @amother have been
assessed for predictive value in diagnosing OSA ewamluating surgical
outcome. Studies correlated postoperative outcamtbsincreased posterior
airway length, increased hyoid-mandibular lengtldl amcreased posterior
airway space (PASjRayan et al., 1990)

Li et al, (2001) report an increase in pharyngeal length and depth
48% and 52%, respectively, after maxillomandibuéatvancement and

report a high surgical success rate for these droes.
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Conflicting data were described bfgo et al, (1998), who found that
cephalometric radiographs reflect anatomic changestoperatively but
these changes did not correlate with efficacy agsmed by improvement in
the apnea hypopnea index (AHI).

Polysomnography

The polysomnogram (PSG) was first described id197 Holland et
al. since that time, PSG has become the “gold ataiidn diagnosis and
follow up of sleep apnea because it provides oljecbon sleep and
respiratory status. Originally, the only events leated were apnea;
however, analysis has expanded to include hypopareésespiratory event-
related arousals (RERAS). The diagnosis most freiyués made on the
basis of the sum of these events per hour or Rbfbrmation gathered
includes pulse oximetry, electrocardiography, nasal oral airflow,
respiratory effort, extremity electromyography, suEntal
electromyography, electro-oculogram, positionakypendent sleep changes,
and electroencephalographic evidence of aroy€aleman, 1999)

Despite collecting information on oxygen desaforgtarousals, limb
movements, sleep architecture and cardiac everdghabkis most often is
made by RDI alone. With the pressures of medicahemics, a variety of
polysomnographic portable technologies have evolt@ddecrease and
improve access and ease of assessment. Thesesstadge from fully
monitored home studies to overnight oximetry, altffioeach has limitations
in the data collectedSergi et al., 1998)

Parra et al, (1997) showed 89% concordance between AHI measured
by a home device and traditional PSKapur et al, (2000) reported that
unattended home sleep studies were acceptableh&revaluation and

diagnosis of OSA in 90% of cases.
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Fibreoptic nasoendoscopy:

Borowiecki et al. (1978) used simultaneous videoendoscopy and
polysomnography as research tools to try to detexrwhat happens in
the upper airway during an obstructive event. R&ievith moderate to
severe obstructive sleep apnea had a nasoendostwmréed into the
upper airway and then supported on a frame abavbdtd while they fell
asleep. Video recordings of the upper airway weaglanthroughout the
night. Different patients exhibited different les@f obstruction.

However, because of restricted movement of theeswdgd scope and the
relatively limited view, this technique was not dseutinely. Pringle
and Croft (1991) have devised an outpatient technique known agpsle
nasoendoscopy" which involves inducing sleep witlsnaall dose of
sedative then examining the upper airway duringrab8ve episodes.

Experience with this procedure has allowed the tbaton of a
grading system based on site of obstructiBnngle and Croft, 1993).
Patients who obstruct primarily at the velopharaigkevel can be
identified and offered uvulopalatopharyngoplastyevdas those who
have multisegmental collapse or tongue base callagas be offered
alternative treatment. The investigation is bestereed for those in
whom obstructive sleep apnea has already beenaiagnon overnight
sleep study, as these patients often require muelies doses of sedative

to induce sleep.

29



Treatment of Obstructive sleep apnea Review of fis¢ure

TREATMENT OF OBSTRUCTIVE SLEEP APNEA
A number of different treatment modalities for gngr and
obstructive sleep apnea have been advocated, adtivarying degrees of

success. No one type is effective for all patients.
Treatment modalitiesinclude:

A. Non-surgical treatment.

B. Surgical treatment.

A. NON-SURGICAL TREATMENT:

1. Weight Loss:

Obesity is considered one of the major risk facwirsnoring and
obstructive sleep apnea as it clearly worsensediierdy of both conditions.
Weight loss should be encouraged in all in all ebapnea patients to
decrease the mass load placed on the respiratgtgnsy to increase the
resting lung volume and to improve gas excha(igmirgil and Sobol,
1973)

Weight reduction improves levels of arterial oxygaturation while
the persons are awake and asleep, and shortens gpnieds in addition to
amelioration of snoring sounds in the majority ffieeted obese patients
(Pasquali et al., 1990)

Unfortunately, voluntary loss of large amounts ddigiht is difficult
for patients and maintaining such a weight loss isignificant problem.
Patients seem to be most successful with weightnwhey are carefully
supervised in structured programs. Surgically ireduweight loss (bariatric

30



Treatment of Obstructive sleep apnea Review of fis¢ure

surgery) including intestinal bypass, gastric stapbhnd the use of gastric

bubble has also been reported to resolve the sl@epa syndrom@eiser et

al., 1984)

2-M echanical devices:

Various approaches have been suggested for thengetiof snoring
and OSA.

I. Sleeping position devices.

Patients and bed partners commonly describe greatering and
more frequent apnea during sleep in the supindiposit was postulated
that the supine position facilitates gravity-asatal relapse of the tongue
against the posterior pharyngeal waknders, 1987)

An old idea of taping a marble on the snorer'skltacforce him to
sleep on his side “snore ball”, a tennis ball isipto a socket that is pinned
to the back of the snorer often between the shobldelesMoran, 1987)

Unfortunately, snoring is purely an involuntaryeplomenon, and if
these devices work, it is most likely because et the patient from going
to sleep altogethdFairbanks, 1987)

I1. Oral devices:

An oral device for the management of snoring andh@Sa small
plastic dental appliance. It is worn in the mouthig sleep to prevent the
oropharyngeal tissues and base of the tongue fraflapsing and
obstructing the airway. Most of devices may be helplace by gripping the
teeth with wire clasps or with flexible plastic maal of which they are

constructed. This is usually a methylmethacrylgtelyvinyl or other
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thermoplastic material that has been FDA-approved ihtraoral use
(Strauss, 1994)

Oral devices essentially function in three wayisstFby bringing the
mandible and base of tongue forward or by actingca$folding to support a
dropping soft palate and uvula. Second, by stabgizhe mandible and
preventing it from opening during sleep. This d@ssise geniohyoid muscle
in dilating the airway through protraction of thgold bone. Third, by
altering mandibular position through downward notat thereby causing an
increase in baseline genioglossus muscle activitychv is related to
maintenance of patent airway.

There are four basic types of oral devices: tHe salate lifter, the
tongue retaining devices (TRDs), the mandibularosémning devices
(MRDS) (fig 4), and the tongue posture trainingides. Within these types
there are variations in design that also affectwbekability of each. There

are differences in the way of each these devigedtifun (Strauss, 1994)

Fig (4): the mandibular repositioning devices.

[11. Nasal Dilators:

The nasal valve area is the narrowest passages iretipiratory tract
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causing more than half of the total resistanceasahinspiration in healthy
subjectgO'neill and Tolley, 1988)

A nasal dilator applied to the area of nasal valweng sleep increase
the nasal airflow and thus reducing snoring. Thetnile were dilated with a
plastic nasal device (Nazovent), and the air flovotigh the nose increased
and subsequently less negative intrathoracic pressvas needed for
inspiration (Irvine et al, 1984)

3. Drug thrapy:

pharmacotherapy has been suggested as treatmeno$e with mild

sleep apnea
A. Protriptyline:

Protriptyline, a non-sedating tricyclic antidepiess produces
variable but generally beneficial results in pasewith mild to moderate
obstructive sleep apné@lark et al., 1979)

Protriptyline decrease the percentage of time sperREM sleep.
Apnea is worse during REM sleep with its associatedcle relaxation.
therapy during the severity of nocturnal hypoxabyadecreasing frequency
of the more severe REM-related apn@®wnwell et al., 1982)

Protriptyline has many side effects, largely beeausf its
anticholinergic properties that frequently limis iuse. These include dry
mouth, urinary retention, constipation and impogBrownwell et al.,

1982)
B. Progesterone:

Medroxy progesterone, a synthetic oral preparatibas been
proposed as a possible treatment for central ipapa based on its central
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respiratory stimulant properties. Even though & haited effectiveness for

those with central sleep apnea, it has no demdnestraffectiveness in

patients with obstructive sleep apr{&#rohl et al., 1981)

c. Acetazolamide:

Acetazolamide, a carbonic anhydrase inhibitor, been shown to be
helpful in treatment of central sleep apif@fite et al., 1982)

Acetazolamide stimulates ventilation by increading hydrogen ion
concentration of arterial blood which is reportedl decrease apnea
frequency. Apnea associated arousals and the 8evefi oxygen
desaturation in patients with central sleep afiéaite et al., 1982)

D. Aminophylline Compounds:

Theophylline has been used effectively in childweith apnea or
periodic breathing, and is useful in patients vaémtral apnea but again has
not been shown to be effective for those with alwdive sleep apnea
(Sahan et al., 1978)

4. Electrical Stimulation of the upper airway:

Although electrical stimulation has not yet beemven to be an
effective treatment of patients with obstructiveefl apnea, it is worth
mentioning as a reflection of the innovative elothat are currently on
going to develop better therapies for this disarder

One proposed mechanism for pharyngeal occlusiowmbstructive
sleep apnea is tongue prolapse into the pharynixhwinay be due to
diminished neuromuscular activity in the genioglessiuscle which is the

principle tongue protrusor musdgl@emmers et al., 1978)

It is possible to reduce airway resistance in ahatiged dogs by
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electrical stimulation of the genioglossus musSlgbsequently, it is possible
that application of submental electrical stimulatiof the genioglossus
muscle using surface electrodes and electrical uition of 0.5 msec

(repetition rate, 50 Hz) at 15-40 volts reduce apinequency, percentage of

apnea time, frequency of oxyhemoglobin desaturatiod apnea duration

(Miki et al., 1989)

Indeed, this therapy was damped by a recent rapditating that
transcutaneous electrical stimulation failed toraegt upper airway size as
evidenced on fast computerized tomographic scanningwake patients

with obstructive sleep apnea and that it did ngprome sleep disordered
breathing in these patients during sléégmonds et al., 1992)
5. Nasal Continuous Positive Airway Pressure (CPAP):

Sulivan et al., (1981)nitially described the relief of obstructive
sleep apnea by the administration of air underl®d.2m HO pressure via
nasal prongs sealed within the nares. Shortly #fiene Rapoport et al.,
(1983) described the use of a self-sealing nasal maslugh which air
under pressure was delivered. The application ARCRia nasal mask has
been shown bySanders, (1987)to provide significant amelioration of
mixed as well as occlusive apnea with improvememt nocturnal
oxygenation. Also, it was found to be effective dminishing both the
central and obstructive portions of mixed apneatanded to be effective in
reducing apneas (fig 5).

Nasal CPAP is generally, but not universally, welerated by sleep
apnea patients. Several investigators using patiepprted data have
documented good compliance with home nasal CPAPslbgp apnea
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patients. However, the potential inaccuracy of ssisg patient reported data
Is obvious. Recently, studies have been conductedhwemployed timer on
the CPAP units to measure the machine run time lwbstensibly reflects
the duration of patient's uggairbank, 1994)

A new modality becomes available for delivering ipes airway
pressure in the treatment of sleep apnea, namelgv8 positive airway
pressurgbiPAP) (Sanders, 1987)

This device allows independent adjustment of tbsitive pressure
delivered during inspiration (inspiratory positiverway pressure), and
expiration (expiratory positive airway pressurejnpigting specific titration
of the pressure required to keep the upper airvedgnp during inspiration
and expiration. By definition, delivered pressuages the same during both
phases of the breathing cycle during CPAP admatistn, the pressure

during expiration must equal that during inspimatiSanders, 1987)
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Fig (5): diagram showing the mechanism of action of CPAP.

B.SURGICALTREATMENT

Indication for surgical intervention:
The need for surgical treatment of obstructive slapnea and for
snoring is determined basically by three factors:
» The severity of medical complications.
» Socioeconomic compromise due to disabling daytileepsness.
» Socially disturbing loud snoring.
Opinions differ on whether the severity of the plegnea syndrome
should be based on the medical complications or tlegree of

hypersomnolence.
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The degree of hypersomnolence should be considered

Marked: The patient cannot stay awake even wheivatet.
Moderate: The patient frequently falls asleep whensedentary, job
performance is suffering and driving is usuallygngicant concern.
Mild: The patient can stay awake to work satisfalstand complain

little about problems in driving short distancep {a 30 min).

The disease is considered life threatening if amya the following

conditions is met:

Significant bradycardia (below 40/ min) with apnea.

Asystole.

Ventricular arrhythmias.

CO2 falling frequently below 50%.

Cor-pulmonale.

Extreme hypersmnolence as measured by multiplep sbgency test
(MSLT).

Appropriate management decisions are most effdgtiaehieved by

multidisciplinary team that includes a sleep sgdetjapolysomnographer,

pulmonary physician and otolaryngologiBujita, 1981)

There are many surgical procedures for treatmergnofing and OSA

according to the level of obstruction:

= Nasal surgery:

It includes septoplasty for deviated septum, twebiomy for
hypertrophied inferior turbinates and endoscopnusisurgery (ESS)
for nasal polyp(Kao et al., 2003)
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= Palatal surgery:
- Uvulopalatopharyngoplasty (UPPP; U3P):
UPPP was first described Bijita et al, in 1981 It consists of
removal of the palatine tonsil, uvula, a portiortlud soft palate, and

the lateral pharyngeal wall is the most common isatgrocedure
for the treatment of OSAShepard et al., 1990)
- The uvulopalatal flap:

This procedure achieves anatomic results that endas to
those achieved with the UPPP but with less posativerdiscomfort
and fewer complaints of foreign body sensation &fig,8,9)(Powell
et al., 1996)

Poor candidates for the uvulopalatal flap are thegke a long,
thick uvula and significant palatal redundaripwell et al., 1996)

- Laser-assisted uvulopalatoplasty (LAUP):

LAUP was initially designed for the managementsabring
(kamami, 1990) Gradually, it has been extended to treating wario
degrees of obstructive sleep apnea (OSA). LAUP risoffice
procedure performed under local anesthesia andiresgseveral
sessions until satisfactory results are achieved.

During surgery, which has been extensively desdrilby
Krespi et al, (1994Yyertical trenches are created on either sideef th
uvula into the soft palate, coupled with shortenamgl trimming of

the uvula.
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Fig (6) Left tonsillectomy was performed; a triangular
incision (1 cm) from the upper pole of tonsillar fossa
toward third molar was incised with removal of
mucosa and submucosal adipose tissue. Right
tonsillar fossa was accomplished with enlargement in
upper and lateral dimension.

Fig (8)The denuded flap wasimbricated and sutured
to he proximal part of soft palate with 2-0 Vicryl.
Bilateral tonsillar fossae were closed to decrease
the dead space

Fig (7) The mucosal web between uvula and posterior
pillar was divided (0.5-1 cm) in an oblique
direction along the uvula. An incision was made 5

to 10mm below the posterior end of hard palateto Fig (9) The_appr_oximation of p(_)sterior and
upper margin of the tonsillar fossa in both sides. anterior pillarswas donein mattress suture
Left-angle scissors were used to dissect the plane with maximal |ater alization.

between submucosal adipose tissue and muscle
layer from the incison line toward uvular tip
(stripping technique). The uvular tip was excised
within the specimen.
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-Temper ature-controlled radiofrequency tissue ablation
(TCRFTA):

High frequency alternating current, usually fro®@03Hz to 3

MHz , flows from insulated tip of an electrode (woni bipolar) into

tissues. lonic agitation is produced in the tissaigsut the electrode

tip as the ions attempt to follow the changes m direction of the

alternating currenfPowell et al., 1997)

Coblation techniques for treatment of snoring &QBclude:

A- Coblation ablation technique.

B- Coblation channeling technique.

Coblation (cold ablation or controlled ablation) & bipolar

radiofrequency used in soft tissue surgd@iyms and Temple 2002)

-Transpalatal advancement pharyngoplasty:

Pharyngoplasty using the technique of palatal aceaent differs

from earlier descriptions in a shorter palatal flampore aggressive palate

mobilization and palate advancement using an astepteaving soft tissue

attached to bone (figl@J ucker et al., 2005)
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Fig (10)Intraoral view of pharyngoplasty with palatal adeamen

The palatal flap is constructed with its tip 1 camterior to the level of
bone removal (dotted line). The flap is medial ke tgreater palatine
foramen (stippled area, small arrow). A verticaldlime incision is

extended anteriorly and this allows wider exposUiee location of the
palatal drill holes are shown leaving a 5-mm marngjfirbone. The nasal
septum is visible in the midline. The posterioteasomized segment
remains attached to the tensor tendon (large sotiow). Laterally, the
tensor tendon is incised medial to the hamulusr{@eow)(Tucker et al.,

2005).
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= Oropharyngeal procedures:

Adenotonsillectomy:
The size of the tonsils and adenoids can be removedduced in a
number of ways. The surgeon's preference, cost,pastbperative
pain and complications dictate which methods aredus each
institution, which are subject to change over timiéde methods
include use of convential adenotonsillectomy, hkapolcautery,
harmonic scalpel, coblation, temperature-controliadiofrequency,
or microdebrider-powered shavers.

= Surgeriesfor tongue base obstruction:

o Surgical proceduresfor tongue stabilization or
advancement as.

Tongue suspension:

After an intraoral incision is made in the fremalua titanium screw is
placed at the lingual cortex of the geniotuberdighe mandible and a
permanent suture is passed through the paramealigud musculature
along the length of the tongue, through the torgpse, and back through
the length of the tongue musculature. It is theohared to the screw,
pulling the tongue base anterioflerris et al., 2002)

Hyoid myotomy and suspension:

A horizontal cervical incision over the hyoid boisepreferred, and
the dissection is carried down to the suprahyoidsculature. The
midline hyoid bone is isolated and then advancest tve thyroid ala. It
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Is secured with two medial and two lateral permarsrnures (fig 11)
(Riley et al., 1994)

The modified hyoid myotomy and suspension procedure. (From Riley RW, Powell
NB, Guilleminault C: Obstructive sleep apnea and the hyoid: A revised surgical procedure.
Otolaryngol Head Neck Surg 111:717, 1994; with permission.)

Fig (11) the modified hyoid myotomy and suspendgiRiley et al., 1994)
Genioglossus muscle advancement:
Window mandibular osteotomy is done to free theadubercle then
forward fixation of the rectangle osteotomy aftetation then the tongue is
pulled anteriorly by about 10-14mm (thickness c# tlespective mandible)

(fig 12) (Riley et al., 1990Q)
M axillomandibular advancement (MMA):
Le Fort 1 osteotomy with advancement and a sagittal spiitusa

osteotomy with advancement is modified by maxingzihe distances that

the segments are moved and filling the defects watlvarial bone grafts.
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The overall average advancement of the genial tldbées 21 mm (fig 13).

The response rate for this surgery is over §Bdey et al., 199Q)

The genioglossus advancement procedure. A, Anterior view of present techniqqe.
The rectangular geniotubercle osteotomy modification offers excellgnt tension on (he genio-
glossus muscle with a minimum fracture risk and is technically reliable. The geniotubercle
fragment presently is rotated only enough to allow bony overlap. A single mfelnoﬂy placgd
miniscrew is placed by a lag technique; occasionally, a superiorly p_laced microscrew is
needed to adequately fix the fragment. B, Lateral view of present technique.

Fig (12) genioglossus muscle advancen{diroell et al., 1998)

Fig (13) the maxillomandibular advancem@aowell et al., 1994)
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o Surgical proceduresfor tongue bulk reduction as:

L aser midline glossectomy (LM G):

This procedure, devised to tackle the problem of
hypopharyngeal, collapse. It is an alternative e tnaxillofacial
procedures. After a covering tracheostomy, & (&@er is used via an
operating microscope and a rectangular area oftdhgue base
excised down to the valeculla. Further tongue bagpertrophic
lingual tonsils or redundant aryepiglottic folde also excised using
the laselFujita, 1991).

Lingualplasty:

This is the same procedure as the LMG except tiditianal
tongue tissue is removed posteriorly and lateratlythe portion
removed by LMG. Lingualplasty is usually combinedthw a

tracheostomy for airway protectigWoodson et al., 1992)

Radiofrequancy tongue base reduction:

This procedure involves an insulated probe dahger
radiofrequency energy of 465 klto reduce the volume of tongue
tissue by producing coagulation necrosis and hgatp scar and

musculature contractu(@owell et al., 1997)

= Tracheostomy:
Tracheostomy was utilized as an effective treatmfnt
obstructive sleep apnea, long before the diseasefuilst recognized as
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an entity or even named. While never methods haisplated
tracheostomy as the primary treatment for the dsetracheostomy is
not yet obsoletéFairbanks, 1994)
Tracheostomy can be performed as a permanent@oliai sleep apnea
or can be temporary, together with UPPP to pratieetairway in the
immediate post-operative peri@gairbanks, 1994)

I ndication for tracheostomy for OSA:
* Morbid / retrogenathia.
» Excessive hypopharyngeal/tissue obstructing byamiexamination

of larynx.

» Oxygen desaturation below 50% on polysomnograph.

» Significant cardiac arrhythmias during apneas.

The immediate improvement in symptoms after trastwuy is
dramatic. Its effectiveness in controlling cardiacrhythmias and
improving symptoms of pulmonary hypertension angganation is well
documentedThawely, 1993)

Although tracheostomy is an effective therapeutathud for patients
with significant obstructive sleep apnea, the penéince, postoperative

care, and long time follow up require an active ensthnding of the

potential probleméThawely, 1993)
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Failuresin CPAP therapy

The standard therapy for obstructive sleep apnea mocturnal
ventilation therapy with continuous positive-airwasessure (CPAP). In
almost all cases, CPAP ventilation leads to a realu®f pathological

respiratory events to a physiologicaléé(Aloia et al., 2005).

CPAP provides a pneumatic stent for the upper gireminating
the airway collapse during inspiration. It is adisiered by a soft mask
that covers the nose only. Sufficient pressurantioduced to eliminate

apneas, hypopneas, and snofjAlpia et al., 2005).

The criterion standard for determining the amouhtpressure
appropriate for each patient is the PSG. In someecg, this is performed
as a split-night study, with data from the firstfha the night used for
diagnosis of SDB. Once this diagnosis is maddéafRDI is sufficient to
suggest benefit from initiation of CPAP (usually RBI of 20 or more),
the second half of the night's study is used teerd@he the optimal
amount of pressure. The disadvantage of the gglittrapproach is that
the second half of a full night study often revealsre severe sleep
apnea, so a diagnostic study limited to the firakf lof the night can

underestimate disease seve(Dpherty et al., 2003).

The amount of pressure delivered is reported asHz®. An
average starting point for CPAP would be 8-10 cs® HPatients report
that pressures at these levels feel odd but aeratdk even when

beginning treatment and become more tolerable ep#tents become
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accustomed to treatment. Higher levels (>15 c@)-bften are not well
tolerated(Doherty et al., 2003).

When a second overnight study is logistically difft, some
clinicians empirically start a patient on CPAP watlpressure of 8-10 cm
H,O. A new generation of CPAP machines can senseath@unt of
pressure needed to overcome upper airway resistdhagents are
sometimes started using these machines withoutoa fitration study.
Alternatively, an autotitrating machine can be ukedseveral nights, the
record of amount of pressure required to suppressas and hypopneas
can be downloaded and studied, and a suitableIynightssure can be
determined in this fashion. Also, the amount ofspuge required to
suppress snoring can be used as an audible guajgtopriate pressures
(Stammnitz et al., 2004).

A patient who routinely takes sedatives or ingedét®hol during
the evening and does not intend to change thisldlpyabably be tested
after continuing their usual nightly routine. CPARration without
sedatives or alcohol is likely to lead to undettimreent of the SDB at
home, when such patterns are resu(@édia et al., 2005).

Most patients feel better during the daytime onftrst day after
beginning CPAP. During the first week of treatmemipst experience
rebound sleep with prolonged episodes of REM sl&dpep patterns
become more normal after the first week. For thesssons, several
weeks of CPAP use may be helpful for normalizabbsleep patterns in

patients with severe sleep apnea who plan to undsuggery. Sleep
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patterns should be normalized prior to the plarswedery(Kawahara et
al., 2005).

Regular use of CPAP improves both the patients' taed bed
partners' quality of life. The treatment lessengregsive symptoms, and
improves daytime functioning, blood pressure ansulin sensitivity.
Asthmatic OSA patients have fewer nighttime sym@@iawahara et
al., 2005).

Most physicians agree that patients with a resmiyatlisturbance
index (RDI) greater than 20 require treatment. CRAR also be useful
for patients with a lower RDI, especially if thexperience daytime
sleepiness or other symptoms. If the severity ef daytime symptoms
and the Epworth Sleepiness Scale score are muektegt®an would be
expected with a particular RDI, a trial of CPAP chelp determine
whether elimination of the SDB leads to improvemehtthe daytime
symptoms, or if other factors contribute to the toag symptoms
(Douglas, 1998).

Patients who are unlikely to benefit from CPAP utg those with
such severe nasal obstruction that CPAP cannotsed, patients with
such extreme claustrophobia that they cannot teleaanasal mask, and
patients in whom CPAP does not reliably elimingbaems, hypopneas,

and snorindDouglas, 1998).

Drawbacks for CPAP treatment include the followingome
patients have much difficulty adjusting to using ABR Overall

compliance rates can be low (46% in one study definse as at least 4
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h/d, 5 d/wk) (Jean et al., 2005). The points below may assist the

physician in improving treatment compliance.

Claustrophobia: Many patients report claustrophobia. They find
that the sensation of covering the nose with a maskes them so
uncomfortable that they cannot tolerate wearingmf@&PAP. Sometimes
this can be helped with a smaller or more transpamask design. Use of
nasal pillows (inserted into the nostrils) instedca formal nasal mask
may allow such patients to tolerate the CRRBuglas, 1998).

Trouble tolerating initial pressure: Especially when higher
pressures (>12-13 cm,8) are required for elimination of apneas and
hypopneas, patients may find this level of pressm@mfortable. Many
CPAP machines have a built-in ramp or gradual eeein pressure.
Using this feature, the mask can be placed andpredegun at a very
low and easily tolerated level. Over 30 minuteg ginessure gradually
builds to the full amount necessary. Often, thaepatcan fall asleep
during this ramp-up time. The full pressure is ns¢d until the patient is
actually asleegBachour et al., 2004).

Nasal obstruction:

Evaluation by an otolaryngologist reveals whethas tis
predominantly a fixed skeletal obstruction or at d&fsue
obstruction potentially modifiable without surgeiarked
septal deviation or turbinate hypertrophy usuakyguires
surgery for resolution. Alar collapse may be adégya
treated by internal or external dilators (eg, BmeaRight
strip, Nozovent). Surgery is sometimes requiredémair of
marked alar collapsgMcArdieet al., 1999).
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Mucosal edema may be due to allergic rhinosinusitiso
vasomotor or irritative rhinitis. Allergy testingna treatment
and pharmacotherapy trials (eg, topical steroids or
antihistamines, oral antihistamines or decongestanay be
beneficialMcArdieet al., 1999).

One way to determine whether sufficient potentially
reversible mucosal edema exists to pursue thatuaveh
treatment is the topical decongestant test. Thiergaises a
nasal topical decongestant (eg, oxymetazoline)edititne
for several days, with the patient and bed partibserving
for any improvements in snoring or apneas. A marked
improvement suggests potentially reversible mucedama
as a main contributor to the nasal obstructionluFaito
improve suggests a fixed skeletal obstruction tleguires

surgical correctiorfMcArdle et al., 1999).

Sometimes the dryness of the air or its temperanag be
irritating to the patient. Use of in-line humidifiton and
warming of the inspired air may alleviate patierscdmfort
(Neill et al., 2003).

Facial or nasal pain: Sometimes this pain can be related to a
poorly fitting mask. With the many different type$ masks available
now, different styles and sizes can be tried tectethe optimal fit for
each individual anatomy. Because the mask is pulggat against the
face, an edentulous anterior maxilla may not previte resistance
necessary for a good fit. Leaving dentures in giincan help with this. If

the facial or nasal pain persists despite maskirgfj evaluation for nasal
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obstruction or chronic sinusitis may be helpful eTGPAP Pro delivery
method anchors the tubing to a platform based oru@per retainer,
obviating the need for a forehead st({ijrArdle et al., 1999).

Dry eye or other eye discomfort: If the mask does not seal well,
shift of pressurized air from the upper end of tha&sk toward the eye
may occur, causing dry eye or even exposure kistaktask refitting

usually eliminates this probleBachour et al., 2004).

Mouth falling open, awakening with dry mouth: Sometimes a
chin strap is required to prevent the mouth froneropg at night. A
commercially available disposable adhesive bandameused to pull the
chin up toward the lower cheedselll et al., 2003).

Epistaxis. Epistaxis may be related to the high-flow dry and
may be helped by humidification and warming of ithepired air(Neill et
al., 2003).

Nasal drying: Forced dry air can be irritating to the nose,
encouraging mucosal inflammation and crusting. bs@dumidified air
for CPAP usually eliminates this probldideill et al., 2003).

Although CPAP provides good improvement in symptoamnsl
physiologic parameters, compliance with treatmentnot good, with
regular use sometimes estimated as low as 30%.rdRigopatient

education and early reinforcing follow-up may imypedong-term use.

Variations of air pressure delivery can sometime&«enCPAP use
more comfortable for patients. Autotitrating posgti airway pressure

(APAP) continually adjusts the pressure to bareleroome the
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collapsing forces. Bilevel positive airway pressyBPAP) provides
higher pressure during inspiration (when the pneimsalint is needed to
prevent obstructive airway collapse) and lower suwes during
expiration. C-Flex is another autoadjusting delverethod that increases
pressure toward the end of expirations, as collagsdd usually begin,
and decreases pressure during early expirationerf@atwho require
higher pressures to overcome obstructive apneas tolayate these
devices better than the one-level n-CPAP, whichveed the higher

pressure throughout the entire respiratory cg¥életor, 2004).
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M easur es of surgical success

Patients should undergo a postoperative polysomnogram three to
four months after upper airway reconstruction, to determine the response
to surgical therapy.

Many authors concluded that postoperative snoring level, Epworth
Sleepiness Scale (ESS) and Quality of life questionnaire are necessary to
assess the subjective symptoms elimination and they are obtained from
both the patient and bed partner (Friedman et al., 2006).

However, it is well known that subjective improvement of patients
symptoms often does not correlate well with objective measurement,
many studies have reported subjective improvement rates that far higher
than objective improvement rates (Senior et al., 2000).

Friedman et al; concluded that they have a significant
improvement in both snoring levels and ESS scores with an overal
subjective improvement in 73.9% of patients studied for the treatment
with the Pillar Implant system after failed U3P operation and also quality
of life scores demonstrate significant improvement in al domains.

However, their data indicated that objective cure was only
achieved in 21.7% of patients undergoing the procedure.

Other authors concluded that postoperative fiberoptic
nasendoscopy is necessary to assess the anatomical improvement in the
airway especially in the retropaata obstruction (fig 14) (Tucker et al.,
2005).
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Fig (14) Preoperative and long-term postoperative photographs of
the retropalatal airway in 2 patients (A and B) are shown. Preoperative
(left) and postoperative (right) are shown with the posterior pharyngeal
wall to the top and the soft palate to the bottom of the photographs. (A)
Thereis significant enlargement in the lateral pharyngeal walls, which are
now concave in appearance. (B) In this patient, the velopharynx is
constricted with a small opening as well as proxima muscular posturing
of the palate in the preoperative photo. Postoperatively, the enlargement
of the velopharynx and muscular posturing is absent (Tucker et al.,
2005).

The success of surgical intervention has been defined in a number
of ways, awidely cited metaanaysis by Sher, Schectman and Piccirillo,
(1996) described athreshold of success that allows for a 50% reduction in
the apnea hypopnea index (AHI) (with a postoperative AHI of less than
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20) or a 50% reduction in the apnea index (Al) (with a postoperative Al
of lessthan 10).

A stricter definition has also been used that acknowledges only the
AHI which must yield a 50% improvement, with a postoperative value
less than 20.

In addition to objective polysomnographic improvement, patients
should experience relief from their snoring and improved sleep hygiene.

The dimination of neurocognitive dysfunction, especialy
excessive daytime sleepiness (EDS), corresponds to reports of better-
quality sleep, improved ability to concentrate, elimination of the necessity
of naps and improved work performance (Troell et al., 1998).

If neurocognitive dysfunction exists, even with mild obstructive
objective sleep parameters, additional treatment should be considered
(Troell et al., 1998).

Many authors previously used an RDI (Respiratory Disturbance
index) of 20 as such a level of success, this number is based on limited
mortality datareported by He et al, (1988).

The success rate differs greatly according to the measures of
surgical success, for example, the success rates for U3P when defined as
a 50% decrease in the Al; the response rate is 83.3% for patients with
type I narrowing or collapse versus 19.0% for patients with type II and

type I11 narrowing or collapse.
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But when defined as a 50% decrease in the RDI, the response rate
IS 67.1% for patients with type I narrowing or collapse versus 23.7% for
patients with type II and type III narrowing or collapse (Sher et al.,
1996).

Johnson and Chinn, (1994) achieved a mean reduction of 44.1
points on the RDI (from a preoperative value of 58.7 to a mean
postoperative value of 10.5) in patients undergoing U3P and genioglossus
advancement without HM, when defining success as a RDI of less than

10, seven out of nine patients (80%) where successfully treated.

Troell et al, (1998) reported that seven of eleven patients (63.6%)
who underwent a U3P with genioglossus advancement and HM were
cured with cure defined as a postoperative RDI of less than 10.

Vicente et al, (2006) reported 78% success rate for patients with
severe OSA who underwent U3P with tongue base suspension technique
performed with the Repose system with the surgical success defined
when the ESS dropped below 11 and the AHI decreased below the
threshold of 20 events per hours of sleep and at least 50% from the

preoperative value.

Waite et al, (1989) published results from 23 patients who
underwent MMA with a surgical success rate (defined as RDI of less than
10) of 65%, their success rate increased to 85.9% when their threshold of
response was lowered to a postoperative RDI of less than 20.
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Obesity asa cause of failurein OSA surgery

Obesity is a major risk factor for obstructive gleg@nea syndrome
(OSAS) and is present in approximately 60% of pasievith OSAS
(Young et al., 1993).

Although the exact pathophysiologic relationshipwien obesity
and OSAS has not been defined, the effect on tiveagisize and the
collapsibility from excessive fat deposits in thieap/nx as well as the
reduction in lung volume has been implica8ttobel et al., 1996).

Obesity and sleep apnea are a chicken and eggeproltd is not
always clear which condition is responsible for tiker. For example,
obesity is often a risk factor and possibly a canfsgeep apnea, but it is
also likely that sleep apnea increases the riskwieilght gain: Some
studies indicate that sleep apnea disrupts rap& rgvement (REM)
sleep, which, in turn, increases the risk for diyedResearch indicates
that animals deprived of REM sleep tend to eat mBesple with apnea
may also become too tired to exercise and so puteaght(Wittels et al .,
1990).

The evidencdor an association between obesity and OSA is well
documentedywith obesity shown to be a risk factor for OSA iotlp
adultsand children(Gami et al., 2003). In obese adults, the reported
prevalenceof OSA is about 40%; in extremely obese adults (EMO
kg/nt), the prevalence increases to 98%ami et al., 2003).

Few OSA studies havbeen conducted in the obese pediatric
population.Marcus et al. (1996) reported that 36% of obese children and
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adolescentsad abnormal polysomnograms (PSGs), and they htswes

a positivecorrelation between the degree of obesity and évergy of
OSA. Silvestri et al. (1993) reported a 59% prevalence of OSA®bese
children and adolescents, similarly showing anaasedrend as obesity
became more severe. In a pediatric populatieferred for sleep
problems, Mallory et al. (1989) found that37% of children and
adolescents suffering from severe obehbigyl abnormal PSGs, and of
those patients, 24% were diagnoseith OSA.

Obesity has been found to be directly related ® sbverity of
OSAS(Vgontzaset al., 1994). In addition, obesity has been implicated as
a poor prognostic factor in sleep apnea surgeryoMaeight gain was
associated with surgical failures, although thees wo negative effect
from aging and minor weight ga(hi et al., 2000). Failures after UPPP
was related to preoperative BMI and postoperatiegit gain(Larsson
et al., 1994).

Consequently, massive weight loss via dietary ogisal methods
seems to be a logical treatment option in patieits morbid obesity
(BMI >40 kg/m2) and severe OSAS who are intolerafit nasal
continuous positive airway pressure (CPAP) andsexutracheotomy
(Yale, 1989).

Currently, bariatric surgical procedures includitige vertical
banded gastroplasty and the gastric bypass are tsegroduce
malabsorption and restrict gastric volume for weiggntrol(Yale, 1989).
However both operations have associated mortabktyvéen 0.3% and
1.6%. In addition, significant perioperative cornsplions presentYale,

1989). Furthermore, poor long-term outcomes with sigaifit weight
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gain above the preoperative weight level have breported(Wolfel et
al., 1994).

Dietary weight loss may seem to be a simple metimodhe
treatment of OSAS. However, the results are gelyanat as dramatic as
the results from surgical methods. Furthermorgamdess of the method
of dietary alteration, there is a high degree ¢dpges after weight loss
(Wilson et al., 1994).

More importantly, although OSAS has been showmfwove in a
majority of patients after significant weight loky either dietary or
surgical methods, many patients continue to hagmifgiant apnea
(Charuz et al., 1992). And a recent report has demonstrated the
recurrence of sleep apnea despite maintenance ightviess several

years after bariatric surgefiillar et al., 1994).

An important treatment consideration in the treathad morbidly
obese patients is the potential of the coexistibgsay-hypoventilation
syndrome (OHS), characterized by obesity and chrdrypercapnea,
OHS and OSA often coexist in morbidly obese pasie@HS has been
shown to influence the outcomes of tracheotomyhe treatment of
OSAS(Alexander et al., 1962).

Kim et al., (1998) performed tracheotomy in OSA patients that
were divided into three different groups basedhengresence or absence
of concomitant cardiopulmonary or upper aerodigestiact dysfunction.
Interestingly, tracheotomy only achieved a less th@% cure rate (RDI

<20). This subgroup of patients was found to baiB@antly heavier and
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the persistence of sleep-disordered breathing égssavas found to be
associated with hypoventilation and hypoxemia d#S0O

Rapoport et al. (1986) treated eight patients with OHS and OSAS
with either tracheotomy or nasal CPAP. Althoughespwas improved in
all of the patients, two patients continued to hameapnea index greater
than 10 events per hour, and four of the eightep&i remained

hypercapnic, i.e., having persistent OHS.

OHS was found to be an important factor in thettneat failure of
airway reconstructive surgery for the treatmens@fere OSA in obese
patients. Therefore, a thorough preoperative etaluaincluding a
pulmonary function test to identify the coexistenafe OHS must be
considered before embarking on any surgical recoctgdn in this
patient populatioriKim et al., 1998).

Patients with significant OHS and OSAS should ugdema
tracheotomy or use nasal CPAP for airway protectrwlysomnography
with the tracheotomy tube unplugged or with theah&PAP applied
should be performed to identify the potential ofrgment sleep-
disordered breathing episodes due to OHS. Thisawaid embarking on
any surgical reconstruction that would be doomedaibdue to OHS
despite a significant improvement of the OSKSn et al., 1998).

However,Kasey et al., (2000) underscore the importance of weight
reduction as a treatment option for OSAS in obeskviduals as they
performed airway reconstructive surgery i.e. phaseeconstruction
(uvulopalatoplasty, genioglossus advancement, @nlybid suspension)

and phasell reconstruction (maxillomandibular advancement) Zin

62



Obesity as a cause of failure in OSA surgery review of literature

patients . Seventeen (81%) of these patients waceessfully treated
(RDI <20). Although every patient in this study ti@gs minimum 15 kg
immediately after the completion of their airwayceoastruction, the
majority of the patients regained all of their wdigwith some patients
weighing more than the preoperative level at tmeofiths’ postoperative

polysomnography.

So, Kasey et al., (2000) stated that airway reconstruction for the
management of severe OSA in the morbidly obesematiis a viable
option, and the weight reduction was not likely ajon factor since the

majority of the patients remained morbidly obese.
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Hor monal disturbances

Recognition of the influence exerted by other dissaand
syndromes may contribute to the challenge of daffedDSA treatment.
"Disproportionate anatomy" among the base of thegue, narrow
mandible and hypoplastic mandible affects uppewayr dynamics
(Rojewski et al., 1984)This disproportion can be seen in syndromatic
patients and in hormonal disturbances.

A number of hormones interact with sleep and bregthSDB
affects hormonesia a number of mechanisms. Conversélgrmones
and endocrine states induce, aggravate or alleSiaR(Saaresranta et
al., 2002).

SDB and sleep disturbances may interact with hoeram several
ways. Episodes of apnoea or hypopnoea cause siagmédntatiorand
disturb sleep cycles and stages. Arousals may endiiessesponse
resulting in increased levels of stress hormdisgsith-Schwalbe et al.,
1991)

Hypoxia may also have direct effects on centraroansmitters
which result in alterations in the hypothalamo-p#ty axis and in
secretion of the peripheral endocrine glari@&mple et al., 1981)
Hypercapnia alone or combined with hypoxia may ease level®of
renin, adrenocorticotrophic hormone, corticostespidldosteroneand

vasopressifiRaff et al., 1983)

Finally, disorganisation of sleep, sldeps and naps disturb sleep-
controlled endocrine rhythms resulting endocrine and metabolic
abnormalitiegRaff et al., 1983)
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The direct and indirect effects of hormones anderide disorders
on sleep and breathing are mediatedseveral pathways.

Male gender and postmenopausal state, as risk factoksséx

hormones to the pathophysiology of SgHblo-Kantola et al., 2003)

Sleep apnoea is comman acromegaly(Weiss et al., 2000)
hypothyroidism(Pelttari et al., 1994)r Cushing'syndrome(Shipley et
al., 1992).

The most recent studies suggistt SDB may not only complete
the clinical picture but play central role in the pathophysiology of
obesity(Vgontzas et al., 2000The prevalence estimates of sleep apnoea

among various endocrisgates and disorders are shown in table 4.
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Table 4 Prevalence of sleep-disordered breathingame endocrine disorders and states

Prevalence of sleep apnoea % Sample size

Diabetes type 1 31
42
Diabetes type 2 1.9 (versus 0.3 in

nondiabetics)

36 (versus 14.5 in
nondiabetics)

Diabetes with 37 (versus 0 in those without
autonomic AN)

neuropathy 0 (versus 6 in those without
AN)

26 (versus O in those without
AN)

Hypothyroidism 82
100
25

7.7 (versus 1.9 in controls)

Acromegaly 40 with active, 0 % with
inactive disease
45
81
39
Cushing 45
disease/syndrome
Polycystic ovary 17
syndrome
44
Postmenopause 2.7 (versus 0.6 in

premenopausal females)

AN: autonomic neuropathy

16
12
579

25

8 (and 8 without AN)

8 (and 8 without AN)

23 (and 25 without
AN)

1110 20 26

10 with active, 11 with
inactive disease

11
53
54
22

53

18
314
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Hypothyroidism

A link between SDB and hypothyroidism is suggedigdhe high
prevalence of sleep apnoea among hypothyroid gati@articularlyin
rare myxoedematous patients (77-100%®elttari et al., 1994)
Therefore, symptoms of SDB should be routiraalged in all hypothyroid

patients and sleep studies should¢desidered when symptoms present.

The increased prevalence of SDB appears to besdetat obesity
and male sex rather than hypothyroidipen se (Pelttari et al., 1994)
However,decreased ventilatory responses, extravasatiofbafma and
mucopolysaccharides in the tissues of the uppesgi(Orr et al., 1981)
and hypothyroid myopath{Grunstein et al., 1988have been suggested
as possibleontributing factors for SDB in hypothyroidism.

The decreased ventilatory responses increase witmoxin
replacement(Zwillich et al., 1975) and episodes of apnoea may
disappear. Howevelin et al, (1992)concluded thasfter initiation of
thyroxin replacement therapy, patients nenore more, suffer from

nocturnal chest pain and ventricudarhythmia.

A temporary worsening of SDB after onset of thynotherapy
could be due to an increase in basal metabolic irateeased oxygen
consumption and increased respiratory driwdich could promote
periodic breathing and upper airway instabilrolonged episodes of
apnoea and lower oxyhaemoglobin saturatiounld be risky in patients
with pre-existing coronary heartlisease. To avoid the possible
complications, hypothyroid patientsth SDB should be, at least, initially

treated with nasal CPARWhen the steady state has been achieved and the
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patient no longehas symptoms of hypothyroidism, the need for nasal
CPAP therapyas to be re-evaluatédin et al., 1992)

In patients with OSAS, the prevalence of hypothgisom is 1-3%
(Winkelmann et al., 1996)which does not essentially differ from that in
the general population. Screening for hypothyroidismpitientswith
sleep apnea does not seem necessary unless thatigatymptomatic or
belongs to a risk group.€. females aged60 yrs) (Winkelmann et al.,
1996)

Catecholamines

In blood and urine, high levels of catecholamine=l aheir
metabolites reflect increased sympathetic activitjuscle sympathetic
nerve activity is greater in obese than in normeight subjects, and
greater in sleep apnoeics than in age and BMI-nedtatontrols
(Narkiewicz et al., 1999)

Hypoxia and hypercapnia induce sympathetervous system
overactivity. The sympathetic responsefiypoxia and hypercapnia are
further potentiated during apnoeaehen the inhibitory influence of the

thoracic afferent nerves eliminatedNarkiewicz et al., 1999)

Nocturnal noradrenaline levels correlatth OSAS severity and
oxygen saturatiorn(Eisenberg et al., 1990)Also sleepfragmentation
leading to chronic partial sleep loss is likeycontribute to the increased
sympathoadrenal activity andcreased circulating catecholamine levels
encountered in OSAShis assumption is supported by observations in
healthy male/olunteers. One night of partial sleep deprivatiesultedn

increases in circulating noradrenaline and adreedévelqlrwin et al.,
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1999) Most studies report a positive relationship bemwvepisodesf
obstructive apnoea and noradrenaline levels, wkegaminority of
studies has found a relationship between adrenamepisodes of
obstructive apnoe@Coy et al., 1996)

Acromegaly

The association of snoring and daytime sleepinedsaaromegaly
was first reported more than a century ago (Roxbuzg al., 1896).
Macroglossiaand pharyngeal swelling are the most probable reafur
the high incidence of SDB in acromegalfMezon et al., 1980)
Accordingly, sleep apnoea alleviates when tissysehyophydecreases

with somatostatin analogue treatm@ptet al., 2001)

Growth hormone and insulin-like growth factor (IGHnay also
have a direct role in the pathogenesis of sleepegbut thebservations
are controversia{Grunstein et al., 1991)Some investigatoneport an
association between the presence of sleep apnogéehigih growth
hormone and IGF-I level§Rosenow et al., 1996; Perks et al., 1980)
whereas thethers fail to show any association between obsweisleep
apnoea and biochemical activity of acromed®&sgkkarinen et al., 1987;
Grunstein et al., 1991).

The high IGF-I levels in acromegaipay drive breathing and
result in increased hypercapnic ventilatsesponse measured during
wakefulness , and increased frequentycentral apnoea or periodic
breathing with symmetric waxirgnd waning respiratory efforts during
sleep(lp et al., 2001)
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Treatment of acromegaly with adenomectomy or ottfeanay
cure acromegaly related OSAS. The operative teamaldhe aware of
the risks of performing the trans-sphenoidal ademassection in
acromegalic patients with sleep apnoea in whper airway oedema
could potentially further aggravate gasxchange postoperatively
(Guilleminault et al., 1980) Octreotide treatment may prompdieviate
OSAS, and thus its preoperative administration recommended
(Rosenow et al.,, 1998)Preoperative nasal CPAP theragguld also
reduce the perioperative risKkRRosenow et al., 1998)Perioperative
tracheostomys the safest and sometimes the only alternatioseture

breathingafter surgery.

After adenomectomy, sleep apnoea persists in diférypatient,in
particular, in those whose growth hormone levetsaia highin addition
to endocrine factors, the high prevalence residual SDB after
adenomectomy could be related to soft tigsgmertrophy, which remains
unaltered. However, uvulopalatopharyngoplastynot feasible in the
treatment of acromegaly related OSA&sal CPAP with new pressure

titration is often needed afteurgery(Rosenow et al., 1998)

Growth hormone deficiency

Not only excessive growth hormone production, dgb growth
hormone deficiency could link with sleep apnoeand@gmes with
hereditary growth hormone deficiency are often assed withobesity,
craniofacial and pharyngeal abnormalities predisygds SDB.

Sleep apnoea patients have low growth hormonedevighoutany

specific causes of growth hormone deficieri@runstein et al., 1989)
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Growth hormone secretion occurs mostly during sleep, ad%h of
nocturnalgrowth hormone pulses are associated with slow-wsd&ep
(Van Cauter et al., 1992)In OSAS, growth hormone secretion is
decreased not ontue to obesity, but also because of sleep fragriienta
resulting in decreased amount of slow-wave s(é=a et al., 1986)

In addition, repetitive hypoxaemia may affect growth hormone
secretion. Inanimals, hypoxia inhibits growth hormone release or
biosynthesis. Growth hormone deficiency in adu#tsassociated with
impaired psychological well-being, insulin resistance, ehebal
dysfunctionjncreased visceral fat, increased cardiovasculataiity and
accelerated agein@onceicao et al., 2001)Similar features are typical
in OSAS,which raises the question of a possible link betw&SAS-
relatedgrowth hormone deficiency and the comorbidity see®SAS.
Indeed, patients with severe OSAS have similarl¢ewé IGF-Ito adult
patients with growth hormone deficien@@runstein et al., 1989)Low
IGF-I may contribute to an increased risk for cardioviscdiseases

among sleep apnoeics.

Two reports suggest that growth hormone replacethenapymay
also affect sleep and breathi(@erard et al., 1997; Nolte et al., 2002)
Among 145 childreron growth hormone replacement, four developed
sleep apnoeain three cases this was associated with tonsillzat a
adenoidahypertrophy(Gerard et al., 1997)Sleep apnoea improved in
one patient after cessatiohgrowth hormone therapy, and in all patients
following tonsillectomyand adenoidectomy. In five, male, middle-aged
patients withpostoperative pituitary insufficiency, cessation grbwth

hormonereplacement for 6 months resulted in a decreassbstuctive

71



Hormonal disturbances review of literature

apnoeic events but in an increase of central apneeents. Following
cessation of growth hormone replacement, slow-wslgep decreased
markedly(Nolte et al., 2002).

At least in theory, an unfortunate coexistence rofagh hormone
deficiency and SDB would result in a potentiallycigus interaction
between two altered physiological functions, resgltin severe
anatomical abnormalities. A primary growth hormatediciencycould
predispose to SDB through short stature, craniafgcowth retardation
and low respiratory drive. SDB would furtheeggravate growth hormone
deficiency through sleep disturbanée.primary SDB could aggravate
itself by affecting craniofaciabnd upper airway soft tissue growth
through induction of secondagyowth hormone deficiencfNieminen et
al., 2002)

In patients with growth hormone deficiency and wtledisposing
anatomical abnormalities for SDB, a systematic esurey for SDB is
encouraged. Nasal CPAP treatment and maxillomatatilsurgery are
feasible therapeutical approaches in these pati€éneatment of SDB
may result in normalisation of growth hormosecretion and normal
growth in children(Nieminen et al., 2002) Converselysymptoms of
SDB should also be monitored during growth hormosglacement

therapy because of increased risk of SDB.
Diabetes mellitus

The prevalence of SDB in type-1 diabetes remairsetoonfirmed.

Some authors have reported a prevalence rate e slgnoeas high as
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42% (Mondiniet al., 1985)whereas others have not observed a difference
from the general populatiqCatterall et al., 1984)

Small sample sizes and differediagnostic criteria for sleep
apnoea may explain some of ttiscrepancy. Diabetic children (n=25)
have more episodes apnoea during sleep and the duration of apnoeic
events is longethan in healthy controléVilla et al., 2000) Further, the
degree of severityf sleep apnoea correlates with the glucose coatrdl

theduration of diabetes.

Among ~13,000 Japanese hospital inpatients, the prevalehce
sleep apnoea was 0.3%atsumata et al., 1991)n a subgroup 0£600
male type-2 diabeticthe prevalence of sleep apnoea was higher than in
nondiabeticg1.9 versus 0.3%, respectively). In a Swedish 10-yr follow
upstudy, snoring was a risk factor for diabetes, pahelent obther risk
factors(O'Donnell et al., 1999)

Among hypertensive diabetics, the prevalentesleep apnoea,
defined as AHI=20, was 36% compared with 14.5% nondiabetics.
Autonomic diabetic neuropathy may be associaté@d sleep apnoea.
Among 23 diabetics with autonomic neuropatfone had type-1
diabetes), six had sleep apnoea, whereas abtige diabetics without
autonomic neuropathy were affecigacker et al., 1998)
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Sites of obstruction and their identification

The phenomenon of snoring originates from differgtds in the
head and neck region because of their size, posiiorelationship with
surrounding structures. Problems may arise from niasal cavity
(deviated septum, enlarged nasal turbinates, pcesaefimnasal polyp, and
nasal adhesions), the retropalatal area (elongatioppy soft palate and
uvula), hypertrophied or obstructive tonsils, tbegue base (retrolingual
area), upper and lower jaw and chin deformitiestrdgomathism),
posterior and lateral pharyngeal wall constrictiomith muscle
hypertrophy, or hyoid and epiglottis positions (Ai§) (Hudgel et al.,
1988).

Any obstructions in these areas will cause greategative
inspiratory pressure and partial or complete cekamf the airway
(hypopnea or obstruction apnea). Additional anaam factors
contribute to the development of obstructive slegmea, including
decreased dilating forces of the pharyngeal diatand negative

Inspiratory pressure generated by the diaphrdguima et al., 1991).

The etiology of anatomic obstruction in OSA is be&d to be an
imbalance between the forces acting to maintaiwaair patency (the
force of the pharyngeal muscles) and the negatmgpinatory forces
generated by the diaphragm. This mismatch may b tdua clear
anatomic abnormality (i.e. micrognathia, macrogkmssr hypertrophy of
the tonsils and adenoids) but more often is subtt#fstein, 1996).

It has been demonstrated that patients who havA G&/e
pharyngeal collapse that is more significant thraoantrol subjects when

the same amount of negative suction pressure igeddVetmore et al.,
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1986). Additionally, patients with sleep apnea have bsleown to have
failure of reflex activation of pharyngeal dilatars response to airway
occlusion(Hoffstein, 1996).

In determining the site of obstruction, two probtecome to light:
Where is the pharyngeal area of greatest collapdehaw can this area
be determined accurately? The exact location ofyplggeal collapse is
often difficult to ascertain with certainty. Morerounding is the fact
that the area is often not a single area at allnualves a combination of

retro-palatal and retroglossal collapse.

Similarly, the collapse may be oriented in an aateposterior
dimension or in a lateral-medial dimension (or ambmation).
Emphasizing this point, in one series of 200 pasiemith OSA, only
three were found to have a single anatomic abnagymbl routine

otolaryngologic examinatio(Rojewski et al., 1984).

Theoretically, accurate identification of the exaites of collapse
should aid the surgeon in procedure selectiongtheimproving success
rates. In most patients, however, it is difficudt identify the anatomic
locations amenable to surgical correction. Thisllehge in identifying
the areas of anatomic abnormality has led to theeldpment of
diagnostic techniques, including fiberoptic airwagdoscopy with the
Miiller maneuver and cephalometrics, éY@o et al., 1998).

The role of cephalometrics in predicting the site amatomic
obstruction has led to contradictory data, whichassurprising given the
fact that these static measurements of bony andissfie anatomy most
likely do not reflect the dynamic changes in presghat result in airway
collapsibility (Yao et al., 1998).
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The role of CT in the assessment of the site ofasmia narrowing
has been similarly unsuccessful. There was clearlgifference in static
cross-sectional area of the pharyngeal lumen iepEtwho responded to
UPPP and those who did nataunoiset al., 1993).

Attempts at predicting the site of collapse usingapharyngeal
pressure recordings also have been unsuccessfubugastudies have
failed to correlate palatal collapse by pressurenaneetry with a
successful outcome from UPRPAetes et al., 1991).

It has been hypothesized by at least one autladrothly the most
proximal site of obstruction can be identified hgse methodd.aunois
et al., 1993).

Methods that would identify distal sites of cokapwill aid in
predicting which patients actually will benefit froan isolated surgical
intervention that addresses only the proximal phlabstruction, or if

additional surgical modalities may be warrantieaunois et al., 1993).

Using a related technique, somnofluoroscopy, séaerthors have
attempted to radiographically localize the sit@b$truction during sleep
(Katsantonis et al., 1986). In one study, patients who had closure
identified at the level of the soft palate were endikely than the
population as a whole to improve after UPPP (67%sue 42%)
(Katsantonis et al., 1986).

Muller's maneuver seems to offer the best and &aamalysis of
dynamic airway collapsibility. This maneuver assssshe extent of
anterior-posterior collapsibility and lateral cgqi&ability along various
points of the upper aerodigestive tract (ie, redtagal or retroglossal).

With this information, the examiner should be afoldoegin the difficult
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task of assessing which areas may be amenabledicacorrection in a
multistage process. There are several studiesstiggest that patients
who demonstrate nasopharyngeal collapse on Multedeeuvers are
more likely to improve after UPP{Sher et al., 1985).

Additional data have demonstrated that the manemagr more
accurately identify poor responders to surgicaémnention with UPPP,
although other studies state that the utility @ mmaneuver as a predictive
technique is lowAboussauan et al., 1995).

Owing to the difficulty in predicting a single sit&# obstruction
with relative accuracy, most surgeons currentlycadte a multiphase
approach in the surgical treatment of OSA, with BRRaying an integral
role. Increased success rates are seen when raytiptedures are used
that address various sites of obstructiin et al., 2000). Palatal
obstruction is addressed with UPPP, and base-giu®nobstruction
frequently is addressed with genioglossus advancenamd hyoid
myotomy suspension or base-of-tongue reductiors ptocedure then is
followed by maxillary-mandibular advancement foeatment failures.
The success of these approaches adds supportef@argment that the
limited success of UPPP when performed in isolat®ndue to its
inability to adequately address the multiple sgksbstruction in patients
with OSA(Li et al., 2000).

Additional patient-selection criteria

Clearly, the difficulty in precisely determiningelanatomic site of
obstruction in patients with OSA leads to challenhgepredicting which
patients will benefit from palatal surgery in isiob@. There is numerous

other patient factors that have been implicatedantributing to OSA,
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however, that are measured easily and theoreticallyd increase the
likelihood of selecting patients who would benéftm UPPP(Senior et
al., 2000).

Unfortunately, for all of the data collected during
polysomnograph, none has been correlated condisteitth a successful
outcome for an isolated UPRJohnson et al., 1994).

Increasing body mass index or weight of the irdinal has been
shown to decrease the likelihood of success of RR{Rarsson et al.,
1994). However, It also has been shown that with moverseOSA (by
both AHI and apnea index), UPPP tends to be lessessfulLarsson et
al., 1994). In light of these data, it was hypothesized tbss severe OSA
may be more amenable to surgical correction witiPPP

In a study bySenior et al. (2000), only 40% of patients with mild
OSA (AHI >5 and <20) who were treated with UPPPhwotr without
septoplasty responded (response being defined declane of 50% in
AHI). Interestingly, in the same series, the pasamho did not respond
had an elevation of their AHI from 16.6 £ 5 to 2&7.8.4(Senior et al.,
2000). Based on these data, they concluded that theragaif mild OSA
Is also complex and is not always corrected withaied UPPP.
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Fig (15) snoring and obstructive sleep apnea odoecause of at least 8
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tongue (oropharynx), hypopharynx, soft palate, andla. Additionally,
the position of hyoid, mandible, and maxillae play important role.
(Mansoor Madani, 2004)
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Nasal obstruction

Nasal obstruction has frequently been mentioneal @assible risk
factor in obstructive sleep apnoea syndrome (OSB&jause increasing
nasal resistance results in an increase in negatoharyngeal pressure
during inspiration, it predisposes to upper airwallapse(Olsen et al.,
1981)

Correction of nasal obstruction has been repottedbe an
effective treatment of OSAS in patients with naglstruction but not
those with craniomandibular abnormaliti@&earieas et al., 1993Yhese
data suggest that nasal obstruction may be a astorf for OSAS and
may deserve attention during the investigation radrers referred for
suspected OSAS.

However, previous studies using objective nasaistance
measurement in snorers decrease the importancesafl mbstruction
alone to be a risk factor for OSAMiljeteig et al., 1992; Atkins et al.,
1994)

Similarly, Young et al. (19977Jailed to demonstrate any possible
correlation between nasal resistance and sleepegissrl breathing in a
sample of the general population.

On the other hand, there is clinical evidence supppa role for
acute or chronic nasal obstruction in OSA&vie et al. (1981) and
McNicholas et al. (1982and demonstrated that nasal obstruction due to
allergic rhinitis was associated with both slegggmentation and OSAS.
The OSAS appeared to be reversible during remissadrthe allergic
symptoms.

Zwillich et al. (1981)andLavie et al. (1983)compared apnoea
during sleep experienced by normal subjects witid amithout
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experimentally-induced nasal obstruction and fotlvad nasal obstruction
induced episodes of apnoea and episodes of arfsasakleep. Chronic
abnormalities such as septal deviation and nadaé \@bstruction have
also been reported to result in sleep disturbantgé @SAS that
diminished significantly after relief of the nasdistruction(Dayal et al.,
1985).

Searieas et al. (1992)ave demonstrated that surgical correction of
nasal obstruction is an effective treatment of MIEAS in patients with
nasal obstruction without cephalometric abnornediti These data
suggest that the list of the potential risk factfims OSAS includes not
only BMI, male sex, and cephalometric abnormaljtieat also nasal
obstruction.

Lofaso et al. (2000)illustrate that daytime nasal obstruction,
whatever the cause, is a risk factor for obstrectsleep apnoea
syndrome, and its influence is less than that @&sal or cephalometric
landmarks. However, because nasal obstruction eatrdated, further
studies are warranted to assess the clinical netevaf the findings.

Fitzpatrick et al. (2003) demonstrated that mouth breathing
condition resulting from nasal obstruction causgsaound increase in
OSA severity as compared with nasal breathing dusieep. No subject
had any evidence of OSA durirtbe nasal breathing condition, the
normal pathway for ventilatioduring sleep. During wakefulness, nasal
obstruction is associat&dth increased breathing through the mouth, but
thereare no published measurements correlating nasataese withoral
fraction during sleep. Nonetheless, there is o#veencehat links nasal

obstruction (whether or not it is associatath mouth breathing during
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sleep) with an increased tendenagysleep apnoea (fig 16, 1@&phki et
al., 1996).

A large epidemiological study demonstrated aitreased
prevalence of OSA among individuals with subjectnasal congestion
due to allergy(Young et al., 1997)Similarly, a group of snoremsith
OSA were shown to have a higher nasal resistarare shorersvithout
OSA (Lofaso et al., 2000)
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Fig (16): Effect of breathing route on sleep apnseerity in the
supine position. Data are presented as meantsenp<t.01 oral
versus nasal breathing rout&itzpatrick et al., 2003).
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Mouth opening has been documented during sleepommnal
subjectsand in patients with OSAMiyamoto et al.,, 1998) Mouth
opening, even in thabsence of oral airflow, has been shown to increase

the abilityto upper airway collaps@Meurice et al., 1996)

The two most likely explanatiorfier the latter finding are that jaw
opening is associated wighposterior movement of the angle of the jaw
and compromisef the oropharyngeal airway diameter, and thateyast
and inferior movement of the mandible may shortem wpperairway
dilator muscles located between the mandible amidiand compromise
their contractile force by producing unfavorablength-tension

relationships in these muscl@deurice et al., 1996)

The markedncrease in upper airway resistance during sleafewh
mouth breathing along with documentation duristeep in normal
subjects of jaw opening and retroglossal ainpatency might lead to
speculatatiothat the most likely site of obstruction in theesgl normal
subject breathing through the mouth may be thetjonof thesoft palate
and tongue. However, the degree of jaw openingndwieep under
conditions of forced breathing through the mdatis unknown and may
be quite significantand it has long been known that jaw opening can
profoundly affecthe diameter of the retroglossal airwg@yorikowa et
al., 1961)

Hence, it is possibléhat the increased upper airway resistance
observed during mouth breathing could be causembmpromise aboth
velopharyngeal and retroglossal levi@gzpatrick et al., 2003).
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Fitzpatrick et al. (2003)suggest a therapeutiale for improving
the nasal airway in patients with nasal obstruciiod OSA. However,
published reports are inconsistent regardimg effects of attempts to
iImprove nasal airway patency on slegmoea severitfBahammam et
al., 1999)

Meurice et al. (1996)have pointed out that patients with
significant upper airwagompromise at the retroglossal level (who may
obstruct at thasite independent of nasal obstruction) are lessiko
respondo nasal surgery than those with a wider postexiway space.
And they anticipatethat selected patients with OSA, those with severe
nasal obstructiorand normal retroglossal airway dimensions, might
demonstratsubstantial improvement in sleep apnoea severtigy adlief
of nasal obstruction, but this has not been evatlat a prospective
study.

In another study done b§chodnhofer et al. (2000flemonstrated
that objective measuremerd$ snoring and apneas during sleep were
almost unaffected bthe nasal dilator (Nozovent). In 4 of 21 patiemts,
decrease in respiratojisturbance index was found with Nozovent.
However, in anothet7 of 21 patients, it deteriorated. Obviously, @ats
with obstructive sleep apnea in common will not berfaditn thiskind of
treatment

Schonhofer et al. (2000j)eported that nasal obstruction may be
the cause in the pathogenesis of the distal calapsipper airway and
this process of collapse proceeds in a consecumiaener even after

correction of the nasal obstruction.
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Kao et al., (2003)eported that the efficacy of nasal surgery alone
in the treatment of moderate to severe OSA has &igann to be limited,
with the success rate of less than 20% and thegeagvith the
conclusions drawn by the authors that nasal olstruds only a
component of the etiology of OSA and that treatnagal airway alone
will not cure the majority of patients with modeyatr severe OSA.

However, the impact of a narrow nasal airway ignificant by
either causing an increase in the velocity of awfthrough the nose and
thus increasing the collapse of the airway throBghnoulli’s forces or
by causing mouth breathing, which is accompanied pmsterior

displacement of the base of tongue.

In the former case, the airway in the OSA canhHmright of as a
musical instrument. The palate is the reed; theoplprynx is the
instrument itself, and the nasal airway as the amsiwho is playing the
instrument. The more congested the nose, the nagid rs the airflow
through the rest of the instrument, the loudehésdnoring, and the more
significant is the obstruction. The improvementaifflow through the
nose has a limited benefit. Further improvemensradring or the OSA

requires changes to the reed or the instrumeri jtsao et al., 2003).

The appreciation of the impact on nasal airflow hasn blunted
by inability to objectively access the degree afatabstruction in most
of our patients. Patients themselves are poor atin® of their nasal
breathing, and objective measures are not widedg Uy clinicians. In
addition, it is unclear whether nasal breathinglevhwake correlates well

with nasal breathing while asleep and whether skdeges have any
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Impact on nasal airway as they do on the hypophxaayal oropharynx in
the OSA patientKao et al., 2003).

Kao et alJ (2003 concluded that correction of nasal obstruction
must be done first before correction of distal aywcollapse, but they
decided to operate on patients only when they Bagreficant complaints
when it comes to nasal obstruction.

However, the approach to nasal breathing in the (Q@fent
demands a more objective assessment. Many patwdhiot believe that
their nasal breathing is a problem. In approachiasgal obstruction in the
OSA patient, the nasal breathing should be maxiniae much as
possible, independent of the patient’s assessnigratsal airflow.

There are many dynamic measurements of nasal vairlad
resistance including nasal pedlbw, rhinomanometry, and acoustic
rhinometry. Each procedubas its limitations, but most have diagnostic
sensitivitiedetween 80% and 95% for nasal obstrucfi@nnagan et al.,
2000).

Nasal peak flow

Nasal peak flow test is inexpensive, easy to perfand maypave
potential use in outpatient clinical trials or faomeassessment of daily
variations in nasal obstruction; howeviers highly effort dependent, and
results may vary widelyespecially between patien{Shelton et al.,
1990).

This technique involves measuririge peak inspiratory nasal
airflow with a modified peak flovdevice. Although peak flows do not
measure resistanceasal peak flow measurements correlate well with

measurementsf resistance and have their greatest usefulnesthan
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detection of large changes in nasal patency in individual jesttb
(Hellgren et al., 1997)

Rhinomanometry

Since air flows from an area of high pressure noasea oflow
pressure, pressure gradients and flow measurenmays beused to
calculate nasal resistance.

Rhinomanometry, the measurement of nagalay resistance, is
probably the test most frequently perfornmsetause it measures both
flow and resistance. It is classicatlivided into passive or active phases,
and into anterior grosterior rhinomanometiHolmstrom et al., 1990).

Active rhinomanometry requires tlseibject to generate airflow
through the nose by their own effoRassive rhinomanometry utilizes
external generation of a constdldw of air at a given pressure and
requires no respiratomgffort. Active rhinomanometry is a quick test to
perform, andthe International Committee on Standardization of
Rhinomanometryrecommends it for most studig€lement. 1984)
Anterior and posteriathinomanometry primarily differ in the location of

the transducearsed to measure posterior pharyngeal pressure.

It may help to distinguish functional causes of empm@irway
obstruction from structural causes. For example, decongestants
exercise will improve airflow due to inflammation and vasaul
engorgementyhereas fixed abnormalities such as concha butlosaot

changefter exercise or decongesta(Bsoms et al., 1982).
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Acoustic Rhinometry

Acoustic rhinometry, a technique used widely indpe, evaluates
nasal obstruction by analyzing reflected sound wantoducedhrough
the nares. It is generally easy to perforsnnoninvasive, and does not
require patient cooperation likeany of the other evaluation procedures
(Pedersen et al., 1994).

It produces an image@at reflects variations in the cross-sectional
dimensions ofthe nasal cavity and closely approximates nasaitycav
volumeand minimal cross-sectional area. The short measneperiod
(10 s) makes this procedure easy to use in albmsti everchildren
(Naclerio et al., 1998)
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Uvulopalatopharyngoplasty

Uvulopalatopharyngoplasty as first described Fayjita et al in
1981 is a common surgical rocedure applied for the ttneat of
obstructive sleep apnea syndrome (OSAS) (fig 1®&wéver, using this
technique, failure rates are reported from 30% Q&6 9(Maisdl et al.,
1992; Cahali, 2003).

A systematic review of the literature in 1996 itiked a 42%
success rate in published studies using polysonapbgr outcomes of an
apnea hypopnea index (AHI) of less than 20 or ameapndex of less
than 10 events per ho(bher et al., 1996). Better success rates remain

elusive despite attempts at improved selectionadtednative techniques.

Assessing a surgical procedure’s effectivenes©feA is difficult.
Outcomes are affected by many variables in additecothe procedure
used; the most critical potentially being the pagioh studied. Without
being able to control this variability, attributisgiccess to a procedure is
difficult. To stratify a population undergoing serg, pretreatment
disease severity, body mass index, Mueller's maaeuvand
cephalometry have been usédl have historically failed to accurately
predict UPPP outcomgSher et al., 1985).

Multiple methodological issues hamper attemptssaessing and
improving surgical success rates. Differences irepaanatomy, surgical
technique, and variable methods of patient selecatimke meaningful

comparisons of equivalent patient groups difficulick of comparative
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or randomized studies, in turn, contributes to uwaoaty about surgery’s
effectivenes¢Shepard et al., 1990).

Fig (18) schematic representation of the nontraitnsatrgical technique
used in Bern {modified according kujita et al. (1981)}

Recently,Friedman et al, (2002) reported on a simple reproducible
clinical staging system that demonstrated powestriatify UPPP success
rates into 3 defined groups. In their classificatictage | patients
demonstrated a 70% success rate; stage Il, a 50éessirate; and stage
[ll, an 8% success rate. Because the system wasl lssiscommon upper
airway exam findings, it allows both prospectived aretrospective

staging of patients. Similarly staged patients mieyn be compared.
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Staging system

Palate position had been previously studied anchdoio be a
clinical indicator of OSAS. This palate classificat is based on
observations byMallampati et al. (1985) who previously suggested
palate position as an indicator of the ease oicditly of endotracheal
intubation by standard anesthesiologists’ techraque

Friedman et al, (2002) have incorporated two modifications into
the Mallampati classification to create their owtaging criteria: 1) the
anesthesiologist's assessment is based on thenpatieking out their
tongue and the observer then noting the relatipnshisoft palate to
tongue. Their grading is based on the tongue iawral, natural position
inside the mouth. 2) The original grading systerd baly 3 grades, and
they believe that 4 grades are essential.

The Friedman Palate Position (FPP) grade was a&sbesas
previously described. The procedure involves askivgpatient to open
their mouth widely without protruding their tongu€he procedure is
repeated 5 times so that the observer can assggmadist accurate level.
At times there can be some variation with differexaminations, but the
most consistent position is assigned as the paglatde. Palate grade |
allows the observer to visualize the entire uvula #onsils or pillars.
Palate grade Il allows visualization of the uvuld bot the tonsils. Palate
grade Il allows visualization of the soft palatet mot the uvula. Palate
grade IV allows visualization of the hard palatéydirig 19).

Tonsil size was graded from O to 4. Tonsil sizenplies previous
tonsillectomy. Tonsil size 1 implies tonsils hiddeithin the pillars.
Tonsil size 2 implies the tonsil extending to thikaps. Size 3 tonsils are
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beyond the pillars but not to the midline. Tonszks4 implies tonsils that
extend to the midline (Fig 20).

Weight and height were recorded at the initialtyiahd the BMI
(kg/m2) was calculated. The BMI was graded as gfade20 kg/m2),
grade | (20 to 25 kg/m2), grade 1l (25 to 30 kg/m¥ade Il (30 to 40
kg/m2), and grade IV (_40 kg/m2).

Stage | disease was defined as those patientg=wiehl or Il, tonsil
size 3 or 4, and BMI of less than 40 kg/m2. Stdghskease is defined as
FPP | or Il and tonsil size 0, 1, or 2, or FPPalhid IV with tonsil size 3
or 4 and BMI of less than 40 kg/m2. Stage Il dsse& defined as FPP
[l or IV and tonsil size 0, 1, or 2 and BMI ledsanh 40 kg/m2. All
patients with a BMI of 40 kg/m2 or greater and thegth significant
craniofacial or other anatomic deformities weressiied as stage IV

disease.

11 v

Fig (19): Friedman palatal position gradiffgriedman et al., 2002).
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Fig (20): Friedman grading by tonsils sizgiedman et al., 2002).

The cause of UPPP failure continues to be poorlgetstood.
Undoubtedly, multiple causes exist. Although falucaused by
obstruction at nonpalatal airway sites occurs, neg failure at the
palate after UPPP failure is common. This tensupported by persistent
obstruction proximal to the UPPP site, no changeasening of closing
pressures (a measure of airway collapsibility), anedimprovement in
retropalatal cross sectional area in UPPP nonressiil sono et al.,
2003).

UPPP decreased retropalatal airway closing predsyrd.5 cm
H20; furthermore, a direct correlation between Hawerity of sleep-
disordered breathing (as determined by nocturnaimeixy) and

retropalatal airway closing pressure was reveg@ksho et al., 2003).
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UPPP failures revealed retropalatal airway clogregsure greater
than atmospheric pressure. Reduced retropalatwehyaicollapsibility was
maintained up to 1 year after UPPP, whereas fevergat developed
marked stenosis of the retropalatal airway withraggtion of sleep-
disordered breathing after initial improvement odkep-disordered
breathing and retropalatal airway collapsibiljkgono et al., 2003).

Manometry identifies the retropalatal site as ampry site of
persistent airway obstruction. When successful, RIRRproves airway
collapsibility and structure, and when unsuccessfgtructural
Improvements are leg$sono et al., 2003). Overall, data suggest that
persistent upper airway obstruction is associatiélal technical failure of
the retropalatal segment proximal to the level &fRP excision of the
palate (sono et al., 2003).

Mechanisms of Improvement of Passive Pharyngeal
Collapsibility with Uvulopalatopharyngoplasty

As illustrated in Figure 21, the pharyngeal airnisgurrounded by
soft tissues, such as the soft palate and tongbh&ghvare enclosed by
bony structures, such as the mandible and spireb@lance between the
amount of soft tissues and the size of the bonyosure determines the
airway size. In fact, higher P close values wermalsstrated both in
obese patients and in patients with small mandibsilze (Watanabe et
al., 2002).

In this model, soft tissues were removed to oatdide bony

enclosure, creating available room for the airntdgwever, the level of
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the operation may have produced differing resifen the removed
soft tissue amount was insufficient to create roton the airway,
retropalatal closing pressure would not decreasendomal values,
resulting in failure of UPPP. This speculation coiles with the previous
findings of UPPP failures that the critical closipgessure presented
abnormal valueg¢Schwartz et al., 1992) and that the airway obstruction

site remained at the retropalatal regf@voodson, 1997).

Before UPPP  After UPPP

BE
:f!iiii:: & <
Successful = E N w

i

UPPP | H / i Pclose |

Unsuccesstul T — 1]
UPPP %

P'close i

i .

Fig (21): A mechanical model explaining effectstlod surgery on
collapsibility of the pharynx. The balance betwdbha amount of soft
tissue (ST) and the size of the bony enclosure (B&grmines the
pharyngeal airway size (AW). Sufficient removaltbé ST outside the
bony enclosure results in reduction of closing gues (P’close) and
therefore in successful uvulopalatopharyngoplé&btycker et al., 2005).
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There are few studies evaluating long-term effedtaJPPP on
SDB in patients with OSA, and no study has evallizgag-term effects
of UPPP on pharyngeal mechanitsrsson et al. (1991) reported that
30% of the initial responders had relapsed to beiogresponders 21

months after UPPP in association with increas&Mih

Similarly, Launois et al. (1993) reported that the success rate of
UPPP decreased to 28% at 14 months after UPPBugtiithe rate was
86% at 4 months after UPPP. Interestingly, a sicgit increase in BMI
was not evident during this period, suggesting that aggravation of

SDB after UPPP may have resulted from factors dtrear weight gain.

UPPP also may worsen upper airway structure. Teibteat the
airway, future options include more aggressivedaineodifications of the
distal soft palate, or alternatively, procedureat tmodify surrounding
structures. Because more aggressive soft-tissuecties may be
associated with increased complications, altereatigchniques are
required(Tucker et al., 2005).
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-

Fig (22): typical findings in the soft palate iatgents with OSAS:
uvular hyperplasia, depressed pillars of fauceh ait extremely narrow
transition into the rhinopharynx

Fig (23): the postoperative site with wide pharyadggening.
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L aser-Assisted Uvulopalatoplasty

Laser-Assisted Uvulopalatoplasty (LAUP) was initially designed
for the management of snoring (kamami, 1990). Gradually, it has been
extended to treating various degrees of obstructive sleep apnea (OSA).
LAUP is an office procedure performed under local anesthesia and

requires several sessions until satisfactory results are achieved.

During surgery, which has been extensively described by Krespi et
al, (1994) vertical trenches are created on either side of the uvulainto the
soft palate, coupled with shortening and trimming of the uvula. Severd
studies (kamami, 1994; Walker et al., 1995, 1997, 1999; Utley et al.,
1997) have examined the efficacy of the technique, recognized as
standard LAUP, and reported comparable results to
uvul opal atopharyngoplasty (UPPP).

However, other studies found that LAUP was ineffective as it is
associated with a considerable number of subjective delayed failures as
well as objective aggrevation of slegp parameters (Laurtano et al., 1997),
had deleterious effects on the respiratory dynamics and may trigger the
generation of OSA in formerly nonapneic patients who only snored
(Berger et al., 2001), or lead to deterioration of the existing sleep apnea
(Finkelstien et al., 2002).

Dickson and Mintz (1996) introduced a modified technique of
LAUP, which they termed one-stage LAUP. This modified technique was
designed to minimize the overall pain of the patients and the cost of the

standard LAUP. During surgery, a curvilinear horizontal incision is made
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under the palatal dimple, and ultimately the same amount of soft palate
tissue is removed as in UPPP. The authors reported excellent short-term
subjective results and a successful objective response. Seemann et al;
(2001) also used one-stage LAUP and reported encouraging results. Ryan
and Love, (2000) on the other hand, concluded that the response to this
technique was varied and unpredictable, and only a few patients achieved

a satisfactory response, a poor response in 34% and worsening in 30%.

Wareing and Mitchell; (1996) and Wareing et al; (1998) also
pointed out that LAUP was associated with delayed failures in a sizeable
number of patients, with reappearance of socially disruptive snoring in
one fifth of the patients who earlier had benefited from the procedure.

Intraoral photographs demonstrated a substantial enlargement of
the oropharyngea isthmus immediately after surgery, causing temporary
relief of signs and symptoms in a considerable number of patients
(Finkelstien et al., 2002).

It is thought that the late decline in the improvement of snoring,
aggravation of the deep-related symptoms and the overall failure in the
objective measures is attributable to progressive fibrosis inflicted on soft
palate tissues by the thermal damage of the laser beam. LAUP, which is
based on cutting and vaporizing palatal tissues, leaves a raw surface that
subsequently undergoes scarring. These wounds take longer to heal than
those created with ascalpel (Finkelstien et al., 2002).

The effectiveness of surgery, therefore, should be assessed months
later, when the healing process has stabilized. Indeed, a study on the
long-term histopathologic changes after LAUP disclosed that the various
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components of the soft palate underwent extensive changes, with
replacement of the loose connective tissue in the lamina propria by
diffuse fibrosis that also extended to the central layer, on the expense of
the seromucous glands and muscle fibers (Berger et al., 1999). Palatal
fibrosis after LAUP was aso encountered in 27% of the patients in the
study by Carenfelt (1991).

It was shown that the pharyngeal scar contracture occurred in
centripetal direction and caused a curtain like media traction of the
posterior tonsillar pillars and a pulling of the latera pharyngeal walls
medially. Eventualy, the pharyngea cross-sectional area went through
major anatomic changes that included narrowing of the lumen, increased
rigidity, decreased compliance and loss of distensibility needed during
inspiration (fig 24) (Berger et al., 1999). These deficiencies have
deleterious effects on the respiratory dynamics and may aggravate
existing OSA.

Finkelstien et al; (2002) concluded that the patients in their study
experienced pain that lasted for an average of 9.8 days and was severe
enough to keep patients away from work for an average of 7.2 days.
These results are supported by the observations of Troell et al; (2002)
who compared postoperative pain between various methods of palata
surgery in patients with snoring, upper airway resistance syndrome and
mild apnea and reported a mean of 13.8 and 14.3 days with pain after
LAUP and UPPP, respectively. To ease pain all patients also consumed

narcotic analgesics.
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Stenotic
area

Fig (24) diagram showing palatal stenosis following LAUP (note
the media curtain like traction of the posterior pillars (Berger et al.,
2003)

Other reports also noted that excessive dryness of the mouth and
discomfort in the throat were the most prominent complaints after LAUP
(Ryan and Love, 2000; Berger et al., 2001).The reason for the sensation
of drynessis the destruction during LAUP of multiple seromucous glands
in the uvula and the posterior portion of the soft palate which provide
continuous lubrication to the oropharynx and probably to the vocal cords.
Indeed, any surgical intervention that diminishes the amount of glandular
tissue may results in pharyngeal dryness and surface irritation of the

vocal cords, especially LAUP, which is associated with a marked
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decrease in the amount and function of the velar glands because of
extensive paata fibrosis and glandular destruction (Finkelstien et al.,
1992).

LAUP has gained much popularity in the last decade as a cure for
OSA, a common yet potentialy life-threatening syndrome. It is
commonly accepted that the subjective, short-term outcome of LAUP is
successful; however, the procedure has shown an inclination to aggravate
patient’s pretreatment condition in the medium to long term. Berger et al;
(2003) concluded that they found a significant worsening of the mean
postoperative RDI, a surgical success in only one fifth of the patients
(20%, 5/25) and a marked worsening of the postoperative RDI valuesin 9
patients (36%) in addition to a late worsening of the subjective initial

results.

An American Sleep Disorders Association report published in 1994
withheld recommendation of LAUP as a suitable surgery to treat OSA,
declaring it an experimental procedure because of insufficient data. An
update for 2000 issued by the board of directors of the American
Academy of Sleep Medicine stated that LAUP is not recommended for
the treatment of sleep-related breathing disorders, including OSA. No
gpecification has been given as to the type of LAUP technique being
evauated (Littner et al., 2001).
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Hypopharyngeal Surgery in Obstructive Sleep Apnea

Planning for surgical treatment of obstructive pleg@nea (OSA)
begins with evaluation to determine the most likslie(s) of airway
narrowing or collapse. By functionally dividing thgharynx into the
retropalatal (corresponding to the portion of thepbarynx at the level of
the soft palate and tonsils) and the so-called plgpo/ngeal (actually
corresponding to both the portion of the oropharghxthe level of the
tongue base and the hypopharynx) regidngjta and Simmons (1987)
described the following 3 patterns of obstructitype |: retropalatal
obstruction alone; type II: both retropalatal angpdpharyngeal

obstruction; and type Ill: hypopharyngeal obstructalone.

In 1981, Fujita et al. described uvulopalatopharyngoplasty (UPPP)
as a treatment for patients with retropalatal ayrwhstruction. Although
highly effective for simple snoring, with a contiralte ranging from 75%
to 87 9% Hoffstein et al., 2000), a literature review byher et al. (1996)
showed an overall response rate of 40.7% (withaesp defined as a
50% decrease in the respiratory disturbance inahek aa postoperative
respiratory disturbance index of 20, or as a 50%redese in the apnea
index and a postoperative apnea index of 10) irepigt with OSA treated
with UPPP alone, regardless the site of obstructlonpatients with
suspected retropalatal narrowing alone (type Irabsbn), the response
rate increased to 52.3%, but for those with a camapb of
hypopharyngeal obstruction (types Il and lll), tesponse rate was only
5.3%(Sher et al., 1996).

Several procedures have been developed to achigyeerh

response rates in patients with hypopharyngearwtigin, and multiple
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studies have reported the results of the new addr grocedures. The
procedures available to treat hypopharyngeal ottsbruin OSA include
genioglossus advancement, mortised genioplastgusmadiofrequency
treatment, surgical reduction of the tongue baselifme glossectomy),
hyoepiglottoplasty, hyoid suspension, and tonguselsabilization.
These procedures can be performed alone or in catidn.

Multiple studies have shown that these proceduraprave
outcomes in patients with suspected types Il ahddstruction(Riley et
al., 1994; Johnson et al., 1994).

Table 5. Genioglossus Advancement Results

AHI, Mean Success
Rate, No. /
Study SMl, Preoperative Postoperative Total No. LSAT
Mean (%) of cases*
Riley et al, 1994 NR NR NR 9/23 (39)
Johnson and Chlinn, 1994 NR 59 148 719 (78) Yes
Lee et al, 1999 NR 53 198 24/35 (69)
Miller et al, 2004 30 53 168 16/24 (67) yes

Abbreviations: AHI, apnea-hypopnea index, body mass index (calculated as weight in
kilograms divided by square of height in meters; LAST, lowest level of oxygen
saturation; NR, not reported.

*Defined as 50 % or more reduction in AHI and an AHI less than 20.

§ p<.05.

Patients undergoing genioglossus advancement as stie
treatment of hypopharyngeal airway obstructidalle 5) demonstrated,
on average, severe OSA before surgery. after tbeepdure, there was
significant improvement in the AHI in the three iserthat reported
aggregate group data. Using the criteria for siecbased on AHI results,
three studieg¢Johnson et al., 1994; Lee et al., 1999; Miller et al., 2004)

reported success rates of more than 60%; whilesenes(Riley et al.,
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1994) had a lower rate. The 2 studies that consideredL8®&T also
showed an improvement in this metric.

Table 6. Tongue Radiofrequency Results

AHI, Mean Success
Rate, No. /
Study SML Preoperative Postoperative Total No. LSAT
Mean (%) of cases*
Powell et al, 1999 30 40 18] 7/18 (39) Yes
Stuck et al, 2000 29 28 23 9/20 (45) Yes
Woodson et al, 2001 31 41 33| 11/55 (20) No
Stuck et al, 2002 NR 25 17|| 6/18 (33) Yes
Friedman et al,2003 32 44 28|| (40) No
Fischer et al, 2003 27.5 32.6 22 5/15 (33) Yes
Kao et al, 2003 38.2 12.7 35/42 (83) Yes
Riley et al, 2003 30 35 15| NR Yes
Woodson et al, 2003 28 21 17 NR No
Stuck et al, 2004 27.4 25.3 16.7 6/18 (33) Yes
Verse et al, 2004 NR 27.8 22.9 5/15 (33) No

Abbreviations: AHI, apnea-hypopnea index, body mass index (calculated as weight in
kilograms divided by square of height in meters; LAST, lowest level of oxygen
saturation; NR, not reported.
’|‘|Defined as 50 % or more reduction in AHI and an AHI less than 20.

p<.05.

Eleven studies reporting tongue radiofrequency ltesare
presented inrable 6. Overall, the patients were typically overweight o
obese. The range of OSA severity included groups woderate or
severe OSA on the whole. Most of the studies regod significant
improvement in the AHI, and the proportion achigvan successful AHI
outcome ranged from 20%wVoodson et al., 2001) to 83% (Kao et al.,
2003) in separate series. Most of the studies that tepoesults showed
an improvement in the LSAT, daytime somnolence, gumlity of life. In
individual studies, amount of local anesthetic atectrolyte solution

mixture injected before treatmer{fiVoodson et al., 2001) and the
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Friedman stag@-riedman et al., 2003) were associated with outcomes.
The evidence was mixed regarding the associatibnda® pretreatment
AHI and successful outcomé@sriedman et al., 2003; Kao et al., 2003).

Table 7. Midline Glossectomy Results

AHI, Mean Success
Rate, No. /
Study M, Preoperative Postoperative Total No. LSAT
Mean (%) of cases*
Fujita et al, 1991 34.7 56 37 5/12 (42) No
Woodson and Fujita, 1992 32.8 59 168 17/22 (77) Yes
Mickelson and Rosenthal, 1997 36.0 73 468 3/12 (25) Yes
Andsberg and Jessen, 2000 NR 35| 188|| 7122 (32) Yes
Li et al, 2004 NR 51 88 5/6 (83) Yes

Abbreviations: AHI, apnea-hypopnea index, body mass index (calculated as weight in
kilograms divided by square of height in meters; LAST, lowest level of oxygen
saturation; NR, not reported.

*Defined as 50 % or more reduction in AHI and an AHI less than 20.

§ p<.05.

| Determined using the apnea index.

The case series for midline glossectomy are shaowihable 7.
(Friedman et al., 2003; Fujita et al., 1991, Woodson et al., 1994;
Mickelson et al., 1997; Andsberg et al., 2000; Li et al., 2004) these
included groups that had a somewhat higher BMI @8A severity
(reflected by the AHI or the apnea index). Most hadstatistically
significant improvement in OSA severity. Again, thaction of patients
iIn whom a successful outcome by the sleep studgri@iwas achieved
varied widely from 25%Mickelson et al., 1997) to 83%(Li et al., 2004).
Three of four series had improvement in the LSAL ho results were
reported for daytime somnolence or quality of life.

Hyoid suspension was originally describedRijey et al., (1984)

with suspension of the hyoid bone to the inferiorder of the mandible.
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The technique was later revised to secure the hgiald anteriorly to the
superior border of the thyroid cartilaffeiley et al., 1994).

Table 8. Hyoid Suspension Results

AHI, Mean Success
Rate, No. /
BMI, ; ;
Study Preoperative Postoperative Total No.
Mean
(%) of cases*
Vilaseca et al, 2002 27.8 48.3 29.08 5/9 (56)
Neruntarat, 2003 29.3 445 15.28 25/32 (78)
Den Herder et al, 2005 27.1 32.1 22.2 16/31 (52)
Bowden et al, 2005 34.1 36.5 37.6 5/29 (17)

Abbreviations: AHI, apnea-hypopnea index, body mass index (calculated as weight in
kilograms divided by square of height in meters; LAST, lowest level of oxygen
saturation; NR, not reported.

*Defined as 50 % or more reduction in AHI and an AHI less than 20.

§ p<.05.

Four studieqVilaseca et al., 2002; Neruntarat et al., 2003; Den
Herder et al., 2005; Bowden et al., 2005) have considered the role of
hyoid suspension as the sole procedure to treabdigryngeal airway
obstruction Table 8). The revised technique of hyoid suspension to the
thyroid cartilage was used in all four series, afidpatients had palate
surgery performed previously or in the same settifipe patient
populations are distinguished by their preoperatsi@aracteristics.
Compared with the other two studies, the samplsgmted byBowden et
al, (2005) had a higher preoperative BMI and LSAT (82.1%A&7% in
the study byNeruntarat et al, (2003) and not reported in the other 2
studies).

In turn, the postoperative results differ markedty the raw
improvements in AHI, as well as the proportion thethieved a

successful outcome according to a sleep studypdpeillation with the
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highest BMI and higher LSAT had the worst outconTé®e series bgen
Herder et al, (2005) also showed that hyoid suspension performed in
combination with palate surgery was associated latiter outcomes (10
[71%] of 14 with successful AHI outcome) than fdret procedure
performed in isolation after previous, unsuccesgfalate surgery (6
[35%] of 17 with successful AHI outcome). Finalljpe series reported
by Neruntarat et al, (2003) Vilaseca et al, (2003) andden Herder et al,
(2005) showed an improvement in daytime somnolence, vasetbae
series reported bgowden et al, (2005) did not.

Table 9. Hyoid Suspension in combination with Genioglossus

AHI, Mean Success Rate,

—— Technique BMI, Pre-. Post- No. / Total No.

Mean operative operative (%) of cases*

Riley et al, 1994 Mandible 29 27 9.58 133/233 (57)

Riley et al, 1994 Thyroid 30 45 138 17/24 § (71)
Ramirez and Loube, 1996 Mandible 35 49 23 5/12 (42)
Utley et al, 1997 Thyroid 28.4 40.7 25 8/14 (57)
Bettega et al, 2000 Thyroid 27 47 47 5/21 (24)
Hsu and Brett, 2001 Thyroid 31 52.8 15.6 10/13 (77)
Vilaseca et al, 2002 Thyroid 27.8 70.5 57.4 2/11 (18)

Advancement or Mortised Genioplasty Results

Abbreviations: AHI, apnea-hypopnea index, body mass index (calculated as weight in
kilograms divided by square of height in meters; LAST, lowest level of oxygen
saturation; NR, not reported.

*Defined as 50 % or more reduction in AHI and an AHI less than 20 .

§ p<.05.

Table 9 summarizes published results for the combination of
genioglossus advancement with hyoid suspension. Taient
populations, on average, were overweight or obesed they
demonstrated severe OSA. Postoperatively, the wepnents in AHI

were statistically significant in some but not @fllthe studies. The share
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of patients achieving a successful AHI outcome eandrom 22%
(Bettega et al., 2000) to 77% (Hsu et al., 2001) and most studies that
reported data for daytime somnolence showed anowepnent after
surgery. Lower AHI and BMI were associated withighler likelihood of
successful outcomes in the largest study; sucde&sfuoutcomes were
achieved in 93 (74%) of 125 patients with an AHsi¢ghan 60 and LSAT
less than 7@Riley et al., 1993). Evidence from the group of studies also
suggested that an SNB angle of more than 78° ongmerative lateral
cephalography was associated with better outcqiResy et al., 1993)
and an SNB angle of less than 73.5° was assoamtegoorer outcomes
(Ramirez et al., 1996).

One study(Bettega et al., 2000) reported the combination of
mortised genioplasty and hyoid suspension. Meaopam@tive BMI was
25. The AHI did not change significantly (43 to 3@hd 5 (22%) of 23
patients had a successful AHI outcome.

A single series also described the combination tafigue
radiofrequency and hyoid suspensi(vierse et al., 2004). The AHI
improved from 39 to 21 after surgery, and there alas an improvement
in LSAT. A successful outcome was achieved in Z2§%of 45 patients.
The BMI was not reported.

Table 10 summarize all the above mentioned hypgpigaal
procedures and make a comparison between them Andt® HS.
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Table 10. Comparison of Procedures and Combinations of

Procedures
Success Rate, No. / Compared
Procedure Total No. with GA + HS
(%) of cases* (P Value)
Genioglossus Advancement 56/91 (62) No difference (.26)
Mortised Genioplasty 16/33 (48) No difference (.48)
Tongue Radiofrequency 95/269 (35) Worse (<0.001)
Midline Glossectomy 37/74 (50) No difference (.45)
Hyoid Suspension 51/101 (50) No difference (.44)

Genioglossus Advancement &
; ; 180/328 (35)
Hyoid Suspension

Abbreviations :
GA Genioglossus Advancement, HS Hyoid Suspension
*Defined as 50 % or more reduction in AHI and an AHI less than 20.
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Radiofrequency ablation

During normal breathing, air passes through theathon its way
to the lungs. The air travels past the tongue,ste, uvula, and tonsils.
The soft palate is the back of the roof of the rhodthe uvula is the
prominent anatomic structure dangling downwardblysat the back of
the mouth (pharynx). When a person is awake, thechas in the back of
the throat tighten to hold these structures in @laeventing them from
collapsing and/or vibrating in the airway. Durirlgep, the uvula and soft
palate frequently vibrate causing the distinctiveursds of snoring
(Boudewyns et al., 2000).

The application of temperature-controlled radiotreacy (TCRF) for
tissue ablation in the upper airway wast reported byPowell et al.

(1997) in the in vitro bovine model and in vivo porcin®del. At present
the 3 most common radiofrequency devices are Solastyp(Somnus
Medical Technologies Inc, Sunnyvale, CA), Coblati¢Arthrocare

Corporation, Sunnyvale, CA), and Eliman (Ellmanemtational Inc,
Hewlett, NY). These devices are capable of creatingmucosal lesions
(also known as radioablation) while simultaneousintrolling bleeding.
Radiofrequency procedures are generally perfornmedan outpatient

setting with local rather than general anesth@mdewyns et al., 2000).

The application of radiofrequency to the throasues creates
finely controlled localized burn-areas beneathlthiag (mucosa) of the
soft tissues of the throat. These burn- areas\eetaally resorbed by the
body, shrinking the tissue volume, opening the pgeway for air, and
thereby reducing symptoms of snorifgpudewyns et al., 2000).
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TCRF has been shown by most centers to be safeféextive in

treatment of the inferior turbinates, soft palaaad tongue in patients

with snoring, sleep-disordered breathing (SDB) @sah obstruction
secondary to turbinate hypertrop{8her et al., 2001).

Fig (25): treatment for snoring fig (26)edatment for blocked nose

Fig (27): Tongue radiofrequency fig (28):qtal radiofrequency

The application of TCRF technology appears easyaume the
electrode is placed deep to the mucosa where ihessentially no visual
evidence of the treatment effect below the surfalmevever, it is critical

to have a basic understanding of the electrophygicdl principle of
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delivered radiofrequency energy to limit unwantedue damage and yet
accomplish a positive treatment effect. This isoagglished more safely
by carefully interpreting the real-time feedbackommation that is
obtained concerning electrode temperature (degf@éelsius), power
(watts, W), tissue impedance (ohrid¥), treatment time (seconds), and
total energy delivered (joules, J, or watts x sespnFortunately, with
patience, perseverance, and experience, risks @nglications may be
limited (Bozkur et al., 2002).

Complications after TCRF treatment may be rela®dseveral
factors. These include the learning curve assatiaiéh the use of this
technology and especially understanding of the tephysiology of
lesion generation for the various devices andnneat sites, the number
and location of lesions created during each treatrsession, and aspects
of perioperative management other than corticostarse (Robinson et
al., 2003).

Regarding tongue radiofrequency, whether routinstqperative
corticosteroids were used, it was concluded thatdabmbined rates of
moderate and major complications were 6.1% whetcasteroids were
used and 1.0% when steroids were not used. Stsdéntest for
proportions revealed that this difference was diatlly significant (P <
.001) Riley et al., 2003).

A critical aspect of TCRF treatment is patientesgbn and
tailoring treatment to patient anatomy. Treatmenmttloe palate is
markedly different from treatment of the tongue dshsn part on the

anatomic character of the tissues (i.e., the tongulkick, homogeneous
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muscle, and the palate is relatively thin with diotive muscle). Tissue
bulk and consistency should be evaluated carefattg, one of the most
important variables for palatal treatment is thiegs1 The midline palate
Is the safest region to treat because the musawuta provides the
greatest bulk of the palate. The thickness of @latp decreases rapidly
as one moves away from the median and paramedjani(&tuck et al.,
2003).

Palate thickness varies significantly in patientsthe palate is
thin, the total energy delivery must be limiteddamage to the mucosa
will occur more frequently. Treatment to the lateegion of the palate
should be undertaken only when it is establishatl tthe tissue thickness
Is appropriate. Lateral cephalograms can be usede@sure the palate
thickness in the midline, and the lateral regiohghe soft palate are
thinner to varying degrees and must be evaluatedcally. Clinical
judgment must be used for optimal treatment plaprftuck et al.,
2003).

There are obvious, important differences betweeiows types of
complications. Kezirian et al. (2005) classified these according to
severity: minor (mucosal ulceration, mucosal cnggti or uvular
sloughing), moderate (hemorrhage, palatal fistularve paresis or
paralysis, or significant dysphagia) or major (@esi infection requiring

drainage or other significant airway compromise)

One of the most common side effects of palatal oaalation,
which occurs in 89% of patients, is swelling of thaila. For a period of

24 to 48 hours after this procedure, the soft padaid uvula will undergo
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extensive swelling and patients may have difficulgpeaking,
swallowing, or even breathing comfortably. Patientsst be instructed to
sleep in a recliner or with their head elevatedlevlsleep. In general,
swelling subsides on the third day after surgd&tgadani, 2004).

In extremely rare cases patients may have bleddingthe palatal
radioablation. This is temporary and generally wstop without
treatment. In fact 1 of the benefits of radioaloatis its coagulation
property.Accidental placement of the radiofrequency prolvesrn near
palatal arteries may lead to such temporary blegedsmply remove the
probe and inject the site with a small amount afodiaine with
epinephringMadani, 2004).

During the healing phase of nasal radioablationeptt may
experience nasal bleeding. This side effect, althoextremely rare, is
caused by crust formation and subsequent dislodgihdghat crust.
Patients must be advised to blow their nose venylgéor up to 5 weeks
after surgery. Keeping the nose packed with a sowtbn roll for up to
24 hours prevents this bleeding. Patients can rentbbe packing from
their nose after that, and there should be no teedplace it{Madani,
2004).

The accidental overtreatment of a thin soft patiteng palatal
radioablation may lead to a palatal dehiscenceiraatallity of the palatal
musculature to seal the nasopharynx, with subseédioeal and fluid
reflux from the nasal cavity. This side effect itremely rare and if

noted at the time of surgery, such a dehiscencéeanctified by simply
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placing a suture across the gap and the woundhsgll without any
problems(Madani, 2004).

Failure to resolve or eliminate snoring or OSA e tmost
important complication to occur following palataldroaplation. Because
snoring and OSA are multifactorial, no single pchae will eliminate
the patient's entire breathing problehe most appropriate advice
practitioners could give their patients is thatsth@rocedures will reduce
the intensity of snoring but in no way will elimteasnoring altogether
(Madani, 2004).

Madani, (2004), concluded that palatal radioablation has a great
tendency for relapse after 5 yea@. 1,200 patients initially treated for
snoring by radiofrequency alone, 744 patients (62%e re-treated with
laser because of snoring relapse. Ninety-five pgreethe 5,600 patients
achieved a reduction shoring intensity after LA-UPPP of 70%. Five to
10 years of follow-up shows that the proceduret&ble as long as
patients did not gain any additional body weighedBvelopment of
palatal flaccidity has been reported as a factordapse.

Nasal adhesions may occur following radiofrequeablation of
the inferior turbinates, the inferior turbinad@d the nasal septum may
develop a fibrous connection making breathing clifi and also causing
nasal snoring (fig 29). The release of adhesigmei$ormed under local
anesthesia by using a simple electrocautery destich as the Ellman
radiofrequency device. The inferior turbinate isrthoutfractured and an

internasal splint or nasal pack is placed and keptace for2 to 5 days.
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The potential of relapse is higher if the packiagamoved prematurely
(Madani, 2004).

Fig (29) fibrous adhesion between the nasal septanthe left and
inferior turbinate on the right could be a resdldraumatic accident to
the nose or nasal surgery. This could easily beected by release of the
adhesion and placement of an intranasal splint.

Mansoor Madani. Complications of UPPP Treatment of Shoring. J Oral
Maxillofac Surg 2004.
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Conclusion

The patients with OSA are not a homogeneous group with the same
type of pathology. OSA is a multifactorial disease process cresating a
very heterogeneous patient popul ation.
It is not one level causing the disease. To improve the surgical cure
rates for OSA, the entire upper airway must be brought under
inspection, and each level of obstruction should be identified.
Surgery chosen to OSA patient must be tailored for each patient alone
asthere are no two similar patientsin all the circumstances.
There is no one surgical technique that is always fit for one level of
obstruction, for example, U3P is not the only surgery that is fit for
palatal obstruction or collapse.
The choice of surgery depends on different factors including:
Level of obstruction.
Skills of the surgeon
Availability of the different modern tools (Laser,
radiofrequency, repose system, etc.)
Priority of which problem to be solved first, for example,
nasal problems must be solved first.
Patients with mild obstructive disease are more likely to respond to
surgical treatment than those with more severe disease.
Patients at less than 125% of their ideal body weight are most likely to
have short-term and long-term benefits from surgical treatment of

snoring and OSA.
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