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Obstructive sleep apnea is an increasingly well-recognized dis-

easecharacterized by periodic collapseof the upper airway
during sleep. Thisleadsto either completeor partial obstruc-
tion of the airway, resulting in apneas hypopneas or both.
This disorder causesdaytime somnolenceneurocognitve
defects and depression.It affectsalmost every systemin the
body, resulting in an increasedincidenceof hypertension car-
diovascular diseasestroke, pulmonary hypertension cardiac
arr hythmias, and altered immune function. It alsoincreases
the risk of having an accident, presumablyasa result of asso-
ciated somnolence. Thegold standard for the diagnosisof sleep
apneais an overnight polysomnogram.Split-night studiesare
becomingincreasinglycommonand allow for quicker imple-
mentation of therapy at a reducedcost. Treatmentoptions for
sleepapneainclude weight loss positional therapy, oral
devices continuous positive airway pressue (CPAP), and
upper airway surgery. CPAP is the most efficaciousand widely
usedtherapy. Its complicationsinclude nasal congestionor
dryness mask disconfort, and claustrophobia. Heated humidi-
fiers, newer types of masks and nasal steroids have improved
tolerance of this therapy. Bil evel positive-pressue therapy can
be considered for patients who find it difficult to exhale
againstthe consistentlyincreasedpressue of CPAP. The dis-
easerequiresagg essve treatmentto improve quality of life
and prevent its complications. (J Allergy Clin Immunol
2003;112:643-51.)
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Obstrucive sleepapnea(OSA) is characterizedy
periodic completeor partial upperairway obstruction
duringsleep causingntermittentcessationsf breathing
(apneas)r reductionsin airflow (hypopneasyespite
ongoing respiratory effort. This disorder has been
describedor decadesbut its recognitionhasremaineda
problem.Prevalencestudiesof OSA with coexistentday-
time somnolencgobstrucive sleepapneghypopneayn-
drome)have reportedanincidenceof 2% in middle-aged
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Abbreviations used
AHI: Apnea-hypopnea index
COPD: Chronic obstructive pulmonary disease
CPAP: Continuous positive airway pressure
OSA: Obstructive sleep apnea

womenand4% in middle-agedmen? The prevalenceis
higher (ie, 9% for womenand 24% for men)if we use
only an apnea-hypopneandex (AHI) of 5 or more as
indicaive of sleep-disordereldreathing! Theprevalence
in community-dwellingelderly (age=65 years)hasbeen
reportedo beashighas62%2 With theeducatiorof pri-
mary care physiciansand heightenedpublic avareness,
the recognition of this disorder has substantially
increasedIn a nationalanmbulatory caresuwvey, Namen
et aB found a 12-fold increasein the annualdiagnosis
andreportingof OSA between1990and1998.

The economiccostof untreatedOSA is estimatedo
be in the rangeof billions of dollars4 On average,
patients with OSA use more health care resources before
the diagnosisof OSA comparedwith matchedcontrol
subjectswithout OSA5 The long-termeffects of OSA
include hypertensiorf;® cardiovascular diseasé;10
strcke 1112 and higher mortality.1314 All of theseissues
make this diseaseanimportantsocietalconcern.

DEFINITIONS

An apneais defined in adultsas cessatiorof airflow
for 10 or more secondslt usually indicatescomplete
obstructionof the upperairway.1> A hypopneais com-
monly definedasat least30%reductionin airflow for 10
seconds associated with a 4% decrease in oxygen satura-
tion.1s It connotesatransientreductionin inspiratoryair-
flow causedby increasedupperairway resistanceAn
apneads consideredbstructve if thereis continuedres-
piratory effort despitecessatiorof airflow. An apneais
onsideredo beof centralorigin if thereis noconcurrent
respiratoryeffort.

OSA is defined by the presencef at least5 obstruc-
tive apneas hypopneasor both per hour while the

Reprint requests: Robert D. Ballard, MD, National Jewish Medical and patientis sleepingl.5 OSA is commonlydivided into 3
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levels of severity: mild (AHI ==5 but <15 events per
hour); moderate (AHI = 15-30 events per hour); and
severe (AHI = >30 events per hour).
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OSA: PATHOPHYSIOLOGIC CYCLE
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FIG 1. The recurrent pathophysiologic sequence typical of significant OSA. UARS, Upper airway resistance

syndrome.

Recent clinical research has documented that signifiof the pharyngeaimusclesby the centralnewvous sys-

cant clinical sequelae can occur with even mild OSA.

PATHOPHYSIOLOGY OF OSA

Thesite of upperairway obstructiortypically liesin the
pharynx which is a surprisinglycompkx structure.The
pharyngeamusclesassistin variousfunctions including
swallowing, phonation and maintenanceof pharyngeal
paterty during inspiration.The function of eachpharyn-
gealmusclevariesdependingn the contractionrandposi-
tion of otherpharyngeamuscles. Theharyngealuminal
areaduringinspirationreflectsa balancebetweercollaps-
ing intrapharyngeahegaive suctionpressureinddilating
forcesprovided by the pharyngeamuscles.

The betavior of the relaxed pharynxis partly depen-
denton the transmuralpressureAn increasein trans-
mural pressurgoromotespharyngeapatercy, whereasa
decreasén the pressurepromotespharyngealkollapse.
The transmuralpressureat which the pharyngealarea
decreaseso zerois calledthe closing pressuréf The
pharynxbecomesncreasinglysusceptiblgo collapseas
its luminal areadecrease&’ Factorsthattendto narow
the pharyngeakirwvay include sufface adhesve forces,
neck flexion, jaw opening!® and gravity.1® Forcesthat
tendto dilate the pharynxincludetrachealtug causedy
increased lungolume2 and neclextension!8 Increased
nasalresistance the Bernoulli effect, and increased
dynamiccomplianceof the pharynxaredynamicfactors
thatcanalsopromotepharyngeahariowing.2!

In healthyawake humansubjects pharyngeapaten-
¢y is maintainedby continualneuromusculaacivation

tem. This activation is typically reducedduring sleep,
compromisingthe patercy of the upperairway. The
combinationof reducedneuralacivation with anatom-
ic abnormalitiesof the pharynx suchasexcessposteri-
or pharyngealtissue an enlaged tongue or a low-
hangingpalate setsthe stagefor obstrucive hypopneas
and apneasin patientswith OSA. Pharyngeaimuscle
activation is also attenuatedy alcohol sleepdepiiva-
tion, anesthesiaand sedaive-hypnotic$225 Proprio-
cepive feedbackrom thoracicandupperairway recep-
tors?627 and chemicalstimulationby hypercapniaand
hypoxig?® increaseneural output to the pharyngeal
muscles resultingin increasedacivation. Sleepabol-
ishes such propriocepive feedbackand suppresses
chemicalfeedbacke®-31

Pharyngeahariowing canbe periodicor nonperiodic.
Periodic obstructionproducesapneas hypopneasor
both interspersedvith normal airflow. During nonperi-
odic obstruction thereis a sustainedncreasdn airflow
resistancevith or withoutassociatedesaturatiod® This
sustainedncreasen resistanceantrigger sleepdisrup-
tion anddaytimesomnolencgein which caseit hasbeen
termedthe upperairway resistancesyndrome3? Pharyn-
geal narowing can occur at multiple sitesin patients
with OSA, including the velopharynx oropharynx and
hypopharynx.The velopharynxis the primary site of
occlusionin the majority of patients!6.33

Total occlusion or critical narrowing of the upper air-
way either fully eliminates or substantially reduces ven-
tilation. This in turn allows the development of hypercar-
bia and hypoxia. Respiratory effort progressively
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TABLE I. Common symptoms of OSA
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TABLE Il. Anatomic findings predictive of OSA

Common nocturnal symptoms
Snoring
Witnessed apneas
Nocturnal choking
Nocturnal snorting and gasping
Restlessness
Dyspnea
Diaphoresis
Nocturia
Dry mouth
Drooling
Gastroesophageal reflux
Common daytime symptoms

Daytime sleepiness and fatigue
Morning or nocturnal headaches
Impaired memory and concentration
Decreased dexterity
Personality changes

Irritability

Aggressiveness

Depression

Anxiety

Decreased libido

Impotence

increases in response to these chemostimuli and event
ally triggers an arousal. This leads to a surge of pharyr
geal dilator muscle activity and resolution of the upper
airway obstruction. This process can repeat itself contin
uously during the night, allowing intermittent hypoxia
and hypercarbia, fragmenting sleep, and triggering
adrenegic surgeswith eachcycle (Fig 1).

CLINICAL FEATURES OF OSA

The symptomsof OSA can be divided into daytime
and nighttime symptoms(Table |). Daytime symptoms
are usually the result of sleepdisruption causedby
apnea- or hypopnea-associated arousalsaskkenings.

Neck circumferencas oftenincreasedn patientswith
OSA. This is believedto be indicaive of centralobesit,
which is widely regardedas a significant risk factor for
OSA.An increasedhodymassndex canthereforealsobe
associatedvith OSA. Otheranatomicfeatureshat might
be associatedvith the presenceof OSA are shown in
Table Il Upper aiway anatomy should be assessed in the
supineposturewhen possiblebecauseét is more repre-
sentaitve of the anatomyof the sleepingpatient.Predis-
posingfactors suchaschronicsleepdepivation sleeping
in the supineposition and alcoholuse sedaive usg or
both shouldbeinquiredaboutduring patientevaluation.

The presenceof specfic clinical features(Table lll)
canincreasethe probability of OSA but are usually not
sufficient by themseVes to establishthe diagnosisof
OSA. In a reportby Hoffstein and Szali34 subjecive
impressionon the basisof clinical featureshada sensi-
tivity of 60% and a specficity of 63%. The definitive
diagnosisof OSA usuallyrequiresa sleepstudy.

Obesity, large neck circumference, or both
Retrognathia

Dental overbite

Dental malocclusion

Dislocation of temporomandibular joint during mouth opening
Macroglossia

Edema, erythema, or both of the uvula
Elongated and low-hanging soft palate
Narrow mandible

Narrow maxilla

Narrow retroglossal area

Tonsillar hypertrophy

Adenoid hypertrophy

Nasal septal deviation

Nasal obstruction from any cause

TABLE lll. Clinical predictors of OSA and its severity
Risk factors that enhance the probability of OSA

Obesity (BMI >30 kg/rd)

Neck circumference >40 cm

Male sex

Positive family history of OSA

Race (African American, Pacific Islander, and Mexican American)
Down syndrome

Marfan disease

Pierre-Robin syndrome

Age >40y

Postmenopausal status

Alcohol ingestion before bedtime
Respiratory allergies and nasal congestion
Underlying hypertension

BMI, Body mass index.

CLINICAL CONSEQUENCES OF OSA
Hypertension

Approximately40%of patientswith OSA have hyper-
tension.Approximately 30% of middle-agedmen with
hypertensiorhave OSA. Young et al?> demonstratec
dose-responselationshipbetweemAHI andblood pres-
sure which was independenbf confoundingfactors,
suchasage sex, bodymassindex, andtobaccaandalco-
hol use35 Threelargeclinical trials recentlyreportedthat
the presence of OSWas associated with a 1.5- to 3-fold
increasein the risk of hypertensiondevelopmens36-38
The WisconsinSleepCohortstudy also demonstratec
higher incidence of hypertension in patients wittA&h
of 5 eventsper hour or more comparedwith thatin
healthy subjectsand personswith only snoring3® In
hypertensre patientghetreatmenbf OSA oftenleadsto
adecreasén daytimesystemicblood pressure?

Pulmonary disorders

Pulmonaryhypertension OSA can causemild pul-
monaryhypertensionbut it usuallydoesnotleadto clin-
ical right-hearfailure in the absence of daytime hypoxia
or coexistent pulmonarydiseaseé142 Weitzenblumet
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Potential Interactions Between
OSA, Asthma, and Inflammation

\d

Systemic Inflammation
trROS

41ICAM-1, IL-8, MCP-1
vNO

Nasal Inflammation
4Pentane, NO
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tIL-6
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FIG 2. Potential interactions among OSA, nasal inflammation, systemic inflammation, and a possible link to
asthma severity. NO, Nitric oxide; ROS, reactive oxygen species; ICAM-1, intercellular adhesion molecule 1;

MCP-1, monocyte chemoattractant protein 1.

al*3 reportedthat about15% of patientswith OSA have
restingincrease®f pulmonaryarterypressure.

AsthmaAsthmaoftenhasa circadianpatternof sever-
ity, with exacerbation®ccurringmore frequentlyin the
earlymorning.Two studieshave demonstratethcreased
asthmaseverity and frequentnocturnalexacerbationsn
asthmatigatientswith concomitansnoringor OSA.4445
These studies demonstrated im@mment in asthma con-
trol and symptomswith effective treatmentof OSA and
snoring.The mechanism of thidfect remains unkown,
althoughit hasbeenhypothesizedo be neurogenically
mediatedirom upperairway vibration, apnea-associated
hypaxemig or inspiratory efforts againstan occluded
pharynx(Muller Manewer; Fig 2).

Chronic obstructive pulmonary diseag. Chronic
obstrucive pulmonarydiseasg COPD) canalso coexist
with OSA. Approximately 10% of patientswith OSA
also have COPD#6 However, the nocturnal oxygen
desaturatiorcommonly seenin COPD is more often
causedby REM sleep—associateldypoventilation and
lesstypically causedby apneasOthercauseof noctur-
nal desaturatiorcanincludesleep-associategentilation-
perfusionmismatchand decreasedunctional residual
capaciy. Hypercapnicpatientswith COPD have been
obseved to have a narrowed pharynx when awake,
which could also predisposghemto obstructve apneas
during sleep.A recentSwedishstudy found that symp-
tomsof lower respiratorytract diseaseand OSA coexist
in a large numberof patientswith COPDA47 Although
Sanderset a8 reportedthat therewasno clearassocia-
tion betweenmild COPD and OSA, the degreeof noc-
turnal desaturatiorwas greaterin patientswho hada
combinationof the 2 diseases.

Cardiac disorders

Ischemic heart diseag. Nocturnal hypaxemia and
heightenedadrenegic tone resultingfrom obstrucive
apneas-hypopneasight predisposeo cardiacischemia
in patientswith OSA and coronaryartery diseaseThe
risk of having a myocardialinfarctionis greatestat the
oxygensaturationnadr, whenthe heartrate and blood
pressureareincreasedReducedcapacityfor fibrinolysis
hasalsobeenreportedn patientswith sleepapneapossi-
bly further increasingtheir risk for coronaryocclusion.
Population-basestudieshave demonstratednincreased
risk of anginain adultswith chronicsnoring® In a pop-
ulation of middle-aged adults referred to a sleep clinic for
OSA evaluation Peker et alf0 notedthat 37% of patients
with OSA initially reportedcardiovasculardiseasgas
opposedio only 7% in patientswithout OSA. Over 7
yearsof follow-up, new cardovasculardiseasavasiden-
tified in 57% of patientswith inadequatelytreatedOSA
compared with only 7% of patients with adequately treat-
edOSA. Thesdindingsstronglysupportarole of OSAin
the developmentof coronaryarterydisease.

Arrhythmias Patientswith OSA are more proneto
have cardiac arrhythmias. Hoffstein and Mateika5!
detected arrhythmias in 58% of patients with OSA.
Patients with arrhythmias usually had more severe OSA
and nocturnalhypaxemia. Flemonset al52 reportedthat
an AHI of at least 10 events per hour and oxygen desatu-
ration to 60% or less are arrhythmogenic. The most com-
mon rhythm abnormalities seen with sleep apnea are
bradycardia during the apneic phase, followed by tachy-
cardia at the termination of the apnea. Other arrhythmias
can include sinus arrest, second-degree heart block, atri-
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al tachycardia, paroxysmal atrial fibrillation, atrial flut- thisreductioncanbereversedby subsequentPAP ther-
ter, premature ventricular contractions, and nonsustaineapy.61.62 |t hasalso beenrecentlyreportedthat OSA is

ventricular tachycardia.

Congestive heart failurédOSA elicits further increases

in sympatheticacivity in patientswith congesve heart
failure possiblyacceleratinghe cardiacdiseasgrocess3
Continuousposiive airway pressurg CPAP) treatmentn
patientswith OSA and congesie heartfailure increases
barorefex receptorsensiivity andresetsthe operating
point of the baroreceptoto a lower blood pressurethus
improving neural control of heartrate and ultimately
reducingheartrate® CPAP treatmentlsoresol/esupper
airway obstruction allowing overnightreductionin mean
intrathoracicpressureBy controlling OSA, CPAP also
eliminatestypical postapneicsugesin blood pressure.
Thesecombinedeffectsyield a reductionin cardiacafter-
load which canultimatelyimprove cardiacfunction.

Cerebrovascular disease

Cerebralperfusionfluctuatesduring apneaswhich
might compromiseblood flow to areasof the brainwith
alreadyborderlineor poor circulation.An oddsratio of
3.2 for the occurrenceof stroke hasbeenreportedin
patientswith snoring and an oddsratio of 8 for stroke
hasbeenreportedin patientswith witnessedapneas,
sleepinessand obesitywith snoring55% The incidence
of OSAin patientsvho have hada previousstrdke is also
significantly increased.

Inflammatory changes

Evidenceis alsoaccumulatinghat OSA canbe asso-
ciatedwith upperairway inflammation.Olopadeet al>”
measuredexhaled pentane(an indicator of oxidative
stress)andnitric oxide asindicatorsof inflammationin
20 patientswith OSA and 8 healthy control subjects.
They reportedthat exhaled nasal pentaneand nitric
oxide were increasedafter sleeponly in patientswith
OSA. Carpagnanoet al®® more recently reported

increasedevels of both 8-isoprostane (another indicator

of oxidatve stress)andIL-6 in breathcondensatérom
18 patientswith OSA.58 Thesechangesorrelatedwith
measuredAHI. Suchfindings presentconvincing evi-
denceof increasechasal-uppeairway inflammationin
patientswith OSA.

Evidenceis alsoaccumulatinghat OSA is associated
with changesin systemicindicatorsof inflammatory
function.Schulzetal®® reportedfrom astudy18 patients
with OSA, that neutrophilsuperoxidegenerationwas
enhancedn comparisornwith that seenin control sub-
jects andthis enhancemenwasimmediatelybluntedby
CPAP thergy. Dyugovskaya et al®®© demonstrated
increasedreactve oxygen speciesproduction from
monaytes and granultytes in 18 patients with OSAn
effectthatwasalsobluntedby subsequentPAP theragy.
Thesestudieslend supportto arole for cycling hypoxia-
reoxygenatiortypical of OSA in promotinginjury and
inflammatoryresponses patientswith OSA. This con-
ceptis alsosupportedoy 2 separateeportsthat OSA is
associateavith reducedcirculating nitric oxide andthat
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associateavith increasecirculatinglevels of intercellu-
lar adhesionmoleculel, IL-8, and monayte chemoat-|
tractantprotein 1 and that thesechangescan againbe
reversedby effective CPAP thergy.83 It is temptingto
speculatdahat the apparentlypro-inflammatoryeffect of
OSA could accountfor the association®f this disorder
with cardovasculardiseaseandasthmaseverity (Fig 2).

Neurocognitive function

Classicsleepapneais well known to causedaytime
somnolencedepressionand neurocognitve defects,
presumablyatleastpartly becaus@f sleepdepivation.
The WisconsinSleepCohort study recentlydemon-
stratedreducedpsychomotogfficiency in middle-aged
adultswith untreatedsleepapnea.Kim et alé4 also
reportedthat an AHI of 15 eventsper hour or greater
impaired neurocognitve function in a mannersimilar
to 5 yearsof additionalageor equvalentto approxi-
mately 50% of the effect of administeringa sedaive-
hypnotic64

Mortality and accidents

Increasesn work-relatedandmotor vehicleaccidents
are likely causesf increasedmortality in patientswith
OSA. Masa et & reported that habitually slpg drivers
asa grouphave a higherincidenceof respiratorydistur-
bance during sleep and significantly more automobile
accidents if they have an AHI of greater than 15 events
per hou. In a study conductedby Findley et al, %6 the
accident rate of patients with OSA was 0.07 crashes per
driver peryearasopposedo 0.01 crashegerdriver per
yearfor all driversin the stateof Colorado.With the
applicationof CPAP theragy, the accidentratedecreased
to zeroin compliantpatientswith OSA.

DIAGNOSIS OF OSA

The gold standardfor the diagnosisof OSA is the
overnightpolysomnogramlt includeselectroencephalo-
graphic electro-oculographicelectromyographicoxy-
gensaturation oral and nasalairflow, respiratoryeffort,
electrocardiographjandleg movementrecordingsThe
study s typically supervisedby a technicianand con-
ductedin the sleeplaboratoy. A full-night polysomno-
gramusually providesan accuratepicture of sleepchar-
acteristicsandthe severity of OSA.

Many sleeplaboratoriesroutinely conductsplit-night
studies during which baselinesleepis assesseth the
first portion of the study, followed by CPAP titration.
Strollo et al®” demonstrated¢omparableesultsbetween
split-night polysomnograms and full-night diagnostic
polysomnograms followed by full-night CPAP titration
polysomnograms. Split-night polysomnograms typically
allow for quicker diagnosis and treatment of OSA at
reduced expense.

Home cardiorespiratory studies can also be used in the
assessment of suspected OSA. These studies usually
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monitor heart rate, respiratory effort, airflow, and oxygen
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Jenkinsoretal’® substantiatethe therapeutiefficacy

saturation. Although useful for screening purposes, suclof CPAP in a controlledparalleltrial, in which therapeu-
tests usually do not provide information about sleeptic CPAP was comparedwith “sham CPAP” Patients
architecture and might be unable to distinguish sleepwith OSA undegoing therapeuticCPAP demonstrated
from wakefulness. The diagnosis of upper airway resis-clea-cut reductionsin Epworth sleepinesscoresand
tance syndrome and even mild sleep apnea might therimprovementin maintenancef wakefulnesstestresults

fore be difficult. Overnight oximetry alone provides
informationaboutonly nocturnaldesaturatiorandis not
a substitutefor a polysomnogram.

TREATMENT OF OSA

Lifestyle modification

The approactto treatinga patientwith OSA is multi-
faceted.In additionto treatingthe site of obstruction
itself, risk factorsfor OSA alsoshouldbemodffied. This
includes encouragingpatientsto lose weight, avoid
sleepdepivation andrefrainfrom tobaccgalcohol and
sedaives. The relationshipbetweenweight loss and
apneass apparentlycurvilinea. A critical amountof
weightlossmustoften occurbeforea significantreduc-
tion in AHI is seen.Weight loss alonedoesnot cure
OSAin the majority of patients.

Positionalthergy canbe usedin a selectedgroup of
patientsor in combinationwith CPAP. This thergy usu-
ally consistsof having patientssleepin the lateral posi-
tion or with their headsproppedup at 30° to 60°.
Although positionalthergpy might not affect the length
of apneasr apnedrequerty during REM sleep it typi-
cally reducesoverall apneafrequerty by stabilizingthe
pharynx. Patientsmore likely to respondto positional
thergy include thosewith milder OSA and mild or no
obesit. In addition respons/enesgo positionalchanges
shouldbe documentediuring a formal polysomnogram.

Electrical stimulationof the upperairway, nasaldila-
tors, and drugssuchas protriptyline and mirtazapine
have beenevaluatedfor the treatmentof OSA, but all
have typically beenunsuccessfuin adequatelyeducing
apneasSuchtherapiesarethereforenotcurrentlyrecom-
mendedor widespreadise.

CPAP therapy

Nasal CPAP thergy for OSA was first reportedin
198188 Sincethen it hasbecomethe most effective and

andenegy-vitality scoreson the SF-36.

Sideeffectsof CPAP. Commonside effects of CPAP
includerhinorrheanasakongestioranddrynessmaskdis-
comfort conjuncivitis from air leak, skin abrasionsclaus-
trophobia irritation from device noise difficulty exhaling,
aerophay, chestdiscomfort andbed-partneimtolerance.

Nasal congestionand maskintoleranceare the most
commoncomplaintsthat reducecompliancewith CPAP.
Many differentkinds of maskinterfacesare available.
They rangefrom full-face masksfor preferentialmouth
breatherso nasalprongs whichinsertinto thenostrilsand
reduceclaustrophobiaGel and air cushioninterfaceson
many nasalmaskspreventabrasionandskin breakawn.

Nasalsymptomseportedoy Pepinetal’2 in association
with CPAP thergy includednasalcongestior(25%), rhin-
orrhea-sneezin@B35%) and nasaldryness(65%). Similar
symptomswerereportedby Branderet a 73 and Hoffstein
andSzali34 Theadditionof heatechumidificationto CPAP
andtheadministratiorof nasalsteroidsarecommonlyused
to combatthesesymptomsRakotonanahargta 74 demon-
strated that the addition of humidification to CPAP
increasedomplianceanddevice use.Of 82 CPAP-treated
patientsenrolledin this study, 46 (56%) subsequentiyrad
nasalsymptomsA passve (cool) humidifier wasaddedo
their CPAPR, despitewhich 23 patientshad persistennasal
symptomsand subsequentlyequiredheatedhumidfica-
tion. With heatechumidfication CPAP useincreasedrom
3.5hoursto 5.38hoursdaily. Only onepatientdiscontinued
CPAP afteradditionof heatechumidiication.

Nasalsteroidsare also widely usedto reducenasal
congestionCraig et al’> demonstratedhat in patients
with perennialallergic rhinitis but no diagnosedOSA,
nasalsteroidsimproved both nasalcongestiorand sub-
jective sleep qualit In children with OSABrouillette et
al’é reporteda decreasén baselineAH! from 10.7t0 5.8
events per hour after the initiation of nasalsteroids.
Desaturatioreventswerealsoreduced® Given previous
obsevationsby McNicholaset a7 thatsnoringpatients

widely used treatment for OSA. It treats apneas-hypopneawith seasonathinitis are more proneto have OSA dur-

by providing air underposiive pressureéhrougha nasalor
facial mask thus creatinga pneumaticsplint in the phar-
ynx, which preventscollapseof the pharyngeakirway.

In one early study covert compliancemonitoring
revealedacceptablecomplianceratesto be aslow as
46%8°9 Complianceratesof 65% to 90% have been
reportedin more recentliterature. Complianceis likely
higherif a patienthassignificant daytime somnolence
beforeinitiation of thergy and perceéves subsequent
improvementwith CPAP thergy. Aggressve patient
educationand supportfrom healthcare providers also
improve compliance with treatment. Pepin EP aecent-
ly reporteda complianceateof 80%in responseo aug-
mentedsupportfor CPAP-treatedpatientswith OSA.

ing the pollen seasonit appearshat nasalsteroidthera-
py mightbe helpful for somepatientswith OSA.

Finally, patients who cannot tolerate CiPAecause of
discomfortfrom exhaling againsthigh pressurecan be
treatedwith the additionof a pressuréramp” or the use
of bilevel positve-pressurehergy. Autotitrating CPAP
wasalsointroducedin the last decadewith the premise
that by continuouslyadjusting pressureto meetthe
patients variable needs the overall meanairway pres-
surewill be reducedThis would hopefully allow better
toleranceand thereforebetter compliance.However,
additionalresearchs necessaryo demonstrateostben-
efits and betteroutcomesfrom this approachbeforeits
usecanbewidely recommended.
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Oral devices TABLE IV. Surgical approaches to OSA
Phase | Phase Il
Most available pral devices are approved for SNONNE <ol septoplasty Maxillomandibula
only. Only 14 devices have received clearance from th advancement

US Food and Drug Administration for treatment of OSA. 1yrbinate reduction

Of these, only 7 are adjustable, allowing titration of theTonsillectomy and adenoid resection
mandibular position, and only 3 have undergone conlLaser-assisted uvulopalatoplasty
trolled or randomized clinical trials. These devices workUvulopalatopharyngoplasty

on the principle of mechanically displacing the tongue oiMandibular osteotomy with

the jaw and tongue forward to increase space in the po. 9genioglossus advancement

terior pharyngeal area. These devices should not be ustyoid myotomy-suspension

for therapy of central sleep apnea or in patients with tem

poromandibular joint disease or problematic nasabecause of its associated long-term morbidity and mor-
obstruction. Patients need to have sufficiently healthytality. It adversely affects almost every system of the
teeth to anchor the device. Such devices are usually nbody. It is best diagnosed with an overnight polysomno-
recommended in patients with severe OSA or with siggram. The most efficacious and widely used treatment
nificant nocturnal oxygen desaturation. Two recent trialsfor this disease is CPAP. CPAP therapy improves daytime
have shown that even in patients with mild-to-moderatefunction and reverses many adverse consequences of
OSA, CPAP therapy produced better results, with greateOSA. Other modalities, including surgery and oral
improvement in AHI and sleepiness than observed wittdevices, are best used in patients with mild-to-moderate
oral devices’879 disease who cannot use CPAP.

Surgical treatment

Surgical approaches are likely more effective for
patients with OSA with discrete craniofacial abnormali- - Young T. Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occur-
. h for simplv obese patients. A wide variety of pro- rence of sleep disordered breathing among middle aged adults. N Engl J
ties than fo ply p z ariety orp Med 1993;328:1230-5.
cedures are available, many of which are directed at th 2. Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R, Kaplan O.
site of obstruction(TablelV). Surgery canbe carriedout Sleep-disordered breathing in community-dwelling elderly. Sleep
in at least 2 separate phases. Phase | surgery can inclu . 1N991?14/¢$6§5- 5P Fleischor A Tillett . Barmett M. McGall Wy
. . A - . amen , Dunagan , Fleischer A, lllle , Barne , vicCal f
qomblnatlons of all the listed procedures’ with the excep et al. Increased physician-reported sleep apnea: the National Ambulatory
tion of maxillomandbular advlancementThe re.ported . Medical Care Survey. Chest 2002;121:1741-7.
short-term response rate to these procedures in combin 4. Wake up America: a national sleep alert. Vol 2. Bethesda, Md: National
tion is approximately 60%. If the patient does not Commission on Sleep Disorders Research; 1995.
respond, Phase Il surgery can be considered, which coi > Smith R, Ronald J, Delaive K, Walld R, Manfreda J, Kryger MH. What
. f illomandibular advancement. These suraerie are obstructive sleep apnea patients being treated for prior to this diagno-
sists of maxi . i : e surg sis? Chest 2002;121:164-72.
are best conducted in tertiary centers by experienced Su 6. peppard PE, Young T, Palta M, Skatrud J. Prospective study of the asso-
geons. In selected patients the success rate from cor ciation between sleep-disordered breathing and hypertension. N Engl J
bined Phase | and Il surgery can be as high as 90%. Tt . 'ne‘: 2(;303342113;;'85 4 BK. Shanar £ Samet M. Redine S. of al
success rate is likely lower if the patient is obese with oo "= Tound 18, Lind BE, Shanar &, samet JV, Redine S, et &
X 0780 Association of sleep-disordered breathing, sleep apnea, and hypertension
severeOSA andoxygendesaturatiorto lessthan70% in a large community-based study. JAMA 2000;283:1829-36.
Complications can include bleeding, infections, upper 8. Parish JM, Shepard JW Jr. Cardiovascular effects of sleep disorders.
airway obstruction caused by surgical edema, Chest1990,97:1220-6. _ A
hematomas, and facial anesthesia after maxillomandiby 9 Schafer H, Kochler U, Ewig S, Hasper E, Tasci S, Luderitz B. Obstruc-
. . tive sleep apnea as a marker of coronary artery disease. Cardiology
lar advancement. Patients should be closely monitore  ;g99.95-79.84.
postoperatively in an intensive care unit setting by medio. Bradley TD, Rutherford R, Grossman RF. Role of daytime hypoxemia in
ical staff experienced in managing such cases. the pathogenesis of right heart failure in obstructive sleep apnea syn-
If all treatment modalities fail, a tracheostomy can be11 ‘;mr?e- AmMRe;’ FfeSF"LAD:j 1285431183559- bral infarction. Lancet
considered as a final therapeutic option, especially ir— [ J7°0 5 Fomas B SHorng and cerebral iareion. tance
morbldly obese Patlems with sevgre OSA, .Slgn_lflcamlz Hermann DM, Bassetti CL. Sleep-disordered breathing and stroke. Curr
oxygen desaturation, and/or associated cardiac disease  Opin Neurol 2003;16:87-90.
13. He J, Kryger MH, Zorick FJ. Mortality and apnea index in obstructive

SUMMARY sleep apnea. Chest 1988;94:9-14.
14. Lavie P, Herer P, Peled R, Berger |, Yoffe N, Zomer J, et al. Mortality in

sleep apnea patients: a multivariate analysis of risk factors. Sleep
OSA is a disease manifested by intermittent closure 0 1995:18:149-57.
narrowing of the upper airway during sleep, which leads15. American Academy of Sleep Medicine. Sleep related breathing disorders
to apneas-hypopneas, arousals, and oxygen desatur in arl]dUItS: recor;nmer:dations lf10r Tyndrome definition and measurement
. . ; . s . techniques in clinical research. Sleep 1999;22:667-89.
tIOhS: I,t IS bemg reqognlzed with Increasing frequenpy a,516. Morrison DL, Launois SH, Isono S, Feroah TR, Whitelaw WA, Remmers
phyS|C|ans and patlents become more aware of this dit JE. Pharyngeal narrowing and closing pressures in patients with obstruc-

order. OSA places a significant burden on society tive sleep apnea. Am Rev Respir Dis 1993;148:606-11.
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