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Historical perspective

Guilleminault et al [1] coined the term obstructive sleep apnea (OSA)

to describe patients with disrupted nocturnal breathing. Kuhlo et al [2]

performed the first tracheotomy to bypass upper airway obstruction in 1969,

which represented the first definitive surgical procedure to treat OSA. Fujita

et al [3] introduced the uvulopalatopharyngoplasty (UPPP) for treatment of

OSA in 1979. Sullivan et al [4] published the first study of continuous

positive airway pressure (CPAP) for nonsurgical treatment of OSA in 1981.

As with tracheotomy, CPAP eliminates excessive daytime sleepiness (EDS)

and cardiopulmonary sequelae of OSA [5], including normalization of blood

pressure [6]. Only complete compliance was shown to be sufficient to confer

treatment benefits from CPAP [7], and incomplete compliance with CPAP

proved prevalent [8–10]. Despite increased compliance with autotitrating

CPAP, a substantial proportion of patients remained ineffectively treated on

CPAP [11]. This finding led to a shift in focus toward surgical treatment of

OSA. In a meta-analysis, Sher et al [12] noted success of UPPP in 41% of all

patients, whereas in patients with tongue base obstruction, success was

achieved in only 6% of cases. This finding is supported further by Isono et al

[13], who demonstrated that collapsibility at the level of the retroglossal

airway is the most significant determinant of UPPP outcome.

In the wake of objective failure of UPPP in many patients, it became clear

that multiple anatomic sites contribute to obstruction [14–16]. Methods for

evaluating levels of obstruction were sought to improve preoperative

assessment and surgical outcomes. The methods the studies used included
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the Müller maneuver, cephalometric analysis, CT, and volumetric MRI.

The Müller maneuver offers some insight into the level of obstruction and

dimensions of obstruction, although it does not accurately predict surgical

success [17]. Cephalometric analysis correlates with three-dimensional CT

analysis [18]. CT provides good airway and bony resolution, although it

does not provide delineation of the upper airway soft tissue as well as the

MRI [19]. Sagittal MRI allows evaluation of the palate and tongue base to

the posterior pharyngeal wall [20]. MRI provides good soft tissue resolution

and supine evaluation in multiple dimensions; however, weight, claustro-

phobia, pacemaker placement, and expense can limit its application.

In response to the limitations of UPPP, Riley et al [21] introduced the

Stanford Protocol (Fig. 1), which involved inferior sagittal osteotomy of the

mandible andhyoidmyotomyand suspension.Later,Riley et al [22] published

results from a two-phase protocol, which involved UPPP for palatal obstruc-

tion and genioglossus advancement with hyoid myotomy or suspension for

tongue base obstruction in phase I. Thismethod achieved success asmeasured

by polysomnography in 70% to 80% of patients with mild to moderate OSA,

although success was obtained in only 42% of patients with severe OSA.

Additionally, surgical treatment improved sleep architecture and increased

lowest oxygen-saturation levels to those achieved by CPAP.

For patients with residual OSA as determined by postoperative sleep

study who were interested in further treatment, phase II involved maxillary-

mandibular advancement osteotomy and achieved a 97% success rate [22].

Updates on clinical outcomes from the Stanford group continue to report

similar outcomes for phase I [23] and phase II [24].

Recent years have seen a proliferation of procedures aimed at a surgical

cure for OSA. Laser-assisted uvuloplasty has been investigated and proved

to be an effective treatment for snoring [25], but there are conflicting data on

its efficacy in the treatment of OSA [26]. Preliminary studies on tongue-base

suspension sutures demonstrate a modest effect on objective measures [27]

and small improvement in functional outcomes, sleepiness, and snoring [28].

Radiofrequency energy has been used to decrease the volume of palatal

tissue [29], turbinate tissue [30,31], and tongue base [32–34], with mixed

results. Bariatric surgery also has been used to affect the degree of obesity

and, secondarily, OSA. This tremendous assortment of treatment modalities

and methods of reporting outcomes raises two fundamental questions: What

constitutes failure or success and why do specific interventions succeed or

fail by these measures?

Pathologic features of obstructive sleep apnea

To fully understand treatment approaches to OSA, a thorough un-

derstanding of the pathologic features of OSA is necessary. Current

understanding suggests that obstruction and cessation of ventilation result

from anatomic and neurologic factors working to collapse the airway,
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overriding those working to dilate the airway. This effect is known as the

‘‘balance-of-forces’’ model [35]. In OSA, these events include apneas,

complete cessation of ventilation, hypopneas, significantly reduced ventila-

tion secondary to partial obstruction, or respiratory effort–related arousal,

which are defined as inspiratory efforts against increased upper airway

resistance that cause transient arousals but do not reach the threshold

for either apnea or hypopnea [36]. Formerly, it was believed that hyper-

somnolence resulted from hypoxemia or hypercapnea associated with

Fig. 1. Staged surgical protocol. From Likk, Powell NB, Riley RW, Troell R, Guilleminault C.

Overview of phase I surgery for obstructive sleep apnea syndrome. Ear Nose Throat J

1999;78:836–45; with permission.
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these events. It is now understood that hypersomnolence results from sleep

fragmentation [37].

Respiratory drive and tonic control of airway musculature differ in

the sleep and awake states. A ‘‘wakefulness drive,’’ which responds to

nonmetabolic inputs, modulates changes during the awake state. When

this influence is removed during sleep, respiratory drive relies solely on

metabolic inputs to chemoreceptors that allow a higher pCO2 set point.

Transition from wakefulness to sleep results in an immediate decrease

in respiratory drive. This decrease is followed sequentially by hypoxemia,

a brisk respiratory response, arousal, and a large compensatory breath.

Therefore, the transition between states represents a time of considerable

importance for the patient with OSA because of the vulnerability of the

upper airway [38,39]. Additionally, rapid-eye-movement–phase sleep con-

stitutes a higher percentage of sleep during the last third of the night [40] and

is associated with decreased muscle tone. The effect of this change in tonic

control is increased collapsibility during this phase of sleep.

Anatomically, resistance can occur intranasally or at the level of the

palate (type I), at both the palate and the base of the tongue (type II), or at

the base of the tongue alone (type III) [41]. As compared with control

patients, there is increased pharyngeal resistance during wakefulness in

patients with OSA [42–45]. As compared with the wakeful state, pharyngeal

airway resistance triples during sleep [42–48]. With arousal and concomitant

return of the wakefulness drive, dilator muscle activity increases, airway

resistance decreases, and airflow resumes [42–49].

Several specific anatomic differences exist between control patients and

patients with sleep apnea. Smaller upper airways have been observed

in patients with OSA [15,47,50]. The cross-sectional area of the pharynx

has been shown to be inversely proportional to the severity of OSA [15].

Pharyngeal anterior-posterior axis length greater than lateral axis length

predisposes to airway collapse [51]. In contrast to the pharynx in control

patients, the pharynx in patients with OSA is collapsible to a greater

degree [52] and collapses under subatmospheric pressure conditions

[53]. Lateral walls are the structures most likely to collapse in all subject

groups. Thickness of the lateral pharyngeal muscular walls is cited as

being responsible for collapse [54]. The palate of patients with OSA has

significantly increased muscle and fat mass as compared with control

patients [55]. Evidence suggests that there is a relationship between OSA

and local pharyngeal fat deposits. Additionally, increased fat load in the

collapsible pharyngeal segment has been demonstrated when compared with

control patients [47]. These anatomic and physiologic tendencies lead to

poor sleep efficiency and downstream physiologic effects. As a result, much

of the available data suggest that OSA negatively affects several measures of

health.

Several authors have shown an association between OSA and cardio-

vascular disease. The National Commission on Sleep Disorders Research

542 K.C. McMains, D.J. Terris / Otolaryngol Clin N Am 36 (2003) 539–561



estimates that there are 38,000 cardiovascular deaths per year in the United

States secondary to OSA [56]. Obstructive sleep apnea is believed to lead to

pulmonary and systemic hypertension [57,58]. In individuals with an apnea-

hypopnea index (AHI) greater than or equal to 15, increased systolic and

diastolic blood pressure was noted during both sleep and wakefulness

when compared with individuals with AHIs less than 15 [59]. Hung et al [60]

showed increased cardiovascular mortality in patients with apnea indices

(AIs) greater than 5.3. Obstructive sleep apnea has been implicated in cor

pulmonale, arrhythmia, cerebrovascular accident (CVA), and polycythemia

as well [56].

Obstructive sleep apnea has been implicated as a causal factor in motor

vehicle accidents. In one study, an AHI greater than 5 yielded a three-fold

increase in motor vehicle accidents, whereas an AHI greater than 15 yielded

a seven-fold increase [33,61]. It is worth noting that an AHI greater than

15 falls within the definition of clinical success used by several authors.

Reaction times of motorists with OSA were compared with and found to be

worse than those of alcohol-impaired drivers [62].

Obstructive sleep apnea has been linked to increased mortality. In middle-

aged patients with sleep-disordered breathing (SDB), decreased survival was

demonstrated, regardless of disease severity [63]. He et al [64] showed in-

creased mortality in patients with AIs greater than 20. Despite similarity

in overall mortality in the post-uvulopalatopharyngoplasty (UP3) popula-

tion, there is a relative risk of three for hypertension and subsequent death

from cardiovascular disease (CVD) in patients with OSA as compared

with control patients [65].

In a review published in 1997, Wright et al [66] contravened conventional

wisdom by questioning the health effects of OSA. They found contradictory

evidence regarding SDB and cardiovascular disease or CVA. They regarded

the evidence linking OSA to EDS as stronger but still inconclusive. Since that

time, much work has been done to further examine the role of OSA in

cardiovascular andoverall health,most notably through theFraminghamand

Sleep Heart Health Study. In the Framingham study, SDB was associated

with increased right ventricular wall thickness, although neither right atrial

dimensions, right ventricular dimensions, or right ventricular systolic function

was affected [67]. Obstructive sleep apnea is associated with overall increased

health care use [68]. Nieto et al [69] demonstrated an association between

hypertension and SDB, as defined by AHI and percent time with oxygen

saturation in arterial blood below 90%.Obstructive sleep apnea was shown to

have mild to moderate effects on ‘‘heterogeneous manifestations of CVD’’

with even a slight increase in AHI. A stronger association with congestive

heart failure (CHF) and stroke was shown [70]. In a recent review, Young and

Peppard [71] wrote of the data: ‘‘collectively they provide evidence that we

cannot dismiss the hypothesis that SDB causes CVD.’’ Other authors

argue that correlations among respiratory disturbance index (RDI) and body

mass index (BMI), hypertension diabetes mellitus (HTN, DM), and lipid
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levels cloud any conclusions as to whether increased risk of CVD results from

SDB or concomitant risk factors [72]. Despite mounting evidence, debate

about the true effect of OSA on health continues.

Measures of success and failure

Several mechanisms have been used for diagnosing OSA, assessing its

severity, and assessing the response to treatment. These mechanisms include

purely subjective patient-reported measures, subjective physician-graded

measures, and objective monitoring. A brief review of the major modalities

follows.

Epworth sleepiness scale

Principal among the symptoms resulting from OSA is EDS. Using EDS

in assessment of disordered sleep presents the difficulties of subjective

reporting. Additionally, EDS is not limited to patients with OSA. It was

found in 21% in patients with RDIs less than 5 versus 35% of patients with

RDIs greater than 30 [73]. The Epworth sleepiness scale (ESS), first

described by Johns, is an instrument used to evaluate severity of symptoms

from OSA in a semiquantitative way [74]. The ESS is a self-administered

survey of a patient’s likelihood of dozing during eight activities. For each

activity, the patient rates his or her chances of falling asleep while engaged

in the activity. Scores range from 0 (never dozing in a situation) to 3 (always

dozing).

Quality-of-life scales (general and disease-specific)

In early work, global measures of health were used to assess the effect of

OSA. These measures originally were designed to measure aggregate health

characteristics and to provide synoptic information regarding a patient’s own

perception of health. The Medical Outcome Survey Short Form (SF-36)

includes eight domains tomeasure health andwell-being [75]. Briones et al [76]

showed a correlation among the ESS score and vitality, role-emotional, and

general health domains, whereas themultiple sleep latency test correlatedwith

the vitality domain. Another study using the SF-36 showed improvement in

energy and vitality and mental and physical functioning domains, although

another measure used in the study failed to identify these effects [77]. Mild to

moderate SDBwas associated with a decreased vitality measure on the SF-36,

whereas severe SDB was associated with a global decrease in quality of life

(QOL) [78]. Oxygen desaturation negatively affects the QOL measured by

SF-36 aswell [79]. All dimensions ofQOLwere diminished significantly on the

SF-36 in patients with OSA as compared with control patients. Improvement

in QOLwas related more to the degree of perceived disability than to the RDI

or arousal index [80].
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The Nottingham Health Survey demonstrated significant differences in

energy, pain, sleep, social isolation, and physical mobility in patients with

OSA as compared with control patients; however, no difference in EDS

between these groups was noted. No difference in QOL was identified among

patients with different levels of severity with OSA [81].

Concern about the ability of nonspecific measures to elucidate subtle

QOL changes specific to OSA led to development of disease-specific measures

of QOL. The Calgary Sleep Apnea Quality-of-Life Index demonstrated

validity in assessment of OSA. It also demonstrated a higher responsive-

ness index and effect size than did the SF-36 [82]. The Functional Outcomes

Sleep Questionnaire was designed to assess the effect of sleep-related

symptomatology on five daily activities. It demonstrated validity in evalu-

ating functional disability as it relates to sleep disturbance and response to

treatment [83].

The Obstructive Sleep Apnea Patient-Oriented Severity Index (Table 1)

was designed for use in the OSA Treatment Outcome Pilot Study. It involves

responses to questions regarding five subscales to which importance and

magnitude of effect are assigned. A symptom impact score is generated from

the product of the importance and the magnitude. The OSA Treatment

Outcome Pilot Study study demonstrated worse QOL in all domains except

bodily pain [84]. A revised version, the SNORE-25, excluded seven items

from the first and dispensed with symptom-impact scoring, reporting average

magnitude score instead. This instrument correlates well with the patient’s

subjective response to treatment [85].

Multiple sleep latency test

The multiple sleep latency test (MSLT) evaluates degree of impairment of

daytime alertness [86]. This test involves recording the time of sleep initia-

tion for multiple naps separated by at least 2 hours during a patient’s nor-

mal waking period. This instrument can be used to diagnose upper airway

resistance syndrome (UARS) [87] or as an assessment of treatment effect.

In the absence of UARS, the MSLT is used to diagnose narcolepsy. It gener-

ally is considered the ‘‘gold standard’’ for evaluating daytime somnolence

and sleep latency. Moderate correlation exists between ‘‘irresistible sleepi-

ness,’’ which describes the sensation of being overcome by sleep, and

MSLT; however, ‘‘irresistible sleepiness’’ failed to identify pathologic MSLT

in patients with SDB [88].

Müller maneuver: palate, base of tongue, and lateral walls

The Müller maneuver originated from attempts to evaluate various levels

of upper airway obstruction. The examiner views the upper airway through

the nasopharyngoscope at rest and with maximal inspiratory effort against

closed nose and mouth. The base of tongue, lateral pharyngeal walls, and

545K.C. McMains, D.J. Terris / Otolaryngol Clin N Am 36 (2003) 539–561



palate are examined for collapse. The examiner rates collapsibility of each

structure from 0 (minimal collapse) to 4+ (complete collapse). Müller

maneuver score was shown to be correlated moderately with preoperative

SDB severity, and its reproducibility was verified between examiners [27].

Collapse of the palate was correlated highly with RDI, whereas lateral wall

Table 1

Items on the Obstructive Sleep Apnea Patient-Oriented Severity Index

Sleep problems

1. Trouble falling asleep

2. Waking during sleep

3. Loud/excessive snoring

4. Restlessness during sleep

5. Waking ‘‘too early’’ in morning

6. Waking up feeling tired

7. Bed wetting

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, religious, or spiritual activities limited

Medical problems

15. Amount of medical care required for OSA

16. Interaction of OSA with other medical problems

17. Travel by automobile to other regions or parts of country limited because of fear of

medical problem

18. Unable to have sexual relations because of medical problem

19. Financial burden as a result of illness

Emotional and personal problems

20. Dread/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 sleepiness

From Piccirillo JF, Gates GA, Schectman KB. Obstructive sleep apnea treatment outcomes

pilot study. Otolaryngol Head Neck Surg 1998;118:833–44; with permission.
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collapse was correlated moderately, and base-of-tongue collapse was not

correlated [89].

P close

P close is the pressure at which the upper airway collapses. This value is

a significant discriminating feature between normal subjects and patients

with abnormal collapsibility, as is seen in OSA [90]. In apneics, P close tends

toward higher values than in control subjects. Airway collapse can occur at

the level of the palate or tongue base. Positive P close predicted treatment

effect in patients with OSA. For patients with positive P close, nocturnal

oxygenation was normalized after UPPP in 27%, whereas oxygenation

corrected 73% of OSA in patients with negative P close [13]. Tracheal

traction [91], UPPP, and palatal advancement result in a decrease in closing

pressure [92].

Cephalometrics

Cephalometric radiographs are obtained and evaluated in a standard-

ized manner [93]. Relationships of different structures to one another have

been assessed for predictive value in diagnosing OSA and evaluating sur-

gical outcome. Changes in ANB and SNB angles were correlated with

postoperative changes in AHI [94]. Other studies correlated postoperative

outcomes with increased posterior airway length, increased hyoid-mandib-

ular length, and increased posterior airway space (PAS) [95,96]. Li et al [97]

report an increase in pharyngeal length and depth of 48% and 53%, re-

spectively, after maxillomandibular advancement and report a high success

rate for these procedures. Conflicting data were described by Yao et al [89],

who found that cephalometric radiographs reflect anatomic changes post-

operatively, but these changes did not correlate with efficacy as measured

by improvements in the AHI.

Polysomnogram

The polysomnogram (PSG) was first described in 1974 by Holland et al

[98]. Since that time, PSG has become the ‘‘gold standard’’ in diagnosis and

follow-up of sleep apnea because it provides objective data on sleep and re-

spiratory status. Originally, the only events evaluated were apnea; however,

analysis has expanded to include hypopneas and respiratory event-related

arousals (RERAs), as described previously. The diagnosis most frequently is

made on the basis of the sum of these events per hour or RDI. In the level I

study, information gathered includes pulse oximetry, electrocardiography,

nasal or oral airflow, respiratory effort, extremity electromyography, sub-

mental electromyography, electro-oculogram, positionally dependent sleep

changes, and electroencephalographic evidence of arousal [99]. Despite
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collecting information on oxygen desaturation, arousals, limb movements,

sleep architecture, and cardiac events, diagnosis most often is made by RDI

alone. With the pressures of medical economics, other less costly studies

have been explored that endeavor to adequately diagnose OSA without

incurring similar costs. These studies range from fully monitored home

studies to overnight oximetry, although each has limitations in the data

collected. In a nap study, the AHI and oxygen desaturation index detected

correlates with the severity of OSA as determined by PSG [100]. Data re-

ported from portable PSG correlated with those obtained with a laboratory-

based control for AHI and diagnosis, although there was reduced

confidence in respiratory scoring secondary to signal quality [101]. Parra

et al [102] showed 89% concordance between AHI measured by a home

device and traditional PSG. Kapur et al [103] reported that unattended

home sleep studies were acceptable for the evaluation and diagnosis of OSA

in 90.6% of cases.

Why surgical procedures fail

The complex interacting factors causing dysfunction in OSA make it

difficult to guarantee effective treatment in an individual patient. The perfect

treatment for OSA would eliminate sleep disturbance, reverse dangerous

physiologic changes, restore restful sleep, eliminate symptoms, and be well

tolerated by patients. The principal failure of CPAP is the patient’s inabil-

ity to tolerate treatment. Tracheotomy bypasses airway obstruction at all

levels, yielding objective results comparable to CPAP, but it also is poorly

tolerated by many patients owing to inconvenience and social stigma.

Paradoxically, UPPP may, in some cases, decrease the maximal pressure

tolerated by way of CPAP by creating oral air escape and decreasing the

effectiveness of treatment [104]. The importance of patient selection based

on careful examination affects the likelihood of success. In early work, Sher

et al [17] showed that selecting patients with pharyngeal changes isolated to

the region of the tonsillar fossae and soft palate increased the success rate of

UPPP. For patients completing phase II surgical treatment, more than 90%

have a successful surgical result as measured by RDI; however, many

patients who do not have successful surgery as defined by PSG do not elect

to complete phase II surgery, limiting the generalizability of results reported

in OSA surgery [105]. Answers to the questions ‘‘What prevents a successful

result in earlier stages of surgical treatment?’’ and ‘‘How does one maximize

the likelihood of a given patient achieving a cure for his or her disease?’’ may

lie in the variability of OSA.

The association of OSA and obesity cannot be disputed. Major weight

gain was associated with surgical failures, although there was no negative

effect from aging and minor weight gain [106]. Failure after UP3 was related

to preoperative BMI and postoperative weight gain [107]. Bariatric surgery
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has been explored in the treatment of OSA, with variable results. Several

authors report that bariatric surgery provides significant long-term re-

duction in weight and OSA severity [108–110], whereas other reports suggest

a considerable relapse rate among treated patients [111]. Aggressive weight-

reduction programs represent an important component of comprehensive

OSA treatment.

Significant differences in disease presentation and characteristics are seen

between male and female patients with OSA. Presenting symptoms for men

included snoring and stoppage of breathing, whereas women reported head-

ache on awakening [112]. In another study of SDB, both genders presented

with similar symptoms of snoring and EDS. This same study showed

that, despite having significantly smaller oropharyngeal airways, women had

much milder disease than men. Additionally, upper airway size correlated

with severity of disease only formen [113]. A higher death rate is noted among

women with AHIs greater than five than in similarly affected men [114]. In

a study of obese patients, Vgontzas et al [115] reported OSA in 40% of men

and only 3% of women. The association between BMI and RDI is weaker in

women than in men. Another study of morbidly obese patients showed that

77% of men and only 7% of women had OSA [116]. Taken together, these

observations suggest important gender differences in sleep disorders. Further

exploration of the nature of these differences may result in a higher

percentage of surgical successes.

Collapse of the lateral pharyngeal wall contributes significantly to ob-

struction. Bettega et al [117] wrote, ‘‘No data are available on the effects of

phase I surgical techniques on dilator muscle activity, contraction efficiency,

and upper airway collapsibility.’’ This view is disputed by Schwab et al [93],

who reported that skeletal advancement surgery increased tension on

constrictors, thereby decreasing lateral wall collapse. Li et al [24] found

that maxillomandibular osteotomy improves the tension and collapsibility

of the suprahyoid and velopharyngeal musculature. In a later study, Li et al

[118] reported that maxillomandibular osteotomy improves retrodisplace-

ment of the tongue and more dramatically improves lateral wall stability.

Thut et al [119] showed that elongation of the airway had the greatest

effect on collapsibility. Pharyngeal length increases significantly in patients

with OSA as compared with control patients when changing from the

upright to the supine position [120]. A distance of less than 21 mm from

the mandibular plane to the hyoid was associated significantly with

UPPP failure [121]. Exploration of airway-lengthening procedures may

exploit the insight gained through Thut’s research to the benefit of patients

with OSA.

Recognition of the influence exerted by other diseases and syndromes

may contribute to the challenge of effective OSA treatment. ‘‘Dispropor-

tionate anatomy’’ among the base of the tongue, narrow mandible, and

hypoplastic mandible affect upper airway dynamics [16]. This disproportion

can be seen in syndromic patients and in isolation from other abnormalities.
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Allergy also may play a role in the pathogenesis of OSA [122]. Allergic

response not only increases airway resistance intranasally, it may result in

edema of pharyngeal segments and predispose to collapse. Hypoventilation

syndrome can occur concomitantly with OSA and cause continued sleep

disturbance despite treatment of obstruction. Recognizing and addressing

these and other comorbidities may affect surgical outcomes positively.

Best current metrics

Despite using RDI as a standard for diagnosis and treatment effective-

ness, there is some suggestion that RDI may not completely describe all

aspects of the disease. Piccirillo elucidates the principal limitations in the

use of PSG for diagnosis and evaluation of response in OSA [123]:

1. Assignment of severity based on RDI, not oxygen desaturation index (ODI),

sleep fragmentation, or patient symptoms. This criticism is supported by

Kingshott et al [124], who demonstrated that neither apneas nor hypopneas

account for more than a small percentage of the variation in objective or

subjective sleepiness. Respiratory disturbance index showed poor correlation

with EDS, neuropsychologic functioning, or rates of motor vehicle accidents

[61]. Oxygen desaturations negatively affect QOL measured by SF-36 as well

[79]. This finding suggests an influence fromdesaturation independent ofRDI;

however, ODI has been shown to be specific for OSA diagnosed by PSG [125],

whereas ODI coupled with CT90 (percentage of time saturation levels remain

below 90%) and oximetry is both sensitive and specific for OSA by PSG [126].

Sleep fragmentation results from short-alpha electroencephalogram arousals

during sleep that correlate with increased work of breathing [127]. Although

RDI and minimum oxygen saturation in arterial blood were improved on

therapeutic CPAP, no significant difference in sleep architecture was seen

between therapeutic CPAP and placebo CPAP [128]. Therefore, patients

‘‘effectively’’ treated as assessed by RDI alone may not receive the physical

benefits of restored sleep architecture.

Patient perception of treatmentmaydiffer dramatically fromobjective data

provided by PSG. The fact that tracheotomy and CPAP can decrease QOL

secondary to inconvenience, discomfort, and social stigma despite effective

bypass or splinting of obstruction highlights the distinction between PSGdata

and patient perception [129]. This disparity has been demonstrated for laser

assisted uvulopalatoplasty [26], UPPP [130], and dental appliances [131].

Epworth sleepiness scale shows correlation with patient-identified sleepiness

but does not correlate withMSLT [132], AHI, or minimum oxygen saturation

in arterial blood [133]. In contrast, other studies have found an association

between RDI and QOL measures [134]. Li et al [129] showed correlation

among RDI, minimum oxygen saturation in arterial blood, and visual analog

scale reporting of symptoms. Most patients report subjective improvement in

symptoms afterUP3, although this subjective improvement does not correlate

with AI or sleep architecture for many patients. One suggestion regarding the
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difficulty in obtaining postoperative sleep studies is that symptomatic

improvement decreases a patient’s desire to undergo additional testing

[130]. In a study of patientswithmildOSA, no additional benefitwas seenwith

CPAP treatment compared with placebo on SF-36 or functional outcomes of

sleep questionnaire, suggesting that the placebo effect may obscure subjective

reporting of findings [135]. Additionally, snorers without OSA have

decrements in QOL to almost the same degree as patients who carry the

diagnosis of OSA as measured on the Nottingham Health Profile [136].

Response bias has been shown to affect medical outcomes survey data [137].

Differing data on PSG data and subjective data are competing and cloud

conclusions on the relationship among these measures.

2. There is a lack of correlation between AHI and overall health status [81] or

QOL [138]. The conflicting data regarding the relationship to OSA defined by

PSG and various measures of health are presented in a previous section

(‘‘Pathologic features of obstructive sleep apnea’’). Data addressing the

relationship between PSG results and QOL also are presented previously in

this section. Although not uniformly disproved, questions about the strength

of each of these relationships persist.

3. Apneas and hypopneas are not reported in a uniform way. Although efforts

to standardize definitions of these occurrences have been made [86],

considerable variability in definition, evaluation, and reporting continues to

cloud comparisons [139]. Various cutoffs are used in individual studies for

diagnosis, benefit, and cure, which further complicate interpretation of PSG

data. Different methods of recording AHI yield dramatically different

diagnosis and assignment of severity [140]. For example, thermistors have

the potential to be less sensitive to hypopneas than othermethods of recording

[116]. Sher [141] states that intraesophageal manometry is the most effective

method of distinguishing apnea from hypopnea. In contrast, Skatvedt et al

[142] showed no statistical difference between patients undergoing PSG with

and without pressure monitoring in any sleep-quality parameter except

duration of non–rapid-eye-movement sleep with oxygen saturation below

90%. The use of different definitions for respiratory disturbance, criteria for

diagnosis, andmeasures of success is perhaps themost significant limitation in

evaluating and comparing outcomes from different treatments.

4. Frequency of apneas and hypopneas may vary from night to night. Because

sleep quality may vary from night to night owing to myriad physical and psy-

chosocial influences, a one-night studymay be inaccurate [143]. A corollary to

this contention is that monitoring may cause considerable arousal artifact

secondary to mask placement or perception of other monitoring devices. This

criticism has been refuted by some studies that show no significant difference

between first- and second-night sleep studies [144] and reclassification of

disease or severity in only a few patients based on subsequent night-sleep

studies [145]. Although data conflict on this point as well, attention to this

possibilitymayguide decisions regarding repeating sleep studies or proceeding

with surgical treatment in cases that fall close to diagnostic cutoffs.
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Steps have been taken already to incorporate some of these principles in

diagnosis and treatment of OSA. The composite clinical-severity index,

described by Piccirillo et al [84], includes ESS, BMI, presence of redundant

pharyngeal tissue, RDI, and minimum oxygen saturation in assignment of

disease severity (Figs. 1 and 2). A second generation of this instrument, the

SNORE-25, has been developed, and an initial study has been reported [85].

Although exploration of this type of multidimensional analysis is in its

infancy, this approach represents a significant step toward thorough

assignment by considering both objective and subjective measures.

Future strategies

Future strategies for OSA treatment will involve the evolution of

methods of assessment and treatment. Although related, these areas are

distinct fields of endeavor. Much progress has been made already in the field

of assessment. Clear definition of respiratory disturbances will help establish

uniform reporting and more reliable, valid comparisons among different

studies. To date, relative contributions of apneas, hypopneas, and RERAs

have not been well defined. Research into the relative contributions of

different types of respiratory disturbance to symptomatology and down-

stream health effects may provide insight into the true effect of treatment.

Despite its utility as an objective measure, traditional PSG reported in terms

of RDI alone has limitations. Recognition of these limitations has already

motivated the development of instruments that include multiple perti-

nent variables. Additionally, continued exploration of the neural inter-

face between sleep and awake states may provide new frontiers in OSA

treatment.

Future advances in treatment will likely parallel those made in

assessment. On the nonsurgical front, vigorous educational efforts on the

part of the medical community to raise public awareness of OSA will affect

health behaviors and social stigmata assigned to various treatment modal-

ities. Such educational efforts have been reported to increase compliance

with CPAP treatment [146]. Finding new and unique approaches to prevent

collapse while decreasing morbidity will likely drive additional treatment

advances. Continued work on lateral wall collapse offers one area of

potential improvement. Procedures designed to lengthen the airway may

provide a breakthrough in prevention of collapse. Early success has been

reported in electrical stimulation of the genioglossus, resulting in decreased

pharyngeal critical pressure [147]. Work will likely continue on application

of radiofrequency energy in OSA. Other devices also may demonstrate

utility in treatment of OSA. Jokic et al [148] reported decreasing surface

tension and, as a result, AHI by applying a topical lubricant to upper airway

tissues. Further work in these areas will likely add to the armamentarium of

OSA treatment.
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The complexity of OSA and its variability of expression within

individuals make identification of one ‘‘best method’’ of assessment and

treatment difficult. As new techniques for treatment continue to evolve,

methods of reporting will continue to evolve to more thoroughly illuminate

the complex relationships at work in OSA.
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