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Redefining the Timing of Surgery for Obstructive Sleep Apnea in
Anatomically Favorable Patients
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Objectives/Hypothesis: Healthcare remunerating agencies in North America require patients with obstructive sleep
apnea (OSA) to undergo a continuous positive airway pressure (CPAP) trial before funding surgical therapy. The adherence
rate of CPAP is problematic. This study’s objective was to determine the proportion of surgically favorable patients who failed
CPAP who subsequently benefitted from surgical therapy, and to explore consideration of surgical therapy as first-line treatment in this specific OSA subpopulation.
Study Design: This was a prospective cohort study.
Methods: Patients with moderate–severe OSA who had failed a minimum 6-month trial of CPAP were recruited. All had
optimal anatomy for surgery and underwent tonsillectomy with palatoplasty 6 septoplasty. Outcome measures included
apnea-hypopnea index (AHI), Epworth Sleepiness Scale (ESS), and Sleep Apnea Quality of Life Index (SAQLI-E), and blood
pressure. Patients were followed for 1 year.
Results: By AHI measurement, 85.7% of patients in the entire cohort were successfully treated by surgery. ESS while on
CPAP was 13.7 6 2.9, improving to 4.1 6 2.5 after surgery. SAQLI-E scores on CPAP were 25.7 6 5.8, improving to 10.2 6 3.2
after surgery. Blood pressure remained elevated during CPAP but normalized after surgery. All changes were significant at
P <.001.
Conclusions: Surgical intervention improved OSA severity as measured by the ESS, SAQLI-E, and blood pressure. These
measures had not improved on CPAP. AHI improved as well. Our results suggest that certain patients with OSA may be managed more effectively with surgery than CPAP, without confounding issues of treatment adherence and with only minor surgical risk.
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INTRODUCTION
Obstructive sleep apnea (OSA) is estimated to
affect 3% to 9% of the general population and is well
demonstrated to be a risk factor for resistant hypertension, fatal and nonfatal cardiovascular disease, neurological disease, and all-cause mortality.1 OSA has
deleterious effects on economic productivity, and is
known to be a significant source of motor vehicle accidents.2 The Public Health Agency of Canada and the
Canadian Thoracic Society both have formally recognized OSA as a public health threat.3,4 The American
Academy of Sleep Medicine (AASM) has deemed OSA a
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disease with serious and life-threatening consequences,
and concern to public health.5
Practice parameters published by the AASM recommend that continuous positive airway pressure (CPAP)
should be considered both first-line and gold standard
treatment for OSA; many other studies make similar
statements.6–9 When used as prescribed, CPAP does
reduce daytime sleepiness, normalize sleep architecture,
and improve numerous OSA-specific health outcomes.10
To that end, the overwhelming majority of healthcare
remunerating agencies in North America (insurance
firms, government agencies, or otherwise) have adopted
the stance that patients must undergo a CPAP trial
before the agency will consider funding surgical therapy
to treat their OSA. However, the AASM parameters also
recognized that a significant proportion of patients are
unable to tolerate CPAP therapy, and frequently seek
alternate treatment.6 In the long term, there continues
to be an unacceptably low CPAP adherence rate for various reasons including comfort, convenience, claustrophobia, and cost.6 A review article by Weaver and Ronald
reported that up to 50% of all patients permanently
abandon CPAP treatment during the first week, and
12% to 25% of the remaining users abandon CPAP at
some point throughout the next 3 years.11 Other authors
have also found that the estimated overall rate of nonadherence was as high as 83% when defining CPAP
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adherence by AASM minimum acceptable usage standards.11–13 Until recently, such adherence data were
underemphasized in the CPAP literature.
Surgery for OSA has evolved substantially in
recent years, with an increasing body of evidence supporting the various possible surgical options, the most
common of which is the combination of palatoplasty
and tonsillectomy, with tongue base, hypopharyngeal,
and osseous procedures possible too. Although from
both an anatomical or body habitus perspective, many
patients with OSA are not suitable for pharyngeal
expansion procedures; in appropriately screened
patients, good-quality data have shown that surgery
offers substantial and sustained long-term improvement in both sleep study indices and patient-specific
outcomes.6,9,14,15 When considering all OSA patients, it
is recognized that global treatment success rates with
surgery are lower than via CPAP, but this does not hold
true for the subset of patients with optimal apneaspecific surgical anatomy, wherein rates of successful
surgical OSA treatment are very high. Moreover, the
issue of CPAP adherence has generally not been examined during these debates; to make an effective comparison, adherence must be taken into account when
studying the impact on OSA of CPAP versus surgery.
CPAP, a curative therapy with inconsistent adherence,
can potentially be equivalent to surgery, that being a
“partial” therapy with complete adherence. It is the
issue of treatment effectiveness versus adherence (the
relationship of the two defining success) that is at the
crux of the matter. The extension of these concepts is
that certain OSA patients could be considered candidates for pharyngeal expansion surgery as a first-line
treatment modality, without needing a mandatory
CPAP trial first.
The objective of this study was to determine the
proportion of surgically favorable patients who failed
CPAP and who subsequently benefitted from surgical
therapy, and to explore consideration of surgery as firstline therapy in this specific OSA subpopulation.

MATERIALS AND METHODS
Study Design and Protocol
A prospective nonblinded cohort study was conducted on
consecutive patients undergoing OSA surgery. Study recruitment was from January 2008 to July 2011. Study participation
was voluntary, and no remuneration was offered. This project
received ethics approval from Western University, and the same
senior surgeon operated on all patients.
The study was designed to assess the effect of OSA surgery in a carefully screened patient population, those being
patients who were both firm CPAP failures and who were also
considered anatomically optimal candidates for apnea surgery.
Inclusion criteria were as follows: 1) symptomatic OSA with a
level 1 overnight polysomnogram taking place within 1 year of
surgery; 2) moderate–severe OSA (apnea-hypopnea index [AHI]
>15 or higher, no defined upper limit, with hypopnea defined in
our sleep laboratory as >50% airflow reduction or a lesser airflow reduction associated with >3% oxygen desaturation or
arousal), and 3) unable to adhere to CPAP (by AASM standards
of 4 hours/night, 5 nights/week) over a minimum trial duration
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of 6 months, with continued attempts at usage being assisted
by the prescribing respirologist. If nonadherence was specifically due to nasal obstruction, then corrective nasal surgery
was offered, but these patients were then excluded from the
study and encouraged to resume CPAP after nasal surgery.
Other specific reasons for nonadherence were not tabulated for
study purposes but were explored with patients by both the surgeon and prescribing respirologists. If CPAP was firmly deemed
nonviable by the patient, then alternatives were offered including oral appliance therapy or surgery. If surgery was chosen,
then the patient crossed over into the surgical side of the study
and was further eligible for study inclusion. The Friedman clinical staging system was used to identify those patients most
likely to benefit from OSA surgery16: only Friedman stage 1
patients (i.e., considered anatomically optimal for surgery) were
included in the study population, those being patients with relatively large tonsils (grade 3–4) and a relatively wide space
between the palate and tongue base (grade 1–2). Awake supine
endoscopy was used to assess airway obstruction sites; druginduced sleep endoscopy was not used in this project because it
is not commonly practiced in Canada due to operative resource
restrictions. Study exclusion criteria included the following: 1)
age <18 or >65 years, 2) body mass index (BMI) 35, 3) significant tongue base contribution to the OSA as assessed via the
Moore scale,17 4) hypertrophic lingual tonsils, 5) pregnancy, 6)
diabetes, 7) craniofacial abnormalities, and 8) severe cardiovascular comorbidities (e.g., cor pulmonale, heart failure). However,
hypertensive patients were included as a subgroup. In summary, the study population consisted of anatomically straightforward patients with a high preoperative chance of surgical
success, but who were also known to have problems with CPAP
in the setting of moderate or severe OSA. Figure 1 shows the
patient flow through the study process.
Patients undergoing surgery received a bilateral tonsillectomy and a simultaneous palatoplasty variant as deemed clinically indicated (either uvulopalatopharyngoplasty [UPPP],
uvulopalatal flap, or expansion sphincteroplasty). A septoplasty
and turbinoplasty were performed at the same setting if clinically indicated.

Outcome Measures
Assessment of change in the pre- and postoperative AHI
was considered the main study outcome measure. Other outcomes included Epworth Sleepiness Scale (ESS), Sleep Apnea
Quality of Life Index (SAQLI) scores, and systolic blood pressure (SBP). We used a modified version of the SAQLI (termed
SAQLI-E) in that we collected data only from section E of the
tool, which refers specifically to treatment-related symptoms.
such as discomfort, social stigma, financial challenges, to gauge
the effect that treatment had on patient well being, whether
CPAP or surgery.18 Demographic data collected included age,
gender, BMI, Friedman tonsil/palate score, smoking status,
alcohol intake, other comorbidities, and postoperative complications. The outcome measures were assessed at pretreatment
baseline as AHIbase and ESSbase; while on CPAP as AHICPAP,
ESSCPAP, and SAQLI-ECPAP; and then at 1-year postoperatively
as AHIpostop, ESSpostop, and SAQLI-Epostop. SAQLI-E data were
not available at baseline (pre-CPAP initiation) as they only
measure quality of life as it pertains to treatment modality.
SBP was assessed at baseline, on CPAP, and after surgery as
SBPbase, SBPCPAP, and SBPpostop, respectively.

Statistical Analysis
An a priori sample size calculation was performed. We
used the widely accepted Sher criteria19 to define success at
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Fig. 1. Patient flow through the study
showing relevant time points and number
of patients. CPAP 5 continuous positive
airway pressure; OSA 5 obstructive sleep
apnea.

OSA surgery as being both a reduction of AHI by 50% or more
and to an absolute value of l<20. Under this construct, with an
a of .05 and b of .8, a minimum of 96 study subjects were
required to demonstrate significance. Descriptive statistics were
presented as mean with standard deviation. After confirming
data as normal distribution via Komolgorov-Smirnov testing,
statistical analysis was performed using one-way analysis of
variance (ANOVA) testing for AHI, ESS, and SBP variables. All
tests were two-tailed, and a Bonferroni-corrected P value of
<.0167 (three comparisons) with two tails was considered statistically significant. SAQLI-E data were only available for
patients on CPAP and postoperatively; therefore, these two comparisons were made as two-tailed paired t tests with significance set at <.05. All analyses were performed using SPSS 18.0
software (SPSS Inc., Chicago, IL).

Outcomes Assessments for Patients Who
Underwent Surgery
AHI. In total, 108 patients (85.7%) were successfully treated via surgery by Sher criteria (Table II). The
AHIbase was 47.3 6 11.4 and decreased to an AHIpostop
(for the entire sample) of 19.8 6 11.1. When limited to
the 85.7% of patients achieving surgical cure, this value
dropped dramatically to an AHIpostop of 9.8 6 5.9. In comparison, AHICPAP was 5.8 6 5.4. The three values were
significantly different on ANOVA testing at P <.0167.
AHICPAP, however, was not adjusted for CPAP adherence; this value was simply the number reported on the
laboratory CPAP sleep study, which is known to be artificially lower than what the AHI is when measured over
total sleep time during the period of prescription.11–13

RESULTS
Demographics and Surgical Details
Over the 3.5-year study time period, 1,178 patients
were referred to the Sleep Surgery Program clinic at
Western University for consultation regarding surgery
for OSA. A total of 159 patients (13.5%) met study inclusion/exclusion criteria and were offered participation, of
which 137 patients agreed and underwent surgery. Of
these, 11 were ultimately lost to follow-up and unable to
complete data collection, leaving a final study population
of 126 patients (10.7%) who met all study criteria,
agreed to participate in the project, underwent surgery,
and were followed to study conclusion. Twenty-two
patients who met study criteria declined surgery and
chose to continue on CPAP but still agreed to have outcomes assessed at baseline and follow-up; six of these
were lost to follow-up, leaving only 16 to assess at
1 year. Figure 1 shows the patient flow and study population numbers as subjects moved through the study process. Table I lists the relevant demographic and surgical
detail characteristics of the surgical study sample. BMI
did not change significantly in this group over the study
duration. There was a mean time of 6.3 months between
the patient being determined as CPAP nonadherent and
receiving surgery.
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TABLE I.
Baseline Characteristics of Study Participants Who Underwent
Surgery.
Characteristics

Value

Gender
Male

107

Female

19

Age, yr
Mean follow-up, wk

40.5 (29.2–51.3)
52.9 (48–58)

BMI

30.9 (23.2–34.8)

Comorbidities, no. (%)
Resistant hypertension
Reflux disease
Hyperlipidemia
Surgical procedures, no. (%)

22 (17.4)
78 (61.9)
47 (27.3)

UPPP alone

34 (26.9)

UPPP 1 septoplasty
ES or UPF alone

29 (23.0)
42 (33.3)

ES or UPF 1 septoplasty

21 (16.8)

BMI 5 body mass index; ES 5 expansion sphincteroplasty; UPF 5
uvulopalatal flap; UPPP 5 uvulopalatoplasty.
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TABLE II.
Outcome Measurements for the Entire Surgical Cohort.
Variable

Mean

SD

ESS

<.001

Baseline
CPAP

14.3
13.7

3.5
3.1

Surgery

4.1

2.5

AHI
Baseline

47.3

11.4

CPAP*

5.8

5.4

19.8

11.1

CPAP

25.7

5.2

Surgery
SBP†

10.6

3.1

Baseline

143.2

4.3

CPAP
Surgery

144.3
134.5

4.0
3.9

Surgery
SAQLI-E (x/35)

P Value

<.001

<.001

<.001

*CPAP value was not adjusted for total sleep time; this is only the
sleep lab reported value.
†
These data reflect only the 22-patient subgroup with resistant
hypertension.
AHI 5 apnea/hypopnea index; CPAP 5 continuous positive airway
pressure; ESS 5 Epworth Sleepiness Scale; SAQLI-E 5 sleep apnea qualityof-life index domain E; SBP 5 systolic blood pressure; SD 5 standard
deviation.

Hourly adherence data regarding CPAP usage could not
be obtained consistently and therefore were not
reported.
ESS. ESSbase was 14.3 6 3.5, whereas ESSCPAP was
13.7 6 2.9, indicating significant sleepiness during the
time of CPAP prescription, likely due to the fact that
patients were having difficulty adhering to CPAP use
(Table II). All patients had an improvement in their ESS
score after surgery to a mean ESSpostop of 4.1 6 2.5. This
was significant at P <.001.
SAQLI-E. SAQLI-E aggregate values can range
from a high (considered a very large problem) of 35 to a
low (considered no problem) of 5 (Table II). SAQLI-ECPAP
scores were a high 25.7 6 5.8, indicating a moderate to
large impaired quality of life (QOL) while on CPAP.
With surgical intervention, the mean improvement for
the entire cohort was to a SAQLI-Epostop score of
10.2 6 3.2, indicating either no problem or a small problem. This change was statistically significant at P <.01
and shows improved QOL relating to surgical treatment
as compared to while on CPAP.
Blood pressure. In the subgroup of 22 patients
with resistant hypertension, SBPbase was 143.2, SBPCPAP
was 144.3, and SBPpostop was 134.5 (Table II). ANOVA
testing did not show any difference between SBPbase and
SBPCPAP (P 5.72) but did reveal a significant improvement (P <.001) between SBPpostop and the other two
groups.

Operative Complications
Four patients (3.1%) developed transient velopharyngeal insufficiency, all of which resolved within 1 month
Laryngoscope 124: September 2014
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after surgery without the need for intervention. Two
patients (1.6%) developed a post-tonsillectomy minor
hemorrhage, and one patient (0.8%) a postseptoplasty
hemorrhage. These latter three complications resolved
via conservative measures in the emergency room without the need for further surgery.

Patients Who Met Study Criteria but Declined
Surgery
In total, 22 patients met inclusion/exclusion criteria
but declined surgery and chose instead to continue
CPAP or trial an oral appliance. These patients were
also contacted at 1 year to try and assess their outcomes.
Sixteen could be reached; of these nine were still using
CPAP, two were using an oral appliance fashioned by a
dentist, and five were not continuing with any regular
treatment for OSA. Due to the significant heterogeneity
of this sample and that it was incomparable in size to
the surgical arm, we chose to forgo outcomes assessments in this group.

DISCUSSION
OSA treatment guidelines mandate a CPAP trial as
first-line therapy because when used as prescribed it is
indeed a noninvasive curative therapy. These same practice parameters discourage or even disallow surgery as
first-line therapy. Consequently, nearly all physician and
hospital remunerating agencies have adopted this same
position. To some caregivers the concept of cure is purely
dichotomous (success vs. failure, with no spectrum
between). However, this paradigm is invalid in the OSA
population, where what is considered the gold standard
of therapy is problematic because of high rates of nonadherence. The findings of the current study’s novel structure of assessing CPAP and surgery as independent
consecutive interventions in an anatomically optimal but
CPAP nonadherent patient population, suggest that surgery could have been offered to this group as a primary
treatment option in lieu of CPAP, rather than requiring
a CPAP trial first as is currently considered standard
practice in North America. In our study population of
patients who had not improved during the time of CPAP
prescription, over 85% of subjects were improved with
surgery via all outcome measures. The study subjects
were selected for surgical success; therefore, their
improvement after UPPP is not surprising. However,
what is striking was the relative lack of improvement
while on first-line CPAP therapy, and how this stands in
marked contrast to the significant betterment after surgery. Had our study cohort undergone surgery as firstline therapy, they would have been successfully treated
at a much earlier stage in their disease process.
In recent years, considerable efforts have been
undertaken to establish best-care practices for OSA.
Examples of these efforts include two major Cochrane
Collaboration reviews, published in 2008 and 2009,20,21
and further systematic literature reviews by the
National Institutes of Health Research (NIHR)22 and the
Agency for Healthcare Research and Quality (AHRQ),23
published in 2009 and 2012, respectively. These four
Rotenberg et al.: Surgery as First-Line Therapy for OSA

reviews all focus on the evidence supporting specific
management techniques for OSA, the quality of that evidence, and the knowledge gaps that remain to be filled.
One of these reviews also addresses the economic efficiencies of using CPAP.22
As expected, the majority of analysis across these
reports focuses on the use of CPAP.20,22,23 The two
reviews specifically of randomized clinical trials, conducted by the Cochrane Collaboration and the NIHR,
included 36 and 48 studies, respectively, with 83% study
overlap. The discrepancy in numbers of trials is largely
explained, with one exception,24 by the inclusion of studies published in 2006 or later in the NIHR review. The
conclusion of these two reports,20,22 as well as of the
AHQR report,23 are much the same: that CPAP is considered first-line treatment for OSA, but also that
numerous gaps in knowledge and deficiencies in methodology persist that severely limit this conclusion. Among
the most problematic issues that reviewers observed
were the almost complete absence of any data on the
long-term effectiveness of CPAP. For example, of the 52
distinct studies reviewed across the Cochrane and NIHR
reports, all but three were of 3- months duration or
less.25–27 Numerous additional limitations were noted,
such as methodological issues over sample sizes and
appropriate control interventions, some of which (e.g.,
sham CPAP) allowed for blinded assessments, whereas
others (e.g., postural therapy, medication, no active
treatment) did not. Further issues pertaining to the
effectiveness of CPAP as first-line therapy for OSA
include the lack of any consistent improvement in measures of OSA disease symptomatology. For example,
among the 23 studies reviewed by McDaid et al.,22 in
which subjects were stratified by baseline ESS, only 14
(61%) yielded a statistically significant benefit of CPAP.
For the maintenance of wakefulness test, multiple sleep
latency test, and daytime diastolic blood pressure, CPAP
out-performed control interventions only 17%, 14%, and
14% of the time, respectively.22 Most measures of QOL
also remained unchanged, as did parameters of neurocognitive function and parameters of cardiovascular
function. More recently, when statistically significant
differences have been identified in cardiovascular outcomes, often they have been of negligible clinical significance (e.g., a net decrease of just 2 mm Hg in systolic
blood pressure over 12 months in two studies28,29 and of
just 1.5 mm Hg in another30) with such effects only
noted in those who used CPAP for at least 5.6 hours per
night.29 In one potentially dissenting study, SBP fell 10
mm Hg in OSA patients in heart failure; however, diastolic blood pressure did not decline significantly, and
study follow-up was limited to only 1 month.31 Further
substantive issues noted in these reviews were the lack
of any clear benefit of CPAP over other treatments such
oral appliances and positional therapy (e.g., in the
Cochrane review, relative to oral appliances, only one of
six studies [17%] demonstrated any advantage of CPAP
over oral appliances in terms of affecting the ESS20) and
the absence of data evaluating subgroups of OSA
patients, for whom different treatments might be more
effective or efficient than others.20,22,23
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A serious issue that was detailed in all three summary reports was the problem of poor adherence to
CPAP.20,22,23 For example, in the United Kingdom,
whereas an estimated 180,000 patients are estimated to
suffer from OSA, only 20,000 (11%) currently use
CPAP.32 Moreover, within the context of clinical trials,
adherence with CPAP among those who agree to use it
consistently falls between 70% and 80%,20, 21 with up to
50% refusing to enter trials in which CPAP is being
administered. Overall estimates of long-term adherence,
including those who initially refuse or fail to initiate
therapy, have been as low as 17% when adherence is
defined using AASM minimum usage standards of at
least 4 hours of CPAP per night.12,13,33,34 As well, there
is reason to believe that these adherence figures may be
overestimates caused by inflated subject reporting. In a
study by Kribbs et al., whereas 60% of subjects selfreported nightly use of CPAP for more than 4 hours per
night, and for greater than 70% of nights, when covertly
monitored, only 46% of subjects were objectively meeting
these two benchmarks.35 In addition, in studies in which
patient preference has been assessed, oral appliances
and postural therapy are almost always preferred, typically due to discomfort caused by the masks, and to drying of the mouth and nose.27,36,37 Several attempts have
been made to enhance adherence with CPAP via various
modifications, including nasal devices, variable- versus
fixed-pressure devices, and humidification. However,
such attempts generally have failed to enhance either
adherence or clinical outcomes versus traditional
CPAP,38–44 with overall adherence rates, even among
participants of randomized clinical trials, continuing to
fall in the 70% to 80% range or lower.26,45
Since 2008, several additional randomized clinical
trials have been published, mostly looking at OSA subgroups, not so much in terms of disease severity, but in
highly specific patient populations like Alzheimer’s
patients,46 stroke patients,47 and patients with metabolic syndrome48 rather than those with a particular
level of disease severity, varying risk levels for nonadherence, or different anatomical bases for their OSA.
Most of these more recent studies fall into many of the
traps of prior research, generally being short
term,36,39,40,46,49–52 failing to compare different treatment approaches, or using sample sizes inadequate to
detect clinically meaningful differences.52–55 In one
larger and longer randomized trial, in which 723 nonsomnolent patients with OSA were randomized either
to CPAP (N 5 357) or no active treatment (N 5 366) over
a median of 4 years of follow-up, no intergroup difference was detected in the incidence of hypertension or
other cardiovascular events.56 And in another randomized trial comparing nasal CPAP and an oral appliance
over 12 months, though AHI scores improved from
baseline in both treatment groups, there was no difference between them, except that more subjects withdrew
from the nasal CPAP treatment arm due to side
effects.53 For all these reasons, CPAP may in fact stand
on shaky ground in terms of its position as first-line
treatment for all OSA patients and all OSA patient
subsets.
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Historically, surgery has been considered as secondrate, second-line, or salvage-only treatment for OSA. In
North America, most government health agencies or
insurance policies only fund surgery for OSA after a prolonged trial of CPAP has failed. Considerable research
has been published assessing the effectiveness of surgery
in the treatment of OSA. Although from an anatomical
perspective, many patients with OSA are not suitable
for pharyngeal expansion procedures; in appropriately
screened patients, data demonstrate that surgery can
produce substantial and sustained long-term improvements in both sleep study indices and patient-specific
outcomes.6,9,14,15,21,57 Several technically distinct surgical procedures have been attempted for OSA, so relatively few randomized studies exist evaluating any
single procedure. Of the various surgical approaches,
UPPP is the most often tested,14,15,21,26,58–60 including
one large, 12-month multicenter study that documented
improvement in quality of life in 68 patients undergoing
UPPP,15 and another study in which 57.1% of 14
patients continued to have reduced ESS versus baseline
at 7 years of follow-up.14 However, in their metaanalysis, Aurora et al. determined that UPPP on its own
was not consistently effective, and recommended that
these procedures typically be paired with other procedures such as tonsillectomy or septoplasty,6 a recommendation that the recently published results of Yaremchuk
et al. support.9
Only two studies have directly compared surgery
and CPAP in terms of effectiveness. In one randomized
trial, using nocturnal oxygen desaturation events of 4%
or more per hour in bed as the main outcome, 62% of
nasal CPAP and 39% of primarily UPPP patients exhibited normalized oxygenation at 1 year (P 5.17, not significant); there also was no difference in daytime
somnolence, and 38% of CPAP patients had discontinued
treatment.26 The other retrospective cohort study compared mortality rates in 18,754 CPAP patients and 2,072
UPPP patients, which were 7.1% and 3.4%, respectively
(P <.001)61; adjusted mortality was 31% higher (P 5.03)
in those on CPAP.
Staunch CPAP proponents argue that an AHI <5,
which is considered a satisfactory treatment response
with CPAP, is rarely achieved in postoperative patients.
Elshaug et al. proposed that given that an AHI 10 is
only achieved in roughly 30% of surgery patients,62 surgical treatment for OSA should never be the first
line.62,63 However, given that the average CPAP patient
only uses their device 60% of the time, AHI scores <5 on
CPAP are, in all likelihood, an aberration relative to
real-life practices. In a cleverly devised mathematical
model, Ravesloot and de Vries demonstrated that, in
patients with moderately severe OSA, those who achieve
an AHI of 0 while on CPAP must use the device 67% to
83% of the time to achieve an average AHI <5, and
those whose AHI is just 5 on CPAP must use the device
100% of the time.64 Stuck et al.,65 in a response to the
work of Elshaug, demonstrated that even in a maximally
compliant CPAP population, the average AHI achieved
is no better than just under 12 (11.9), a value derived by
analyzing data from 750 compliant patients on CPAP,
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including average AHI and time on and off CPAP over
an average treatment period of 585 days. Over this
period, each subject’s average hours of sleep was estimated by the patients themselves (mean was 6.5 hours
per night) at routinely scheduled 3- to 4-month visits,
whereas hours using CPAP were recorded by the CPAP
devices built-in counters (mean 5 4.69 hours/night), AHI
without CPAP was assigned to be the AHI at the time of
initial diagnosis, and AHI on CPAP was the AHI
recorded at the target CPAP pressure as noted at the
time of in-lab CPAP adjustment.
Certain advantages of surgery over CPAP exist.
One is the nonissue of compliance with surgical
approaches, because surgery is generally a one-off event.
A further advantage of the one-off component of surgery
relates to costs, because the costs of CPAP, estimated in
the United Kingdom as £20,000 (roughly US$30,000) per
quality-adjusted life year, typically are lifelong.22 Main
et al. published a meta-analysis of 30 randomized, crossover, and other controlled clinical trials, as well as certain eligible pre- and post-treatment studies, specifically
comparing the costs of nonsurgical (CPAP, mandibular
advancement splints, and tongue-retaining devices) versus surgical treatment of OSA.66 though they admitted
that data were scarce, the authors estimated that, in the
United Kingdom, the average cost of a UPPP procedure
at the time was £1,230 to £1,550, depending on the
length of hospital stay (1 vs. 2 nights) versus £220 annually for CPAP, meaning that the costs associated with
CPAP would start to exceed those of surgery within 6 to
7 years. Although formal cost comparison data are not
available in published format for Canadian centers,
anecdotal description suggests that in Ontario, CPAP
systems can cost in the region of $1,500 to $2,000
depending on the machine, type of mask, and level of
service chosen by the patient. Patients incur extra costs
for mask upgrades or if they use a more comprehensive
plan involving assessments by the CPAP provider. In
Ontario, the public healthcare system covers approximately 50% of the start-up cost, but the patient is
responsible for annual maintenance costs of approximately $200 for masks and filters. In contrast, the cost
in Ontario of a standard UPPP (including operating
room time, nursing fees, surgeon fees, anesthetic fees,
recovery room fees, and a single overnight stay) is
approximately $31,00.00 as a single fee. Thus, like the
United Kingdom, CPAP costs will exceed surgery after
6 to 7 years of use in Canada.
Yet another advantage of adopting a surgery-first
approach in carefully screened OSA patients is the risk
of CPAP withdrawal. In a recent study in which 41
patients with OSA were randomized to either CPAP
withdrawal or CPAP continuation for 2 additional weeks,
those withdrawn from CPAP experienced 8.5 mm Hg
and 6.9 mm Hg increases in morning SBP and diastolic
blood pressure, respectively, and a 6.3-bpm increase in
morning heart rate, as well as elevated levels of urinary
catecholamines as a proxy marker for endothelial dysfunction.67 It is for such reasons that Sundaram et al.21
in their Cochrane review, and Balk et al.23 in their
review of future research needs in OSA, both call for
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surgical trials assessing surgery in specific patient
subsets.
For patients with appropriate anatomy, surgical
treatment with its associated complete adherence rate
may still define a successful outcome even without formal AHI cure. In addition, surgical treatment may also
lead to greater sustained overall improvement in
patient-specific OSA outcomes. Our study sample cure
rate of 85.4% compares favorably with the original
Friedman publication indicating a cure rate of 80.6% in
stage 1 patients.16 The subgroup of patients we studied
in this project was considered anatomically optimal for
surgery in terms of having large tonsils, a favorable oropharynx relationship, and relatively low BMI. In the
original paper on their staging system, Friedman’s group
determined that roughly 21.1% of OSA patients could be
classified as stage 1 patients.16 This estimate has been
considered high by other authors, but the literature does
point to a fairly consistent range of 10% to 13% of adult
OSA patients as meeting stage 1 criteria. Although the
proportion is not large, the absolute number of patients
worldwide meeting this designation would still run into
the millions. Such a large number carries significant
medical, resource, and societal implications by extension
of the findings in the current study. It is well known
that untreated OSA sufferers use more healthcare
resources than non-OSA patients,2 and are also at
higher risk for being involved in motor vehicle
accidents.68,69
Although ideally, all patients could be successfully
treated via noninvasive techniques, that is manifestly
not the case in reality. To be clear, we do not advocate
that surgery is the best or only solution to OSA either.
However, we do suggest that in patients such as those in
our study sample (who were anatomically optimal candidates for a surgery that carries a known high success
rate), it does not make scientific or health-economic
sense to delegate surgery to second-line therapy.
Untreated obstructive sleep apnea is known to
decrease long-term survival due to the comorbidities
associated with it. In our study, we have demonstrated a
novel finding of OSA surgery successfully treating
hypertension. Although patients did not become normotensive after surgical therapy, their SBP did lower and
become nonresistant. Cardiovascular outcomes are notably lacking from the surgical OSA literature; however, in
this study we have demonstrated in a small subset of
our population that surgical therapy had a marked
improvement on blood pressure status that did not occur
during the time of CPAP prescription. In the paper by
Weaver and colleagues61 showing the survival benefit of
surgery over CPAP, one of the reasons postulated for
this unexpected finding was thought to again be due to
the issue of nonadherence to CPAP therapy relative to
the permanence of successful surgery in appropriate
patients. Patients more adherent to therapy had better
cardiovascular outcomes in the long run.
This study does have limitations. It was powered to
be large enough to ensure the validity of the results, but
it would be beneficial for a still larger study to be performed from a multicenter perspective to ensure the
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results are both reproducible and applicable to a broader
geographic population. Only 22 hypertensive patients
were included, and although our finding of blood pressure reduction after surgical therapy is compelling, this
relatively small specific subset of the data is underpowered to make larger conclusions than that. Studying a
more purely hypertensive population would be of value
in future studies. Longer-term data assessing sustainability of the surgical improvement over years following
surgery would be important. Although our study’s
follow-up length of 1 year is on the longer end of the surgical literature spectrum, this does not obviate the need
for further follow-up data. Patients undergoing surgery
for sleep apnea in this study brought with them an
inherent selection bias as well in that they were unable
to be adherent to CPAP and therefore were preprogrammed to have a better subjective outcome with any
other therapy. Finally, the highly selected nature of our
patients may call into question external generalizability.
However, we make no statement that surgery should
always replace CPAP as first-line therapy; CPAP
remains a primary therapeutic modality for OSA in
many circumstances. Rather, our goal was to demonstrate that in a specific OSA patient subpopulation,
those being the 10% proportion of patients considered
anatomically optimal, that surgery could potentially
have been offered as first-line therapy in lieu of CPAP,
instead of being considered as either inferior therapy or
mandated by practice guidelines and administrative policies to second-line treatment.
An important direction for future research would
include a controlled comparison of CPAP versus surgery
in patients with favorable anatomy to more directly contrast the results of these two interventions. Another
important question to answer would be concerning QOL
outcomes in regard to OSA therapy. In this study, the
SAQLI-E was administered as a QOL measure regarding
treatment effect on QOL, and showed that in our study
sample QOL was impaired on CPAP but improved after
surgery. In the modern era of evidence-based medicine
and increasingly limited economic resources, more and
more reimbursement decisions use QOL outcomes to
judge therapy effectiveness and appropriateness. OSA is
a disease where medical outcomes (e.g., AHI) frequently
do not correlate well with QOL outcomes; the literature
is beginning to focus on which is the more valid measure
in regard to measuring success of OSA therapy.
Although our study suggests that QOL in OSA can be
improved after surgery, our markers were either nonspecific (ESS) or treatment-related (SAQLI-E). It would be
useful if an OSA-specific QOL marker could be developed and tested.

CONCLUSION
In our population of OSA patients who were unsuccessfully treated with CPAP but were anatomically optimal surgical candidates, surgical intervention for OSA
significantly improved disease severity as measured by
AHI, daytime sleepiness as measured by the ESS, and
treatment-related QOL as measured by the SAQLI-E. In
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a subset of these patients, blood pressure as a marker of
cardiovascular dysfunction also improved after surgery,
whereas it did not improve during the duration of CPAP
prescription. The data from our study suggest that in
appropriately screened patients with OSA, healthcare
professionals and insurance agencies could consider
altering their treatment algorithms to offer surgical
intervention as an option for first-line therapy instead of
requiring a mandatory CPAP trial first before offering
surgery. For this anatomical subset of the OSA patient
population, the scientific evidence does not support the
assertion that a CPAP trial must take place before considering surgical intervention. Within the limits of the
study’s methodology, our results indicate that for suitable patients with moderate or severe OSA who have
favorable anatomy, their disease can potentially be managed more effectively with surgery than CPAP, without
confounding issues of treatment cost or adherence, and
with only minor surgical risk. Were surgery to be offered
as an option for first-line therapy, a potential for cost
savings also exists.

Acknowledgments
The senior author would like to acknowledge Maureen
Hanley for her helpful reviews and comments in preparing
this manuscript.

BIBLIOGRAPHY
1. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep
apnea: a population health perspective. Am J Respir Crit Care Med
2002;165:1217–39.
2. Marshall NS, Wong KK, Liu PY, et al. Sleep apnea as an independent risk
factor for all-cause mortality: the Busselton Health Study. Sleep 2008;
31:1079–1085.
3. Public Health Agency of Canada. Life and breath: respiratory disease in
Canada (2007). Available at: http://www.phac-aspc.gc.ca/publicat/2007/
lbrdc-vsmrc/index-eng.php. Updated July 26, 2012. Accessed March 13,
2009.
4. Fleetham J, Ayas NT, Bradley D, et al. Canadian Thoracic Society 2011
guideline update: diagnosis and treatment of sleep disordered breathing.
Can Respir J 2011;18:25–47.
5. American Academy of Sleep Medicine. Association found between severe
obstructive sleep apnea, and high fat diets and decreased physical activity
in women. Available at: http://www.aasmnet.org/articles.aspx?id51089.
Published October 15, 2008. Accessed January 3, 2012.
6. Aurora RN, Casey KR, Kristo D, et al. Practice parameters for the surgical
modifications of the upper airway for obstructive sleep apnea in adults.
Sleep 2010;33:1408–1413.
7. Gay P, Weaver T, Loube D, et al. Evaluation of positive airway pressure
treatment for sleep related breathing disorders in adults. Sleep 2006;29:
381–401.
8. Morgenthaler TI, Aurora RN, Brown T, et al. Standards of Practice Committee of the AASM. Practice parameters for the use of autotitrating
continuous positive airway pressure devices for titrating pressures and
treating adult patients with obstructive sleep apnea syndrome: an
update for 2007. Sleep 2007;31:141–147.
9. Yaremchuk K, Tacia B, Peterson E, et al. Change in Epworth Sleepiness
Scale after surgical treatment of obstructive sleep apnea. Laryngoscope
2011;121:1590–1593.
10. Alves C, Caminha JM, da Silva AM, et al. Adherence to continuous positive airway pressure therapy in a group of Portuguese patients with
obstructive sleep apnea syndrome. Sleep Breath 2011;16:555–562.
11. Weaver TE, Ronald G. Adherence to continuous positive airway pressure
therapy—the challenge to effective treatment. Proc Am Thorac Soc
2008;5:173–178.
12. Kushida CA, Littner MR, Hirshkowitz M, et al. Practice parameters for
the use of continuous and bilevel positive airway pressure devices to
treat adult patients with sleep-related breathing disorders. Sleep 2006;
29:375–380.
13. Weaver TE, Maislin G, Dinges DF, et al. Relationship between hours of
CPAP use and achieving normal levels of sleepiness and daily functioning. Sleep 2007;30:711–719.
14. Aneeza WH, Marina MB, Razif MY, et al. Effects of uvulopalatopharyngoplasty: a seven year review. Med J Malaysia 2011 66:129–132.

Laryngoscope 124: September 2014

S8

15. Weaver EM, Woodson BT, Yueh B, et al. Studying Life Effects & Effectiveness of Palatopharyngoplasty (SLEEP) study: subjective outcomes of isolated uvulopalatopharyngoplasty. Otolaryngol Head Neck Surg 2011;144:
623–631.
16. Friedman M, Ibraham H, Bass L. Clinical staging for sleep-disordered
breathing. Otolaryngol Head Neck Surg 2002;127:13–21.
17. Moore KE, Phillips CE. Practical method for describing patterns of
tongue-base narrowing (modification of Fujita) in awake adult patients
with obstructive sleep apnea. J Oral Maxillofac Surg 2002;60:252–260.
18. Flemons WW, Reimer MA. Development of a disease-specific healthrelated quality of life questionnaire for sleep apnea. Am J Respir Crit
Care Med 1998;158:494–503.
19. Sher AE, Schechtman KB. The efficacy of surgical modifications of the
upper airway in adults with obstructive sleep apnea syndrome. Sleep
1996;19:156–177.
20. Giles TL, Lasserson TJ, Smith BH, White J, Wright J, Cates CJ. Continuous positive airways pressure for obstructive sleep apnoea in adults.
Cochrane Database Syst Rev 2006;(3):CD001106.
21. Sundaram S, Bridgman SA, Lim J, Lasserson TJ. Surgery for obstructive
sleep apnoea in adults. Cochrane Database Syst Rev 2005;(4):CD001004.
22. McDaid C, Griffin S, Weatherly H, et al. Continuous positive airway pressure devices for the treatment of obstructive sleep apnoea-hypopnoea
syndrome: a systematic review and economic analysis. Health Technol
Assess. 2009;13:iii–iv, xi–xiv, 1–119, 143–274.
23. Balk EM, Chung M, Chan JA, et al. Future research needs for treatment
of obstructive sleep apnea. Future Research Needs Paper No. 12. (Prepared by the Tufts Evidence-based Practice Center under Contract No.
290-2007-10055 I). AHRQ Publication No. 12-EHC033-EF. Rockville,
MD: Agency for Healthcare Research and Quality; February 2012. Available at: www.effectivehealthcare.gov/reports/final.cfm. Accessed January
3, 2012.
24. Redline S, Young T. Epidemiology and natural history of obstructive sleep
apnea. Ear Nose Throat J 1993;72:24–26.
25. Monasterio C, Vidal S, Duran J, et al. Effectiveness of continuous positive
airway pressure in mild sleep apnea-hypopnea syndrome. Am J Respir
Crit Care Med 2001;164:939–943.
26. Lojander J, Maasilta P, Partinen M, et al. Nasal-CPAP, surgery, and conservative management for treatment of obstructive sleep apnea syndrome. Chest 1996;110:114–119.
27. Ferguson KA, Ono T, Lowe AA, et al. A randomized crossover study of an
oral appliance vs nasal-continuous positive airway pressure in the treatment of mild-moderate obstructive sleep apnea. Chest 1996;109:1269–
1275.
28. Drager LF, Pedrosa RP, Diniz PM, et al. The effects of continuous positive
airway pressure on prehypertension and masked hypertension in men
with severe obstructive sleep apnea. Hypertension 2011;57:549–555.
29. Barbe F, Duran-Cantolla J, Capote F, et al. Long-term effect of continuous
positive airway pressure in hypertensive patients with sleep apnea. Am
J Respir Crit Care Med 2010;181:718–726.
30. Duran-Cantolla J, Aizpuru F, Montserrat JM, et al. Continuous positive airway pressure as treatment for systemic hypertension in people with
obstructive sleep apnoea: randomised controlled trial. BMJ 2010;341:
c5991.
31. Kaneko Y, Floras JS, Usui K, et al. Cardiovascular effects of continuous
positive airway pressure in patients with heart failure and obstructive
sleep apnea. N Engl J Med 2003;348:1233–1241.
32. Chilcott J, Clayton E, Chada N, Hanning CD, Kinnear W, Waterhouse JC.
Nasal Continuous Positive Airways Pressure in the Management of Sleep
Apnoea. Sheffield, UK: Trent Institute for Health Services Research,
Universities of Leicester, Nottingham and Sheffield; 2000.
33. Wolkove N, Baltzan M, Kamel H, et al. Long-term compliance with continuous positive airway pressure in patients with obstructive sleep apnea.
Can Respir J 2008;15:365–369.
34. Weaver TE, Sawyer AM. Adherence to continuous positive airway pressure
treatment for obstructive sleep apnoea: implications for future interventions. Indian J Med Res 2010;131:245–258.
35. Kribbs NB, Pack AI, Kline LR, et al. Objective measurement of patterns of
nasal CPAP use by patients with obstructive sleep apnea. Am Rev
Respir Dis 1993;147:887–895.
36. Gagnadoux F, Fleury B, Vielle B, et al. Titrated mandibular advancement
versus positive airway pressure for sleep apnoea. Eur Respir J 2009;34:
914–920.
37. Jokic R, Klimaszewski A, Crossley M, et al. Positional treatment vs continuous positive airway pressure in patients with positional obstructive
sleep apnea syndrome. Chest 1999;115:771–781.
38. Kushida CA, Berry RB, Blau A, et al. Positive airway pressure initiation:
a randomized controlled trial to assess the impact of therapy mode and
titration process on efficacy, adherence, and outcomes. Sleep 2011;34:
1083–1092.
39. Ruhle KH, Franke KJ, Domanski U, et al. Quality of life, compliance,
sleep and nasopharyngeal side effects during CPAP therapy with and
without controlled heated humidification. Sleep Breath 2010;15:479–485.
40. Bakker J, Campbell A, Neill A. Randomized controlled trial comparing
flexible and continuous positive airway pressure delivery: effects on
compliance, objective and subjective sleepiness and vigilance. Sleep
2010;33:523–529.
41. Roecklein KA, Schumacher JA, Gabriele JM, et al. Personalized feedback
to improve CPAP adherence in obstructive sleep apnea. Behav Sleep
Med 2010;8:105–112.

Rotenberg et al.: Surgery as First-Line Therapy for OSA

42. Smith I, Lasserson TJ. Pressure modification for improving usage of continuous positive airway pressure machines in adults with obstructive
sleep apnoea. Cochrane Database Syst Rev 2009;(4):CD003531.
43. Ballard RD, Gay PC, Strollo PJ. Interventions to improve compliance in
sleep apnea patients previously non-compliant with continuous positive
airway pressure. J Clin Sleep Med 2007;3:706–712.
44. To KW, Chan WC, Choo KL, et al. A randomized cross-over study of autocontinuous positive airway pressure versus fixed-continuous positive airway pressure in patients with obstructive sleep apnoea. Respirology
2008;13:79–86.
45. Kryger MH, Berry RB, Massie CA. Long-term use of a nasal expiratory
positive airway pressure (EPAP) device as a treatment for obstructive
sleep apnea (OSA). J Clin Sleep Med 2011;7:449–453.
46. Ancoli-Israel S, Palmer BW, Cooke JR, et al. Cognitive effects of treating
obstructive sleep apnea in Alzheimer’s disease: a randomized controlled
study. J Am Geriatr Soc 2008;56:2076–2081.
47. Ryan CM, Bayley M, Green R, et al. Influence of continuous positive airway pressure on outcomes of rehabilitation in stroke patients with
obstructive sleep apnea. Stroke 2011;42:1062–1067.
48. Sharma SK, Agrawal S, Damodaran D, et al. CPAP for the metabolic syndrome in patients with obstructive sleep apnea. N Engl J Med 2011;365:
2277–2286.
49. Ryan S, Doherty LS, Nolan GM, et al. Effects of heated humidification
and topical steroids on compliance, nasal symptoms, and quality of life
in patients with obstructive sleep apnea syndrome using nasal continuous positive airway pressure. J Clin Sleep Med 2009;5:422–427.
50. Siccoli MM, Pepperell JC, Kohler M, et al. Effects of continuous positive
airway pressure on quality of life in patients with moderate to severe
obstructive sleep apnea: data from a randomized controlled trial. Sleep
2008;31:1551–1558.
51. Vennelle M, White S, Riha RL, et al. Randomized controlled trial of
variable-pressure versus fixed-pressure continuous positive airway pressure (CPAP) treatment for patients with obstructive sleep apnea/hypopnea syndrome (OSAHS). Sleep 2010;33:267–271.
52. Hoekema A, Stegenga B, Wijkstra PJ, et al. Obstructive sleep apnea therapy. J Dent Res 2008;87:882–887.
53. Aarab G, Lobbezoo F, Hamburger HL, et al. Oral appliance therapy versus
nasal continuous positive airway pressure in obstructive sleep apnea: a
randomized, placebo-controlled trial. Respiration 2011;81:411–419.
54. Aarab G, Lobbezoo F, Heymans MW, et al. Long-term follow-up of a
randomized controlled trial of oral appliance therapy in obstructive
sleep apnea. Respiration 2011;82:162–168.
55. Permut I, Diaz-Abad M, Chatila W, et al. Comparison of positional therapy
to CPAP in patients with positional obstructive sleep apnea. J Clin
Sleep Med 2010;6:238–243.

Laryngoscope 124: September 2014

56. Barbe F, Duran-Cantolla J, Sanchez-de-la-Torre M, et al. Effect of continuous positive airway pressure on the incidence of hypertension and cardiovascular events in nonsleepy patients with obstructive sleep apnea: a
randomized controlled trial. JAMA 2012;307:2161–2168.
57. Maurer JT. Surgical treatment of obstructive sleep apnea: standard and
emerging techniques. Curr Opin Pulm Med 2010;16:552–558.
58. Ferguson KA, Heighway K, Ruby RR. A randomized trial of laser-assisted
uvulopalatoplasty in the treatment of mild obstructive sleep apnea. Am
J Respir Crit Care Med 2003;167:15–19.
59. Wilhelmsson B, Tegelberg A, Walker-Engstrom ML, et al. A prospective
randomized study of a dental appliance compared with uvulopalatopharyngoplasty in the treatment of obstructive sleep apnoea. Acta Otolaryngol 1999;119:503–509.
60. Walker-Engstrom ML, Wilhelmsson B, Tegelberg A, et al. Quality of life
assessment of treatment with dental appliance or UPPP in patients
with mild to moderate obstructive sleep apnoea. A prospective randomized 1-year follow-up study. J Sleep Res 2000;9:303–308.
61. Weaver EM, Maynard C, Yueh B. Survival of veterans with sleep apnea:
continuous positive airway pressure versus surgery. Otolaryngol Head
Neck Surg 2004;130:659–665.
62. Elshaug AG, Moss JR, Southcott AM, et al. Redefining success in airway
surgery for obstructive sleep apnea: a meta analysis and synthesis of
the evidence. Sleep 2007;30:461–467.
63. Elshaug AG, Moss JR, Hiller JE, et al. Upper airway surgery should not
be first-line treatment for obstructive sleep apnoea in adults. BMJ 2008;
336:44–45.
64. Ravesloot MJ, de Vries N. Reliable calculation of the efficacy of nonsurgical and surgical treatment of obstructive sleep apnea revisited.
Sleep 2011;34:105–110.
65. Stuck BA, Leitzbach S, Maurer JT. Effects of continuous positive airway
pressure on apnea-hypopnea index in obstructive sleep apnea based on
long-term compliance. Sleep Breath 2012;16:467–471.
66. Main C, Liu Z, Welch K, et al. Surgical procedures and non-surgical devices for the management of non-apnoeic snoring: a systematic review of
clinical effects and associated treatment costs. Health Technol Assess
2009;13:1–208.
67. Kohler M, Stoewhas AC, Ayers L, et al. Effects of continuous positive airway pressure therapy withdrawal in patients with obstructive sleep
apnea: a randomized controlled trial. Am J Respir Crit Care Med 2011;
184:1192–1199.
68. George CF. Reduction in motor vehicle collisions following treatment of
sleep apnoea with nasal CPAP. Thorax 2001;56:508–512.
69. Young T, Blustein J, Finn L, et al. Sleep-disordered breathing and motor
vehicle accidents in a population-based sample of employed adults. Sleep
1997;20:608–613.

Rotenberg et al.: Surgery as First-Line Therapy for OSA

S9

