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Abstract
Study Objectives:  Obstructive sleep apnea (OSA) is a serious and costly public health problem. The main medical treatment, continuous positive airway pressure, is 
efficacious when used, but poorly tolerated in up to 50% of patients. Upper airway reconstructive surgery is available when medical treatments fail but randomized trial 
evidence supporting its use is limited. This protocol details a randomized controlled trial designed to assess the clinical effectiveness, safety, and cost-effectiveness of a 
multilevel upper airway surgical procedure for OSA.
Methods:  A prospective, parallel-group, open label, randomized, controlled, multicenter clinical trial in adults with moderate or severe OSA who have failed or refused 
medical therapies. Six clinical sites in Australia randomly allocated participants in a 1:1 ratio to receive either an upper airway surgical procedure consisting of a modified 
uvulopalatopharyngoplasty and minimally invasive tongue volume reduction, or to continue with ongoing medical management, and followed them for 6 months.
Results:  Primary outcomes: difference between groups in baseline-adjusted 6 month OSA severity (apnea–hypopnea index) and subjective sleepiness (Epworth 
Sleepiness Scale). Secondary outcomes: other OSA symptoms (e.g. snoring and objective sleepiness), other polysomnography parameters (e.g. arousal index and 4% 
oxygen desaturation index), quality of life, 24 hr ambulatory blood pressure, adverse events, and adherence to ongoing medical therapies (medical group).
Conclusions:  The Sleep Apnea Multilevel Surgery (SAMS) trial is of global public health importance for testing the effectiveness and safety of a multilevel surgical 
procedure for patients with OSA who have failed medical treatment.
Clinical Trial Registration: Multilevel airway surgery in patients with moderate-severe Obstructive Sleep Apnea (OSA) who have failed medical management to 
assess change in OSA events and daytime sleepiness. https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=366019&isReview=true Australian New 
Zealand Clinical Trials Registry ACTRN12614000338662, prospectively registered on 31 March 2014.
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Statement of Significance

Patients with obstructive sleep apnea (OSA) frequently do not accept or adhere to medical treatments such as CPAP, or obtain a subtherapeutic response to others, 

e.g. oral devices. Upper airway surgery is an alternative treatment for such patients, but there is a paucity of randomized controlled trial evidence to support its 

use. This trial aims to fill this evidence gap. The Sleep Apnea Multilevel Surgery (SAMS) randomized controlled trial will test the effectiveness, safety, and cost 

effectiveness of this treatment for people with OSA who have failed medical treatment and would otherwise remain without effective treatment.
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Introduction

Obstructive sleep apnea (OSA) is a common and serious medical 
disorder with a high public health cost [1].

OSA can be efficaciously treated medically, but poor 
adherence to therapy is a major challenge [2]. Although 
continuous positive airway pressure (CPAP) [3] and the use of a 
mandibular advancement splint (MAS) [4] have proven efficacy, 
many patients find the treatments difficult to tolerate. A 2009 
review showed that as few as 17% of people with OSA may be 
adherent to CPAP treatment after 5 years [3]. As a consequence, 
many people with OSA remain untreated or under-treated.

Upper airway reconstructive surgery for OSA is reported to be 
beneficial in well-controlled observational studies [5–9]. However, 
multicenter randomized clinical trial evidence is limited and 
is critically needed to inform clinical practice, particularly for 
multilevel surgery [10–12]. This paucity of randomized trial 
evidence has led some to argue for “disinvestment” from OSA 
surgery [13–15].

The most common surgical treatment for OSA is 
uvulopalatopharyngoplasty (UPPP), where the aim is to open 
and stabilize the oropharyngeal and velopharyngeal inlets [16]. 
There are now a number of variations to UPPP, moving towards 
newer reconstructive approaches. These refinements have 
demonstrated improved outcomes and reduced morbidity over 
traditional UPPP in small trials and observational studies [10, 
17–20].

The posterior tongue is another major site of upper airway 
collapse, and narrowing at this level is correlated with apnea–
hypopnea index (AHI) in the supine sleep position [21]. Surgery 
to address tongue obstruction appears to improve surgical 
outcomes in the treatment of OSA [12, 16, 22, 23], although 
traditional methods of tongue resection are associated with 
major morbidity [24]. Isolated minimally invasive techniques 
using radiofrequency to reduce the tongue base improve AHI 
and clinical outcomes, especially in mild-moderate OSA, but 
the magnitude of its effect is small or moderate [12, 25–27]. An 
observational study combining modified UPPP and minimally 
invasive tongue reduction conducted by our group prior to 
the current trial showed encouraging results with respect to 
effectiveness and safety [17].

The surgical technique being evaluated in this trial was 
designed to minimize morbidity while addressing the two 
main sites of OSA obstruction: the soft palate and the posterior 
tongue.

Aims and Hypotheses
The aim of this randomized trial is to assess the clinical 
effectiveness, safety, and cost-effectiveness of a multilevel 
upper airway surgical procedure for OSA. We will accomplish 
this aim by testing three hypotheses:

 1. For moderate or severe symptomatic OSA with failed CPAP 
treatment, surgery will be superior to ongoing medical 
management in improving the primary outcomes of OSA 
severity measured by change in AHI (lower limit of 95% 
confidence intervals (CI) for mean difference ≥ 20 events/hr) 
and subjective daytime sleepiness measured by change in 
the Epworth Sleepiness Scale (ESS; lower limit of 95% CI for 
mean difference ≥ 3) at 6 months compared with baseline.

 2. The postoperative serious adverse event rate from surgery 
will not be different (upper limit 95% CI for mean difference 
≤ 10%) from ongoing medical management at 6 months.

 3. Surgery will be cost effective when compared with ongoing 
medical management: the incremental cost effectiveness 
ratio of surgery over ongoing medical management will be 
<AUD$50,000 per quality adjusted life year gained.

In addition, we aim to analyze magnetic resonance imaging 
(MRI) of the surgery group to define the anatomical effects 
of the surgery and to test the relationship between baseline 
anatomical findings and treatment response. If successful, this 
relationship may help derive a clinical prediction model that 
may aid preoperative assessment and selection of patients for 
these surgical procedures in the future.

Methods

Study design

The trial protocol was designed in accordance with the 
Standard Protocol Items: Recommendations for Investigative 
Trials (SPIRIT) declaration and checklist [28] (Supplementary 
Table S3). This study is a prospective, parallel-group, open label, 
randomized, controlled, multicenter clinical trial. Participants 
are from six participating Australian study sites (five academic 
centers providing services to public and private patients and one 
private hospital) located in South Australia, New South Wales, 
and Western Australia. Ethical approvals were obtained from the 
human research ethics committees (EC00188, EC00271, EC00443, 
and EC000266) and governance approvals from local research 
governance offices associated with each hospital. The study is 
being conducted according to the principles of the Declaration 
of Helsinki, following the Therapeutic Goods Administration 
guidelines for Good Clinical Practice. Informed consent is 
obtained from all study participants by sleep physicians prior 
to randomization to a treatment group. Surgical consent is 
obtained by otolaryngologists. Participants are free to withdraw 
consent at any time.

Sample size estimation and statistical power

All calculations assume a 2-sided type I error rate of α = 0.05. We 
estimated the need for a total sample of 102 participants (51 per 
group). Of the primary outcome variables (AHI and ESS), the ESS 
required a larger sample size and therefore was the basis for our 
sample size estimation. We set an a priori superiority margin of 
3 in ESS change between the groups at 6 months [29]. Review of 
patients from our preliminary study with preoperative ESS > 8 
and an AHI > 20 (n = 17), matching this trial eligibility criteria, 
showed the mean change in ESS with surgery was 7.5 with a 
standard deviation 5.0 [17]. From these data and assuming a 
similar standard deviation in the ongoing medical management 
group, we calculated that 44 participants were needed in each 
group in the present trial for a lower limit of the 95% CI = 3 for the 
difference in the change in ESS between groups with 80% power, 
assuming a normal distribution and using Student’s t-test. In 
the unlikely event that change was non-normally distributed, 
the asymptotic relative efficiency [30] of the Mann–Whitney U 
test compared with the Student’s t-test would be >0.864 for any 
distribution of change scores under the alternative, requiring 
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44/0.864 = 51 participants per group. Thus, we planned a total 
sample, N = 102.

In our preliminary study, patients with preoperative ESS > 
8 and an AHI > 20 (n = 17) had a mean change in AHI pre-post-
surgery of 33 events per hour with a standard deviation of 27 
[17]. From these data and assuming a similar standard deviation 
in the ongoing medical management group, the sample of 
102 participants (51 per group) provides 96% power to detect 
a mean difference of 20 in the change in AHI between groups. 
Although AHI typically is not normally distributed, change in 
AHI commonly is normally distributed [12].

Participants

Recruitment occurred by advertisement and directly from 
sleep medicine and otolaryngology specialist services (August 
2014–October 2017). Participants who met the eligibility criteria 
(Supplementary Table S1) and who consented to the study 
were enrolled by on-site study staff and randomly allocated 
to receive either the surgical intervention or ongoing medical 
management. Participants are followed for 6 months from 
baseline assessments (ongoing medical treatment group) or 
from surgery. They are reviewed by a sleep physician at 1, 3, 
and 6 months at which times outcome measures are collected. 
Surgical group participants are seen by an otolaryngologist as 
needed postoperatively and at 1, 3, and 6 months (Figure 1 and 
Supplementary Table S2).

Randomization

Eligible participants were randomized 1:1 to receive either 
the surgical intervention or ongoing medical management. To 
facilitate trial integrity and ensure allocation separation from 
study personnel, an independent central service randomized 
participants using computerized random allocation provided 
upon real-time email request by on-site investigators and staff 
at the time of group assignment. A minimization program 
(MinimPy) [31] was employed to ensure balance between 
variables with the potential to affect outcomes: study site, 
gender, age (<50 and ≥50 years), AHI (<50 and ≥50 events/hr), and 
BMI (<28 and ≥28 kg/m2).

Interventions

Surgical treatment of OSA
The surgical procedure was a modified UPPP plus minimally 
invasive tongue reduction [17], standardized at each site using 
a study Surgical Manual of Procedures. The modified UPPP was 
a reconstructive procedure to open the lateral velopharyngeal 
port [17] that included a bilateral tonsillectomy when palatine 
tonsils were present. It aimed to preserve mucosa and 
included resection of only the tonsils, lateral palatal space 
fat pad [17, 32], and part of the uvula. Minimally invasive 
tongue reduction was performed using a Coblation ReFlex XP 
wand (Smith & Nephew, London, United Kingdom) on Power 
setting 6 for 15 s per channel with chilled saline. The standard 
protocol included 7–9 tongue channels: 4 lateral (2 left, 2 
right) and 3–5 midline/para-midline. Lesions were performed 
at 1 cm intervals with a posterior limit of 1 cm anterior to 
circumvallate papillae and an anterior limit of 2.5 cm from the 

tip of the tongue. A more detailed description of the surgical 
procedures is available in the Surgical Manual of Procedures 
(see Supplemental Material), which also includes details of 
anesthesia and peri-operative care.

Medical treatment of OSA
Participants assigned to ongoing medical management for 
their OSA received advice about weight loss, avoiding sleeping 
in the supine position during sleep where relevant, and 
other therapies such as nasal steroids [33]. Participants were 
given the opportunity to consider or reconsider nonsurgical 
treatments for the management of OSA (i.e. retrial of CPAP and 
MAS) during the trial but not surgical reconstruction of the 
upper airway.

Primary outcome measures

The two primary outcomes to compare clinical effectiveness of 
the surgical intervention versus ongoing medical management 
after 6 months follow-up are defined as the difference between 
groups in baseline-adjusted 6 month OSA severity (AHI) and 
subjective sleepiness (ESS). In participants allocated to the surgical 
intervention, the second evaluation occurs 6 months after the 
surgery is performed, to allow for the expected and unavoidable 
delay after randomization in scheduling the surgery. In the ongoing 
medical management group, the follow-up diagnostic study at 6 

Figure 1.  Study process.
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months was performed off CPAP or MAS. All sleep studies were 
scored according to the AASM 2007 alternate criteria [34].

Secondary outcome measures

The following sleep measures are determined at baseline and 
again at 6 months. Variables marked below with an asterisk (*) 
had an additional measurement taken at 3 months.

 •	� The Multiple Sleep Latency Test (MSLT), an objective 
laboratory measure of daytime sleepiness [35, 36]

	•	 Polysomnography measures including:

1. Sleep stages (NREM 1, 2, and 3 and REM)
2. Arousal Index
3. 3% and 4% oxygen desaturation indices
4. Lowest oxygen saturation
5. % of sleep time spent with oxygen saturation <90%
6. Apnea index
7. �Supine and nonsupine: sleep time percentage, AHI and 

lowest oxygen saturation

 • ESS (primary outcome at 6 months and secondary outcome 
at 3 months)*[37]

 • Snoring Severity Scale questionnaire [38], completed by the 
bed partner when possible*

 • 	Functional Outcomes of Sleep Questionnaire, a 
comprehensive measure of the impact of sleep disorders on 
daily functioning and quality of life [39]

 • Fiberoptic nasendoscopy (% and pattern of collapse at the 
velopharynx and tongue base) measured at baseline (all 
participants) and 6 months (surgical group only)

 •	� Adherence to other OSA therapies (i.e., CPAP adherence 
via CPAP use download or self-report, and MAS use via 
self-report)*

Other measures include general and otolaryngology specific 
quality of life and cardiovascular outcomes:

 •	 EuroQoL 5-dimension 5-level questionnaire (EQ-5D-5L), 
a participant-reported health-related quality of life 
instrument* [40]

 • 	Glasgow Benefit Inventory questionnaire, a quality of life 
change (transition) instrument, measured at 6 months only 
[41, 42]

 •	 Institute for Medical Technology Assessment Productivity 
Cost Questionnaire, measure of indirect costs of medical 
intervention from a societal perspective; measured at 
baseline, 1 month, and 6 months [43]

 •	 Morning seated office blood pressure, average of 3 
measurements*

 •	 24 hour ambulatory blood pressure, analyzed as means, 
systolic, and diastolic and night versus daytime

 •	 Anthropometrics: age, height, weight, neck circumference, 
waist circumference, hip circumference

MRI upper airway

Participants randomized to surgery had upper airway MRI 
scans at baseline and again at 6 months using a MRI protocol 
described previously [44] to which a Dixon imaging sequence 
was added to optimize fat visualization in the tongue [45]. The 
scanning protocol was standardized across sites.

Blinding

In designing the study, it was decided not to undertake a sham 
surgical procedure as a control for the following reasons: (1) A 
sham would not provide the desired placebo control because 
participants in the surgical arm would feel postoperative pain 
and see surgical changes in their oral cavity and oropharynx, 
whereas those in the control arm would not; and (2) there 
were ethical and safety concerns about undertaking a general 
anesthetic for participants to undergo a sham procedure. 
Participants were therefore not blinded with respect to the 
intervention. Sleep study measures including one of two 
primary outcomes (change in AHI) are least likely to be 
subject to participant bias. To further limit potential bias, all 
polysomnographies (PSG) and MSLT tests are analyzed by 
technicians who are blinded to treatment allocation. To make 
surgical bookings and MRI appointments, trial coordinators had 
to be aware of participant treatment allocation. Participants 
(and bed partners) completed questionnaires with no guidance 
from the investigators, trial coordinators, or research assistants.

Adverse event reporting

Adverse events are reported for all study participants regardless 
of their group allocation or whether they are deemed serious. 
The mechanisms for reporting serious adverse events are based 
on the guidelines adopted by the International Conference on 
Harmonization Good Clinical Practice (ICH GCP) [46]. For this trial, 
adverse events will be deemed serious if they resulted in patient 
death; life-threatening illness or injury; permanent impairment 
of body structure or function; in-patient hospitalization (>24 
hr) or prolongation of existing hospitalization; and medical or 
surgical intervention to prevent permanent impairment to body 
structure or body function. The study documentation recognizes 
minor postoperative bleeding as a relatively frequent event. In 
Australia, it has become common practice for any patient that 
presents to the hospital emergency department with a history 
of bleeding following a tonsillectomy procedure to be admitted 
for observation (several hours/overnight), no matter how minor 
the bleed. This hospital admittance reflects hospital policy and 
is not in keeping with the serious nature of an SAE notification, 
and therefore, it was decided a priori that a postoperative bleed 
hospital admittance requiring surgical intervention would 
be considered an SAE. See Surgical Manual of Procedures in 
Supplementary Material for a description of the normal expected 
postoperative occurrences, those considered an adverse event 
and the bleeding classification [47] used.

Data and safety monitoring committee

The study is being overseen by a data and safety monitoring 
committee comprising three independent experts: one each 
in the fields of sleep medicine, trial methodology, and upper 
airway surgery. The members have no direct involvement 
in the conduct of the study, and no financial or professional 
interest that would compromise impartial decision-making. The 
primary objective of the committee is to monitor the safety of 
the intervention and the validity and integrity of the data for 
the study. The committee also evaluates recruitment pace and 
makes recommendations to the steering committee regarding 
the continuation, modification, or termination of the study. 
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The committee was formed and the study protocol reviewed 
prior to the onset of participant recruitment for the study. The 
committee meets every 6 to 12 months to evaluate the trial 
conduct, recruitment, participant safety, data integrity, and 
scientific validity of the study.

Data analysis

A detailed statistical analysis plan for the primary and 
secondary outcomes was prepared and approved by the trial 
statistician and the trial coordinating principal investigator on 
behalf of the steering committee. See statistical analysis plan in 
Supplementary Material.

Primary outcomes

Anticipating that the study participants would have severe 
OSA on average, we considered a mean AHI reduction of ≥20 
events per hour of sleep would be clinically meaningful and 
needed to justify the cost and potential morbidity of surgery. 
By incorporating cost and potential morbidity, this “sufficiently 
important difference” [48] is greater than the minimal clinically 
important difference alone, which is defined as “the smallest 
difference in score in the domain of interest which patients 
perceive as beneficial and which would mandate, in the 
absence of troubling side effects and excessive cost, a change 
in the patient’s management” [49]. We set an a priori superiority 
margin of 3 in ESS change after intervention between the 
groups [29]. This is a slightly higher minimum difference than 
we have used previously [29, 50] and others have recommended 
[51] in determining the sample size in our randomized trials of 
other OSA treatments, as we believe clinicians would consider 
this change enough to justify the cost and potential morbidity 
of surgery in a patient with OSA (i.e. sufficiently important 
difference).

For the two primary outcome variables, AHI and ESS, the effect 
of treatment will be analyzed on the basis of 6 month follow-up 
between allocation groups using linear mixed effects models 
with adjustment for baseline values of the relevant outcome. 
As a sensitivity analysis, we will use multiple imputation using 
chained equations for outcomes with missing data at 6 months 
and repeat the analysis described above. All analyses will be 
conducted primarily on an intention-to-treat basis, and the trial 
will be reported according to CONSORT guidelines [52].

Secondary outcomes

We plan multiple secondary analyses, including testing the 
secondary outcome measures as listed above. This analysis will 
examine 6 month between group differences for OSA symptoms 
and symptom severity, quality of life, and demographics. These 
data will be analyzed as described above for primary outcome 
analysis. In addition, participants will be classified according 
to the proportion who achieve an AHI < 10 events per hour of 
sleep (i.e. normal/very mild). For comparison to the literature, 
response rates according to other definitions (e.g. AHI < 15 and 
AHI > 10 with AHI reduction > 50%) will be reported. Categorical 
outcome data will be assessed using the chi-squared test or 
Fisher’s exact tests. If there is substantial imbalance in dropout, 
crossover, or baseline variables between groups, then we will 

also perform per-protocol secondary analyses with adjustment 
for potential confounding variables.

MRI analysis

Analysis of all MRI scans will be centralized and performed 
according to published segmentation methods [53]. Preoperative 
and postoperative anatomical scans will be aligned and 
volumetric analysis of the airway space, tongue, and soft palate 
will be performed and used to define the anatomical effects of 
the surgery and their relationship to the treatment response [45, 
54]. Tongue fat will be identified on the Dixon images and the 
tongue fat content calculated. Craniofacial skeletal landmarks 
will be identified using 3D cephalometry to create a “box.” A soft 
tissue volume to box volume ratio will be used as an assessment 
of “anatomical balance.” Baseline MRI measurements will be 
analyzed according to treatment response in an attempt to 
derive a clinical prediction model that may aid preoperative 
assessment and selection of patients for these surgical 
procedures in the future.

Health economic analysis

The economic analysis will be conducted from the perspective 
of the health service with a 6 month time horizon. The primary 
measure of outcome for this analysis will be the incremental 
cost per unit of improvement in functional outcomes of sleep 
using the FOSQ [39]. We will also calculate the incremental 
cost per quality adjusted life year gained as measured by the 
EQ-5D-5L [55]. See Supplementary Material for further details.

Additional substudies

Subsequent to reporting the main study findings, a number 
of preplanned analyses will be conducted. These are briefly 
described in Supplementary Material.

Trial status

This trial is currently ongoing and in the participant follow-up 
phase. Recruitment has been completed with 102 participants 
randomized into the trial: 51 allocated to undergo the surgical 
treatment and 51 allocated to the ongoing medical management 
group. Data analysis will be conducted in accordance with the 
statistical analysis plan after the last patient visit and data lock 
has occurred.

Discussion
There are many challenges to executing a valid randomized 
trial of a surgical treatment [12, 56–58]. In the present trial, we 
found that the ethics and governance reviews and approval 
turn-around times at public hospitals, private hospitals, and 
independent clinics were often lengthy. Reassuringly, our 
justification of equipoise for surgery in this group of patients was 
accepted and we found support from our lead ethical committee 
regarding the need for a high-quality RCT in this area.

There can be no doubt that recruitment was our main 
obstacle towards trial completion. Although CPAP failure is 
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common, sourcing patients for such a trial can be difficult 
because patients rarely present back to sleep clinics. Patients 
presenting to surgeons do so with the expectation that they will 
be considered for surgery and many declined randomization 
or even initial assessment on this basis. We required >3 
years to recruit the target 102 participants, which was twice 
as long as anticipated. One approach to this challenge is to 
advertize in the community. However, our advertisements of 
a surgical procedure to a population where the main medical 
therapy (CPAP) is difficult to embrace led to an overwhelming 
response from patients dissatisfied with CPAP but still using 
it. The determination of CPAP failures in this large group was 
challenging as rules for defining clinically beneficial CPAP use 
remain unclear. For example, 2 nights of 10 hr use per week 
versus 5 nights of 4 hr use per week each provides 20 hr use 
per week, but it is unclear which, if either, constitutes adequate 
treatment or failure. We decided on the definition of CPAP failure 
as <7 nights use in the last month (on average) or an average 
nightly use of <2 hr per night, both representing approximately 
25% of ideal CPAP use.

Another challenge involved coordinating trial 
otolaryngologists to perform a standardized surgical 
procedure. This was achieved with a comprehensive manual 
(see Supplementary Material), videos, a teleconference, and 
encouragement to attend an upper airway cadaver dissection 
course led by the trial otolaryngologist chief investigators. 
Although over 80% of trial surgeons attended the course, 
there were obstacles preventing 100% recruitment. Some 
surgeons initially expressed concern regarding the rigidity of 
the surgical protocol, preferring a multilevel surgical procedure 
specifically tailored to individual patients. Several challenging 
teleconferences were necessary before consensus on the 
surgical protocol was finally achieved. We aimed to make the 
research practices as similar to clinical care as possible; 
however, standard clinical care varies across hospitals and 
clinics. Medication regimens also required standardization as 
usual protocols varied based on the preferences of individual 
otolaryngologists.

Another major issue for us was that the ICH GCP definition of 
an SAE does not easily translate to a surgical trial. Patients have 
a variable response to surgery, analgesia, and postoperative 
function. A low-risk return to hospital for optimization of 
analgesia, for example, would not be regarded by most surgeons 
as a major issue but might be regarded as an SAE by some 
observers. A lengthy debate between the investigators reached 
consensus that, when looking at Australian postoperative 
outcomes, a ward readmission exceeding 24 hr was something 
that should be relatively uncommon. It was considered 
important to be open and transparent in reporting all adverse 
events and preferable to err on the conservative side when 
reporting a surgical adverse event as serious. Thus, we agreed 
that a postoperative ward admission of >24 hr would be 
classified as an SAE.

There is clinical concern that positive results in a surgery 
trial could be surgeon-dependent. In the current trial, the 
surgical techniques and equipment are readily available to most 
(if not all) otolaryngologists around the world. Thus, there could 
be widespread applicability of such techniques if outcomes are 
favorable. This trial tested a standardized surgical methodology 
across multiple sites, including both academic (with supervised 
trainees) and community-based practices, which enhances 
generalizability of the results.

We are also aware of the need to ascertain longer-term 
outcomes of surgery, including both beneficial and adverse 
effects. To this end, we plan an ongoing observational study of 
participants who received surgery (including participants who 
were randomized to ongoing medical management of OSA and 
later receive surgery after RCT completion).

Surgery has a very important potential advantage over 
other therapies used for OSA because once operated on, patient 
adherence does not affect the effectiveness of the treatment. 
Like with MAS [59], it may be that surgery has less efficacy 
than CPAP in control of OSA at a single time point, but may 
carry effectiveness comparable to CPAP over time when low 
CPAP adherence affects outcome [8]. Surgery outcome will be 
enhanced by developing a clinical prediction model to identify 
those patients most likely to succeed with surgery in the future. 
Data from this trial will facilitate such a prediction model, which 
will require independent validation in future studies.

It is not the goal of this trial to test the effectiveness of 
surgery versus CPAP, because surgery has less certain efficacy 
and carries additional risk of morbidity. Instead, we aim to test 
whether surgery should be used to treat OSA in patients who fail 
CPAP therapy. Our hypothesis is that this randomized trial will 
demonstrate the effectiveness, safety, and cost-effectiveness 
of this relatively straightforward surgical procedure, thereby 
reducing OSA burden amongst the many people with OSA 
who have failed CPAP treatment and would otherwise remain 
untreated or under-treated.

Supplementary Material
Supplementary material is available at SLEEP online.
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