
Supplementary Online Content 

 

MacKay S, Carney AS, Catcheside PG, et al. Management on the Apnea-Hypopnea Index and 
patient-reported daytime sleepiness among patients with moderate or severe obstructive sleep 
apnea: the SAMS randomized clinical trial. JAMA. Published online September 4, 2020. 
doi:10.1001/jama.2020.14265 

 

Trial protocol 

Statistical analysis plan 

 

This supplementary material has been provided by the authors to give readers additional 
information about their work. 

 

 



ENT Surgery for OSA Trial Protocol   
 

Version 2.2 27th April 2018  1 

TITLE: Clinical outcomes, safety and incremental cost effectiveness of multi-level airway 
surgery in patients with moderate-severe Obstructive Sleep Apnea (OSA) who have failed 
medical management 

AIM 
To establish for the first time whether or not upper airway surgery is clinically effective, safe and cost 
effective for patients with moderate-severe symptomatic OSA who have failed medical management 

HYPOTHESES 
1. Surgery will be superior to ongoing medical management of moderate-severe symptomatic OSA 

as measured by the improvement in Apnea Hypopnea Index (AHI) and subjective and objective 
daytime sleepiness in patients who have failed CPAP treatment despite persistent, supervised 
attempts to implement CPAP and a mandibular advancement splint (MAS) was considered but the 
patient either refused, was found to be unsuitable, or was intolerant of the treatment. 

2. The post operative serious adverse event (e.g. life-threatening, prolonged hospitalization, or 
requiring additional treatment to prevent permanent impairment) rate from these procedures will 
be less than 10% by six months 

3. The incremental cost effectiveness ratio (ICER) will be favourable i.e. < $50,000/Quality adjusted 
life year (QALY) gained. 

4. MRI analysis on the surgical arm subjects will define the anatomical effects of the surgery and 
the relationship to the treatment response to help derive a clinical prediction model that may aid 
pre-operative assessment and selection of patients for these surgical procedures in the future. 

BACKGROUND 
Obstructive sleep apnoea (OSA) is a serious medical disorder with a high public health cost. 
OSA is characterized by repeated upper airway obstructions during the night, with resultant oxygen 
desaturations and arousals. Approximately 10% of middle-aged men and 5% of middle-aged women 
in the general population have OSA (defined as >10 obstructed breathing events/ hour of sleep). OSA 
is associated with lower health status independent of other major risk factors (e.g. age, body fat, 
alcohol use, and cardiovascular disease), and large cross-sectional and longitudinal studies suggest 
obstructed breathing, snoring and/or hypoxaemia in sleep are independent risk factors for 
hypertension, cardiac disease, stroke and mortality [1-7]. OSA is associated with excessive daytime 
sleepiness and a 2-7 fold increase in road and industrial accidents [8].Thus OSA is a serious and 
costly public health problem that is growing in prevalence because of population increases in both 
obesity and ageing. 
 
OSA can be effectively treated but poor treatment compliance is a major clinical problem and 
thus many patients are under treated or not treated at all. 

Continuous positive airway pressure (CPAP) therapy is the current treatment of choice for patients 
with moderate to severe OSA. CPAP is effective in decreasing sleepiness, may reduce motor vehicle 
accidents and improves quality of life in patients with OSA [9]. Treatment of OSA with CPAP is 
cost-effective if worn [10], but CPAP is poorly tolerated by many patients who find the mask and 
pressure claustrophobic and uncomfortable. Systematic reviews of CPAP adherence studies suggest 
that 20% of patients recommended for the therapy do not accept their doctors advice and refuse to 
take it home, and up to 50% of patients reject it within one week. A recent review showed that as few 
as 17% of OSA patients could be defined as adherent to CPAP treatment after 5 years [11]. Hence, 
while CPAP is a highly efficacious treatment (i.e. reduction of AHI), its clinical effectiveness is 
limited by modest compliance. 

Mandibular advancement splints (MAS) are designed to help open and stiffen the upper airway. 
MAS can be very effective, but treatment efficacy is variable and even in high quality clinical trials 
breathing pauses during sleep are only reduced by about 50% [12, 13]. Furthermore treatment success 
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is difficult to predict before trialing therapy, and MAS are only useful in around 50% of patients. 
Good quality teeth are needed for the device to be effective. Long-term patient adherence cannot be 
monitored objectively at this time, but like CPAP appears to be highly variable. As with any 
treatment, cost can be a barrier to patient uptake.  

Thus, while these OSA treatments are effective they have significant limitations due to poor overall 
patient acceptance and adherence, cost and, in the case of MAS, partial clinical efficacy.  

As a consequence many OSA patients remain untreated or under-treated, with significant 
implications for their long term safety, health and quality of life. New effective, safe and cost-
effective therapies are needed. Given the numbers of patients that fail standard medical 
therapies for OSA there is significant clinical uncertainty in what treatment strategies to be 
used next – i.e. what therapies (if any) should be used for those with moderate-severe OSA who 
have failed standard medical therapies.  

Upper airway reconstructive surgery for OSA is widely used and reported in observational 
studies but there are few rigorous and randomized clinical trials to provide and validate these 
observational studies [14-17]. The clinical effectiveness, post operative complications and 
incremental cost effectiveness are uncertain, and thus there is community equipoise on the role 
of surgical therapy. 

A significant amount of surgery for OSA in adults is being performed in Australia, with possibly 
more surgical procedures being used to treat OSA than CPAP therapy [18], despite unclear clinical 
outcomes, safety and cost effectiveness. The use of upper airway reconstructive surgery for sleep 
disordered breathing, and in particular the use of the uvulopalatopharyngoplasty (UPPP) in isolation 
remains controversial.  Some have even gone as far as to call for government and third party payer 
disinvestment in surgery for OSA until RCTs demonstrate its efficacy [19]. 

There is thus a pressing need for high quality research to establish the role and clinical importance of 
surgery in sleep medicine. Caples notes in his 2010 meta-analysis that “Significant improvements in 
the AHI were reported in some small series of multi-level surgeries, the efficacy of which were 
attributed in part to careful patient selection. Acknowledging these outcomes and the increasing 
interest in multi-level surgeries, we suggest that further trials focusing on standardization of 
preoperative approach and surgical targets seem warranted” [20].The accompanying American 
Academy of Sleep Medicine Practice Parameters for the Surgical Modifications of the Upper Airway 
for Obstructive Sleep Apnea in Adults in 2010 called for higher level evidence to test the effect of 
surgery [21]. 

Likewise both the Cochrane group and the Agency for Healthcare Research and Quality (Comparative 
Effectiveness Review #32, 2011) have conducted reviews of randomised trials for the surgical 
treatment of sleep apnea, and both found insufficient trial evidence to draw conclusions about whether 
surgery is efficacious or not [22]. 

The most common surgical treatment of OSA, Uvulopalatopharyngoplasty (UPPP), is an operation 
aimed at opening the oropharyngeal and velopharyngeal inlets.  UPPP remains the most common 
surgical procedure for sleep apnea [23], because the palate is a common site of obstruction [24]. 
However given that treatment of retropalatal obstruction with UPPP does not address retroglossal 
obstruction, a high rate of failure has been observed over the last 30 years where UPPP has been 
performed as a single procedure [25]. There are now a number of variations of this operation, ranging 
from the original aggressive excisional techniques to newer reconstructive approaches.  The newer 
approaches have demonstrated improved outcomes in small trials and observational studies [16].  
However the Practice Parameters for the Surgical Modifications of the Upper Airway for Obstructive 
Sleep Apnea in Adults noted “UPPP as a sole procedure, with or without tonsillectomy, does not 
reliably normalize the AHI when treating moderate to severe obstructive sleep apnea syndrome”.  
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The posterior tongue is a major site of upper airway collapse and minimally invasive and safe 
surgery to that region could be a very effective surgical approach to OSA management [24, 26]. 
The major cause of anteroposterior narrowings at the hypopharyngeal level is tongue base collapse, 
and narrowings at this level are correlated with the apnea-hypopnea index (AHI) in the supine position 
[27]. Schwab and colleagues identified via multivariate analysis that tongue volume was an 
independent risk factor for OSA [28], whilst Nashi and colleagues showed using consecutive autopsy 
specimens from the general population that fat content in the posterior tongue (30%) was significantly 
higher than in the anterior tongue (11%) or other somatic muscles and correlated with the BMI [29]. 
For a variety of reasons, including a scarcity of trained surgeons and an elevated risk of major 
complications (including airway obstruction and life-threatening haemorrhage), radical tongue-base 
surgery has traditionally only been performed in a small number of centres world-wide, but a 
minimally invasive surgical technique that can both reduce posterior tongue volume and stiffen the 
posterior tongue could be very effective and safe in improving OSA.  

There are a variety of procedures to reduce or advance the tongue base. For example submucosal 
radiofrequency or bipolar techniques are relatively easy, well-tolerated and low-risk, but only 
partially effective for treating sleep apnea [30, 31].  These procedures are thought to help by 
volumetric reduction of the tongue, and possibly by tongue base stiffening [30]. However results have 
been mixed [26]. An exciting new minimally invasive option for a surgical approach to OSA 
management is Coblation channelling of the tongue (CCT, see Pilot Data below). The CCT 
technique is potentially a powerful operation in reducing the burden of the tongue with safety and 
minimal morbidity and a large treatment effect as evidenced by our pilot data [32]. In contrast to 
standard radiofrequency techniques, this method utilises Coblation (radiofrequency + saline resulting 
in a localised plasma field that ablates a column of tissue) technology to produce up to seven channels 
of ablated tissue through anatomically-safe areas of the tongue. Coblation allows for improved 
surgical access to the target tissue and optimal visualization of the surgical field. The precise and 
controlled tissue ablation minimises tissue damage, oedema, intraoperative bleeding, and overall 
complications [25]. Babademez also reported complications and adverse events were rare using 
Coblation and post operative recovery fast with little post operative pain [31]. Our experience and 
published data suggests a greater treatment effect compared with standard radiofrequency 
tongue reduction. 

The surgical techniques proposed for this trial will be standardised across investigating sites to a 2-
level procedure consisting of modified UPPP and CCT plus tonsillectomy where appropriate.  The 
specific modified UPPP was developed by the late Dr. Sam Robinson in Australia [16].  It includes 
tonsillectomy and lateral velopharyngeal and oropharyngeal port reconstruction. CCT will be 
performed in a standard way with 7 submucosal passes of the channelling probe in order to achieve 
tongue volume reduction.  These surgical procedures are designed to minimize morbidity while 
addressing the two main sites of sleep apnea obstruction, the palate and the tongue. Surgery has 
a very important advantage over other therapies used for OSA in as much as once operated on, patient 
compliance does not affect the efficacy of the treatment. It may be for example that surgery is less 
effective than CPAP in optimal control of OSA at a single time point but ends up being equally or 
more efficacious because the effective treatment time during sleep is 100% for surgery and often only 
50% of total sleep time for CPAP or MAS 

The surgical techniques used in these procedures contain approaches and require equipment likely to 
be available to most if not all ENT surgeons around the world. Thus there could be widespread 
applicability of such techniques if the outcomes were favourable. 

PILOT DATA 
We have data on 48 patients operated on at 2 of the investigating centres, Flinders Medical Centre 
and Wollongong [32]. Using a modified lateral velopharyngeal port type opening UPPP with 
minimally-invasive tongue-base reduction by CCT, we have achieved significant improvements in 
AHI, irrespective of the pre-operative tonsil and tongue size, as measured by Friedman staging. There 
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was a significant fall in AHI and Epworth sleepiness scale (ESS) and improvement in nadir oxygen 
saturation after 3 months compared to baseline (see Table 
1). 
Table 1 Pre and post operative (3 months) outcomes for 
48 patients 
AHI: Apnea Hypopnea Index (events/hr), ESS; Epworth 
sleepiness scale, LSaO2: Lowest oxygen saturation (%), 
BMI: Body Mass Index (kg/m²). * p< 0.05 
This study has demonstrated significant improvements in 
physiological parameters and daytime sleepiness in a 
group of patients who failed medical treatment options.  

All patients stayed in hospital for one night only. Post 
operative complications were carefully monitored prospectively and shown to be minimal: transient 
globus pharyngeus (n=3), readmission for mild dehydration and pain (n=1), transient tongue 
numbness - resolved at 2 months (n=1), anaesthetic dental dislodgement (n=1). 

We believe we have a relatively straightforward, safe, widely available and effective surgical 
approach to manage OSA that could be applied to patients who have failed medical 
management of moderate-severe symptomatic OSA. 

RESEARCH PLAN 
Design 
A prospective, parallel-arm, open label randomised controlled, clinical trial. The design strengths of 
the study include; independent randomisation to condition, standardised and manualised treatment 
and treatment fidelity checks. This approach conforms to the Consort guidelines for randomised 
control trials [33], and to the best quality methodology in existing studies. However, this trial will not 
have placebo-control or double-blinding due to practical constraints associated with a surgical 
procedure (i.e. patients will feel post-operative pain and see surgical changes in their throat and the 
ethical considerations around a general anaesthetic for a patient undergoing a sham procedure further 
preclude). Limited blinding will be achieved on post-operative sleep studies, as they will be scored 
with blinding to treatment group. 

Research Setting and patient recruitment 
There will be six participating study sites:  
 Adelaide Institute for Sleep Health/ Repatriation General Hospital/ Flinders Medical Centre/ 

Flinders Private Hospital, Adelaide SA. 
 Royal Adelaide Hospital, Adelaide SA 
 Memorial Hospital, Adelaide SA 
 Illawarra ENT Clinic/ Wollongong Hospital/ Figtree Private Hospital, Wollongong NSW 
 Royal North Shore Hospital/ Sydney Centre for Ear Nose Throat/ Mona Vale Hospital/ North 

Shore Private Hospital, Sydney NSW  
 Sir Charles Gairdner Hospital/ Royal Perth Hospital/ Hollywood Private Hospital 

Patients will be recruited from sleep medicine services, ENT services and by advertisements. Given 
the high prevalence of OSA and the numbers of patients (50% +) who fail medical therapies many 
patients are likely to be interested in participating. Each site will have a surgeon who is skilled in the 
procedures to be performed and a sleep physician responsible for the overall supervision of the 
patients. It is very important to the overall intent of the study that these surgical procedures can be 
performed by a number of skilled surgeons operating at different sites. Surgical procedures will be 
tightly defined in the study Manual of Procedures and an intensive cadaver workshop will be held 
prior to the commencement of the trial to train and calibrate the surgeons participating in the trial. 
This workshop will be conducted by Professor Ed Weaver one of the leading sleep surgeons in the 
world and a CI on this trial.  
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Patient selection 
Patients will first be assessed by the physician at each site, to ensure they meet the eligibility criteria. 
A repeat PSG will be performed if there is not a laboratory attended study available within the last 6 
months. If suitable they will be then be reviewed by the ENT Surgeon to ensure appropriateness for 
the surgical intervention i.e. if they are an acceptable anaesthetic and surgical risk, and to consent 
them to the surgical procedures. They will be then randomised to surgery vs. best medical care.  

Inclusion Criteria 
1. Diagnosis of OSA (defined as Apnoea Hypopnoea Index, AHI,  > 15 scored by AASM alternate 

criteria). 
2. At least mild daytime sleepiness defined as ESS >8.We used this cut point to target those with at 

least mild daytime sleepiness, but consider that the requirement for the ESS to be > 8 will not 
adversely affect recruitment. 

3. Failed CPAP treatment despite persistent, supervised attempts to implement CPAP, or been 
treated in a tertiary centre sleep lab or by an Australasian Sleep Association accredited sleep 
service and have not taken up CPAP when prescribed, and failed MAS therapy due to patient 
refusal, patient found to be unsuitable on dental grounds, patient intolerance, or were never 
offered MAS as a treatment option. 

a) CPAP treatment reduces AHI to below 15 events per hour of sleep (N/A for outright 
refusers of CPAP). 

4. Aged between 18 and 70 years. 
5. 38kg/m2. 

a) For patients with BMI 35-38: patient will be deemed appropriate provided they are of 
strong surgical/anatomical suitability, which consists of size 3-4 tonsil, with Friedman 
tongue 1-2, and dynamic assessment confirming predominant palatine tonsillar collapse 

 
Exclusion criteria  
1. Prior surgery on palate, tongue, mandible or maxilla. Previous tonsillectomy is allowed. 
2. Nasal obstruction uncontrolled by medication or surgery. 
3. Clinically significant retrognathia, confirmed by lateral skull x-ray (SNB angle < 72o). 
4. Moderate to severe COPD (FEV/FVC ratio < 70% and FEV 1 <50%). 
5. Heart failure (New York Heart classes 2-4). 
6. Recent history (last 3 months) of a major cardiovascular event i.e. MI, unstable angina, CVA; or 

major disorder of the pulmonary, renal or nervous systems. 
7. Chronic narcotic use. 
8. Major depression i.e. hospitalisation for depression, suicide attempt or symptoms necessitating 

antidepressant drug dose escalation in the previous 3 months. 
9. Pregnant or breast feeding. 
10. Unacceptable anaesthetic or surgical risk (e.g. anticoagulant or antiplatelet medication which 

cannot be withdrawn). 
11. Contraindication to intraoperative dexamethasone e.g. mania, brittle diabetes, avascular necrosis 

of hip. 
12. History of dysphagia or aspiration. 
13. Currently working as a commercial driver. 

Polysomnography (PSG) 
Full-night attended PSG will be required. PSGs will be manually staged according to the 2007 AASM 
“alternative criteria” to obtain an AHI [34], arousal index, sleep stages, sleep efficiency, and 
cumulative duration of SpO2 desaturation < 90% as well as a 3% oxygen desaturation index (ODI). 
PSGs will be scored on-site for initial clinical diagnosis, but to eliminate inter-laboratory and inter-
scorer variability and ensure that all enrolled patients meet the AHI eligibility criteria PSG data will 
be transferred via secure, web-based File Transfer Protocol (FTP) to the Adelaide Institute for Sleep 
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Health sleep laboratory for re-scoring and diagnostic confirmation by a single qualified sleep scorer 
blinded to the treatment arm. 

Randomisation 
Once the responsible site-investigator is satisfied that all eligibility criteria have been met each patient 
will be randomly allocated into one of 2 groups. Allocation will be provided by a central allocation 
service (site research assistant will email the Pharmacy Department, Repatriation General Hospital) 
to ensure concealment, documentation and integrity. A minimisation program will be used to balance 
variables [study site (Repat, RAH, WOLL, MEM, SYD, Perth

expected medical care. 

Surgical Intervention 
The surgical procedure used will be modified UPPP, if patient has tonsils then a bilateral 
tonsillectomy will be performed as a standard procedure, plus CCT tongue ablation as per the 
previous investigation [32], and will be standardised at each site. 

Treatments and follow-up schedule 
Patients will be followed in both arms for 6 months. Both arms of the trial will be reviewed by the 
sleep physician at 1, 3 and 6 months and outcome measures collected. After the 6 months all 
participants will be free to continue being reviewed on a clinical basis by their referring sleep 
physician. During the study control arm participants will receive best evidenced based medical care 
for their OSA including advice about weight loss, avoiding sleeping in the supine position during 
sleep where relevant and other therapies such as nasal steroids. They can consider non surgical 
approaches used in the management of OSA (retrial of CPAP, MAS etc.) during the trial but not 
surgical reconstruction of the upper airway. Surgical arm participants will be seen by the ENT surgeon 
as needed post operatively and reviewed at 1, 3 and 6 months. Should the trial outcomes be 
favourable, control arm patients will be reviewed at the conclusion of the trial and offered the surgical 
procedures used in the intervention arm. We consider this will aid retention of control arm patients. 

Outcome measures and power calculations 
All analyses will be conducted on an intention to treat basis, and the trial conducted according to 
CONSORT guidelines [33].  Any missing data will be imputed to replace missing data using multiple 
imputation [35]. We will use two primary outcomes. The first will be change in AHI. Our pilot data 
shows a mean AHI of 29 at baseline. The clinical trial inclusion criteria (AHI >20, ESS >8) are likely 
to lead to a slightly higher mean AHI of around 35-40 in this trial at randomisation. We consider a 
mean AHI reduction in a cohort of >20 (i.e. more than 50% reduction) to be clinically meaningful 
and needed to justify cost and potential morbidity of surgery. The proportion of complete responders 
i.e. those who achieve an AHI < 10 will also be analysed using a chi square test, without a continuity 
correction.   

Our other primary outcome will be change in ESS. Daytime sleepiness is one of the cardinal 
symptoms adversely affecting quality of life in OSA and the ESS is widely employed in the sleep 
literature as a measure of OSA treatment effectiveness. It is well validated, simple to perform and 
reproducible [36]. We have set an a priori superiority margin of 3 in ESS change pre-post intervention 
between the groups [37]. This is a slightly higher minimum difference than we have used in 
determining the sample size in RCTs of other OSA treatments [37, 38] as we believe clinicians would 
consider this change enough to justify the cost and potential morbidity of surgery in a patient with 
OSA. Change in ESS will be analysed using paired t-test if the data are normally distributed in both 
groups. In this case the normality and heteroscedasticity of residuals will be examined to validate the 
model. When the normality assumption is violated the non-parametric Mann-Whitney U test will be 
used to compare differences between groups.  All analyses will be performed with Stata 12.0. 

Sample Size All calculations assume an overall two sided Type I error rate of 5%. We will sample 
102 patients in total. Change in AHI Taking patients from our preliminary study with pre-op ESS >8 
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and an AHI >20 (n =17) we found the mean difference in AHI pre-post surgery was 33.4 with the SD 
of the change in AHI 27.3. From these data we calculate 24 patients will be needed in each arm in the 
present study to detect a >20 change in AHI with 80% power. Further calculations to detect a change 
in change in AHI of 15 (SD 27), with 80% power, results in 51 patients in each arm Change in ESS: 
The mean (SD) change in ESS from our pilot data (in those who met the ESS/AHI criteria for this 
trial) was 7.5 (5.0) Thus to detect a change of 3-units in ESS between groups, where change is 
normally distributed, a total sample of 88 (44 /arm) will provide 80% power to demonstrate 
superiority.  When the change is non-normal the asymptotic relative efficiency [39] of the Mann-
Whitney U test compared to the t-test is >0.864 for any distribution of change scores under the 
alternative. Therefore a total sample of 102 gives at least 80% power to detect the same difference in 
change between groups using this non-parametric test.  

Secondary outcomes  
Determined at baseline and again at 6 months, with * to represent those measures also collected at 3 
months. 

Sleep Measures 
 The change in mean sleep latency as measured by the Multiple Sleep Latency Test as 

performed at 0 and 6 months (an objective laboratory sleepiness assessment) [40, 41] 
 Actigraphy with a 7 day sleep/ wake diary will be used for 5-7 days prior to the baseline 

MSLT for an indication of sleep quality [42] 
 PSG measures including: 
o Arousal Index  
o 3% Oxygen desaturation index (ODI) 
o Lowest oxygen desaturation 
o % of time oxygen saturation < 90% 
o Average snoring sound level during sleep (dB (A)) and total number of snores 
o Proportion of complete responders (AHI  <10 at 6 months) 

 Epworth Sleepiness Scale questionnaire (ESS)* (Daytime sleepiness is one of the cardinal 
symptoms adversely affecting quality of life in OSA and the ESS is widely employed in 
the sleep literature as a measure of OSA treatment effectiveness. It is well validated, 
simple to perform and reproducible. Measured at baseline, 1, 3 and 6 months.) [36] 

 Snoring Severity Scale questionnaire (SSS)* (bed partner evaluation of snoring) [43] 
 Functional Outcomes of Sleep Questionnaire (FOSQ) (a comprehensive measure of the 

impact of sleep disorders on daily functioning and quality of life) [44] 
 Magnetic Resonance Imaging (MRI) of the upper airway (surgical group only) 
 Fibreopticpharyngoscopy (% and pattern of collapse at the velopharynx and tongue base) 

(surgical group only) 
 Adherence to other OSA therapies (control group) i.e. CPAP adherence via CPAP 

compliance download or MAS use via diary. 

Other measures include general and ENT specific quality of life and cardiovascular outcomes 
 European Quality of Life – 5 dimensions health questionnaire (EQ-5D-5L) (patient-

reported health-related quality of life instrument)* [45] 
 Glasgow Benefit Inventory questionnaire (change in health status produced by surgical 

intervention, measured at 6 month time point only) [46] 
 Institute for Medical Technology Assessment Productivity Cost Questionnaire (iPCQ) 

(measure of indirect costs of medical intervention from a societal perspective; measured at 
baseline, 1 month and 6 months) [47] 

 Morning seated office blood pressure* (average of 3 measurements) 
 24 hour ambulatory blood pressure (analysed as means, systolic and diastolic and night 

versus daytime) 
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 Anthropometrics: height, weight, neck circumference, waist circumference, hip 
circumference. 

 
MRI Upper airway 
The MRI protocol used has been described by CIG Professor Peter Cistulli [48], and will be 
standardised across sites. Spin-echo MRI of the upper airway will be performed during wakefulness 
using a Philips INTERA 1.5T MRI scanner (Philips Electronics, Netherlands). With the aid of a 
gantry beam, the patient’s head will be positioned with the Frankfort plane perpendicular to 
horizontal. Foam pads will secure the head in this position. Throughout the scan, patients will be 
asked to breathe normally through their nose and to refrain from swallowing. Patients will be 
instructed to keep their mouth closed and to maintain a relaxed bite, with the tongue touching the 
front teeth. An initial sagittal scan will confirm head position. Contiguous T1-weighted spin-echo 
images will be acquired through the long axis of the airway, centred around the mid-sagittal plane 
(50 slices, 1.25 mm thickness, 272 × 512 matrix). Axial scans of the upper airway (50 slices, 3 mm 
thickness, 224 × 512 matrix) will be acquired from above the level of the nasopharynx, to below the 
level of the vocal cords. Analysis of all MRI scans will be centralised (CIG) and performed according 
to published segmentation methods [49]. Measurements will include volumes of the soft palate, 
tongue, parapharyngeal fat pads, lateral pharyngeal walls, and total airway. Analysis of airway 
segments (i.e. Velopharynx, oropharynx, and hypopharynx) will also be conducted. More novel 
computational fluid dynamic methodologies will also be used to derive functional information about 
airway mechanics. Comparison of baseline and follow-up scans will be used to define the 
anatomical effects of the surgery and their relationship to the treatment response. In particular, 
the change in volume of the tongue, amount of tongue fat and total airway will be examined. Baseline 
MRI measurements will be analysed in relation to treatment response, particularly using the 
proportion of complete responders (AHI < 10) in an attempt to derive a clinical prediction model that 
may aid pre-operative assessment and selection of patients for these surgical procedures in the future. 
It is of the upmost importance to develop such a clinical prediction model to ensure we 
understand those most likely to have a good surgical response in the future. 

Adverse events  
All adverse events will be reported regardless of whether they were deemed serious and regardless of 
whether they were considered related to the surgical procedure. 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 h) or prolongation of existing 
hospitalization; medical or surgical intervention to prevent permanent impairment to body structure 
or body function. The surgeon will be provided with a pre defined prescriptive clinical report form 
(CRF) listing all reasonable anticipated complications that may be expected with ENT surgery e.g. 
haemorrhage, need for emergency intubation, tracheostomy, tongue or speech dysfunction or 
numbness etc. This will be completed each day post operatively and again at 1, 3 and 6 months by 
the surgeon. The primary safety endpoint will be the freedom from serious adverse events at 6 months. 
Post operative pain scores will be collected on a Visual Analogue scale (VAS) where the scale goes 
from 0 (no postoperative pain) to 10 (worst pain imaginable).  

Health economic analysis 
The economic analysis will be conducted from the perspective of the health service with the primary 
measures of outcome being the incremental cost per quality adjusted life year (QALY) gained as 
measured by the EQ-5D-5L [50]. We will also calculate the incremental cost per unit of improvement 
in functional outcomes of sleep (FOSQ). Both the EQ-5D-5L and FOSQ will be administered at 
baseline and at 6 month time-points, and the EQ-5D also administered at 3 months. The individual 
responses to the EQ-5D at each time point will be converted into utilities through the freely available 
scoring algorithm and the algorithm for the FOSQ developed by Weaver and colleagues [14]. The 
QALY gain for each patient will be estimated using area under the curve methods. This approach has 
been successfully applied in previous economic evaluation studies led by AI Ratcliffe [50]. Resource 
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use collected within the evaluation will include those associated with the surgical intervention or 
usual care (including time spent in theatre, consumables, tests and investigations, equipment and staff 
time), the frequency and duration of in-patient admissions (including time spent in intensive care) 
and Pharmaceutical Benefits Scheme (PBS) and Medicare Benefits Schedule (MBS) utilisation for 
all trial participants obtained from medical records, and PBS and MBS utilisation data from Medicare 
following patient or proxy consent. Unit costs for the surgical intervention will be derived from 
hospital finance departments at each of the study sites. All other unit costs will be derived from 
published data sets including PBS, MBS and Australian Refined Diagnosis Related Groups (AR-
DRG) cost weights. Indirect costs incurred, such as productivity losses due to absence or inefficiency 
during paid or unpaid work owing to health problems, will be investigated using the Institute for 
Medical Technology Assessment Productivity Cost Questionnaire (iPCQ) [47]. This will be 
administered at baseline, at one month post intervention and at 6 months post intervention. Using the 
manual provided with the questionnaire, the individual responses will be converted into utilities and, 
as with the EQ-5D-5L and FOSQ, the QALY gain will be estimated. 

Confidence intervals will be presented around the incremental cost effectiveness ratios and cost 
effectiveness acceptability curves for varying threshold values of cost effectiveness will also be 
presented [51]. An assessment of the sensitivity of the results obtained to variation in measured 
resource use, effectiveness and/or unit costs will be undertaken using appropriate one-way and multi-
way sensitivity analysis [52]. 

FEASIBILITY 
We will have 4 centres recruiting over an 18 month period, meaning 25 patients per site will be needed 
i.e. 1 surgery and 1 control patient/month at each site. We consider this to be manageable. The 4 sites 
together perform a total of approximately 6,000 sleep studies/year and using a conservative estimate, 
approximately 1,000 OSA patients/yr will fail medical management and be potentially eligible for 
the trial. Given the high prevalence of OSA and the numbers of patients (50% +) who fail medical 
therapies; we believe that there will be many patients interested in participating. The Adelaide 
Institute for Sleep Health participated in a similar trial design i.e. surgery (in this case a hypoglossal 
nerve stimulator) for moderate-severe OSA in 2009-11 [53] and attracted a very large number of 
potentially willing participants with one advertisement. There will be a research assistant based at 
each site to facilitate recruitment. Surgical theatre availability and post operative care will be arranged 
at each site. 
Timelines: The trial will be conducted over 3 years. In Year 1 there will be Ethics submissions, 
employment of a Project Manager Research Assistants where necessary, establishment of Data Safety 
Management Board, ENT surgical training and cadaver workshops, establishment of a web based 
data base and Clinical Report forms and development of a study Manual of Procedures. Recruitment 
will be over 18 months until the end of year two of the study with subsequent 6 month follow up. In 
the last 6 months of Year 3 data will be analysed and manuscripts prepared for submission. 
Trial Management: The overall conduct of the trial will be overseen by a Steering Committee 
chaired by CIA and consisting of the CIs and the health economist. It will meet twice yearly. The 
day-to-day conduct of the trial will be managed by CIA with support of CIB and the Adelaide based 
project manager. Monthly teleconference meetings will ensure recruitment targets are met; logistical 
problems are dealt with in a timely manner; web database entries are up-to-date and accurate; and the 
study schedule is maintained. Monitoring will be performed at each site at least twice a year by the 
senior project officer who will examine source documents to ensure eligibility criteria have been met, 
clinical report forms are complete and that data have been transferred accurately to the web database. 
A Data Safety Management Board (DSMB) will be established to monitor the trial chaired by 
Australia’s most senior ENT Clinical Academic, Professor William Coman. 

OUTCOMES AND SIGNIFICANCE 
Patient acceptance and adherence to CPAP and MAS treatments are major ongoing problems in sleep 
medicine and new therapeutic approaches are needed. However these approaches must have good 
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outcomes, be safe and cost effective. There is a significant amount of surgery for OSA in adults being 
performed but the clinical outcomes, safety and ICER are uncertain.  

This RCT will be of international importance in the field of Sleep Medicine. Careful clinical 
outcome measures will be collected. Patient safety will be tightly monitored by an independent 
DSMB. The health economic analysis will be detailed and ICER collated. The surgical techniques 
being used are minimally invasive and have low morbidity. Importantly, with short training programs, 
this technique could be performed by a large number of ENT surgeons and therefore widely 
applicable. This is very important since many of the previous surgical trials and surgical treatments 
performed in sleep medicine involve surgical techniques available to very few groups or sometimes 
only individual surgeons around the world. The multi-centre and community-based structure of this 
proposal also enhances generalisability. 

We believe that we will demonstrate a relatively straightforward, safe and effective surgical 
procedure for OSA after primary treatments fail. This will lead to improved patient outcomes 
and be a vital addition to the therapeutic options available for OSA. 
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Section 2: Introduction 

Background and rationale: Obstructive sleep apnoea (OSA) is characterised by repeated upper airway 
obstructions during sleep. OSA is associated with lower health status and studies suggest obstructed 
breathing and snoring in sleep are independent risk factors for high blood pressure, heart disease, stroke 
and mortality. OSA is associated with excessive daytime sleepiness and a 2- to 7-fold increase in road and 
industrial accidents. Thus, OSA is a serious and costly public health problem that is growing in prevalence 
because of population increases in both obesity and ageing. 

Continuous positive airway pressure (CPAP) therapy is the current treatment of choice for patients with 
moderate to severe OSA. CPAP is effective in decreasing sleepiness, may reduce motor vehicle accidents 
and improves quality of life in patients with OSA. Treatment of OSA with CPAP is cost effective if worn, but 
CPAP is poorly tolerated by many patients who find the mask and pressure claustrophobic and 
uncomfortable. OSA can be effectively treated but poor treatment compliance is a major clinical problem 
and thus many patients are under treated or not treated at all. Upper airway surgery for OSA is widely used 
and reported in observational studies but there are few rigorous randomized clinical trials to provide and 
validate these studies. The clinical effectiveness and cost effectiveness of a standardized multi-level upper 
airway surgical intervention (modified uvulopalatopharyngoplasty and radiofrequency saline-enhanced 
tongue volume reduction, also known as coblation channelling of the tongue; UPPP+CCT) needs to be 
determined.  

Trial Objective: To establish if UPPP+CCT is clinically effective, safe and cost effective for patients 
with symptomatic moderate-severe OSA who have failed medical management. The following hypotheses 
are to be tested: 

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 

and subjective daytime sleepiness measured by change in the Epworth Sleepiness Scale (ESS) (lower 
. 

2. The post-operative serious adverse event rate from surgery will not be different (upper limit 95% CI 
for mean difference  10%) from  
Surgery will be cost effective when compared to 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 
pre-operative assessment and selection of patients for these surgical procedures in the future. 
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Section 3: Study Methods 

Trial design: This study is a prospective, parallel-group, open label, randomised, controlled, multicentre 
clinical trial. Participants are tralian study sites located in South Australia, New 
South Wales and Western Australia. Participants (n=102) with moderate to severe OSA who failed standard 
OSA treatments were randomised into two groups. Group 1 received reconstructive surgery of the upper 
airway, and Group 2 received ongoing medical management for OSA. Study participants were tested for 
OSA, daytime sleepiness levels, and quality of life improvements at baseline (prior to surgical intervention) 

-up by sleep physician and otolaryngologist (surgical group). MRI of the upper 
airway was used on surgical participants at baseline -up, with the aim of developing 
a prediction model for future patients who will benefit the most from surgery. (Refer to study protocol 
(Carney 2018) 

Randomization:  When all eligibility criteria were met each participant consenting to trial participation 
was randomly allocated into one of 2 groups. Allocation was provided by a central allocation service 
(Pharmacy Department, Repatriation General Hospital, South Australia) to ensure allocation concealment, 
documentation and integrity remained separated from trial investigators and staff. A minimisation 
program (MinimPy (Saghaei 2011)) was used to balance variables [study site (Repat, RAH, WOLL, MEM, 

 years  events/hour  kg/m²)], 
and allocate participants to either the surgical intervention or on-going medical management. 

Sample size:  Anticipating that the study participants would, on average, have severe OSA, we considered 
that a group mean reduction in AHI of >20 events/hr in the surgery versus no-surgery group 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 (Barrett 2005)” is greater than the 
minimum 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 patients management” (Jaeschke 1989). We set 
an a priori 
higher minimum difference than we have used in determining the sample size in our RCT of other OSA 
treatments (Antic 2009; Chai- , as we believe clinicians would consider this change enough to 
justify the cost and potential morbidity of surgery in a patient with OSA (ie sufficiently important 
difference). 

All calculations assume a 2-sided Type I error rate of alpha=0.05. We estimated the requirement 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 ma nths. Review of patients from our 
previous preliminary study  with pre-operative ESS>8 and AHI >20 events/hour (n=17) 
matching this trial eligibility criteria, showed the mean change in ESS with surgery was 7.5 (SD 5.0). 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 to detect a superiority margin of at least 
(lower bound of 95% CI for the difference) in the change in ESS between groups with 80% power, assuming 
a normal distribution and using Student’s independent samples t-test. If the change were non-normal, then 
the asymptotic relative efficiency of the Mann-Whitney U test compared to the Student’s t-test would be 

group. Thus, we planned a total sample N= 102. 

In our preliminary study , patients with pre-operative ESS>8 and AHI>20 events/hour (n=17) 
had a mean change in AHI pre- (SD 27). From these data and assuming a 
similar standard deviation in the ongoing medical management group, the sample of 102 participants (51 
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AHI typically is not normally distributed, change in AHI commonly is normally distributed. 

Framework: The study conforms to CONSORT guidelines and is designed to test two primary outcomes; 
that the change in AHI, and the change in sleepiness (ESS), with active treatment (UPPP+CCT surgery) 
provides superior outcomes compared to on-going medical management for OSA patients who have failed 
medical management. Dual primary outcomes were selected on the basis that AHI is the primary measure 
used to diagnose and assess the severity of OSA in clinical practice, and sleepiness is a cardinal symptom 
adversely affecting quality of life and one of the main symptoms of clinical concerns in OSA. ESS is the most 
widely employed measure of sleepiness and OSA treatment effectiveness in clinical practice, and evidence 
to support efficacy to reduce both objective markers of OSA severity and patient symptoms were 
considered necessary to justify more widespread uptake of surgical management of OSA in patients failing 
usual medical care. 
 
Statistical interim analyses and stopping guidance:  No interim analysis is planned. The trial will be 
stopped on advice of the Data Safety Management Board (DSMB) after timely review of serious adverse 
event reports. 

Timing of final analysis: Trial outcomes will be analysed collectively, but stratified according to the study 
objectives. Following data entry of the last participant’s -up visit and tests/assessments, 
data will be locked (soft-lock) for final data quality control and cleaning checks for missing data and 
residual data entry errors before final data lock (hard-lock) and analysis. Data pertaining to clinical 
effectiveness (Objective 1) and safety issues (Objective 2) of the surgical procedure will be analysed first 
ahead of secondary analyses will be identified and 
considered 
identification of a predictive MRI algorithm.  
 
Outcomes: Tabulated data summarising the main outputs of planned analyses are shown throughout this 
document (Appendix 1 = Figures and Tables planned for Main paper; Appendix 2 = Figures and Tables for 
consideration as Supplementary Material associated with the Main paper). Where relevant for depicting 
key outcomes, graphical presentations of between group responses will be used in place of tabulated data. 
Refer to study protocol for details of each outcome measure (Carney 2018). 

Timing of outcome assessments: Outcome assessments and timing windows are presented in Appendix 2, 
Table S1. Timing windows are representative only as variability is anticipated as a result of availability of 
participants, clinicians and equipment/assessments. 
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Section 4 – Statistical Principles 

Confidence intervals and P values: All primary and secondary between group comparisons will be 
assessed with global p-values <0.05 treated as being statistically significant. Adjustment for multiple 
comparisons will be made when the outcome is assessed at more than one time point after baseline. No 
interim analyses will be conducted. Effect sizes will be reported with 95% confidence intervals (95% CI). 

Adherence and protocol deviations: The intervention (surgery or on-going medical management) is 
defined in the study protocol documentation (Carney 2018). Adherence to surgical procedures will be 
assessed by review of surgical CRF documentation (tonsillectomy performed, modified UPPP performed, 
number and location of coblation channels used) and will be summarised (Appendix 2, Table S2).  
 
Definition of protocol deviations: 

1. Randomisation prior to confirmation of screening assessments 
2. -up period 
3. Surgical procedure not according to protocol 

a) Number and location of CCT channels 
b) Concurrent nasal surgery with UPPP+CCT procedure 
c) Concurrent adenoidectomy 

4. Visits for outcome measures outside of recommended review timing windows 

Protocol deviations 1- will not impact on interpretation of 
findings as the timing windows act as a guide only and outcomes have been collected as close as logistically 
practical to the scheduled times (deviations/variability occurs due to availability of participants, clinicians 
and equipment). 

Analysis populations: All primary analyses will be conducted on an “intention-to-treat” basis. If there is 
substantial imbalance in dropout, crossover, or baseline variables between groups, we will also perform a 
“per-protocol” secondary analyses with adjustment for potential confounding variables. All analyses will be 
performed using linear mixed effects models with adjustment for baseline.  
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Section 5: Trial Population 

Screening data: Screening data will be evaluated for reporting as supplementary material where 
possible to allow for an evaluation of the population demographics from which the study sample was 
drawn from (Appendix 2, Table S3).  
 
Eligibility data: Those participants meeting the eligibility criteria will be evaluated (Appendix 2, 
Table S4). 
 
Recruitment: CONSORT diagram describing screening and treatment for the two groups is available in 
Appendix 1, Figure 2 

Withdrawal/Follow-up:  Any randomised participant that was consented and randomised who then 
subsequently chose to withdraw from the study will be summarised regarding group allocation, timing and 
their reasons for withdrawal (where available). Despite substantial effort from site coordinators some 
participants have been lost to follow-up. These will also be summarised regarding group allocation and 
timing. Unless specifically requested by a participant any data collected prior to withdrawal or lost to 
follow-up will be available for analysis. The anticipated main reasons for withdrawal are; no longer 
interested, unsatisfied with randomisation allocation, refusal of surgery, unhappy with surgical outcome, 
refused further contact. These will be summarised and reported separately for each allocation group as 
counts and timing of withdrawal relative to study consent (Appendix 2, Table S5). 

Baseline patient characteristics: Baseline characteristics will be summarized for the 102 randomised 
participants, for each of the group. A table summarizing the variables for the main findings are presented 
in Appendix 1, Table1, with additional variables summarized in Appendix 2, Table S6. 
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Section 6: Analysis 

Outcome definitions: The two primary outcomes used to assess the clinical effectiveness of the surgical 
intervention versus ongoing -up are defined as:  

1. Difference between groups (events/hr of sleep) 
2.  

-up time point is relative to the time of surgical intervention, not the time of consent 
and baseline observations. This is for 
intervention allowing for expected and variable delays in the scheduling of surgery following randomisation. 

Classification of Responders: In addition, participants will be classified according to the proportion who 
achieve an AHI<10 events/hr of sleep (i.e. normal/mild). For comparison to the literature, response rates 
according to other definitions (e.g. AHI<15, AHI>10 with AHI reduction > 50% etc.) will be reported. 

Outcomes to be reported are presented in Appendix 1 Table 2, with additional outcomes to be reported 
presented in Appendix 2 Table S7. 

Analysis methods: Summaries of continuous variables which are normally distributed will be presented 
as means and standard deviations (SD), or as medians and inter-quartile ranges for skewed data. Categorical 
variables will be presented as frequencies and percentages.  

Primary outcome analysis: For the two primary outcome variables, AHI and ESS, the effect of treatment will 
be analysed on the basis of -up between allocation groups using linear mixed effects models 
with adjustment for baseline values of the relevant outcome. Categorical outcome data, including the 
proportion of responders, will be assessed using the chi-squared test without a continuity correction, or 
Fisher’s exact tests as appropriate. As a sensitivity analysis we will use multiple imputation using chained 
equations for outcomes with missing outcome data and repeat the analysis described above. 

Secondary outcome analysis: This analysis will examine between group or OSA 
symptoms, severity, quality of life and demographics.  These data will be analysed as described above for 
primary outcome analysis. 

Harms:   The primary safety endpoint will be the proportion of patients without serious adverse events 
, which will be compared between groups with chi-squared tests or Fisher’s exact as appropriate.  

 
Serious adverse events (SAE) are defined in the study protocol (Carney 2018) and will be summarised as the 
number of events within each group (Appendix 1 Table 3). 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 h) or prolongation of existing hospitalization; 
medical or surgical intervention to prevent permanent impairment to body structure or body function. The 
study documentation recognizes minor post-operative 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 a SAE notification, and therefore it was decided a priori that a post-
operative bleed hospital admittance requiring surgical intervention would be considered an SAE. 
 
Adverse events (AE) include post-operative bleed (including those requiring in-patient hospitalisation for 
observation) or long-term post-operative changes to tongue function or taste response (as detailed in the 
protocol (Carney 2018); Appendix 1 Table 3). These will be reported as a

analogue scale, or a
surgical review if the participant reports a tongue function or taste response different from baseline level 
(time course of AEs will be presented in Appendix 2 Table S8). 
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Unrelated AE/SAEs will also be reported for both groups (Appendix 1 Table 3). 
 
Additional analyses: The following additional separate secondary analyses are planned. Detailed analysis 
plans will be prepared separately prior to data being released for these analyses. 

Analysis of all MRI scans: Aim of this analysis is to (1) assess the effects of surgery on upper airway 
structures and anatomical balance, (2) relate these changes to improvement in OSA (change in AHI), and 

ructures between surgical 
‘responders’ and ‘non-responders’. Pre and post-surgical scans will be aligned Volumetric analysis of the 
airway space, tongue, soft palate will be performed on anatomical scans. Tongue fat will be identified on 
the Dixon images and the tongue fat content will be calculated. Craniofacial skeletal landmarks will be 

cephalometry to create a ‘box’. A soft tissue volume to box volume ratio will be used as 
an assessment of ‘anatomical balance’. Other cephalometric measures will be taken on mid-sagittal scan – 
specifically craniofacial angles (SNA, SNB) and hyoid position. 
will be analyzed in relation to treatment response, particularly using the proportion of complete 
responders (AHI < 10) in an attempt to derive a clinical prediction model that may aid pre-operative 
assessment and selection of patients for these surgical procedures in the future. There is an additional 
future opportunity for application of computational modelling to study flow dynamics (CFD) and fluid-
structure interactions. 

The economic analysis: will be conducted fr -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 Functional Outcomes of Sleep Questionnaire. We 
will also calculate the incremental cost per quality adjusted life year gained as measured by the EQ-5D-5L 

. Individual responses to the EQ-5D-5L, converted into utilities based on United Kingdom 
value sets (van Hout 2012), will be used to estimate quality adjusted life years via the quality-adjusted 
survival analysis method (Glasziou 1990). Indirect costs incurred, such as productivity losses due to 
absence or inefficiency during paid or unpaid work owing to health problems, will be investigated using the 
Institute for Medical Technology Assessment Productivity Cost Questionnaire . Resource 
use collected within the evaluation will include those associated with the surgical intervention or ongoing 
medical management (including time spent in operating theatre, consumables, tests and investigations, 
equipment, and staff time), the frequency and duration of inpatient admissions (including time spent in 
intensive care), and Pharmaceutical Benefits Scheme and Medicare Benefits Schedule utilization for all trial 
participants. These will be obtained from medical records, and Pharmaceutical Benefits Scheme and 
Medicare Benefits Schedule utilization data from Medicare following participant or proxy consent. Unit 
costs for the surgical intervention will be derived from hospital finance departments at each of the study 
sites. All other unit costs will be derived from published data sets including Pharmaceutical Benefits 
Scheme, Medicare Benefits Schedule, and Australian Refined Diagnosis-Related Groups cost weights.  
 
Confidence intervals will be presented around the incremental cost effectiveness ratios and cost 
effectiveness acceptability curves for varying threshold values of cost effectiveness will also be presented 
(Glick 2001). An assessment of the sensitivity of the results obtained to variation in measured resource use, 
effectiveness, and/or unit costs will be undertaken using appropriate one-way and multi-way sensitivity 
analysis (Briggs 2002), including with Markov modeling. This analysis will likely underestimate the cost-
effectiveness of OSA intervention because of the limited perspective (i.e., societal benefits excluded), short 
time horizon (i.e., medium-term and long-term benefits excluded), and generic utility measure (i.e., OSA-
specific quality of life benefits not captured in primary analysis of incremental cost per quality adjusted life 
year gained). 
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Physiological sub-studies: Two further sub-studies are envisaged to explore physiological markers potentially 
predictive of underlying pathophysiological mechanisms, which in turn may be predictive of surgical 
outcomes. Patients with relatively stable airways but significant respiratory control instability are less likely 
to respond to surgery compared to patients with primarily an upper airway anatomical deficit (Li 2017). 
Similarly, patients exhibiting airflow limitation with rapid transient changes in inspiratory airflow suggestive 
of epiglottic collapse may also be poorer candidates for surgery targeting the soft palate and tongue base. 
Thus, two sub-studies are envisaged that will use more detailed ‘endotyping’ analysis of the diagnostic sleep 
study; firstly to quantify the 4 key physiological traits [airway collapsibility, respiratory control stability (loop 
gain), upper airway gain (compensation response sensitivity) and arousal threshold (Terrill 2015) now 
considered to underlie OSA; and secondly to examine the shape of inspiratory airflow profiles and degree of 
negative effort dependence (Genta 2017). These analyses will explore the utility of physiological markers of 
both causal mechanisms and site(s) of upper airway collapse as potentially clinical useful predictors of 
surgical outcomes. 
 
Long-term clinical effectiveness: A study will report the longer-term follow-up (1.5-4.5yr) of trial 
participants to evaluate on-going clinical effectiveness of the surgical procedure for treating OSA 
symptoms. OSA symptoms (AHI, ESS), quality of life (FOSQ) and long-term post-operative complications 
will be investigated. 
 
Post-operative recovery period: A time trend analysis is planned to investigate the post-operative recovery 
period regarding OSA symptoms (ESS), side effects of surgery (severity and duration of post-operative 
complications) and quality of life (SSS, 5EQ-5D 5L, iPCQ). 
 
Statistical software: Stata version 15.1 (StataCorp, Texas, USA) will be used for all analysis. 
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APPENDIX 1 – Figures and Tables to be prepared for the Main paper 

 

Figure 1: Schematic diagram of UPPP+CCT surgical approach 
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Figure 2: CONSORT diagram 
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Figure 3: Before and after plot demonstrating change in AHI from baseline to 6 months  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Before and after plot demonstrating change in ESS changes from baseline to 6 months  
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Table 1: Baseline characteristics 

Variable On-going Medical Care  
(n=  ) 

 Surgical Group  
(n=  ) 

Demographics   
Age Mean ± SD years Mean ± SD years 
Gender % male % male 
BMI Mean ± SD  Kg/m2 Mean ± SD  Kg/m2 

# where BMI = 35-38 Kg/m2 Number Number 
Sleepiness tests   
Objective test: MSL (min) Mean±SD   Mean±SD   
Self-reported test: ESS Mean ± SD   Mean ± SD   
PSG data   
AHI (events/hr) 
 

Mean±SD  events/hr sleep 
 

Mean±SD  events/hr sleep 
 

% time spent with oxygen 
desaturation <90% 

Mean±SD  % Mean±SD  % 

Tongue and Tonsil Grade   
Friedman Stage 

Stage I 
 Stage II 

 Stage III 

 
%  
% 
% 

 
%  
% 
% 

Blood pressure   
In office BP (mmHg)   

Systolic Mean±SD  mmHg Mean±SD  mmHg 
Diastolic Mean±SD  mmHg Mean±SD  mmHg 

Previous OSA treatment   
Tried CPAP Number; % Number; % 
Tried MAS Number; % Number; % 

Refused treatment Number; % Number; % 
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Table 2: Main study findings 

Outcome On-going Medical Care  
(n=51) 

Surgical Group 
(n=51) 

Adjusted 
Difference 
in Change 
from 
Baseline 
(95% CI) 

P value 

 Baseline  Change 
from 
Baseline 

Baseline  Change 
from 
Baseline 

  

PRIMARY OUTCOMES 
AHI (events/hr)         
ESS         
SECONDARY OUTCOMES 
Proportion with post-
operative AHI <10  

        

Other PSG data:         
Total sleep time (min)         
Sleep stages (% time): 
NREM1 
NREM2 
NREM3 
REM 

        

Arousal index         
3% oxygen desaturation index 
(events/hr) 

        

4% oxygen desaturation index 
(events/hr) 

        

Lowest oxygen desaturation 
(%) 

        

% time spent with oxygen 
desaturation <90% (%) 

        

Apnea index         
Supine Sleep: 
Sleep time % 
AHI  
Lowest oxygen saturation 

        

Non-supine sleep: 
Sleep time % 
AHI 
Lowest oxygen saturation 

        

Objective Sleepiness:         
MSL (min)         
Blood pressure:         
In-office BP         

Systolic         
Diastolic         

24 hr ambulatory BP         
Day time Systolic         

Day time Diastolic         
Night time Systolic         

Night time Diastolic         
Quality of Life:         
EQoL-5D-5L VAS         
FOSQ         
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Table 3: Summary of adverse events 

 

  

Adverse Event Type On-going Medical Care Surgical Group 

  n  # events n  # events 

Serious Adverse Event – related to surgical procedure 
 

 
 

 

Results in death 
 

   

Is life threatening 
 

   

Requires in-patient hospitalisation (>24 hours) or prolongation of existing 
hospitalisation (includes post-operative bleeds requiring surgical 
intervention) 

 
   

Results in persistent or significant disability or incapacity 
 

   

Serious Adverse Event – unrelated to surgical procedure 
 

 
 

 

Results in death 
 

 
 

 

Is life threatening 
 

 
 

 

Requires in-patient hospitalisation (> 24 hours) or prolongation of existing 
hospitalisation 

 
 

 
 

Results in persistent or significant disability or incapacity   

Adverse Event (non-serious) - related to surgical procedure 
 

 
 

 

Minor bleeds (includes hospitalization for observation) 
 

   

Hospital admission <24 hours (observation) 
 

   

Globus pharyngeus (present -up review) 
 

   

Taste changes (present -up review)    

Tongue numbness (present -up review) 
 

   

Tongue weakness (present -up review) 
 

   

VPI speech (present -up review) 
 

   

VPI swallowing/regurgitation (present -up review) 
 

   

VPI hypernasality (present -up review)    

other 
 

 
 

 

Adverse Event (non-serious) – unrelated to surgical procedure 
 

 
 

 

Planned elective hospital admissions (<24 hours) 
 

 
 

 

Injuries, accidents, other medical conditions 
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APPENDIX 2 – Tables to be prepared for consideration of publishing in the Supplement associated with 
the Main paper 

Table S1: Timing of outcome assessments  

 Enrolment/ 
Screening 

Allocation/ 
Baseline 

Post-allocation 

Surgical 
intervention 

1 month 
Follow-up 

3 month 
Follow-up 

6 month 
Follow-up 

ASSESSMENTS 
  (  3 weeks post 

baseline 
measures) 

1 month 
(± 7 days) 

3 months 
(± 7 days) 

6 months 
(± 15 
days) 

Sleep Physician Follow-up    X X X 

Surgeon Follow-up and 
tongue/taste assessments 
(surgical intervention only) 

  X X X X 

New Medications    X X X 

Adverse Events   X X X X X 

Morning seated office BP  X   X X 

Body Mass Index X X    X 

Polysomnography X     X 

24 hour ambulatory BP 
monitoring  X    X 

Multiple sleep latency test  X    X 

ESS X X  X X X 

SSS  X   X X 

EQ-5D 5L  X   X X 

FOSQ  X    X 

iPCQ  X  X  X 

GBI (surgical intervention 
only)      X 

Fibreoptic nasendoscopy 
(surgical intervention only) X     X 

Upper Airway MRI (surgical 
intervention only)  X    X 

 

BP, Blood pressure; ESS, Epworth sleepiness scale; SSS, snoring severity scale – bedpartner questionnaire; EQ-5D 5L, EuroQol-5-
dimension 5 –level questionnaire; FOSQ, functional outcomes of sleep questionnaire; iPCQ, Institute for Medical Technology 
Assessment Productivity Cost Questionnaire; GBI, Glasgow Benefit Inventory; MRI, magnetic resonance imaging. 
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Table S2: Adherence to surgical procedure protocol 

Surgical element conducted per protocol  
Anaesthesia Number / x% 
Tonsillectomy performed  
Tonsil not present 

Number / x% 

Modified UPPP performed  Number / x% 
CCT channelling performed Number / x% 
Protocol deviations  
Randomisation prior to confirmation of eligibility data Number / x% 
Control participant undertaking surgery during follow-up 
(without withdrawal from study) 

Number / x% 

Concurrent nasal surgery performed with UPPP+CCT Number / x% 
Exceed maximum number of CCT channels Number / x% 

 

Table S3: Screening data 

Variable All screened participants (n=x) 
Age Mean ± SD years 
Gender (N (%male)) N (% male) 
Previous treatment:  
CPAP (N (%)) N (%) tried and failed; N (%) refused 
MAS (N (%)) N (%) tried and failed; N (%) refused 
Other (e.g. positional devices, surgery (N (%)) N (%) tried and failed; N (%) refused 
Reasons excluded:  
Age <18 yrs or >70 yrs (N (%)) N (%) 
AHI < 15 events/hr of sleep (N (%)) N (%) 
Compliance on CPAP (N (%)) N (%) 
Compliance on MAS (N (%)) N (%) 
Not tried medical therapies (N (%)) N (%) 
ESS %)) N (%) 
BMI %)) N (%) 
Prior surgery on upper airway (excluding tonsillectomy) (N (%)) N (%) 
Nasal obstruction (N (%)) N (%) 
Recent major cardiovascular event (N (%)) N (%) 
Chronic narcotic use (N (%)) N (%) 
Major depression (N (%)) N (%) 
Commercial driver (N (%)) N (%) 
Other sleep problems (N (%)) N (%)  
Required immediate OSA treatment (N (%)) N (%) 
Retrognathia (SNB < 72o; N (%)) N (%)  
Pursuing medical therapies (N (%)) N (%)  
Large lingual tonsils (N (%)) N (%) 
Investigator decision (N (%)) N (%) 
Withdrew interest (N (%)) N (%) 
Geography of location prevented trial participation (N (%)) N (%) 

%)) N (%) 
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Table S4: Eligibility data 

Variable All eligible participants (n=102) 
Age (18-70yr) Mean ± SD years 
Gender [N (%male)] N (% male) 
Ethnicity %  African, Arabic, Asian, Australian-Aboriginal, Caucasian/European, 

Hispanic/Latino, Indian, Japanese, Maori, Mixed, Pacific Islander, other 
AHI  Mean ± SD  events/hr of sleep;  
ESS (>8/24) Mean ± SD 
BMI  ) Mean ± SD  Kg/m2 - 8 Kg/m2 
CPAP/MAS failure (%) % tried and failed; % refused 
Medical co-morbidities (%) % with asthma, arthritis, diabetes, coronary heart disease, atrial fibrillation, 

high blood pressure, stroke, chronic pain, COPD, allergies, injuries, previous 
hospitalisation/surgeries, bladder problems to cause waking at night, other 

Meeting surgical eligibility 
criteria (%) 

% with Adequate nasal airway; Airway collapse on Mueller’s Manoeuvre and 
or Woodson’s Hypotonic Method; No significant palatal scarring from 
previous tonsil scarring; No large obstructing lingual tonsils 

 

Table S5: Summary of participants that withdrew or lost to follow-up 

Participant ID 
 

Withdraw or Lost 
to Follow-up 

Allocated Group Timing (visit not 
attended) 

Reason for 
withdrawal 

Data obtained 

ID number      
      
      

 

Table S6: Additional baseline characteristics 

Variable On-going Medical Care 
(n=51) 

Surgical Group 
 (n=51) 

PSG data   
Arousal index (events/hr) Mean±SD   Mean±SD   
3% oxygen desaturation index 
(events/hr) 

Mean±SD   
 

Mean±SD   
 

4% oxygen desaturation index 
(events/hr) 

Mean±SD   
 

Mean±SD   
 

Lowest oxygen desaturation (%) Mean±SD   Mean±SD   
Tongue and Tonsil Grade   
Friedman Tongue position 
 category 1 
category 2a 
 category 2b 
 category 3 
category 4 

 
% 
% 
% 
% 
% 

 
% 
% 
% 
% 
% 

Tonsil size 
category 0 
category 1 
category 2 
 category 3 
 category 4 

 
% 
% 
% 
% 
% 

 
% 
% 
% 
% 
% 

Tongue Protrusion   
Normal 
Falling left 
Falling right 

% 
%  
% 

% 
%  
% 

Retrolingual and/or retropalatal 
collapse  
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None (0-25%) 
Moderate (25-75%) 
Severe (75-100%) 

% 
% 
% 

% 
% 
% 

Anthropometric data   
Weight Mean±SD  Kg Mean±SD  Kg 
Height Mean±SD  cm Mean±SD  cm 

 Mean±SD  cm Mean±SD  cm 
Hip circumference Mean±SD  cm Mean±SD  cm 
Waist circumference Mean±SD  cm Mean±SD  cm 
Smoking and Alcohol use   
Smoking 

 
 

If current, average cigarettes/day 

 
% yes 
% 
Mean±SD  cigarettes/day 

 
% yes 
% 
Mean±SD  cigarettes/day 

Alcohol 
Never 
Monthly 
2-4x month 
2-  

 
 

 
% 
% 
% 
% 
% 
Mean±SD  std/drinks/day 

 
% 
% 
% 
% 
% 
Mean±SD  std/drinks/day 

Blood pressure   
24 hr ambulatory BP (mmHg)   
Day time Systolic Mean±SD  mmHg Mean±SD  mmHg 
Day time Diastolic Mean±SD  mmHg Mean±SD  mmHg 
Night time Systolic Mean±SD  mmHg Mean±SD  mmHg 
Night time Diastolic Mean±SD  mmHg Mean±SD  mmHg 
Previous OSA treatment   
Main reason for not using MAS 
Dental 
Expense 
Did not tolerate 
Did not wish to use  
Other 

 
% 
% 
% 
% 
% 

 
% 
% 
% 
% 
% 

Main reason for not using CPAP 
Noise 
Expense 
Persistent daytime sleepiness 
Difficulty sleeping 
Discomfit 
Breathlessness 
Claustrophobia 
Congestion 
Decreased sleep quality 

 
 

Partner complaint 
Face irritation  
Invasion of personal sleep space 
other 

 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

CPAP/MAS adherence 
Average night/week 
Average hour/night 

 
Mean±SD  night/week 
Mean±SD  hr/night 

 
Mean±SD  night/week 
Mean±SD  hr/night 

Questionnaires   
EQoL-5D-5L VAS Mean±SD   Mean±SD   
FOSQ Mean±SD   Mean±SD   
SSS (where available) Mean±SD; n= Mean±SD; n= 
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Table S7: Other outcomes 

Variable On-going Medical Care 
(n=51) 

Surgical Group 
(n=51) 

Adjusted 
Difference 
in Change 
from 
Baseline 
(95% CI) 

P 
value 

 Baseline  Change 
from 
Baseline 

Baseline  Change from 
Baseline 

  

Tongue protrusion          
Normal (%) 
Falling left/right (%) 

        

Anthropometric data         
Weight          
Height (cm)         
BMI          

 
(cm) 

        

Waist circumference 
(cm) 

        

Hip circumference 
(cm) 

        

Waist:Hip ratio         
Smoking and Alcohol 
use 

        

number 
cigarettes/day 

        

n          
CPAP/MAS 
adherence 

        

 
Average hour/night 

        

Questionnaires         
SSS         
GBI          
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Table S8: Summary and duration of post-operative adverse events  

Adverse Event 1 month 3 month 6 month

 n % n % n %

Changes to throat, tongue or taste #       

Globus pharyngeus       

Taste       

Tongue numbness       

Tongue weakness       

VPI speech       

VPI swallowing/regurgitation       

VPI hypernasality       

Other       

# the following were considered an AE if transient at 1-3months: VPI inadequacy speech, VPI swallowing/regurgitation, VPI 
hypernasality. The following were considered an AE if persistent at 3 months and beyond 6months: globus pharyngeus, taste loss, 
tongue numbness, tongu

 velopharyngeal inadequacy (VPI) 
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