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Background: Obstructive sleep apnea (OSA) surgery may improve quality of life, apnea-hypopnea index 
(AHI) scores and cardiovascular risk parameters. We determined the effect of multilevel upper airway surgery 
on very severe OSA in continuous positive airway pressure (CPAP) non-adherent patients.
Methods: A retrospective cohort of thirty-nine very severe OSA patients [defined by AHI ≥50 or 3% 
overnight desaturation index (ODI) ≥40] who were non-adherent to CPAP, with surgically-modifiable 
anatomical traits, were included. Patients were recruited consecutively. All patients underwent multilevel 
airway reconstructive surgery by a sleep-otolaryngologist Wollongong Hospital and Wollongong Private 
Hospital in New South Wales, Australia, between January 2009 and December 2018. This included various 
combinations of lingual and palatine tonsillectomy, Australian modified uvulopalatopharyngoplasty (modified 
UPPP), radiofrequency-in-saline tongue channelling, trans-palatal advancement pharyngoplasty and midline 
glossectomy. The primary outcome was changed in AHI. Secondary outcomes included achievement of 
surgical success (defined as a postoperative AHI <20 and a 50% AHI reduction), changed in 3% ODI, lowest 
measured oxygen saturations, snoring severity scale, and Epworth sleepiness scale. Statistical analysis was 
done through SPSS statistics version 21.
Results: Of 39 total participants, 31 (79%) were male, with a mean age of 41 years. After surgery, 
significant improvements were seen in mean AHI [69 to 14, reduction of 55; 95% confidence interval (CI): 
48–62, P<0.01]. Twenty-nine (74%) achieved surgical success. There were also improvements in mean 
3% ODI [54 to 12, reduction of 41 (95% CI: 32–50)], lowest measured oxygen saturations [73% to 81%, 
improvement of −9% (95% CI: −17% to −1%, P=0.02)], snoring severity scale (8 to 0.5, P<0.01), and median 
Epworth sleepiness scale (12 to 4, P<0.01). 
Conclusions: Non-adherent CPAP patients with very severe OSA may benefit significantly from upper-
airway surgery. Patients with severe OSA should be referred to an experienced otolaryngologist for 
consideration of this surgery, although further prospective studies are needed. 
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Introduction

Obstructive sleep apnea (OSA) is a disorder of altered 
breathing during sleep (1). It is undiagnosed in a significant 
proportion of the population and affects almost one billion 
people worldwide (1,2). Characteristic periods of apnea 
and hypopnea occur due to repetitive collapse of the upper 
airways during sleep. OSA can increase cardiovascular 
risk (2), impair neurological function (3), increase daytime 
somnolence (4), increase the incidence of motor vehicle 
accidents (5), and reduce quality of life (5).

The treatment approach for OSA factors in patient 
goals and motivations and targets a reduction in daytime 
sleepiness, improvement in quality of life, and improvement 
in objective polysomnographic parameters of disease 
severity (6). Two objective polysomnographic parameters 
include the apnea-hypopnea index (AHI) and nocturnal 
oxygen desaturation index (ODI).

Continuous positive airway pressure (CPAP) is the 
mainstay of OSA treatment and improves daytime sleepiness, 
neurocognitive function, and hypertension (7). Optimal 
usage may reduce overall and cardiovascular mortality (7) 
although the evidence for this is uncertain (8).

Adequate CPAP usage is a major limiting factor in OSA 
treatment. When adherence to CPAP is defined as four hours 
or more per night, between 46% and 83% of patients are 
reported as non-adherent (9). Subtherapeutic CPAP use has 
been associated with continued exposure to sleep-disordered 
breathing and persistent symptomatology (10). Pre-
treatment disease severity interacts with CPAP adherence 
to determine residual disease severity, and it has been 
argued that this concept should help define adequate CPAP 
utilization (11).

Patients who demonstrate they cannot adequately 
meet CPAP adherence standards should be considered 
for alternative therapy, including positional treatment, 
oral appliance devices, and upper airway surgery (9). 
Surgical treatment may be effective in patients with specific 
anatomical characteristics, for example, low body mass 
index (BMI), smaller tongue and large tonsils. Surgical 
treatment for OSA is associated with improved quality of 
life and reduced risk of cardiovascular disease compared 
with untreated or ineffectively treated OSA (12), with 
observational studies suggesting a mortality benefit (13). 
There is a dose-response relationship between disease 
severity and extent of cardiovascular risk, and those with 
untreated very severe OSA are likely to be at higher risk 

of morbidity and mortality (2,14). There are few studies 
however that investigate outcomes after surgical treatment 
in patients with very severe OSA.

This study investigated the changes in OSA severity 
after multilevel upper airway surgery in selected patients 
with very severe OSA who were non-adherent to CPAP. 
Very severe OSA has been variably defined in the literature, 
with cut-off AHIs ranging between 40 to 70 (15-18). In this 
study, very severe OSA was defined as having an AHI ≥50 or 
a 3% overnight desaturation index (ODI) >40. We present 
this article in accordance with the STROCSS reporting 
checklist (available at https://www.theajo.com/article/
view/10.21037/ajo-20-80/rc).

Methods

Setting and design

This was a retrospective single cohort study of patients 
with very severe OSA undergoing multilevel upper airway 
surgery between January 1st 2009, to December 31st 
2018. Surgeries were performed at Wollongong Hospital 
and Wollongong Private Hospital in New South Wales, 
Australia.

Patient eligibility

Full inclusion and exclusion criteria are found in Appendix 1. 
Eligible patients were aged 18 to 70 years and recruited 
from an outpatient sleep clinic. Patients were diagnosed 
with very severe OSA (defined by AHI ≥50 and 3% ODI 
>40). The AHI is the combined average of the number of 
apneas and hypopneas that occur per hour during sleep. All 
patients had at least level two polysomnography at baseline. 
Polysomnography is divided into four tiers. Level one is 
the most comprehensive sleep study, with monitoring of 
neurological, muscular, and respiratory parameters. Level 
two is similar to level one but can be done as an outpatient. 
Level three focuses only on respiratory parameters, 
and level four usually only monitors oxygen saturation. 
All patients failed CPAP treatment for various reasons, 
including claustrophobia, inability to tolerate a mask, 
bloating, numbness, and interference with intimacy. This 
was despite the involvement of a sleep physician to discuss 
and review mask tolerance.

Participants were assessed preoperatively in a combined 
multidisciplinary setting, including a sleep physician and 
otolaryngologist.

https://www.theajo.com/article/view/10.21037/ajo-20-80/rc
https://www.theajo.com/article/view/10.21037/ajo-20-80/rc
https://cdn.amegroups.cn/static/public/AJO-20-80-Supplementary.pdf
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Intervention and outcome measures

All patients underwent single or multiple-stage multilevel 
airway reconstructive surgery by a single sleep surgery 
fellowship-trained otolaryngologist (SM) with over  
five-year’s experience in the field of sleep surgery. Patient 
demographic and relevant clinical information such as age, 
sex, BMI (kg/m2), tonsil grade and Friedman stage were 
collected (19). Postoperatively, patients were encouraged 
to lose weight or retrial positioning devices or CPAP to 
optimize results.

Flexible nasendoscopy with awake dynamic manoeuvres 
was used to identify the planes and levels of collapse 
within the pharynx and exclude any other anatomical and 
pathological causes of obstruction. Staged surgical protocols 
were followed, consistent with previously published 
evidence-based guidelines and trial protocols (20,21). Nasal 
function was optimized prior to enrolment in the study to 
ensure an adequate nasal airway, and select patients had 
concurrent turbinate surgery if required. Phase 1 surgery 
in every enrolled patient included but was not exclusive to: 
Australian modified uvulopalatopharyngoplasty (“modified 
UPPP”) radiofrequency-in-saline tongue channelling, 
with concurrent Palatine Tonsillectomy if tonsils were  
present (22). Concurrent Lingual Tonsillectomy was 
performed if grade 3 or 4 lingual tonsils were present 
and contributing to upper airway obstruction (23). 
Phase 2 surgical options were again guided by awake 
endoscopic determination of the contributory level of 
airway obstruction. These included midline glossectomy 
if retrolingual airway obstruction was occurring secondary 
to macroglossia (24) and Trans-Palatal Advancement 
Pharyngoplasty (“TPAP”) if airway obstruction was 
occurring secondary to uncontrolled retropalatal airway 
collapse (25,26). Initial postoperative care was attended 
for 1–2 nights in a high dependency setting for close 
observation of respiratory and upper airway status, 
although invasive airway management was not required for 
any patients postoperatively. Postoperative recovery was 
otherwise completed in an ambulatory setting.

Full-night attended polysomnography was performed on 
average five months postoperatively. The primary outcome 
was the change in AHI (events/hour). Secondary outcomes 
included the achievement of “surgical success” which was 
defined as a postoperative AHI <20 and a 50% reduction in 
AHI (27). Other secondary outcomes included change in 
3% ODI (events/hour), lowest measured oxygen saturations 
(oxygen saturation %), snoring severity scale through the 

bedpartner questionnaire (28), and Epworth sleepiness 
scale. We also noted adverse events after surgery. Serious 
adverse events were defined as resulting 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. Standard of care 
emergency protocols locally dictated that patients with 
postoperative bleeding following pharyngeal surgery be 
admitted for observation, even if minor. Admission for 
postoperative bleeding was classified as a serious adverse 
event only if surgical intervention was required.

Statistical analysis

Paired two-sided t-tests were used to compare continuous 
variables of normal distribution, Wilcoxon signed-rank test 
was used to compare continuous variables of non-normal 
distribution, and chi-squared tests were used for categorical 
variables. Significant was set at the threshold is P<0.05. 
Statistical analysis was done through SPSS statistics version 21  
(IBM, Chicago, USA).

Ethics and reporting guidelines.

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The University of Queensland 
Office of Research ethics deemed this study exempt from 
ethics review under the National Statement on Ethical 
Conduct in Human Research and University of Queensland 
policy (Clearance Number 2020001667). Individual consent 
for this retrospective analysis was waived (29).

Results

A total of 39 patients with very severe OSA were included 
in the study, of which 31 (79%) were male, the mean age 
was 41 years (standard deviation 13), and the mean BMI was  
31 kg/m2 (standard deviation 5). Most patients (24, 62%) 
had a tonsil grade of 3–4 (Table 1). Twenty-five patients 
(64%) had a Friedman stage of 1 or 2, and the remaining  
14 had a Friedman stage of 3 or 4.

All patient underwent step-wise surgical treatment in 
various combinations (Table 2). Postoperatively one patient 
retrialed CPAP usage.

Mean preoperative AHI was 69 compared with 
postoperative AHI of 14 (P<0.01). Twenty-nine patients (74%) 
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achieved surgical success (an overall AHI <20 and a greater 
than 50% reduction). The 3% ODI reduced from 54 events 
per hour to 12 (P<0.01), and the lowest recorded oxygen 
saturation level increased from a mean of 73% to 81% (P<0.01) 
(Table 3).

Symptomatic outcomes also showed improvement, 
with snoring severity improving from a median of 8 to 
0.5 (P<0.01) and reduction on the Epworth sleepiness 
scale from 12 preoperatively to 4 postoperatively (P<0.01)  
(Table 3).

Adverse events were all classified as minor and were 
known complications following multilevel airway surgery. 
Four patients suffered postoperative hemorrhage requiring 
admission and observation, but none required return to 
the operating theatre for bleeding control. Two patients 
described a transient foreign body sensation in the pharynx, 
and one patient had postoperative transient velopharyngeal 
incompetence. One patient had a transient oronasal fistula 
following trans-palatal advancement pharyngoplasty (30), 
which healed with conservative therapy.

Discussion

This study demonstrates that upper airway surgery can 
have significant and clinically meaningful improvements 
in patients with very severe OSA who are otherwise sub-
optimally treated with CPAP. This contradicts the theory 
that airway surgery is more effective in milder disease (31). 
A significant improvement in objective measures of OSA 
was found, including the primary outcome AHI, as well 
as secondary outcomes of 3% ODI and lowest measured 
oxygen saturation. There was a considerable reduction in 
mean AHI postoperative, from 69 to 14. This substantial 
improvement in OSA severity may be attributed to careful 
preoperative patient selection, application of a phased 
multilevel paradigm, and utilization of an interdisciplinary 
approach to OSA. We also noted a significant improvement 
in ODI, which may be a useful surrogate of cardiovascular 

Table 1 Characteristics of included patients (N=39) 

Characteristic Number

Age at procedure (years), mean ± SD 41±13

Sex, n [%]

Male 31 [79]

Female 8 [21]

Tonsil grade, n [%]

0–2 15 [38]

3–4 24 [62]

Friedman stage, n [%]

1–2 25 [64]

3–4 14 [36]

SD, standard deviation. 

Table 2 Surgical interventions performed on 39 patients

Interventions 1 and 2 Intervention 3 Intervention 4 Intervention 5 No. of patients [%]

Modified 
uvulopalatopharyngoplasty 
and radiofrequency-in-saline 
tongue channelling with or 
without tonsillectomy*

– – – 21 [54]

Turbinate reduction – – 2 [5]

Trans-palatal 
advancement 
pharyngoplasty

– – 1 [3]

Midline glossectomy – – 1 [3]

Midline glossectomy Trans-palatal advancement 
pharyngoplasty

– 6 [15]

Lingual tonsillectomy – – 4 [10]

Lingual tonsillectomy Trans-palatal advancement 
pharyngoplasty

– 2 [5]

Lingual tonsillectomy Midline glossectomy Trans-palatal advancement 
pharyngoplasty

2 [5]

*, all 39 patients underwent modified uvulopalatopharyngoplasty and radiofrequency-in-saline tongue channelling with or without tonsillectomy.
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risk and overall mortality (32). Self-reported subjective 
measures (including Epworth sleepiness and snoring 
severity) also showed clinically relevant improvements.

The results of this study correlate with a growing body 
of evidence that demonstrates significant improvements in 
OSA disease severity and symptoms following airway surgery 
(12,33-35). The SAMS trial randomized 102 participants 
with moderate or severe OSA and found a significant 
reduction in AHI (−17.6 events/hour) and Epworth sleepiness 
scale (−6.7) six months post multilevel surgery (modified 
UPPP and minimally invasive tongue volume reduction) 
compared to medical management (12). Similarly, Sommer 
et al. illustrated in a study of 42 randomized participants a 
significant drop in mean AHI post-tonsillectomy and UPPP 
at three months with concurrent improvement in daytime 
sleepiness between treatment and control groups (34). 
Finally, the SKUP3 trial demonstrated in 65 participants 
a significant reduction in AHI post-UPPP compared to 
control at six months, with a 60% reduction of AHI in the 
surgical group and 11% in control (33). Improvements in 
ODI were also seen in both the SAMS and the SKUP3 trial, 
as were improvements in Epworth sleepiness scale.

Observational data has also shown improvements in AHI 
and measures of sleepiness with upper airway surgery (36).  
Various surgical methods (including traditional UPPP, 
palate surgery, maxillo-mandibular advancement, and 
upper airway radiofrequency-in-saline tongue channelling) 
have decreased AHI (36). Finally, bilateral tonsillectomy 
in isolation can achieve a mean AHI reduction of 65% 
in patients with at least grade 2 tonsils (37). Some 
observational studies suggest that surgery may reduce 
cardiovascular-related morbidity and mortality (14,38).

Multilevel airway collapse is present in most patients with 

OSA (39); hence multilevel and multi-phase surgery has 
been advocated for the surgical treatment of OSA and was 
employed in our study (20). All of the patients in this study 
underwent a combination of a contemporary modification 
of UPPP with radiofrequency-in-saline treatment of the 
tongue (22). Patients with severe OSA may be less likely to 
respond to single staged interventions, suggesting that the 
“failure” of surgery in severe OSA may reflect inadequate 
volume of surgery as opposed to intrinsic inadequacies in 
surgery (40).

Despite the efficacy of CPAP in treating upper airway 
obstruction, real-life effectiveness is limited by adherence (9).  
Many patients cannot reach a level of adherence where 
they receive symptomatic benefit or see improved 
cardiovascular parameters (9). Using data and calculations 
from Sutherland et al. (41) a patient with a baseline AHI 
of 60 would require over 6 hours of CPAP usage per night 
to achieve a residual AHI of 16. This is nearly double 
the mean usage seen in the largest randomized trial on 
cardiovascular outcomes with CPAP and represents a 
required usage rate in excess of what is published in the 
literature (11,42).

It has been argued that pre-treatment OSA severity and 
therapeutic device adherence should be considered together 
to determine if a patient is adequately treated—concepts 
which have been variably named the “SARAH Index” (Sleep 
Adjusted Residual AHI) (41) and “mean AHI on CPAP” (43). 
In individuals with symptomatic OSA who are poorly or 
non-adherent to CPAP, the SARAH Index may be lower 
following upper airway surgery than continuing to pursue 
device therapy (43,44).

There are several strengths of this study. The novel 
idea of selecting and analyzing the results of patients with 

Table 3 Comparison of preoperative and postoperative outcomes (N=39*)

Characteristic n* Preoperative Postoperative
Mean difference  

(95% confidence interval)
P value

BMI (kg/m2), mean ± SD 38 31±5 29±5 1 [0.5–2] <0.01

AHI (events/hour), mean ± SD – 69±16 14±11 55 [48–62] <0.01

3% ODI (events/hour), mean ± SD 30 54±15 12±16 41 [32–50] <0.01

Lowest oxygen saturations (%), mean ± SD 38 73±10 81±20 −9 [−17 to −1] 0.02

Snoring severity scale (/9), median [range] 26 8 [4–9] 0.5 [0–7] – <0.01

Epworth sleepiness scale (/24), median [range] 35 12 [1–22] 4 [0–14] – <0.01

*, variables without full data from 39 patients. BMI, body mass index; AHI apnea-hypopnea index; ODI, oxygen desaturation index;  
SD, standard deviation. 
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very severe OSA has rarely been done in the past (16). The 
study of objective outcomes and patient-reported measures 
demonstrated improvements across these broad outcomes.

Limitations are in the retrospective nature of this 
study, the small numbers, and the lack of blinding for 
investigators. The results of this study may not be broadly 
applicable to patients with severe OSA as patient selection 
was dependent on strict inclusion and exclusion criteria, 
with specific improvable anatomical traits as assessed by 
an experienced sleep surgeon. We note a slight decrease in 
BMI after surgery and standard medical advice regarding 
weight loss, and that improvement in OSA parameters are 
also related to this (45). However, the considerable change 
in AHI seen in this study is well in excess of the expected 
improvement seen in previous weight loss studies for OSA 
and cannot only be explained by a two-point reduction in 
BMI (46). Furthermore, one patient retrialed CPAP. While 
this most probably improved their sleep apnea parameters 
in adjunct to the surgical treatment, their results did not 
deviate greatly from the other participants.

Conclusions

Surgery may be a valuable treatment option for very severe 
OSA in carefully selected patients, who should be identified 
and referred to a sleep surgeon. This data shows that 
excellent AHI and patient-centred outcomes may be achieved 
with salvage multilevel upper-airway surgery. Further, larger 
prospective studies are needed, and an increase in training in 
sleep surgery is needed.
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Appendix 1

Inclusion criteria:
1. Adequate nasal airway as defined by anterior rhinoscopy or nasendoscopy
2. Confirmed airway collapse has confirmed by Mueller’s Maneuver and/or Woodson’s Hypotonic Method

Exclusion criteria:
1. Laryngeal, subglottic, or tracheal stenosis
2. Primary supraglottic collapse
3.  Significant palatal scarring from previous tonsil surgery
4. Prior surgical intervention on the palate, tongue, mandible or maxilla.
5. Previous tonsillectomy accepted

a. Nasal obstruction resistant to medical or surgical treatment
6. Retrognathia (confirmed on lateral skull x-ray)

a. Sella-Nasion-B angel <72o
7. Heart failure
8. New York Heart Association class 1 acceptable
9. History of major cardiac event including myocardial infarction, unstable angina
10. History of stroke
11. History of moderate to severe chronic obstructive pulmonary disease

a. FEV:FVC < 70% and FEV1 < 50%
12. History of major disorder of pulmonary, renal or nervous system in the past three months
13. Dysphagia or aspiration history
14. Major depression that requires hospitalisation, suicide attempt, or antidepressant drug dose escalation in prior 3 months
15. Pregnant or breast feeding
16. Occupation as a commercial driver
17. Narcotic addiction
18. Contraindication to steroid use intraoperatively
19. Such as uncontrolled diabetes, avascular necrosis of the hip
20. Unacceptable anaesthetic or surgical risk

a. Such as high stroke risk with anticoagulation unable to be ceased

Supplementary


