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Background: The modified uvulopalatopharyngoplasty and radiofrequency-in-saline tongue has not been 
investigated as an option in primary snoring. The aim of this study was to determine whether such combined 
palatal and tongue surgery, designed to enlarge and stabilize the upper airway, is an effective treatment for 
patients with primary snoring who cannot tolerate or decline device therapy. Setting: Single centre study, 
based in New South Wales, Australia.
Methods: This was a retrospective case series, and included adult patients with primary snoring who 
underwent modified uvulopalatopharyngoplasty and radiofrequency-in-saline tongue between January 2009 
and December 2020. Patients with clinically significant obstructive sleep apnoea (OSA) [Apnoea-Hypopnea 
Index (AHI) >15] were excluded. Primary outcome measures were the Snoring Severity Scale (SSS) (a 
questionnaire, which indicates loudness and frequency of snoring) completed both prior to and following 
surgery, and the Epworth Sleepiness Scale (ESS) as a secondary outcome. Mean questionnaire scores prior to 
and at 3-month follow-up were analysed.
Results: Ninety-seven adult patients without clinically significant OSA underwent upper airway surgery for 
snoring, of whom 68 were included in the present study (37.3±11.5 years, n=17 female). The mean SSS prior 
to surgery was 7.0±1.6 and 1.9±2.3 at 3-month follow-up (P<0.0001). The mean ESS prior to surgery was 
9.0±4.8 and 4.1±2.8 at 3-month follow-up (P<0.0001).
Conclusions: The results of this study indicate that modified uvulopalatopharyngoplasty with 
radiofrequency-in-saline tongue is an effective treatment modality for snoring, with a low complication rate. 
This procedure may be offered to carefully selected patients with snoring as a primary complaint who have 
failed or declined device therapy.
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Introduction

Snoring is a common patient (and partner) complaint, 
caused by upper airway vibration and turbulent airflow with 
a prevalence of up to 48% in the adult population (1). The 
majority of patients who snore are middle aged males (1). 
Snoring is contributed to by variations in airway shape/
dimensions, low neuromuscular tone, obesity and other 
factors, alone or in combination (2). Snoring represents 
both a risk factor and cardinal symptom of obstructive sleep 
apnoea (OSA), a condition which carries cardiovascular and 
mortality risk (3). Though primary snoring without OSA 
has been thought to carry social rather than medical risk (3), 
and mild OSA [Apnoea-Hypopnea Index (AHI) between 5 
and 14] is mostly only treated if symptomatic (4,5), recent 
literature contends that primary snoring may be a risk factor 
in carotid artery disease and stroke (6,7).

Snoring has a significant effect not only on the patient 
themselves but also on the bed partner, with studies (8) 
indicating bed partners lose more than an hour of sleep per 
night, equating to an entire night of sleep lost per week. 
Furthermore, it has been associated with increasing bed 
partner levels of daytime stress, depression and fatigue, 
significantly affecting quality of life (9). There is a growing 
need to provide an intervention to alleviate both the 
medical and social ramifications of this condition.    

Treatment options for snoring include lifestyle measures 
such as weight loss and reduction in alcohol consumption, 
or device therapy including mandibular advancement 
splints, nasal expiratory positive airway pressure (EPAP) (10)  
and continuous positive airway pressure (CPAP) (11). 
Despite its effectiveness, CPAP therapy carries a substantial 
risk of non-compliance due to discomfort, claustrophobia, 
social stigma, personality factors, socio-economic factors, 
and healthcare beliefs/understanding (12). Practically, 
patients may be unwilling to wear CPAP just for snoring 
control, especially if the degree of OSA (e.g., AHI <15) does 
not confer significant risk (12). Therefore, surgical options 
which provide symptom relief without ongoing device use 
are desirable.

The soft palate is implicated as contributory in 
more than 90% of cases of snoring (13) yet there is a 
paucity of evidence assessing surgical management of 
snoring. Injection snoreplasty (14), palatal implants (15) 
and radiofrequency palatal surgery (16) have shown 
improvements in symptom scores in the short term. 
Modified uvulopalatopharyngoplasty (modUPPP) provides 
a reconstructive option for the soft palate, is preferred over 

earlier ablative techniques, and enlarges the retropalatal 
airway (17,18). Historically there have been various 
alterations of the original uvulopalatopharyngoplasty, but 
the procedure examined in this study is as described by 
Mackay and colleagues (17). The surgical technique of 
the modUPPP involves resection of the palatine tonsils, 
creation of a superolateral velopharyngeal port with 
removal of supratonsillar fat and transverse dissection 
of the posterior pharyngeal pillar; the superior part of 
the dissected pillar is advanced anteriorly and sutured to 
the previously created port, increasing the oral airway 
diameter (17). Radiofrequency-in-saline tongue (RIST) 
represents a method of tongue stiffening which creates 
localised plasma fields to ablate columns of tongue tissue. 
The modUPPP and RIST techniques each provide lower 
morbidity approaches compared to their respective historic 
counterparts to increase the oropharyngeal airway diameter 
and prevent airway collapse (17). Recently, the Sleep 
Apnea Multilevel Surgery (SAMS) multicentre clinical 
trial provided randomized evidence of its efficacy and 
effectiveness in patients with moderate or severe OSA, 
significantly improving both AHI and Epworth Sleepiness 
Scale (ESS) at 6 months (18). Furthermore, there was a 
significant improvement in secondary and exploratory 
outcomes, including snoring severity scale (SSS) and partner 
reported outcomes (18).

The purpose of this study is to specifically assess the 
effectiveness of modUPPP and radiofrequency in saline 
tongue surgery in the management of snoring without 
clinically significant OSA, defined herein by an AHI ≤15 on 
polysomnogram and presentation with snoring as the major 
concern. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
www.theajo.com/article/view/10.21037/ajo-21-47/rc).

Methods

This is a retrospective case series of prospectively gathered 
data. The patient population included consecutive adult 
patients with primary complaint snoring, and an AHI ≤15, 
who underwent modUPPP and RIST performed with a 
standardised approach (17) at a single centre in New South 
Wales between 2008 and 2020. All patients had previously 
failed device therapy (19). Twenty-five patients in the 
cohort also underwent nasal surgery and had prior nasal 
surgery based on either symptoms of nasal obstruction or 
as an adjunctive procedure to facilitate CPAP/mandibular 
advancement device (MAD) therapy use. 

https://www.theajo.com/article/view/10.21037/ajo-21-47/rc
https://www.theajo.com/article/view/10.21037/ajo-21-47/rc
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The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the human research ethics committee attached 
to our local health district (ISLHD Low & Negligible Risk 
(LNR) Research Review Committee). All patients provided 
written informed consent prior to surgical intervention. 
Informed consent was not required for participation in this 
study, as advised by the ethics committee, given this was a 
retrospective study based on existing data.

Patients included in this study: 
	Were age ≥18 years at time of modUPPP and RIST 

surgery;
	Had level 1 or level 2 polysomnogram conducted 

prior to surgery, with AHI ≤15;
	Completed the SSS questionnaire prior to, and at  

3 months following surgical intervention;
	Had trialled and failed (or refused) device therapy;
	Had body mass index (BMI) <40 kg/m2.
Exclusion criteria were:
	Incomplete follow-up including non-attendance at 

post-operative visits and non-completion of both 
before and after questionnaires (unless documented 
complete snoring resolution, equivalent to 0/9, in lieu 
of “after” SSS).

Standard post-operative care included an overnight 
hospital stay as an inpatient, and 5 days of cefalexin 500 mg 
qid. Paracetamol was the primary analgesic agent used post-
discharge. Patients were followed up at 2 weeks, and again 
at 3 months and advised to seek care sooner if there were 
was significant bleeding or any other serious concern.

To quantify the severity of snoring symptoms, the  
SSS (20) was collected in patients both before and after 
surgery as a part of regular patient care (3 months post-
operatively). The SSS is a short questionnaire which 
provides information on frequency, nightly duration and 
loudness of snoring symptoms (20). The primary outcome 
measure was change in SSS. If there was no record of 
completion of the SSS questionnaire, but there was 
documentation in the patient’s clinical notes that snoring 
had completely ceased, a SSS score of 0 was applied (n=3). 
The secondary outcome was ESS scores to determine effect 
on daytime somnolence (21).

Patient demographic data including age at date 
of surgery, gender and BMI were collated and all 
polysomnography results had been reported by a qualified 
sleep physician. Friedman scores collected pre-operatively 
were also recorded.

For all patients, adverse events following surgery were 

recorded. For the purposes of this study, post-operative 
pain lasting less than 1 month and velopalatal insufficiency 
lasting less than 1 month were considered as common 
temporary effects of the surgery, not adverse events. 

Statistical analysis

Statistical analysis was performed using SPSS 27 (IBM 
Corp, Armonk, NY, USA 2020). Paired, one tailed t-tests 
were used to compare pre- and post-operative SSS scores, 
and unpaired one tailed t-tests were used to compare values 
where there were incomplete data (BMI, AHI, ESS). 

Effect size was calculated using Cohen’s d formula 
following t-tests meeting the significance threshold.

Results

A total of 97 consecutive patients presenting for snoring 
treatment underwent modUPPP and RIST between 2008 
and 2020 and had an AHI of 15 or less. Seventy-eight (80%) 
of these patients had completed the SSS prior to surgery 
and were included in this study, of which 10 were lost to 
follow-up, resulting in 68 with full data. 

The mean age of participants (n=68) was 37.3±11.5 years, 
comprising 51 males and 17 females. The mean BMI of 
patients receiving modUPPP surgery was 27.7±4.0 kg/m2, 
with no statistically significant difference recorded following 
surgery (P=0.79). The mean AHI prior to intervention was 
6.5±4.1. There were no patients with BMI greater than or 
equal to 40 kg/m2, and 3 patients with BMI greater than or 
equal to 35. Table 1 provides a summary of pre- and post-
operative patient demographics.

The number of included patients in each Combined 
Friedman Staging System category is provided in Table 2. 
The number of patients undergoing concurrent airway 
surgery and type of surgery at other levels is detailed in 
Table 3. Statistical analyses were repeated excluding patients 
who also underwent lingual tonsillectomy and prior nasal 
surgery (e.g., bilateral inferior turbinate reduction), and 
resulted in no significant change to the outcomes analysed.

The SSS reduced from a mean value of 7.0±1.6 to 
1.9±2.3 post-operatively [mean difference, −5.1 (95% CI: 
−5.7 to −4.5)] which was statistically significant (P<0.0001) 
with a large effect size (Cohen’s d=2.6). There was also a 
statistically significant reduction in ESS score post-surgery, 
which decreased from 9.0±4.8 to 4.1±2.8 [mean difference, 
−4.9 (95% CI: −6.1 to −3.8), P<0.0005], with a large effect 
size (Cohen’s d=1.2), but patients on average were not 
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Table 1 Demographics of patient population who underwent 
modUPPP and radiofrequency-in-saline tongue for simple snoring 
(n=68)

Variables Mean ± SD Range P value

Age, years 37.3±11.5 18.6–71.0 –

AHI 6.5±4.1 – –

BMI, kg/m2 0.79 (NS)

Pre-surgery (n=59) 27.7±4.0 16.4–39.3

At follow-up (n=44) 27.9±4.1 16.6–39.5

modUPPP, modified uvulopalatopharyngoplasty; SD, standard 
deviation; AHI, Apnoea-Hypopnea Index; BMI, body mass index; 
NS, not significant.

Table 5 Secondary outcome: Epworth Sleepiness Scale pre- and 
post-modUPPP

Epworth Sleepiness Scale Mean ± SD P value

Pre-surgery (n=66) 9.0±4.8 1.1×10−10;  
effect size 1.2

Post-surgery (n=62) 4.1±2.8

modUPPP, modified uvulopalatopharyngoplasty; SD, standard 
deviation.

Table 2 Combined Friedman Staging System 

Tonsils grade
Tongue grade (No. of patients)

1 or 2a/2b 3 or 4

1 or 2 18 12

3 or 4 18 9

0 3 3

Friedman stage not recorded clearly in five patients.

Table 3 Additional operative interventions in a patient population 
undergoing modUPPP for simple snoring (n=68)

Operative Intervention
No. of 

patients 

Pre-phase nasal surgery (after polysomnogram) 2

Previous nasal surgery (before polysomnogram) 2

Lingual tonsillectomy 18

Bilateral inferior turbinate reduction (conservative) 21

modUPPP, modified uvulopalatopharyngoplasty.

Table 4 Primary outcome: Snoring severity scale pre- and post-
modUPPP

Snoring Severity Scale Mean ± SD P value

Pre-surgery (n=68) 7.0±1.6 8.0×10−27;  
effect size 2.6

Post-surgery (n=68) 1.9±2.3

modUPPP, modified uvulopalatopharyngoplasty; SD, standard 
deviation.

Figure 1 SSS (n=68) and ESS (n=68) of patients undergoing 
modUPPP, both pre- and post-intervention. ****, P<0.0001. SD, 
standard deviation; SSS, Snoring Severity Scale; ESS, Epworth 
Sleepiness Scale; modUPPP, modified uvulopalatopharyngoplasty.
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sleepy prior to intervention. Despite missing data on post-
operative BMI (n=44) there was no significant difference 
in BMI at 3 months post operatively indicating the surgical 
outcome may not be attributed to weight loss (Figure 1). 
Tables 4,5 provide a summary of pre- and post-operative 
primary and secondary outcome data. Thirteen percent of 
patients in this sample had complications from the surgery, 
including globus pharyngeus, velopalatal insufficiency, 
dysgeusia secondary haemorrhage, and post-operative 
negative pressure pulmonary oedema (Table 6).

Discussion

This is the first study to specifically assess the effectiveness 
of modUPPP and RIST in the management of snoring 
without significant OSA. The results of this study indicate 
that there is a major reduction in patient and partner 
perceived snoring symptoms at follow-up after surgery. 
Multilevel surgery is effective in decreasing AHI in patients 
with habitual snoring or OSA of any severity (17,18), 
with recent studies demonstrating significant reduction in 
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Table 6 Complications experienced by patients following modUPPP (n=68)

Complication
Lasting between  
1–3 months (n)

Lasting up to  
6 months (n)

Lasting beyond  
6 months (n)

Globus pharyngeus sensation 1 0 2

Transient velopalatal insufficiency 1 1 0

Dysgeusia 1 0 0

Secondary haemorrhage, not requiring readmission or prolonged stay 2 0 0

Secondary haemorrhage, requiring readmission or prolonged stay – – –

Mild transient negative pressure pulmonary oedema 1 – –

modUPPP, modified uvulopalatopharyngoplasty.

ESS in those with moderate or severe OSA (18). Original 
uvulopalatopharyngoplasty, first described by Fujita  
et al. (22), has undergone several modifications to facilitate 
a reconstructive procedure with reduced morbidity. All 
patients at our institution undergo pre-operative flexible 
nasendoscopy in combination with dynamic manoeuvres to 
determine whether the palate is a contributor to oscillation 
and noise production. The modUPPP procedure is 
combined with RIST which stiffens the tongue musculature 
and improves retro-lingual airway collapse (17,20). It 
has been previously established that tongue-base snoring 
produces higher frequency snoring sound and the palate 
low frequency sound (23), hence both aspects of snoring 
are potentially treated with a combination of procedures. 
Furthermore, modUPPP and RIST is an effective treatment 
for OSA (18) and so this procedure may prevent or impede 
development of OSA in snorers given it is known that a 
proportion of primary snorers go on to develop the disease.

Conservative measures such as weight reduction may 
improve both habitual snoring, and OSA severity, and 
should be discussed with all patients (24). This study, 
however, demonstrated no significant change in patient 
BMI before and after surgery (P=0.79), indicating that the 
observed improvement in SSS and ESS was due to the effect 
of surgery rather than any concomitant weight loss. 

A comparison between AHI before and after surgery 
was not made, as this was not a target of the surgery, nor 
of this study. It was expected that change in AHI would be 
negligible and not clinically significant, hence it was not 
sought as a clinical outcome. 

In this study, AHI >15 was used to exclude patients. The 
classical definition of mild OSA has been AHI 5 to 15 (19).  
In our study patients weren’t sleepy on average (ESS 
=9.0±4.8), nor did they desaturate significantly, components 

of OSA that have been linked to medical risk (5,25).  
Complications occurred in 9 (13%) patients. Minor 

complications such as globus pharyngeus (4%), velopalatal 
insufficiency (3%), dysgeusia (1.5%) were all transient 
(Table 6). The 2 (3%) secondary bleeds were minor and 
did not require readmission and the one case of post-
operative negative pressure pulmonary oedema (1.5%) 
was mild and transient, not requiring non-invasive 
ventilation. No prolonged admissions or readmissions 
occurred. The complication rate is comparable to that 
described by MacKay et al. (18) where 12.5% of patients 
experienced minor surgical or anaesthetic side effects with 
no post-operative bleeding seen in a higher risk patient 
cohort (moderate to severe OSA). The literature reports a 
secondary haemorrhage rate of 4.8% in adult tonsillectomy, 
with 2.2% requiring some form of intervention (26). This 
study reports a low rate of bleeding with zero patients 
requiring return to theatre. 

Limitations of this study include, firstly, short-term 
follow-up. While these results indicate the effectiveness 
of multilevel surgery in decreasing snoring within this 
timeframe, studies evaluating maintenance of symptom 
resolution for longer time periods are needed. 

Secondly the use of SSS to determine treatment effect is 
limited to partner reporting. Further studies should aim to 
quantify snoring volume, length and frequency by recording 
methods (27) to improve objectivity of outcome measure, 
despite the lack of universally accepted acoustic measures.

Conclusions

The results of this study indicate that modUPPP with RIST 
is an effective treatment modality with a low complication 
rate. This procedure may be offered to carefully selected 
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patients with snoring (without significant OSA) who have 
failed or declined device therapy. 
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