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Introduction

Nasal obstruction is the cardinal symptom present in a 
collection of medical conditions that implies insufficient 
airflow through the nose (1). One of the most common 
causes of chronic nasal obstruction is inferior turbinate 
hypertrophy (ITH), a pathology that occurs secondary 
to a number of triggering factors such as allergic and 
non-allergic rhinitis, sinusitis, congenital variations and 

environmental factors (2). In 2017–2018 an estimated 19% 
of Australians (1 in 5) suffered with allergic rhinitis and in 
2012, approximately 1.9 million Australians were diagnosed 
with chronic rhinosinusitis (3,4), which was higher than 
the number of Australians diagnosed with heart failure 
or back pain. Initial management of nasal obstruction 
is often conservative, using pharmacological treatments 
including nasal glucocorticoid sprays, oral steroids, 
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antihistamines and decongestants (5). However, in cases 
of structural abnormalities such as turbinate hypertrophy, 
medical treatment only works temporarily and surgical 
intervention is often the next progression (5). Since the 
1890’s, a multitude of surgical interventions have been 
implemented to tackle this pathology with procedures such 
as electrocautery, laser cautery and turbinectomy being used 
effectively to this day (6-9). Any surgical procedure, however, 
comes with direct and indirect costs such as the cost of 
theatre time and equipment used as well as indirect costs 
such as absence from work. There are also complications, 
and more invasive surgeries may result in bleeding, 
crusting, synechiae, atrophy and subsequent nasal dryness 
(6,9,10). As a result of the multitude of options, there has 
been no clear technique that is preferred as the optimal 
treatment modality. This is partially due to the lack of long  
term prospective studies comparing the procedures (11).

Radiofrequency ablation (RFA) is a technique that was 
developed in 1998 at Stanford University in the US and 
is being used and recognised as a minimally invasive and 
effective mode of treatment when compared to surgery  
(12-15). RFA uses radiofrequency waves to deliver energy to 
tissue 2–4 mm depth from the electrode head, subsequently 
denaturing the tissue proteins in the deep mucosa whilst 
preserving the surface tissue (16). The ablated tissue then 
scars and shrinks with time resulting in reduced nasal 
blockage and improving patient symptoms (13,17,18). 

Currently the treatment is incorporated into the National 
Institute for Health and Care Excellence (NICE) guidelines 
for turbinate hypertrophy in the UK and is often used in 
patients prior to considering more invasive surgery (19).  
In the US, the College of Otolaryngology and Head and 
Neck Surgery offers RFA as an evidenced and effective 
treatment option in patients with allergic rhinitis, and it 
has subsequently become one of the two most common 
procedures offered in the US for this condition (19,20). 
RFA has been offered at the Royal Brisbane and Women’s 
Hospital in Brisbane since 2016 and at Ipswich Hospital in 
Queensland since 2017, however, to our knowledge, it is 
not actively offered in other Australian tertiary hospitals, 
despite significant evidence to indicate its effectivity and 
use in other parts of the world. Although treatments can 
be quantitatively assessed for turbinate hypertrophy (21), 
quality of life (QOL) measures appear to offer a more 
clinically applicable and practically useful information 
with regards to outcomes and implementation. This paper 
evaluates the subjective efficacy of RFA using the well-
established Sino-Nasal Outcome Test (SNOT 22) in 

98 patients with chronic nasal obstruction over a period 
of 6 months in the ENT clinic at the Royal Brisbane 
and Women’s Hospital Brisbane to assess its validity as 
an alternative to surgical intervention. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/ajo-20-52).

Methods

General approach

This is a retrospective, pre-post intervention, observational 
analysis that observed and compared the symptomatic 
efficacy of RFA in patients with ITH at baseline and then 
1 month and 6 months post RFA treatment. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Royal 
Brisbane and Women’s Hospital Human Research Ethics 
Committee under reference LNR/2018/QRBW/46297 and 
individual consent for this retrospective analysis was waived. 
The Funding code is 41689.

Population

From January 2015 to June 2017, 189 adult participants 
(100 male, 89 female) with chronic nasal obstruction 
secondary to suspected ITH, refractory to previous 
medical management, were managed with RFA at this 
institution. From this sample, 98 participants completed 
the preoperative (baseline) and at least one postoperative 
SNOT 22 score and were included in the SNOT 22 
analysis. All participants who progressed to RFA treatment 
had experienced symptoms for at least 6 months and had 
trialled at least one method of pharmacological treatment 
that included intranasal corticosteroids (INCS). The 
assessment of these participants was predominantly based 
on subjective and symptomatic concerns of the patient, 
and clinician’s assessment of suitability. Selection criteria 
included the following: bilateral or side changing nasal 
blockage in the absence of pronounced septal deviation, 
obvious nasal polyps and failed treatment with medical 
management.

Exclusion criteria

Patients not offered RFA were those who exhibited 
symptoms of unilateral nasal blockage and evidence of 
nasal polyps. Bilateral nasal obstruction appears to have a 
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greater correlation of ITH (22,23). Participants who could 
not understand or converse in English were not asked to 
complete SNOT surveys and hence did not have their data 
analysed. Participants who scored less than nine on their 
initial overall SNOT 22 survey were excluded from the 
SNOT 22 analysis. Participants who did not complete the 
preoperative SNOT 22 survey or at least one postoperative 
SNOT 22 survey were not included in the SNOT 22 
analysis.

Evaluation

For this study, participants were required to complete the 
SNOT 22 survey during visits at the clinic at enrolment 
(baseline) and then 1-month and 6 months post procedure. 
The Sino-Nasal Outcome Test is a 22-item (SNOT 22) 
outcome measure that has been validated as an effective 
measure of QOL and surgical outcomes in participants with 
chronic sino nasal disease (©2006, Washington University, 
St. Louis, MO, USA) (24-26). Initially it was a 20-question 
tool; it was expanded to 22 questions to provide a greater 
applicability and an accurate clinical reflection (24,26). 
The SNOT 22 uses a scale which grades responses as 0= 
“no problem”, 1= “very mild problem”, 2= “mild or slight 
problem”, 3= “moderate problem”, 4= “severe problem”, 
and 5= “problem as bad as it can be” with a total score 
ranging from 0–110 for each patient (27). An example of the 
survey is highlighted in Table 1.

Overall SNOT 22 scores as well as rhinology-specific 
sub-domains scores (questions 1, 2, 3, 5, 6, 21 and 22) were 
analysed. Additional demographic data such as allergies 
and smoking history were also collected, which enabled 
for a greater understanding of potential correlations or 
effect modifiers that may exist between symptomatology 
and predisposing factors. There did not appear to be any 
potential confounders and, by using a quantitative scoring 
tool interview, transfer and recall bias were minimised. 

All data for analyses were obtained from an online 
medical record system present in the hospital which 
contains scanned copies of patient documents. Patients 
presenting to the ENT outpatients’ clinic were asked to 
complete a SNOT 22 survey and a scan of this survey was 
stored in the patient’s records. During the data collection 
period, an iPad-based online database system where patients 
completed a digital SNOT 22 survey to score and upload 
was also trialled, however, this method of data collection 
proved logistically problematic and was abandoned during 
the data collection phase. This trial of iPad data collection 

only accounted for approximately only 15% of participant 
data; all data from this collection method was included 
into the final results. Although this collection method was 
abandoned all patient scores used through the system were 
also analysed in the paper. Participants who were unable to 
use the iPad were automatically offered paper alternative 
surveys.

Surgical procedure

A vasoconstrictive and local anaesthetic nasal spray 
(Cophenylcaine) is used to anaesthetise the nasal passage; 
followed by an injection of the anterior portion of the 
inferior turbinate with approximately 2 mL of xylocaine/
adrenaline. The RFA probe was inserted submucosally, 
medial to the turbinate bone approximately 10 mm under 
the mucosa sliding along the turbinate bone. This can be 
repeated at multiple entry points (usually 2–3) to cover 
a larger area of the turbinate. One at the very anterior 
(head) end of the turbinate and a second probe insertion 
approximately 10 mm posterior to the head of the turbinate 
will lead to a reduction of turbinate volume. Approximately 
10 seconds of energy was delivered per insertion, or until 
the mucosa starts blanching. Often 2 insertion sites per side 
were utilised; if the participant had a very large inferior 
turbinate, a third insertion and ablation was performed. 
A short observation period of approximately 30 minutes 
post RFA procedure was recommended. No packing was 
used. Nasal saline washes were recommended the first week 
after the RFA procedure. The probes are multi-use with an 
estimated life span for +500 cycles, and are double the cost 
of a single use probe.

Statistical analysis

Data were captured in Excel and statistical analysis were 
performed in SPSS v22.0. An MCID score of 9 points 
using the SNOT 22 tool has been shown to indicate clinical 
significance in participants undergoing surgical procedures 
(28-30). Paired two sample t-tests were used to determine 
statistical significance.

Results

Of the total number of 189 participants, 98 completed the 
pre RFA baseline SNOT 22 survey and at least one post-
procedure SNOT 22 survey and were included in the 
SNOT 22 analysis. None of the participants experienced 
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any adverse events as a result of their procedure or were 
admitted to hospital due to the RFA procedure. A total 
97 participants completed a SNOT 22 survey 1-month 
post RFA and 57 completed it 6 months post RFA. Only 
29 participants completed a SNOT 22 survey at all three 
timepoints. Of the total cohort of 189 participants, only 13 
(7%) progressed to surgical treatment despite initial RFA. 
Notably, 9 (69%) of the 13 patients who progressed to 
surgery had traumatic and anatomical changes that affected 
their symptoms and would require surgery to be corrected. 
Baseline clinical and demographic characteristics of the 
participants in the sample size are highlighted in Table 2. 

Of the 98 participants included in the SNOT analysis, 93 
(94%) completed the additional demographic information 
survey which gathered information regarding smoking 

status, and history of allergies or asthma. Of this sample 
13 participants (14%) were smokers, and 37 participants 
(40%) suffered from asthma. Thirty-four participants (37%) 
stated they may have allergies and 28 (30%) stated that 
they have had recurrent infections in childhood. Although 
these additional characteristics may contribute to effect 
modification. 

Participants’ overall mean SNOT 22 scores for each 
question and at each time point were used to assess any 
changes in symptoms. One month after the RFA procedure, 
there was a statistically significant (P=0.04) improvement 
in the overall participants’ mean SNOT 22 scores, which 
correlated to an improvement of 8.0 points, almost 
reaching minimal clinical importance (MCID 8.9 points). 
An improvement was also observed at the 6-month follow 

Table 1 Sino-Nasal Outcome Tool (SNOT) 22 survey

Question Symptoms preoperatively Numerical rating of severity (0–5)

1 Need to blow nose 0 1 2 3 4 5

2 Sneezing 0 1 2 3 4 5

3 Runny nose 0 1 2 3 4 5

4 Cough 0 1 2 3 4 5

5 Post nasal discharge 0 1 2 3 4 5

6 Thick nasal discharge 0 1 2 3 4 5

7 Ear fullness 0 1 2 3 4 5

8 Dizziness 0 1 2 3 4 5

9 Ear pain/pressure 0 1 2 3 4 5

10 Facial pain/pressure 0 1 2 3 4 5

11 Difficulty falling asleep 0 1 2 3 4 5

12 Waking up at night 0 1 2 3 4 5

13 Lack of a good night’s sleep 0 1 2 3 4 5

14 Waking up tired 0 1 2 3 4 5

15 Fatigue during the day 0 1 2 3 4 5

16 Reduced productivity 0 1 2 3 4 5

17 Reduced concentration 0 1 2 3 4 5

18 Frustrated/restless/irritable 0 1 2 3 4 5

19 Sad 0 1 2 3 4 5

20 Embarrassed 0 1 2 3 4 5

21 Loss of smell/taste 0 1 2 3 4 5

22 Nasal obstruction 0 1 2 3 4 5
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up, when compared to baseline, these SNOT 22 scores 
also correlated to an improvement of 8.0 points but this 
improvement was not statistically significant difference 
(P=0.19) (Table 3). One month after their RFA procedure, 
57% of participants had a 9-point improvement in their 
SNOT 22 symptom scores from baseline and 6-months 
after the RFA procedure 46% of participants had improved 
9-point in their symptoms from baseline (Figure 1). Overall, 
a clear clinical improvement in symptoms was observed 
between baseline and 1-month after the RFA procedure. 
Of those participants who completed both the baseline and 
1-month survey (n=59), 34 (58%) had experienced a MCID. 
Of the participants who completed both the baseline 

and the 6-month follow up survey (n=39), 18 (46%) had 
experienced a MCID. 

Participants reported a far greater improvement in their 
QOL symptoms such as sleeping symptoms (Q11, 12, 
13, 14), fatigue and productivity (Q16, 17, 18) and most 
relevant nasal obstruction (Q22). The clinical improvement 
observed in Q22 (nasal obstruction) was statistically 
significant at both 1-month post-operative (P=0.018) and 
6 months post operatively (P=0.000028). Thirty percent of 
the 98 participants who filled out a SNOT 22 survey (n=29) 
completed a survey at all three timepoints. Analysis of this 
subset of the sample is highlighted in Figure 2 and shows 
a smaller trend towards improved results, with SNOT 22 
scores measured at the 6-month follow up visit indicating a 
recurrence of symptom severity. An analysis of participant 
return rates based on their SNOT scores revealed that 
participants with scores higher than 70 at the 1 month 
post-operative time frame had a 50% chance of returning 
at 6 months, when compared to the entire group of post-
operative participants who had a return rate of 43%. This 
has been graphically highlighted in Figure 3. 

A trend analysis was performed on the total SNOT 
22 scores for each question at all three time points and 
the results were compared to highlight the changes in 
symptoms over time with reference to each question 
(Figure 4). A similar analysis was performed on the 
rhinology specific domains as is highlighted in Figure 5. It 
must be aforementioned that there is a disparity amongst 
respondents in each group as indicated in the sample 
numbers in the legend, with only 57 participants analysed in 
the 6-month survey. Interestingly the questions that scored 
changes in sneezing and runny noses (question 2 and 3) did 
not appear to improve at 1-month post operatively however 
showed a reduction at 6 months post operatively. How 
much of this is procedural improvement versus sample size 
is not adequately discernible. 

Economical outcome

The Royal Brisbane & Women’s Hospital New Technology 
Funding and Evaluation Program calculated the direct 
cost of RFA of inferior turbinate’s procedure at the ENT 
outpatient’s clinic to be $184 AUD per patient. The surgical 
procedure has been estimated at AUD $4,500 to $6,000. In 
addition to the surgery costs there would be a societal cost 
of absence from work or reduced working capacity after 
surgical reduction of inferior turbinate’s, which is generally 
not necessary after RFA.

Table 2 Clinical and demographic characteristics of study sample

Characteristics All study participants (n=98)

Demographics

Age, mean in years (SD) 51 (±17)

Age distribution, years

20–39 31

40–59 36

60–79 24

80–92 7

Gender

Male 51 (52%)

Female 47 (47%)

Comorbidities

Smoking 13%

Allergies 37%

Asthma 40%

Aspirin sensitivity 12%

Table 3 Clinical score differences between time points and 
statistical significance of overall mean SNOT scores at various time 
points in treatment with RFA

Comparison period
SNOT score 
difference

P value

Baseline and 1-month post-operative 8.0 0.04

Baseline and 6-month follow up 7.6 0.19

1 month and 6-month follow up −0.2 0.94

SNOT, Sino-Nasal Outcome Tool; RFA, radiofrequency ablation.
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Figure 1 Number of patients showing an MCID significant improvement or not (<8.9) based on the difference in SNOT scores between 
baseline to 1 month or 6 months follow up after the RFA procedure. MCID, minimal clinically important difference; SNOT, Sino-Nasal 
Outcome Tool.

Figure 2 Average SNOT score trend analysis for each question at each time point in participants who completed all three surveys (n=29). 
SNOT, Sino-Nasal Outcome Tool.
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Figure 3 Trend analysis of patients returning for 6-month review based on SNOT scores at 1 month post operatively. SNOT, Sino-Nasal 
Outcome Tool.

Figure 4 Average SNOT score trends for each individual question at each time point. SNOT, Sino-Nasal Outcome Tool.
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Discussion

The data demonstrate that RFA is an effective alternative 
in the treatment of nasal obstruction from ITH in an 
Australian hospital setting. From the results gathered, there 
was no significant difference in the number of males versus 
females to receive RFA nor was any particular age group 
more inclined to receive RFA. The historical information 
provided by participants highlighted that there was a 
notable number of participants with pre-existing respiratory 
compromise and allergies, which could predispose them to 
experiencing the symptoms of ITH more adversely than 
others. It would be interesting to follow the trajectory of 
these patients for a longer period of time to assess whether 
they had improved or poorer symptoms, and to further 
evaluate the likelihood of these predisposing risk factors 
contributing to their symptoms.

The impact of RFA on this Australian patient group 
appears to mirror the results illustrated internationally  
(31-34). There are statistically significant differences 
between baseline and 1-month post-RFA patient SNOT 
scores, which fall in line with the currently evidenced 
effectivity of RFA (32-34). The presence of this change 
is however only highlighted between the baseline and 
1-month post-operative scores and are not translated in the 
longer-term observations. This is likely as a consequence 
of the limited observational data collected at the 6-month 

timepoint. It is possible that the patients who were doing 
well were less likely to return to the clinic for what may be 
considered an obsolete follow up. Another notable outcome 
of the procedure was the lack of adverse outcomes, as well 
as the small number of participants that then went on to 
surgery. Only 13 participants received surgical treatments 
and this was predominantly (9 patients) patients with 
traumatic or congenital variations in anatomy. There were 
only 4 patients proceeding to surgery who experienced 
recurrence of symptoms without another cause. The 
trend analysis performed on participants scoring highly 
1 month after the procedure appears to corroborate our 
understanding that they are more likely to present for 
further follow up reviews, when compared to those with 
lower SNOT scores. 

Basic trend analysis of the SNOT 22 data revealed 
that all questions other than question two and three, 
which pertain to sneezing and runny noses, improved 
immediately after the procedure. This increase in sneezing 
and runny nose symptoms may be as a result of the acute 
oedema and crusting that can occur post procedure, and 
may be something to assess later as this trend persisted in 
participants who completed all three SNOT 22 surveys 
(15,32). Interestingly, general QOL symptoms in patients 
improved markedly in the general patient analysis as well as 
those patients who only completed all three surveys. This 

Figure 5 Average SNOT score trends for rhinology domain questions at each time point. SNOT, Sino-Nasal Outcome Tool.
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was despite the presence of ongoing symptom complaints 
such as sneezing or runny nose which appear not to 
affect these other QOL symptoms. Most importantly the 
penultimate symptom of nasal obstruction is statistically 
significant in its improvement pre and 1-month post 
operatively as well as 6 months post operatively. This 
emphasises the likely efficacy of the procedure in targeting 
the most prominent symptomatic complaint in these 
patients. 

Although there was a dropout of participant surveys with 
each time point, there were a small overlap of participants 
(n=29) who completed all three surveys. Trends from the 
SNOT surveys of these participants provides an insight 
into the potential QOL changes over 6 months. The 
trends appear to illustrate an acute improvement at one-
month post operatively in these participants followed by a 
slight recession in QOL symptoms at 6 months. Sneezing 
and runny nose have consistently created symptomatic 
concerns in these participants and appeared to deteriorate 
over time. Similarly question five which refers to the post 
nasal discharge symptoms also progressively worsened at 
6 months. It is difficult to ascertain how much of this is 
attributed to the sample bias of participants returning to the 
clinic to complete the final 6-month survey. 

When accounting for economical costs both direct 
and indirect, as well as time schedules, waiting lists, lack 
of complications, and ongoing symptom improvement 
highlights that RFA used in Australian clinical settings 
may provide a significantly beneficial outcome. This is 
a sentiment mirrored by Cavaliere et al. who found that 
although both surgical treatment and RFA improved patient 
symptoms significantly, the aforementioned benefits of 
RFA specifically make it a more clinically applicable and 
economical treatment option for patients, particularly in 
public hospitals (16). 

The general design of this observational study had some 
flaws that alter the precision of the findings. A potential 
sample and attrition bias may have occurred by collecting 
data from patients who experienced negative outcomes 
as a result of the procedure. Although all participants 
who underwent the RFA procedure are made a follow 
up appointment for 1 month, as well as 6-month follow 
up appointment. The number of participants returning 
to discuss and complete a SNOT tool were often likely 
those experiencing ongoing symptoms particularly at the 
6-month follow up. It is likely that those experiencing 
positive outcomes were less likely to follow up. It would 
have been ideal to have a dedicated member of the study 

team immediately call all patients who failed to attend 
appointments at the 6-month interval to determine their 
SNOT 22 score. As a result, data obtained from patients 
willing to attend their 6-month follow up visit may sway 
towards higher SNOT scores and gives an impression of 
potentially poorer QOL outcomes. 

Conclusions 

The use of RFA in the treatment of ITH provides a safe 
and effective alternative, with low direct and indirect 
costs compared to septoplasty and surgical reduction of 
turbinates. Going forward it will be essential to compare 
the results observed from RFA to the main comparator 
(septoplasty/reduction of turbinates) and discuss the clinical 
findings and economical properties of both treatment 
methods. 
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