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ABSTRACT
Objective: This study investigated the effects of concurrent inferior turbinectomy and balloon Eustachian tuboplasty on symptoms related to 
Eustachian tube dysfunction.
Methods: This comparative case-control study prospectively enrolled 50 patients who underwent balloon Eustachian tuboplasty with inferior 
turbinectomy between September 2020 and March 2021. Retrospectively, an additional 50 patients who underwent balloon Eustachian tubo-
plasty without inferior turbinectomy between June 2019 and August 2020 were enrolled as the control group after frequency-matching by age 
and sex. The Eustachian Tube Dysfunction Questionnaire-7 and the nasal obstruction symptom evaluation scores were compared between the 
2 groups.
Results: The Eustachian Tube Dysfunction Questionnaire-7 scores significantly differed between patients who underwent a balloon Eustachian 
tuboplasty with inferior turbinectomy and those who underwent a balloon Eustachian tuboplasty without inferior turbinectomy (preoperative: 
24.9 ± 5.91 vs. 25.3 ± 6.91 (P = .79); postoperative: 13.7 ± 4.75 vs. 17.2 ± 5.71 (P = .02)). The nasal obstruction symptom evaluation scores also 
significantly differed between patients who underwent a balloon Eustachian tuboplasty with inferior turbinectomy and those who underwent 
a balloon Eustachian tuboplasty without inferior turbinectomy (preoperative: 74 ± 13.45 vs. 77 ± 14.29, (P = .26); postoperative: 25.9 ± 4.7 vs. 
75.9 ± 8.7 (P < .0001)).
Conclusion: Concurrent balloon Eustachian tuboplasty with inferior turbinectomy is safe and can improve subjective Eustachian tube func-
tion in patients with nasal obstruction and Eustachian tube dysfunction. Moreover, it may be an optional technique for surgeons to ameliorate 
Eustachian tube dysfunction.
Keywords: Balloon Eustachian tuboplasty, inferior turbinectomy, obstructive Eustachian tube dysfunction, nasal obstruction, Eustachian Tube 
Dysfunction Questionnaire-7

Introduction

Eustachian tube dysfunction (ETD) is caused by mucosal 
inflammation and edema in the Eustachian tube lumen; these 
impair ventilation and clearance of the middle ear1,2 and cause 
mucosal infla​mmati​on-as​socia​ted conditions, such as aller-
gic rhinitis3 and chronic rhinosinusitis.4 In a previous study, 
80  adults were classified into the inferior turbinate enlarge-
ment group and the healthy control group. Compared to the 
control group, the inferior turbinate enlargement group had 

severe ETD symptoms, including aural fullness (Eustachian 
Tube Dysfunction Questionnaire-7 (ETDQ-7) score; 2 vs. 
1 point, P < .001), tinnitus (2 vs. 1 point, P < .05), and hearing 
impairment (2 vs. 1 point, P < .01).5 Current evidence supports 
an association between allergic rhinitis and ETD.6 Intranasal 
corticosteroids comprise the first-line treatment for rhini-
tis. When inferior turbinate enlargement persists even after 
3 months of medical treatment, an inferior turbinectomy is 
indicated.7,8 Balloon Eustachian tuboplasty (BET) dilates the 
cartilaginous part of the Eustachian tube, thereby improving 
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clearance and ventilation of the middle ear; therefore, it is an 
effective procedure for obstructive ETD.9,10 A previous study 
indicated that volume reduction surgery for patients with nasal 
obstruction and ear symptoms effectively decreased the nasal 
obstruction11 but did not improve the ear symptoms.12 Other 
procedures are needed to treat such symptoms. Inferior tur-
binectomy with BET for nasal obstruction and ear symptoms 
has not been reported previously; therefore, this study evalu-
ated the effects of concurrent inferior turbinectomy and BET 
on ETD-related symptoms.

Methods

Ethical Considerations
The current study (REC110-16) was approved by Taichung Tzu 
Chi research ethics committee and was conducted in accor-
dance with the Declaration of Helsinki. Written informed con-
sent was obtained from all prospectively enrolled patients.

Experimental Design
This study included 100 patients who were categorized into 
2 treatment groups. Fifty patients were prospectively enrolled 
to undergo BET with inferior turbinectomy between September 
2020 and March 2021 (the BET with inferior turbinectomy 
group). Fifty controls, including patients who underwent BET 
without inferior turbinectomy, were frequency-matched by 
age and sex and retrospectively enrolled between June 2019 
and August 2020 (the BET without inferior turbinectomy 
group).

Inclusion Criteria
The inclusion criteria were as follows: enlargement of the 
inferior turbinates observed during nasal endoscopy (grade 4 
(inferior turbinate classification system); inferior turbinate 
occupying 76%-100% of the total airway space)13 and severe 
(range, 55-75) or extreme (range, 80-100) nasal obstruction 
symptom evaluation (NOSE) scores14; no improvement after a 
3-month trial of appropriate treatment with topical cortico-
steroids; poor or moderate modified inflation–deflation test 
results15,16; ETDQ-7 (validated Taiwanese version) scores higher 
than 14 points17; and symptoms lasting for at least 3 months.

Exclusion Criteria
Participants were excluded for any of the following reasons: 
history of nasal surgery (including adenotomy), ear surgery, 
or malignancy; congenital ear or nasal anomalies; acute otitis 
media, chronic refractory rhinosinusitis, or sino-nasal tumors; 
recent use of ototoxic medication; and pregnancy.

Modified Inflation–Deflation Test
Patients were asked to fit a probe in the external auditory canal 
and swallow 3 times with the mouth and nose closed while a 
pressure of >400 daPa was applied. The residual negative 
pressure at the end of each swallow was recorded. Poor results 
were defined as no change in the pressure or residual pressure 
exceeding 10 daPa after swallowing.16,18

Rhinomanometry
Rhinomanometry (SRE 2000 Rhinometer; RhinoMetrics, 
Lynge, Denmark) was performed to measure nasal airflow and 
nasal airway resistance. The evaluation was performed using 
a fixed pressure of 150 Pa, as established by the European 
Rhinomanometry Standardization Committee in 1984. Nasal 
resistance values were calculated according to Ohm’s law.19

Surgical Techniques
All patients were scheduled to undergo BET followed by nasal 
surgery (both under general anesthesia). A balloon cath-
eter with a length and width of 20 and 3 mm, respectively, 
was placed endoscopically in the cartilaginous part of the 
Eustachian tube through the nasal cavity. After insertion was 
confirmed, the balloon was inflated with distilled water to 
achieve a pressure of 10 bar (equal to 1000 kPa), which was 
maintained for 2 minutes (Figure 1A and B).

Inferior turbinectomy, including treatment with cotton pads 
soaked with lidocaine-Bosmin, was performed for intranasal 
anesthesia and shrinkage. Both turbinates were infiltrated 
with the same medication. Submucosal turbinectomy was 
performed along the lateral end of the inferior turbinate. The 
mucoperiosteum was separated via blunt dissection along the 
superior surface of the inferior chonca and elevated by gauze; 
therefore, a part of the inferior turbinate was excised smoothly. 
The flap was returned to the original site to cover the raw sur-
face. Subsequently, 2 pieces of NasoPore were packed in the 
bilateral nasal cavities (Figure 1C and D).

Postoperative Care Protocol
All patients were discharged on postoperative day 3. They 
were prescribed oral systemic antihistamines for 7 days. 
Furthermore, they were instructed to perform normal saline 
nasal irrigation and the Valsalva maneuver twice daily from 
postoperative day 7; no further topical corticosteroids were 
prescribed. Patients from the BET with inferior turbinectomy 
group visited our outpatient department for crust removal 
once per week for 1 month.

Data Collection and Statistical Analyses
The patients’ demographic data, including age, sex, tympanic 
membrane status, NOSE scores, modified inflation–deflation 
test scores, ETDQ-7 scores, Eustachian tube mucosa inflam-
mation scores, and positive Valsalva maneuver results, were 
obtained before and 6 months after the surgery. All patients 
were followed up for at least 6 months (Table 1).

Statistical analyses were performed using Statistical Package 
for the Social Sciences (SPSS) version 22 (SPSS Corp, Armonk, 
NY, USA). Data are expressed as mean (±standard deviation 
(SD)) or percentage. The chi-square test was performed to 
compare categorical data. The Mann–Whitney U-test was per-
formed to compare nonparametric variables, and statistical 
significance was set at P < .05.

Main Points

•	 Many patients with chronic nasal obstruction present with 
Eustachian tube dysfunction.

•	 Inferior turbinectomy only resolves nasal obstruction; it does 
not ameliorate Eustachian tube dysfunction.

•	 Compared to balloon Eustachian tuboplasty alone, concur-
rent balloon Eustachian tuboplasty with inferior turbinec-
tomy significantly improves Eustachian tube dysfunction 
symptoms in patients with chronic nasal obstruction and 
obstructive Eustachian tube dysfunction.
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Results

No complications were noted after the procedures in both the 
BET with and without inferior turbinectomy groups.

Tympanogram
In the BET with inferior turbinectomy group, abnormal tympa-
nometry curves were observed in 10 patients (type B: 9, type C: 
1) preoperatively and in 8 patients (all type B) postoperatively. 

In the BET without inferior turbinectomy group, abnormal 
tympanometry curves were observed in 9 patients (type B: 5, 
type C: 4) preoperatively and in 3 patients (type B: 2, type C: 1) 
postoperatively (Table 2). Differences between the 2 groups 
were not statistically significant in either period.

Modified Inflation–Deflation Test
In the BET with inferior turbinectomy group, abnormal modi-
fied inflation–deflation test results were observed for all 

Figure 1.  Preoperative and postoperative images. (A) Narrow Eustachian tube orifice (preoperative). (B) Wide Eustachian tube orifice 
(postoperative). (C) Enlarged inferior turbinate (preoperative). (D) Shrinkage of the inferior turbinate (postoperative).

Table 1.  Demographic and Baseline Characteristics of Patients
Variables BET + IT (n = 50) BET Only (n = 50) P
Sex, male:female 21:29 21:29 1
Age 48.2 ± 12.5 47.6 ± 14.5 .9
Eustachian tube function
  Tympanogram A 40 (80%) 41 (82%)

B 9 (18%) 5 (10%)
C 1 (2%) 4 (8%) .70

  Modified inflation–deflation test results Good 0 (0%) 0 (0%)
Fair 18 (36%) 22 (44%)
Poor 32 (64%) 28 (56%) .54

  ETDQ-7 score 24.9 ± 5.91 25.3 ± 6.91 .79
  Patients with positive Valsalva maneuver results 18 (36%) 21 (42%) .68
  Eustachian tube mucosa inflammation scale score 2.74 ± 0.77 2.66 ± 0.77 .60
Rhinitis
  NOSE score 74 ± 13.45 77 ± 14.29 .26
  Total nasal resistance 0.32 ± 0.14 0.35 ± 0.16 .320
  Total nasal flow 520.35 ± 140.8 532.57 ± 150.75 .676
The chi-square test was performed for categorical variables. The Mann–Whitney U-test was performed for continuous variables.
BET, balloon Eustachian tuboplasty; ETDQ-7, Eustachian Tube Dysfunction Questionnaire-7; IT, inferior turbinectomy; NOSE, nasal obstruction symptom evaluation.
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patients (50 patients) preoperatively and for 30% of the 
patients (15  patients) postoperatively. In contrast, in the 
BET without inferior turbinectomy group, normal modified 
inflation–deflation test results were observed for all patients 
(50 patients) preoperatively and for 32% of the patients 
(16 patients) postoperatively. The difference was not statisti-
cally significant between the 2 groups for either period.

Eustachian Tube Dysfunction Questionnaire-7 Scores
In the BET with inferior turbinectomy group, the mean 
ETDQ-7 scores were 24.9 (SD, ±5.91) preoperatively and 13.7 
(SD,  ±4.75) postoperatively. In contrast, in the BET without 
inferior turbinectomy group, the mean ETDQ-7 scores were 
25.3 (SD, ±6.91) preoperatively and 17.2 (SD, ±5.71) postop-
eratively. The difference in the postoperative results was sta-
tistically significant (P = .02; Figure 2).

Positive Valsalva Maneuver
Overall, 54% (27/50) and 56% (28/50) of patients in the BET 
with and without inferior turbinectomy groups, respectively, 
achieved positive Valsalva maneuver results postoperatively. 
These differences were not statistically significant.

Eustachian Tube Mucosa Inflammation Scale Scores
There were no significant differences in the preoperative and 
postoperative Eustachian tube mucosal inflammation scale 
scores between the BET with and without inferior turbinectomy 
groups (preoperative: 2.74 (SD, ±0.77) vs. 2.66 (SD,  ±0.77); 
postoperative: 1.98 (SD, ±0.74) vs. 2.00 (SD, ±0.57)).

Nasal Obstruction Symptom Evaluation Scores
In the BET with inferior turbinectomy group, the mean NOSE 
scores were 74 (SD, ±13.45) preoperatively and 25.9 (SD, ±4.7) 
postoperatively. In the BET without inferior turbinectomy 
group, the mean NOSE scores were 77 (SD, ±14.29) preop-
eratively and 75.9 (SD, ±8.7) postoperatively. The differences 

between the 2 groups were statistically significant (P < .0001; 
Figure 3).

Total Nasal Resistance and Total Nasal Flow
Postoperatively, the nasal resistance was lower in the BET 
with inferior turbinectomy group than in the BET without 
inferior turbinectomy group (0.24 (SD, ± 0.08) vs. 0.33 (SD, 
± 0.12) Pa/cm3/s; P < .0001). Furthermore, the nasal flow was 
also better in the BET with inferior turbinectomy group than 
in the BET without inferior turbinectomy group (671.12 (SD, 
± 170.60) vs. 522 (SD, ±125 cm3/sec); P < .0001).

Table 2.  Results at 6 Months Postoperatively
Variables BET + IT (n = 50) BET Only (n = 50) P

Eustachian tube function

  Tympanogram A 42 (84%) 47 (94%)

B 8 (16%) 2 (4%)

C 0 (0%) 1 (2%) .26

  Modified inflation–deflation test results Good 35 (70%) 34 (68%)

Fair 12 (24%) 9 (18%)

Poor 3 (6%) 7 (14%) .45

  ETDQ-7 score 13.7 ± 4.75 17.2 ± 5.71 .02

  Patients with positive Valsalva maneuver results 27 (54%) 28 (56%) 1

  Eustachian tube mucosa inflammation scale score 1.98 ± 0.74 2.00 ± 0.57 .88

Rhinitis

  NOSE score 25.9 ± 4.7 75.9 ± 8.7 <.001

  Total nasal resistance 0.24 ± 0.08 0.33 ± 0.12 <.001

  Total nasal flow 671.12 ± 170.60 522 ± 125 <.001
The chi-square test was performed for categorical variables. The Mann–Whitney U-test was performed for continuous variables.
BET, balloon Eustachian tuboplasty; ETDQ-7, Eustachian Tube Dysfunction Questionnaire-7; IT, inferior turbinectomy; NOSE, nasal obstruction symptom evaluation.

Figure 2.  Preoperative and postoperative ETDQ-7 scores. The 
ETDQ-7 scores are compared between the BET with and without 
inferior turbinectomy groups (preoperative: 24.9 ± 5.91 vs. 25.3 ± 
6.91 (P = .79); postoperative: 13.7 ± 4.75 vs. 17.2 ± 5.71 (P = .02)). 
BET, balloon Eustachian tuboplasty; ETDQ-7, Eustachian Tube 
Dysfunction Questionnaire-7; IT, inferior turbinectomy.
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Discussion

Relationship Among the Eustachian Tube, Middle Ear, and 
Nasal Cavity
Previous studies indicated a relationship among the Eustachian 
tube, middle ear, and nasal cavity.20-22 Nasal obstruction can 
lead to an increased negative pressure in the nasopharynx, 
resulting in decreased Eustachian tube patency, ciliary epi-
thelium function disturbance, and Eustachian tube obstruc-
tion; these consequently increase the negative pressure in the 
middle ear cavity.20,23

Inferior Turbinate Enlargement Treatment and Inferior 
Turbinate Surgery
Enlargement of unilateral and bilateral inferior turbinate 
enlargement is associated with septal deviation and allergic 
or nonallergic rhinitis, respectively.5 Inferior turbinate enlarge-
ment can lead to nasal obstruction, which can be treated 
with decongestants,24,25 oral antihistamines, and inferior tur-
binoplasty. However, none of these treatments improve the 
Eustachian tube ventilatory function.5

Surgical reduction of the inferior turbinate can be classified 
into the following 2 types: non-mucosal-sparing (turbinec-
tomy) and mucosal-sparing (turbinoplasty).26 Turbinectomy 
can be achieved through submucosal resection, laser cautery, 
electrocautery, and cryotherapy. Passali et al27 performed a trial 
on 457 patients, wherein turbinectomy outcomes were com-
pared among the laser cautery, electrocautery, cryotherapy, 
and submucosal resection with/without lateral displacement 
approaches over a 6-year follow-up. Only submucosal resec-
tion with/without lateral displacement achieved the optimal 
long-term restoration of mucociliary clearance and normaliza-
tion of nasal patency. Thus, we used the submucosal resection 
technique in this study.

Compared to the BET without inferior turbinectomy group, 
the BET with inferior turbinectomy group showed a low 

nasal resistance and a good nasal flow postoperatively. This 
is because without inferior turbinectomy, the nasal resis-
tance and the nasal flow were almost similar preoperatively 
in the BET without inferior turbinectomy group. Passali et al27 
reported that submucosal resection with/without lateral dis-
placement achieved a lower nasal resistance and better nasal 
flow as compared to turbinectomy, laser cautery, electrocau-
tery, and cryotherapy. A prospective, randomized, single-blind 
clinical trial compared radiofrequency inferior turbinoplasty 
and submucosal resection with a microdebrider; no significant 
differences in nasal resistance were observed between the 
2 procedures.28

In this study, the preoperative and postoperative mean NOSE 
scores in the BET with inferior turbinectomy group were 
74  (SD, ±13.45) and 25.9 (SD, ±4.7), respectively. Omura 
et al29 studied 18 consecutive patients who underwent infe-
rior turbinectomy and observed preoperative and postop-
erative mean NOSE scores of 67.8 (SD, ±14.8) and 16.1 (SD, 
±13.0), respectively (P = .0002). Furthermore, a systematic 
review on surgery for alleviating nasal obstruction indicated 
weighted average NOSE scores of 65 (SD, ±22) preoperatively 
and 23 (SD, ±20) postoperatively.30 Instead of the sino-nasal 
outcome test (SNOT-22) scores, we used the NOSE scores 
and the ETDQ-7 scores to evaluate elevated nasal and ear 
symptoms separately. This is because SNOT-22 comprises 
questions on the nasal, ear, and sleeping symptoms caused by 
sino-nasal problems. Conversely, NOSE comprises questions 
on the nasal and sleeping symptoms caused by nasal obstruc-
tion, while ETDQ-7 comprises questions on the elevated ear 
symptoms caused by ETD. 

Eustachian Tube Function and Eustachian Tube 
Dysfunction Subjective Severity
In this study, tympanometry was the main examination 
method used to detect possible dilatory ETD. It was observed 
that the differences between the 2 groups preoperatively and 
postoperatively were not statistically significant. Harju et al12 
consecutively blinded and randomized 72 adult patients with 
enlarged inferior turbinates who underwent an inferior turbi-
nate surgery; they observed no statistically significant differ-
ences in the tympanometry findings.

Furthermore, the abnormal modified inflation–deflation test 
results, positive Valsalva maneuver results, and Eustachian 
tube mucosal inflammation scale scores did not differ signifi-
cantly between the 2 groups in this study.

In the study by McCoul et  al.31 the ETDQ-7 score could 
discriminate between patients with and without ETD. 
Furthermore, the mean total ETDQ-7 score for the ETD 
group was 28 (SD, ±7.7). A study performed in Taiwan by Lin 
et al17 indicated that the mean total ETDQ-7 score for the 
ETD group was 26.97 (SD, ±7.7). However, a study by Harju 
et al5 indicated that 45%, 33%, and 22% of their patients 
had preoperative mean total ETDQ-7 scores of 7.0-13.9, 
14-20.9, and ≥21, respectively. In this study, the mean pre-
operative ETDQ-7 scores were 24.9 (SD, ±5.91) and 25.3 
(SD, ±6.91) in the BET with and without inferior turbinec-
tomy groups, respectively. The severity of ETD was similar to 
that reported previously.

Figure 3.  Preoperative and postoperative NOSE scores. The NOSE 
scores are compared between the BET with and without inferior 
turbinectomy groups (preoperative: 74 ± 13.45 vs. 77 ± 14.29 
(P = .26); postoperative: 25.9 ± 4.7 vs. 75.9 ± 8.7 (P < .001)). 
BET, balloon Eustachian tuboplasty; IT, inferior turbinectomy; 
NOSE, nasal obstruction symptom evaluation.
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Outcome Measures of Balloon Eustachian Tuboplasty
There is no consensus on the optimal outcome measures of 
BET, and different studies have used different parameters. 
A systematic review32 revealed normal objective postopera-
tive outcomes (type A) using tympanometry in 36%-97% of 
patients; in our study, type A curves were noted in 84% and 
94% of patients in the BET with and without inferior turbi-
nectomy groups, respectively. The systematic review revealed 
positive postoperative Valsalva maneuver results in 36%-96% 
of patients; in our study, these were noted in 54% and 56% 
of patients in the BET with and without inferior turbinectomy 
groups, respectively. The subjective outcome of the ETDQ-7 
score was a cutoff of <14.525 or a significant change in the 
ETDQ-7 score.33 In our study, there was a significant difference 
between the preoperative and postoperative ETDQ-7 scores in 
both groups. 

Balloon Eustachian Tuboplasty and Inferior Turbinectomy
In this study, the postoperative ETDQ-7 score was better 
in the BET with inferior turbinectomy group than in the 
BET without inferior turbinectomy group (13.7 ± 4.75 vs. 
17.2 ± 5.71; P = .02). This finding supports the idea that infe-
rior turbinectomy can resolve nasal obstruction, increase 
nasal cavity airflow, and increase negative pressure in the 
nasopharynx. Balloon Eustachian tuboplasty can open 
the  nasopharyngeal Eustachian tube orifice, increase air-
flow to the middle ear, and improve the ventilation func-
tion. The combination of BET and inferior turbinectomy had 
a synergistic effect that resolved chronic nasal obstruction 
and obstructive ETD.

A systematic literature review of 14 articles revealed that the 
major side effect of BET and inferior turbinectomy was a failed 
BET (0.3%). The minor side effect was emphysema (0.3%), 
which was self-resolved in all cases.34 However, no such 
side effects were noted in this study. A systematic review of 
58 articles revealed that side effects of inferior turbinectomy 
comprised crusting (12.3%), bleeding (10%), infections (4%), 
and synechiae (6.7%).35 Based on our postoperative protocol, 
we removed the crust once per week for 1 month, and no other 
side effects were noted.

Limitations
There were some limitations to this study. First, this was a 
case-control study. The groups involved were matched only by 
age and sex, which may have resulted in bias. Thus, double-
blind, randomized, controlled trials should be conducted in the 
future. Second, all patients were followed up at 1 and 6 months 
after the surgery; thus, the long-term fluctuations in ETD and 
nasal obstruction were not recorded. Hence, further studies 
should evaluate these factors for a longer period.

Conclusion

Compared to patients with chronic nasal obstruction and 
obstructive ETD who underwent BET without inferior turbi-
nectomy, patients who underwent concurrent BET with infe-
rior turbinectomy had similar postoperative tympanometry 
findings, Eustachian tube function test results, and positive 
Valsalva maneuver results and better postoperative ETDQ-7 
scores. Further, inferior turbinectomy combined with BET 
can increase nasal cavity airflow and negative pressure in the 

nasopharynx, as well as improve the middle ear ventilation 
function, leading to improved BET outcomes.

Additionally, it is safe and effective for ENT surgeons to 
combine BET with inferior turbinectomy in order to treat 
patients with both chronic nasal obstruction and obstruc-
tive ETD. To the best of our knowledge, this is the first 
study on concurrent inferior turbinectomy and BET for  
ETD-related symptoms.
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