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Background: Patients with chronic rhinosinusitis (CRS) often have Eustachian tube dysfunction (ETD) symptoms. This study aimed

to prospectively investigate the effect of endoscopic sinus surgery (ESS) on improvement of Eustachian tube function in CRS

patients with ETD from a Chinese population and determine factors associated with improvement.

Methods: A prospective study was performed in CRS patients with ETD who underwent ESS from 3 tertiary medical centers in

south China. The Eustachian tube Dysfunction Questionnaire 7 (ETDQ-7), Sinonasal Outcome Test 22 (SNOT-22), tympanograms,

endoscopic findings and Valsalva maneuver were recorded and analyzed preoperatively and postoperatively at 8-12 weeks.

Results: A total of 70 CRS patients with ETD were included in this study. The ETDQ-7 score and the ability of positive Valsalva

maneuver in CRS patients were significantly improved postoperatively at 8-12 weeks. The number of patients with type A tympa-

nogram was increased postoperatively. Reduced Eustachian tube mucosal inflammation was also observed postoperatively. In

addition, ESS appeared to reverse slight tympanic membrane atelectasis after 8-12 weeks. Moreover, improvement in tympano-

gram was presented in more than half of CRS patients with concomitant otitis media with effusion postoperatively at 8-12 weeks.

Univariate and multivariate analysis revealed failure of normalization of ETDQ-7 postoperatively was associated with concomitant

allergic rhinitis and higher preoperative SNOT-22 score.

Conclusions: This study confirms Eustachian tube function is often improved after ESS in CRS patients with ETD. Concomitant

allergic rhinitis and higher preoperative SNOT-22 score are associated with failure of normalization of ETD symptom:s.
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Introduction

Eustachian tube dysfunction (ETD) is one of the most common
ear diseases with a prevalence of around 1% in adults 2. The
major symptoms of ETD include ear pressure, aural fullness,
hearing loss, otalgia, and tinnitus, which significantly impacts
quality of life. Although the pathogenesis of ETD is not fully
elucidated, the co-occurrence of ETD and chronic rhinosinu-
sitis (CRS) has been well documented, suggesting these two
disorders potentially have shared mechanism ©. This view was

further strengthened by recent research demonstrating that
ETD symptoms were often improved after endoscopic sinus
surgery (ESS) €. However, diagnosis of ETD in these studies
was only based on a score of the Eustachian tube Dysfunction
Questionnaire 7 (ETDQ-7), a valid patient-reported instrument
19 Notably, a high score of ETDQ-7 may be also presented in
non-middle ear diseases, such as endolymphatic hydrops and
temporomandibular joint dysfunction © "2 Thus, patients with
these disorders might be misdiagnosed as ETD in the previous



studies. Moreover, the effect of ESS on Eustachian tube mucosal
inflammation and tympanic membrane morphology has not
been mentioned ever.

This study aimed to determine whether ESS have a substantial
impact on improvement of Eustachian tube function in CRS
patients with ETD by relatively rigorous definition. Besides, the
change of Eustachian tube mucosal inflammation and tympanic
membrane morphology after ESS was evaluated. We also sought
to investigate factors associated with improvement of Eusta-
chian tube function.

Materials and methods

Patient selection and data collection

A prospective study was performed at 3 tertiary medical centers,
including 2 hospital campuses (the North Hospital and the
South Hospital) of Sun Yat-sen memorial Hospital of Sun Yat-sen
University and Dazhu County People’s Hospital from Decem-
ber 2019 to December 2020. Consecutive CRS patients over 17
years old who were admitted for ESS were initially assessed and
those who met criteria for diagnosis of ETD were recruited in the
present study. CRS were diagnosed based on clinical symptoms,
nasal endoscopy and sinus computed tomography (CT) scan.
Allincluded patients were refractory to conservative treatment
(topical and oral steroids, oral antibiotics, and nasal irrigation)
for at least 12 weeks. ETD was strictly diagnosed based on a
combination of patient-reported symptoms (ETDQ-7 score)

and objective tests, including tympanogram and tubomano-
metry (TMM) (13). In the present study, patients met one of the
following two criteria were considered to have ETD: 1) ETDQ-7
score = 14.5 plus abnormal tympanogram (type B or type C)(14);
2) ETDQ-7 score > 14.5 plus Eustachian tube score (ETS) <5 in
presence of type A tympanogram. ETS contains 3 TMM results
and 2 subjective estimations regarding the ability to perform
positive Valsalva and Toynbee maneuver, which is a valid and
reliable instrument for evaluation of ETD 9, Positive Valsalva
and Toynbee maneuver were defined as hearing clicking sound
when forcibly exhaling or swallowing with the nose and mouth
occluded. Patients were excluded if they had diseases which
would confound ETD symptoms, including Meniere’s disease,
low-frequency sensorineural hearing loss, patulous Eustachian
tube, chronic suppurative otitis media, acute upper respiratory
infection and temporomandibular joint dysfunction.

All patients underwent a complete history and routine physical
examination, and sinus CT scan preoperatively. Otoscopy, nasal
endoscopy, tympanometry, TMM, ETDQ-7, Sinonasal Outcome
Test 22 (SNOT-22) and positive Valsalva maneuver were recor-
ded preoperatively and postoperatively at 8-12 weeks. Eusta-
chian tube mucosal inflammation was graded as normal, mild,
moderate, and severe based on nasal endoscopy findings as
previously reported (Supplementary Figure 1) ¥]. All patients
were asked to continue medical therapy such as glucocorticoids
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Table 1. Baseline patient characteristics.

Characteristics

% (N) or Mean + SD

or Median

561

Age (years)

Sex (male)

Course of disease (years)
Side(left)

Nasal polyposis

Nasal septal deviation

Allergic rhinitis

OSAHS

Asthma

Laryngopharyngeal reflux
Nasal surgery history

Topical nasal steroids therapy history
Smoking

Alcohol

Lund-Kennedy score
Lund-Mackay CT score
SNOT-22 score

VAS score of nasal obstruction
ETDQ-7 score

ETS score

Peripheral blood eosinophils percentage
Eosinophils CRS

IgE (IU/mL)

Inspiratory resistance (kPa-s)/L
Exhalation resistance (kPa-s)/ L
Positive Valsalva maneuver
Tympanogram type

Type A

Type B

Type C

Retracted tympanic membrane
Normal

Class |

Class Il

Class Il

Eustachian tube mucosal inflammation
Normal

Mild

Moderate

Severe

45.31+15.70
77.1% (54/70)
3.00

45.7% (32/70)
72.9% (51/70)
34.3% (24/70)
35.7% (25/70)
10.0% (7/70)
4.3% (3/70)
10.0% (7/70)
24.3% (17/70)
55.7% (39/70)
10.0% (7/70)
4.3% (3/70)
5.09+1.24
7.69 +297
30.04 +7.67
7.39+247
20.13+6.18
3.15+1.75
2.35

30.2% (16/53)
197.60 = 318.79
0.232 £ 0.302
0.312 £ 0.654
14.3% (60/70)

64.3% (45/70)
17.1% (12/70)
18.6% (13/70)

38.6% (27/70)
47.1% (33/70)
11.4% (8/70)
2.9% (2/70)

14.3% (10/70)
44.3% (31/70)
31.4% (22/70)
10.0% (7/70)

CRS: chronic rhinosinusitis; ETD: Eustachian tube dysfunction; OSAHS:

obstructive sleep apnea-hypopnea syndrome; CT: computed tomog-

raphy of the paranasal sinuses; SNOT-22: Sinonasal Outcome Test 22;

VAS: visual analogue scale; ETDQ-7: Eustachian Tube Dysfunction

Questionnaire-7; ETS: Eustachian tube score.
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Figure 1. ETDQ-7 score preoperatively and after endoscopic sinus
surgery. Data was presented as individual points. ** P < 0.01. N = 70.
ETDQ-7: Eustachian Tube Dysfunction Questionnaire-7; op: operation;

wk: week.

sprays and saline irrigation following ESS. All surgical procedu-
res were conducted by one of the senior authors (H.D., Q.C,, Z.C,,
and H.Z.). Improvement of Eustachian tube function was defined
as a reduction in ETDQ-7 score by greater than 3.5, the minimal
clinically important difference (MICD) (8, 9). ETDQ-7 score < 14.5
was considered normalization of ETD symptoms. This research
protocol was approved by the ethical review board of Sun Yat-
sen memorial Hospital of Sun Yat-sen University (Ethics approval
number: SYSEC-KY-KS-2020-109).

Statistical analysis

The results were analyzed by SPSS 25.0. (Chicago, IL, USA). T
test was used to compare means. Chi square test was utilized

to compare categorical variables. All significant variables were
placed in a multiple logistic regression model with P < 0.15
being placed in a backward stepwise regression model. P < 0.05
was considered to be statistically significant. The nomogram
model was developed by R programming language (Version
4.0.0) and the area under the curve (AUC) was calculated.

Results

Data were initially collected on 254 patients, with 84 (33%) pa-
tients met criteria for diagnosis of ETD. Fourteen patients were
lost to follow-up. Finally, 70 patients were included in this study
and the baseline characteristics were shown in Table 1.
Consistent with previous studies, ETDQ-7 score in CRS patients
with ETD statistically decreased exceeding the MCID postopera-
tively at 8-12 weeks (20.13 + 6.18 VS 8.63 + 3.62, P = 0.002, Figu-
re 1). In addition, 85.7% of patients reached a normalization of
ETDQ-7 score at this follow-up time point, which indicated they
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Figure 2. Tympanogram preoperatively and after endoscopic sinus sur-
gery. * P <0.05. N =70. ns: no statistically significant; op: operation; wk:

week.

were totally free of ETD symptoms. Meanwhile, the proportion
of positive Valsalva maneuver increased remarkably from 14.3%
preoperatively to 75.7% at 8-12 weeks (P < 0.001, Supplementa-
ry Figure 2). Improvement in tympanogram was associated with
reduced ETDQ-7 score. Type A tympanogram was presented in
64.3% of patients preoperatively, which increased to 80.0% at
8-12 weeks postoperatively (P < 0.05, Figure 2). Furthermore,
long-term improvement of ETDQ-7 score (Supplementary Figure
3), positive Valsalva maneuver (Supplementary Figure 4A) and
tympanogram (Supplementary Figure 4B) were observed in 33
patients who were followed up for 24-36 weeks.

Otitis media with effusion (OME) is the most common sequela
of persist ETD. In the present study, 12 patients were diagnosed
with OME based on otoscopic finding and tympanogram. Our
results revealed that ETDQ-7 score of these patients significantly
reduced at 8-12 weeks postoperatively (P < 0.001, Supplemen-
tary Figure 5A). Meanwhile, 58.3% of type B tympanogram
preoperatively changed to type A or type C after ESS (P < 0.05,
Supplementary Figure 5B). These results suggested that at least
a certain subset of CRS patients with OME could benefit from
ESS alone.

Reduced ETD symptoms are correlated with improvement of
Eustachian tube mucosal inflammation “4. The rate of non-in-
flammatory Eustachian tube mucosa was 14.3% preoperatively
and increased to 42.9% at 8-12 weeks, while moderate inflam-
mation was attenuated (31.4% VS 12.9%, P < 0.05, Figure 3A).
These findings indicated ESS is capable to ameliorate Eustachian
tube mucosal inflammation.

The morphology of tympanic membrane reflects, at least partly,
the pressure of middle ear "”. In the present study, normal tym-
panic membrane was presented in 38.6% of patients and others
showed atelectasis to some extent according to the classificati-
on criteria of middle ear atelectasis '®. After ESS, the proportion
of normal tympanic membrane significantly increased to 68.4%
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Figure 3. Eustachian tube mucosal inflammation and tympanic membrane morphology preoperatively and after endoscopic sinus surgery. (A)

Normal, mild, moderate, and severe Eustachian tube mucosal inflammation. (B) Normal, class 1, class 2, and class 3 tympanic membrane atelectasis. *

P < 0.05.N =70. ns: no statistically significant; op: operation; wk: week.

(P < 0.05, Figure 3B). The rate of slight (Class 1) tympanic mem-
brane atelectasis showed a tendency of reduction, however the
difference did not reach statistical significance. Our data demon-
strate ESS has a positive role in improvement of morphology of
tympanic membrane.

According to ETDQ-7 normalization standard, 53 patients were
divided into ETDQ-7 normalization group and non-normalizati-
on group after ESS. Through univariate analysis, allergic rhinitis
was determined to be associated with failure of ETDQ-7 normali-
zation postoperatively (OR = 9.579, P = 0.024, Supplementary
Table 1). On multivariate analysis, SNOT-22 > 40 was indepen-
dently associated with failure of ETDQ-7 normalization postope-
ratively (OR=10.951, P =0.047,95% Cl: 1.029-116.535, Table 2).
These results are in line with prior reports €2,

Nomograms are based on multi-factor regression analysis, using
multiple clinical or biological indicators to predict a certain clini-
cal outcome or the probability of a certain clinical event based
on the value of multiple variables. Medical nomograms are often
applied on predicting a clinical outcome of cancers. Here we
used nomogram to establish a model to predict the probability
of ETDQ-7 normalization after ESS. There are three steps to uti-

Table 2. Multivariate binary logistic regression for ETDQ-7 normalization.

P value

Variable

lize it. One is assigning a score to each stage of a certain factor,
and then cumulating the scores to obtain the total score, and
finally the total score for all the variables is matched to a scale of
outcome 9. In our study, ROC curve was used to determine the
cutoff of the probability of ETDQ-7 normalization (Figure 4A).
Probability > 0.6 could predict ETDQ-7 normalization, and the
accuracy was 81.7%, the sensitivity was 95.6% and the specifi-
city was 62.5% (95% Cl: 0.6164-1). In the univariate analysis and
binary logistic regression analysis, preoperative SNOT-22 score
was the most dangerous factor for failure of ETDQ-7 normali-
zation, followed by allergic rhinitis, while nasal septal deviation
and inferior turbinate surgery were not significantly risk factors.
Based on these 4 factors, a nomogram model was established
(Figure 4B).

Discussion

In the current multicenter prospective study, we found the in-
cidence of ETD was 33% in CRS patients who were admitted for
ESS, which is relatively lower than that reported in prior studies
48,920 \We speculated that the discrepancy is most likely due to
the strict criteria for diagnosis of ETD in our study. Nevertheless,

95% Cl

Allergic rhinitis 0.066 8.470 0.867 82.718
SNOT-22 score 0.047 10.951 1.029 116.535
Nasal septal deviation 0.215 3.838 0.458 32.182
Inferior turbinate surgery 0.584 1.794 0.221 14.537

OR: odds ratio; Cl: confidence interval; SNOT-22: Sinonasal Outcome Test 22.
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Figure 4. Nomogram model for ETDQ-7 normalization. (A) The receiver operating characteristic (ROC) curve of the nomogram in the training set.

(B) Nomogram to predict the probability of ETDQ-7 normalization after operation. AUC: area under the curve; SNOT-22: Sinonasal Outcome Test 22;

ETDQ-7: Eustachian Tube Dysfunction Questionnaire-7.

patients with intermittent dilatory ETD or baro-challenge-
induced ETD might be included, which explains the reason why
more than 60% of patients had type A tympanogram at baseline
in the present study "

Our results showed ETDQ-7 score, the ability of positive Valsalva
maneuver, and tympanogram was significantly improved in
most of CRS patients 8-12 weeks after ESS. Moreover, persisted
improvement of ETDQ-7 score was observed postoperatively at
24-36 weeks in up to 50% of patients. These findings are consis-
tent with previous studies ©. Although the correlation between
CRS and ETD remains to be fully elucidated, nasal obstruction
and mucosal inflammation caused by CRS are considered

two major factors leading to ETD ?':22, Removal of irreversible
inflammatory tissues and restore nasal drainage pathway might
contribute to improvement of Eustachian tube function by ESS.
Additionally, we identified for the first time the effect of ESS

on Eustachian tube mucosal inflammation. The number of CRS
patients who exhibited normal mucosal inflammation score

was significantly increased, whereas the proportion of mucosal
inflammation at different degrees reduced postoperatively at
8-12 weeks. The pathophysiology linking of ETD and mucosal
inflammation has been previously reported *2%), Massive sinus
purulent secretions in CRS flows towards the Eustachian tube
orifice adjacent to nasopharynx, causes mucosal inflammation
and edema, and consequently results in obstruction of the Eus-
tachian tube orifice ®¥. The causal relationship between mucosal
inflammation and ETD is also evidenced by the fact that balloon

dilation of the Eustachian tube treats ETD successfully, at least

partly, through reducing Eustachian tube mucosal inflammation
(14, 25)

Long-lasting ETD is supposed to cause several pathologies of
tympanic membrane, including atelectasis and retraction. There
is no report regarding morphologic change of tympanic mem-
brane following ESS previously. Here we demonstrated more
than 60% of CRS patients showed tympanic membrane atelecta-
sis at varying degrees preoperatively. The proportion of normal
morphology of tympanic membrane increased postoperatively
at 8-12 weeks. Further analysis revealed that the majority of re-
covered tympanic membrane came from slight atelectasis, while
ESS failed to reverse more severe atelectasis. The morphology of
tympanic membrane is determined by Eustachian tube function
and middle ear mucosa status. Persistent negative pressure
induced by long-lasting ETD comprises gas exchange function
of middle ear mucosa, both of which would cause loss of the
lamina propria and leads to atrophy of the tympanic membrane
eventually. In such a case, tympanic membrane atelectasis due
to loss of support of the lamina propria will persist even Eusta-
chian tube function has been improved ?%2”, This could explain
why severe tympanic membrane atelectasis cannot be reversed
after ESS in most of cases.

Our study demonstrated that concomitant allergic rhinitis

and higher preoperative SNOT-22 score were negative factors
associated with normalization of ETDQ-7 score after ESS. Ac-
cumulating evidence has supported an association between
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allergic rhinitis and ETD 2829, Moreover, our previous study also
indicates allergic rhinitis patients with severe nasal obstruction
have a high risk of ETD and successful treatment of allergic rhini-
tis by nasal glucocorticoids and oral antihistamines is correlated
with reduced ETD symptoms ©%. Concurrent pharmacological
treatment of allergic rhinitis would facilitate improvement of
Eustachian tube function further in this subset of CRS patients.
Previous studies have demonstrated a strong link between
SNOT-22 and ETDQ-7 normalization © 9, consistent with our
findings, which indicates a high preoperative disease burden
would definitely influence ETD outcome.

This study has several limitations. There is currently no con-
sensus statement on precise diagnosis of ETD. To be noted, a
recent study has revealed that type A tympanogram may be
presented in less severe cases of ETD, suggesting the threshold
for traditionally normal tympanogram should be redefined ©".
Future research needs to update conventional criteria or deve-
lop novel objective tests, which is more sensitive for detection
of ETD. Then, the interpretation and value of our study is limited
by a relatively small numbers of participants and short dura-
tion of follow-up. Therefore, the observed correlation among
CRS, ESS, and ETD needs further verification, which requires
future research with a larger sample size and longer follow-up.
Furthermore, medications such as glucocorticoids and saline
irrigation were used postoperatively, we thereby cannot exclude
the possibility that beneficial effects of these non-surgical
interventions may play a role on improvement of Eustachian
tube function. Lastly, there was no control group (patients who
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the judgement on efficacy of ESS. Thus, a future study including
non-surgical control group would precisely elucidate the crucial
role of ESS in treatment of ETD in CRS patients.

Conclusion

ETD has a high prevalence in CRS patients. ESS not only im-
proves the symptoms of ETD, but also has a positive impact on
Eustachian tube mucosal inflammation and tympanic mem-
brane morphology. Concomitant allergic rhinitis and higher
preoperative SNOT-22 score have negative associations with
normalization of ETD symptoms.
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SUPPLEMENTARY MATERIAL

Supplementary Figure 1. Eustachian tube mucosal inflammation rating scale. (A) Normal. (B) Mild edema or erythema. (C) Moderate inflammation

compromise of dilation. (D) Severe inflammation, inability to dilate lumen open.
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Supplementary Figure 3. ETDQ-7 score preoperatively and after endo-
scopic sinus surgery at 8-12 weeks and 24-36 weeks. Data was presented
as means + SD. *** P < 0.001. N = 33. ETDQ-7: Eustachian tube dysfunc-
tion questionnaire-7; ns: no statistically significant; op: operation; wk:

week.
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Supplementary Figure 4. Positive Valsalva maneuver and tympanogram preoperatively and after endoscopic sinus surgery at 8-12 weeks and 24-36

weeks. *** P < 0.001. N = 33. ns: no statistically significant; op: operation; wk: week.
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Supplementary Figure 5. ETDQ-7 score and tympanogram preoperatively and after endoscopic sinus surgery in CRS patients with OME. ETDQ-7
score (A) and tympanogram (B) at baseline and postoperatively at 8-12 weeks in OME. *P < 0.05, ***P < 0.001. N = 12. OME: otitis media with effusion;

ETDQ-7: Eustachian tube dysfunction questionnaire-7; op: operation; wk: week.

STable 1. Univariate binary logistic regression for ETDQ-7 normalization (N = 53).

Variable % (N) ETDQ-7 normalization Failure of ETDQ-7 nor- P value
malization
Age (years)
> 60 85.7% (6/7) 14.3% (1/7) 0.929 1.000
<60 84.8% (39/46) 14.8% (7/46)
Sex
Male 83.3% (35/42) 16.7% (7/42) 2.000 0.879
Female 90.9% (10/11) 9.1% (1/11)
Course of disease (years)
>5 84.0% (21/25) 16.0% (4/25) 1.143 1.000
<5 85.7% (24/28) 14.3% (4/28)
Nasal polyposis
Yes 87.2% (34/39) 12.8% (5/39) 0.539 0.736
No 78.6% (11/14) 21.4% (3/14)
Nasal septal deviation
Yes 73.3% (11/15) 26.7% (4/15) 3.091 0.139
No 89.5% (34/38) 10.5% (4/38)
Allergic rhinitis
Yes 73.1% (19/26) 26.9% (7/26) 9.579 0.024
No 96.3% (26/27) 3.7% (1/27)
OSAHS
Yes 85.7% (6/7) 14.3% (1/7) 0.929 1.000
No 84.8% (39/46) 15.2% (7/46)
Asthma
Yes 100.0% (3/3) 0(0/3) = 1.000
No 84.0% (42/50) 16.0% (8/50)
Laryngopharyngeal reflux
Yes 100.0% (7/7) 0(0/7) = 0.528
No 82.6% (38/46) 17.4% (8/46)
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Variable % (N) ETDQ-7 normalization Failure of ETDQ-7 nor- P value

Nasal surgery history
Yes

No

85.7% (12/14)
84.6% (33/39)

Topical nasal steroids therapy history

Yes

No
Diabetes

Yes

No
Hypertension

Yes

No
Hyperlipidemia

Yes

No
Alcohol

Yes

No
Smoking

Yes

No

88.2% (15/19)
78.9% (30/34)

75.0% (3/4)
85.7% (42/49)

80.0% (4/5)
85.4% (41/48)

83.3% (10/12)
85.4% (35/41)

100.0% (8/8)
82.2% (37/45)

85.7% (6/7)
84.8% (39/46)

Peripheral blood eosinophils percentage

> 5%

<5%
IgE (IU/mL)

> 100

<100

77.8% (7/9)
86.4% (38/44)

78.9% (15/19)
86.7% (26/30)

Eustachian tube mucosal inflammation

Normal-Mild
Moderate-Severe
Lund-Kennedy score
25
<5
Lund-Mackay CT score
>4
<4
SNOT-22 score
>40
<40
VAS score of nasal obstruction
=7
<7
Inspiratory resistance (kPa-s)/L
>0.6
<0.6

84.2% (16/19)
25.3% (29/34)

90.9% (20/22)
80.6% (25/31)

85.1% (40/47)
83.3% (5/6)

50.0% (3/6)
89.4% (42/47)

84.2% (13/15)
86.7% (32/38)

60.0% (3/5)
87.5% (42/48)

malization

14.3% (2/14)
15.4% (6/39)

11.8% (4/19)
21.1% (4/34)

25.0% (1/4)
14.3% (7/49)

20.0% (1/5)
14.6% (7/48)

16.7% (2/12)
14.6% (6/41)

0(0/8)
17.8% (8/45)

14.3% (1/7)
15.2% (7/46)

22.2% (2/9)
13.6% (6/44)

21.1% (4/19)
13.3% (4/30)

15.8% (3/19)
14.7% (5/34)

9.1% (2/22)
19.4% (6/31)

14.9% (7/47)
16.7 % (1/6)

50.0% (3/6)
10.6% (5/47)

15.8% (2/15)
13.3% (6/38)

40.0% (2/5)
12.5% (6/48)
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0.917

0.500

2.000

1.464

1.167

0.929

1.810

1.733

1.088

0.417

0.875

8.400

1.219

4.667

1.000

0.436

0.491

0.574

1.000

0.448

1.000

0.885

0.694

1.000

0.445

1.000

0.054

1.000

0.159



Variable % (N)

ETDQ-7 normalization

Failure of ETDQ-7 nor-
malization

ESS improves Eustachian tube function

P value

Exhalation resistance (kPa-s)/L

>0.6 83.3% (5/6)
<06 85.1% (40/47)
Uncinate resection
Yes 88.9% (32/36)
No 76.5% (13/17)
Maxillary antrostomy
Yes 86.3% (44/51)
No 50.0% (1/2)
Anterior ethmoidectomy
Yes 84.0% (42/50)
No 100% (3/3)
Posterior ethmoidectomy
Yes 88.6% (31/35)
No 77.8% (14/18)
Frontal sinusotomy
Yes 86.2% (25/29)
No 83.3% (20/24)
Sphenoidotomy
Yes 88.0% (22/25)
No 82.1% (23/28)
Septoplasty
Yes 76.5% (13/17)
No 88.9% (32/36)
Inferior turbinate surgery
Yes 76.9% (20/26)
No 92.6% (25/27)
Middle turbinate resection
Yes 90.9% (10/11)
No 83.3% (35/42)
Topical nasal steroids therapy post-operation
Yes 85.4% (41/48)
No 80.0% (4/5)
Antibiotic therapy over 2-week
Yes 73.3% (11/15)
No 89.5% (34/38)

16.7% (1/6)
14.9% (7/47)

11.1% (4/36)
23.5% (4/17)

13.7% (7/51)
50.0% (1/2)

16.0% (8/50)
0(0/3)

11.4% (4/35)
22.2% (4/18)

13.8% (4/29)
16.7% (4/24)

12.0% (3/25)
17.9% (5/28)

23.5% (4/17)
11.1% (4/36)

23.1% (6/26)
7.4% (2/27)

9.1% (1/11)
16.7% (7/42)

14.6% (7/48)
20.0% (1/5)

26.7% (4/15)
10.5% (4/38)

1.143

0.406

0.159

0.452

0.800

0.627

2462

3.750

0.500

0.683

3.091

1.000

0.443

0.282

1.000

0.526

1.000

0.708

0.443

0.142

0.879

0.574

0.202

OSAHS: obstructive sleep apnea-hypopnea syndrome; CT: computed tomography of the paranasal sinuses; SNOT-22: 22-item sino-nasal outcome

test; VAS: visual analogue scale.
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