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Abstract: The eustachian tube (E-tube) function is known to be related with sinusitis; however, the
effect of endoscopic sinus surgery (ESS) on E-tube function is not clearly documented. This study
aimed to prospectively evaluate the function of the E-tube by using both subjective and objective tests
in adult chronic sinusitis patients undergoing ESS, and to compare with those of the patients without
sinusitis. Thirty adult patients who underwent ESS for treatment of chronic sinusitis and another
thirty patients without sinusitis who underwent other nasal surgeries (septoplasty, rhinoplasty, or
closed reduction) were evaluated and compared for E-tube function before and after three months
of their surgeries. The E-tube function tests included the seven-item eustachian tube dysfunction
questionnaire (ETDQ-7), Valsalva test, and inflation-deflation test that were compared preoperatively
and postoperatively in both groups. Compared with the group without sinusitis, the ESS group
showed significant improvement of E-tube function after surgery in the ETDQ-7 (p = 0.002), right
Valsalva test (p = 0.015), right deflation test (p = 0.005), and left deflation test (p = 0.006). A binary
logistic regression analysis revealed that ESS significantly improved E-tube function in the right
Valsalva test in a univariate (p = 0.021) and multivariate analysis (p = 0.008), and E-tube function in
the left deflation test in a univariate (p = 0.021) and multivariate analysis (p = 0.039). These findings
indicate that E-tube function is significantly improved after ESS in adult sinusitis patients, and that
the presence of sinusitis and implementation of ESS should be considered (if sinusitis is present) in
managing patients with ear diseases that are affected by E-tube function.
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1. Introduction

The paranasal sinuses and nasal cavity are situated proximate with the middle ear,
and connected to it by the eustachian tube (E-tube). So, diseases in these areas can affect
each other, and it is not uncommon to meet patients in clinical practice with diseases in
both nose and ear. Long standing paranasal sinusitis can cause swelling in the area of the
E-tube orifice, which can result in deterioration of the E-tube function and consequently
disease in the middle ear [1]. Direct flow of the postnasal drip in paranasal sinusitis into
the E-tube can give rise to diseases in the E-tube or the middle ear [2,3]. Inflammatory
responses of the mucosa and loss of the mucociliary transport function are also reported as
the underlying pathomechanism of chronic sinusitis that lead to the deterioration of E-tube
function [4,5].

Although E-tube dysfunction is well-known to be related to otologic diseases, the
relationship of E-tube dysfunction with rhinologic diseases has not been reported much in
adult patients compared with that in children. Marino et al. reported that the rhinologic
patients demonstrated an increased burden of E-tube dysfunction symptoms that was
correlated with increased sinonasal symptoms [1]. Stoikes and Dutton reported that E-tube
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dysfunction is common in patients with chronic sinusitis undergoing endoscopic sinus
surgery (ESS), and that the symptoms resolved after the surgery [6]. Nevertheless, the
reported studies on the relationship of sinusitis and E-tube function in adult patients
are not based on the objective measurement of the E-tube function but questionnaires
or analyses of previous studies. While E-tube dysfunction has been recognized as an
important comorbidity associated with chronic sinusitis, a significant relationship between
E-tube dysfunction and chronic sinusitis has clearly not been documented yet [1].

This study aimed to evaluate the E-tube functions of chronic sinusitis patients without
ear symptoms or diseases who underwent ESS. The changes in E-tube function after
treatment of chronic sinusitis were analyzed prospectively and compared with those
without sinusitis. As no E-tube function test has been set yet for a standard diagnostic
method of E-tube dysfunction [7–9], three objective tests using an impedance audiometer
were used together in this study to directly measure the E-tube functions of the patients.
The symptoms of the E-tube dysfunction were also assessed and compared using the
eustachian tube dysfunction questionnaire (ETDQ-7) symptom questionnaire, which has
been reported and acknowledged as a validated tool [2].

2. Materials and Methods
2.1. Subjects

From May 2018 to April 2019, 30 adult patients (older than 20 years of age) with
chronic sinusitis undergoing ESS (ESS group) and 30 adult patients without chronic sinusi-
tis (control group) undergoing other nasal surgeries (septoplasty, rhinoplasty, or closed
reduction in nasal bone fracture) were prospectively recruited from a university hospital
in Korea. All 60 patients had computed tomography scans taken of the paranasal sinuses
before surgery, and the surgeries were performed by one experienced surgeon using similar
techniques for each operation. Chronic sinusitis was diagnosed by the presence of more
than three months of nasal symptoms and physical findings in nasal endoscopy or com-
puted tomography. All the cases in the control group did not indicate symptoms of sinusitis
and had no evidence of sinusitis in computed tomography scans or nasal endoscopy find-
ings. ESS was performed for maxillary, frontal, ethmoid, and sphenoid sinuses according
to the involved sites of sinusitis and polyps evaluated by the computed tomography scans.
Antibiotics (mostly amoxicillin/clavulanic acid) were used for two weeks postoperatively
and topical corticosteroids (mometasone furoate) were used for four weeks postoperatively
in both groups. Exclusion criteria were patients with a previous operation, bleeding dis-
order, craniofacial anomaly, psychological problem, metabolic syndrome, other medical
diseases, drug users, smokers, and heavy alcoholic drinkers (more than 30 g alcohol/day).
Those with otologic diseases including otitis media, tinnitus, hearing loss, those without
an intact tympanic membrane in the ear microscopy, and those without a clear middle ear
or mastoid in computed tomography were also excluded to avoid other causes that can
affect the function of the E-tube. Those who still showed evidence of sinusitis or polyp
at the postoperative three-month follow-up were later excluded so that only those with
completely treated sinusitis could be included in the study. To check the sinus-specific
symptom and quality of life, the 22-item sino-nasal outcome test (SNOT-22) was used [10].
For the evaluation of chronic sinusitis, the Lund–Mackay (LM) computed tomography
score and the Lund–Kennedy (LK) endoscopic scores were taken preoperatively [11].

The study was conducted according to the principles expressed in the Declaration
of Helsinki, and was approved by the Institutional Review Board of Hallym University
Kangnam Sacred Heart Hospital (IRB No. 2018-11-024) on 30 January 2019. Written
informed consent was obtained from all patients.

2.2. Subjective Test

For the symptom questionnaire, a Korean version of the ETDQ-7 symptom question-
naire was used which is a translated version of the original ETDQ-7 symptom question-
naire [9]. It consisted of seven items of the symptoms (pressure in the ears?, pain in the
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ears?, a feeling that your ears are clogged or “under water”?, ear symptoms when you have
a cold or sinusitis?, crackling or popping sounds in the ears?, ringing in the ears?, and a
feeling that your hearing is muffled?), and patients were asked to score from 1 (no problem)
to 7 (severe problem) for each item according to how much of those have been a problem
for them over the past one month. Each patient took the symptom test twice, preoperatively
one day before the surgery and postoperatively three months after the surgery. The total
scores were compared between the two groups preoperatively, then they were classified as
either “improved” (for a decreased total score compared with the preoperative score) or
“not improved” (for the same or increased total score) postoperatively.

2.3. Objective Tests

The E-tube function of each patient was assessed by three objective tests: the Valsalva
test, the inflation test, and the deflation test using GSI-TympStar impedance audiometer
(Grason-Stadler Corp., Eden Prairie, MN, USA). For the Valsalva test, patients were asked
to occlude the nostrils with their fingers and to blow air to the nose as in a Valsalva ma-
neuver. An increased value was expected for pressure in normal E-tube function after the
maneuver, and the test results were recorded as either positive (increased pressure) or
negative (decreased pressure or no change) for E-tube function. Just as the symptom ques-
tionnaire, the objective tests had been performed one day before surgery preoperatively
and three months after surgery postoperatively. They were further analyzed for improve-
ment or no improvement of E-tube function after surgery. For the inflation-deflation test,
a positive pressure of 200 mm H2O was applied first, and then the patients were asked
to swallow repeatedly until no pressure change was noted and a plateau was reached. A
decreased value was expected for pressure in the inflation test after swallowing for normal
E-tube function, and the test results were recorded as either positive (reduced pressure)
or negative (increased pressure or no change) for E-tube function. Then, the deflation test
was conducted by applying a negative pressure of 200 mm H2O, while an increased value
was expected after swallowing for normal E-tube function. The test results were recorded
as either positive (increased pressure) or negative (decreased pressure or no change) for
E-tube function in the deflation test. The results of the inflation-deflation tests were also
performed preoperatively and postoperatively, then they were binarily classified into either
“improved” or “not improved” groups after surgery for further analysis.

2.4. Statistical Analysis

A statistical analysis was performed using R language ver. 3.3.3 (R Foundation for
Statistical Computing, Vienna, Austria). Data were expressed as a median (1st quartile–
3rd quartile) for continuous variables. For categorical variables, data were expressed
as a sample number and percentage (n, %). The Mann–Whitney U test was applied to
compare the difference of a continuous response between the no sinusitis group and
sinusitis group. The chi-squared test or Fisher’s exact test were performed to test the
hypothesis of an association between sinusitis side and categorical responses using a
contingency table. Univariate and multivariate analyses were performed to analyze the
effect of sinusitis treatment on the improvement of E-tube function by binary logistic
regression while adjusting the effect of age, sex, and sinusitis side. p values < 0.05 were
considered statistically significant.

3. Results
3.1. Clinical Characteristics and Preoperative E-Tube Function

Because three patients in the ESS group still showed evidence of sinusitis or polyp
in the physical examination after three months of surgery, they were then excluded and
three other new patients whose sinusitis was completely dissolved three months after ESS
were additionally included in the ESS group. Patients involved in this study were aged
between 20 and 85 years of age with a mean age of 49.2 (±17.83) years of age (Table 1).
Among the 60 cases, male patients were 42 and female patients were 18. In the ESS group,
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the sinusitis side was right in 8 cases and left in 10 cases, while the other 12 cases had
sinusitis on both sides. Polyps were noted in 22 cases, fungal balls were found in 7 cases,
sinusitis of dental origin was 2 cases, and no case was diagnosed with ciliary dyskinesia or
mucoviscidosis. A total of 28 cases had sinusitis in the maxillary sinus, 14 had ethmoid
sinusitis, 9 had frontal sinusitis, and 6 had sphenoid sinusitis. For the septoplasty group in
control, septal deviation to the right side was noted in 12 cases while septal deviation to
the left side was noted in the other 7 cases. The preoperative (baseline) E-tube function
test values for both groups are presented in Table 2. The median preoperative ETDQ-7
symptom score was slightly higher in the ESS group compared with the control group, but
they were not significantly different. The median seven individual item scores for the ESS
group versus control groups were 1.57 (range, 1–4) vs. 1.67 (1–5) for “pressure in the ears?”
(p = 0.709), 1.5 (1–4) vs. 1.43 (1–4) for “pain in the ears?” (p = 0.765), 2.33 (1–7) vs. 2.4 (1–7)
for “a feeling that your ears are clogged or under water?” (p = 0.879), 2.73 (1–7) vs. 2.27
(1–7) for “ear symptoms when you have a cold or sinusitis?” (p = 0.311), 1.7 (1–7) vs. 1.2
(1–6) for “crackling or popping sounds in the ears?” (p = 0.022), 1.97 (1–6) vs. 1.63 (1–5) for
“ringing in the ears?” (p = 0.325), and 2 (1–7) vs. 1.37 (1–4) for “a feeling that your hearing
is muffled?” (p = 0.092). There were no significant correlations between the total ETDQ-7
score and SNOT-22 (p = 0.316), LM score (p = 0.467), or LK score (p = 0.694). The prevalence
of negative E-tube function in preoperative Valsalva tests was noted in 63.3% for both
sides in the ESS group, which was not significantly different from the control group. The
preoperative inflation-deflation tests results were also not significantly different between
the two groups.

Table 1. Clinical characteristics of the patients.

Group ESS Group Control Group

Sex (male:female) 16:14 26:4
Age (mean ± SD) 52.8 ± 16.24 45.3 ± 19.71

SNOT-22 (mean ± SD) 39.2 ± 22.7 31.4 ± 19.1
LM score (mean ± SD) 18.1 ± 6.9 5.1 ± 4.7
LK score (mean ± SD) 6.7 ± 5.0 2.2 ± 2.0

Surgery
ESS 30 0

Septoplasty 0 19
Rhinoplasty 0 6

Closed reduction 0 5
SD: standard deviation; ESS: endoscopic sinus surgery; SNOT-22: 22-item sino-nasal outcome test; LM score:
Lund–Mackay computed tomography score; LK score: Lund–Kennedy endoscopic score.

Table 2. Baseline eustachian tube function test results of the patients.

E-Tube Function Test Total (%) ESS Group Control Group p Value

ETDQ-7 (median, range) 60 (100) 11 (7–17.5) 10.5 (7–15.75) 0.269

Right Valsalva test 60 (100) 0.194
Negative 33 (55) 19 (63.3) 14 (46.7)
Positive 27 (45) 11 (36.7) 16 (53.3)

Left Valsalva test 60 (100) 0.584
Negative 40 (66.7) 19 (63.3) 21 (70)
Positive 20 (33.3) 11 (36.7) 9 (30)

Right Inflation test 60 (100) 0.739
Negative 49 (81.7) 25 (83.3) 24 (80)
Positive 11 (18.3) 5 (16.7) 6 (20)

Left Inflation test 60 (100) 0.488
Negative 50 (83.3) 24 (80) 26 (86.7)
Positive 10 (16.7) 6 (20) 4 (13.3)

Right Deflation test 60 (100) 0.706
Negative 52 (86.7) 27 (90) 25 (83.3)
Positive 8 (13.3) 3 (10) 5 (16.7)
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Table 2. Cont.

E-Tube Function Test Total (%) ESS Group Control Group p Value

Left Deflation test 60 (100) 0.559
Negative 44 (73.3) 23 (76.7) 21 (70)
Positive 16 (26.7) 7 (23.3) 9 (30)

E-tube: eustachian tube; ESS: endoscopic sinus surgery; ETDQ-7: seven-item eustachian tube dysfunction
questionnaire.

3.2. Comparison of Postoperative E-Tube Function

The postoperative E-tube function test results are presented in Table 3. For the symp-
tom score, the median total postoperative ETDQ-7 symptom score was 9.67 in the ESS
group and 12.0 in the control group. When the cut-off value of 14.5 was used for the
ETDQ-7 score [3,4], the number of cases with increased ETDQ-7 score reduced from 9
(30%) to 5 (16.7%) in the ESS group and 7 (23.3%) to 6 (20%) in the control group after
surgery. The ratio of improved E-tube function (i.e., decreased score) after surgery was
significantly higher in the ESS group compared with the control group (p = 0.002). The ESS
group also showed a significantly higher ratio of improved E-tube function after surgery in
the right Valsalva test, right deflation test, and left deflation test compared with the control
group (p = 0.015, 0.005, 0.006, respectively). Higher ratios of improved E-tube function
after surgery were also noted in the ESS group in the left Valsalva test, right inflation test,
and left inflation test, but without statistical significance. For the 30 patients in the ESS
group, the association analysis between the sinusitis side and the E-tube function of each
side revealed an improvement in right Valsalva test after ESS in right sinusitis patients
compared with both sinusitis patients (OR = 1.2) and an improvement in left Valsalva test
after ESS in left sinusitis patients (OR = 1.6); however, no statistical significance was found
(Table 4). The inflation test result showed no significant difference between each side of the
sinusitis after treatment; however, the right deflation test showed significant improvement
after ESS in right side sinusitis compared with both side sinusitis (OR = 2.917, p = 0.003).

Table 3. Postoperative eustachian tube function test results of the patients.

E-Tube Function Test Total (%) ESS Group Control Group p Value

ETDQ-7 60 (100) 0.002 *
Not improved 36 (60) 12 (40) 24 (80)

Improved 24 (40) 18 (60) 6 (20)

Right Valsalva test 60 (100) 0.015 *
Not improved 46 (76.7) 19 (63.3) 27 (90)

Improved 14 (23.3) 11 (36.7) 3 (10)

Left Valsalva test 60 (100) 0.136
Not improved 45 (75) 20 (66.7) 25 (83.3)

Improved 15 (25) 10 (33.3) 5 (16.7)

Right Inflation test 60 (100) 0.117
Not improved 47 (78.3) 21 (70) 26 (86.7)

Improved 13 (21.7) 9 (30) 4 (13.3)

Left Inflation test 60 (100) 0.052
Not improved 52 (86.7) 23 (76.7) 29 (96.7)

Improved 8 (13.3) 7 (23.3) 1 (3.3)

Right Deflation test 60 (100) 0.005 *
Not improved 47 (78.3) 19 (63.3) 28 (93.3)

Improved 13 (21.7) 11 (36.7) 2 (6.7)

Left Deflation test 60 (100) 0.006 *
Not improved 50 (83.3) 21 (70) 29 (96.7)

Improved 10 (16.7) 9 (30) 1 (3.3)

E-tube: eustachian tube; ESS: endoscopic sinus surgery; ETDQ-7: seven-item eustachian tube dysfunction questionnaire. * p < 0.05.
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Table 4. Association analysis between the sinusitis side and the E-tube function test results.

E-Tube Function Test Total (%) Not Improved Improved p Value OR (95% CI)

ETDQ-7 30 (100) 12 (40) 18 (60) 0.156
Both 13 (43.3) 4 (33.3) 9 (50) 1
Right 7 (23.3) 5 (41.7) 2 (11.1) 0.178 (0.024–1.339)
Left 10 (33.3) 3 (25) 7 (38.9) 1.037 (0.173–6.233)

Right Valsalva test 30 (100) 19 (63.3) 11 (36.7) 0.896
Both 13 (43.3) 8 (42.1) 5 (45.5) 1
Right 7 (23.3) 4 (21.1) 3 (27.3) 1.2 (0.185–7.77)
Left 10 (33.3) 7 (36.8) 3 (27.3) 0.686 (0.119–3.963)

Left Valsalva test 30 (100) 20 (66.7) 10 (33.3) 0.071
Both 13 (43.3) 8 (40) 5 (50) 1
Right 7 (23.3) 7 (35) 0 (0) 0.103 (0.005–2.191)
Left 10 (33.3) 5 (25) 5 (50) 1.6 (0.302–8.49)

Right Inflation test 30 (100) 21 (70) 9 (30) 0.276
Both 13 (43.3) 10 (47.6) 3 (33.3) 1
Right 7 (23.3) 3 (14.3) 4 (44.4) 4.444 (0.616–32.07)
Left 10 (33.3) 8 (38.1) 2 (22.2) 0.833 (0.111–6.259)

Left Inflation test 30 (100) 23 (76.7) 7 (23.3) 1
Both 13 (43.3) 10 (43.5) 3 (42.9) 1

Right 7 (23.3) 5 (21.7) 2 (28.6) 1.333
(0.165–10.743)

Left 10 (33.3) 8 (34.8) 2 (28.6) 0.833 (0.111–6.259)

Right Deflation test 30 (100) 19 (63.3) 11 (36.7) 0.003 *
Both 13 (43.3) 7 (36.8) 6 (54.5) 1
Right 7 (23.3) 2 (10.5) 5 (45.5) 2.917 (0.407–20.9)
Left 10 (33.3) 10 (52.6) 0 (0) 0.055 (0.003–1.132)

Left Deflation test 30 (100) 21 (70) 9 (30) 0.184
Both 13 (43.3) 7 (33.3) 6 (66.7) 1
Right 7 (23.3) 5 (23.8) 2 (22.2) 0.467 (0.065–3.344)
Left 10 (33.3) 9 (42.9) 1 (11.1) 0.13 (0.013–1.341)

E-tube: eustachian tube; OR: odds ratio; ETDQ-7: seven-item eustachian tube dysfunction questionnaire. * p < 0.05.

3.3. Multivariate Regression Analysis for Sinusitis Treatment and Improvement of
E-Tube Function

Binary logistic regression analyses were performed to analyze the effect of sinusitis
treatment on the improvement of postoperative E-tube function while adjusting other
factors such as sex, age, and sinusitis side (Table 5). The improvement of ETDQ-7 symptom
score after treatment was significantly related to the treatment group (ESS group versus
control group) in the univariate analysis (p = 0.002); however, no statistical significance
was found after the multivariate analysis for factors sex, age, and sinusitis side (p = 0.058).
Significant associations were noted between the treatment group and E-tube function
improvement in the right Valsalva test or the left deflation test, for both the univariate
and multivariate analyses. In the left inflation test and right deflation test, the surgical
treatment of sinusitis improved E-tube function significantly in the univariate analysis;
however, no statistical significance was found in multivariate analysis.
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Table 5. Binary logistic regression analysis for factors influencing postoperative E-tube function.

E-Tube Function Test Variable Univariate OR (95% CI) p Value Multivariate OR (95% CI) p Value

ETDQ-7 Treatment group 6 (1.89–19.043) 0.002 * 4.831 (0.949–24.578) 0.058
Sex 1.8 (0.588–5.511) 0.303 0.762 (0.176–3.302) 0.717
Age 1.054 (1.016–1.093) 0.005 1.046 (1–1.094) 0.048

Sinusitis side 0.6 (0.107–3.352) 0.561 0.143 (0.018–1.136) 0.066

Right Valsalva test Treatment group 5.211 (1.279–21.235) 0.021 * 20.023 (2.211–181.356) 0.008 *
Sex 2.125 (0.611–7.391) 0.236 1.756 (0.384–8.022) 0.468
Age 0.992 (0.959–1.026) 0.632 0.944 (0.896–0.994) 0.028

Sinusitis side 1.4 (0.195–10.032) 0.738 2.768 (0.293–26.182) 0.374

Left Valsalva test Treatment group 2.5 (0.735–8.502) 0.142 2.334 (0.444–12.267) 0.317
Sex 0.805 (0.218–2.975) 0.745 0.408 (0.085–1.97) 0.264
Age 1.005 (0.972–1.039) 0.787 0.994 (0.954–1.036) 0.783

Sinusitis side 4 (0.967–16.551) 0.056 3.699 (0.658–20.796) 0.138

Right Inflation test Treatment group 2.786 (0.751–10.332) 0.126 3.081 (0.509–18.667) 0.221
Sex 1.048 (0.276–3.975) 0.945 0.672 (0.147–3.076) 0.609
Age 1.009 (0.974–1.046) 0.603 0.989 (0.946–1.035) 0.642

Sinusitis side 4 (0.5–31.982) 0.191 4.676 (0.547–40.002) 0.159

Left Inflation test Treatment group 8.826 (1.012–76.963) 0.049 * 7.278 (0.577–91.826) 0.125
Sex 2.714 (0.596–12.352) 0.196 1.47 (0.289–7.476) 0.602
Age 1.033 (0.986–1.082) 0.169 1.007 (0.954–1.062) 0.839

Sinusitis side 0.75 (0.081–6.958) 0.8 0.612 (0.062–5.988) 0.673

Right Deflation test Treatment group 8.105 (1.611–40.767) 0.011 * 4.995 (0.79–31.595) 0.087
Sex 1.048 (0.276–3.975) 0.945 0.365 (0.072–1.858) 0.225
Age 1.047 (1.004–1.091) 0.031 1.029 (0.977–1.083) 0.28

Sinusitis side 9.167 (1.819–46.205) 0.007 * 6.338 (0.971–41.359) 0.054

Left Deflation test Treatment group 12.429 (1.461–105.741) 0.021 * 12.598 (1.142–138.952) 0.039 *
Sex 1.714 (0.419–7.006) 0.453 0.95 (0.167–5.417) 0.954
Age 1.065 (1.012–1.121) 0.015 1.049 (0.984–1.117) 0.141

Sinusitis side 0.333 (0.024–4.548) 0.41 0.292 (0.018–4.703) 0.386

E-tube: eustachian tube; OR: odds ratio; ETDQ-7: seven-item eustachian tube dysfunction questionnaire. * p < 0.05.

4. Discussion

Sinusitis is one of the most common diseases in otolaryngologic clinics, and its eco-
nomic burden is significant [9]. Along with nasal symptoms, patients with sinusitis com-
monly present with comorbid chronic otitis media and E-tube dysfunction [9]. Because
E-tube connects the middle ear and the nasal cavity, chronic inflammatory diseases are
not only in the middle ear, sinuses and the nasal cavity can also affect E-tube function.
Maniakas et al. found that patients with chronic sinusitis who fail maximal medical therapy
and proceed to ESS have frequent E-tube dysfunctions [12]. They reported the symptom of
ear fullness in close to two-thirds and ear pain in one-third of chronic sinusitis patients,
and concluded that the E-tube dysfunction is greatly underappreciated in chronic sinusitis
patients particularly with severe diseases [12].

There is much evidence that E-tube dysfunction occurs in patients with chronic
sinusitis reported in the literature. The otologic symptom in chronic sinusitis patients was
reported from 15 to 42% [6], and the presence of otitis media in adult chronic sinusitis
patient was found in 23% [13]. Hong et al. found that the prevalence of chronic otitis
media was significantly higher in subjects with chronic sinusitis in older patients with
nasal polyps [14]. However, objective measurements of E-tube function in patients with
chronic sinusitis is very limited [12], and it is not routinely performed for patients with
paranasal sinusitis even though some present ear symptoms and it impacts patient quality-
of-life [1]. Nevertheless, the relationship of sinusitis with E-tube dysfunction has been
well-documented for pediatric patients. Due to the difference in anatomic nature and the
function of the E-tube in children, many studies have reported a close relationship between
chronic sinusitis and E-tube dysfunction in children [7,15]. The limited studies on E-tube
dysfunction and chronic sinusitis are also attributable to the lack of appropriate diagnostic
instruments for E-tube function tests. Since there is no specific E-tube function test in
widespread clinical use [16], most clinicians are limited in daily practice for evaluating
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and managing patients with E-tube dysfunction. The diagnosis of E-tube dysfunction has
been primarily based on the non-specific symptom or examination findings, rather than
direct measurement of the E-tube function up to now [17]. Diverse diagnostic tests have
tried to assess E-tube function including manometric assessments, sound transmission,
electromyography, and imaging studies, etc. [3]. However, many of these tests are known to
provide limited or selective information of E-tube function, and some of them are obtained
in an expensive and complicated pressure chamber that is not readily available in clinical
settings [18].

Tympanometry has been used traditionally to evaluate E-tube function, along with
a swallow test or Valsalva test, etc. [19]. Tympanometry, an objective test, is a simple
manometric test that can provide an indirect measure of E-tube function by measuring the
pressure of the middle ear [8]. Using tympanometry, Doyle et al. reported that the Valsalva
maneuver had sensitivity and specificity of 55% and 85% in discriminating between E-tube
dysfunction and normal [20]. However, the pressure induced by the Valsalva maneuver is
variable between patients. The sensitivity and specificity of the inflation test and deflation
test on E-tube function were reported as 75% and 65%, and 73% and 58%, respectively [20].
The Valsalva, inflation, and deflation tests were proven to measure the E-tube function well
in patients without otitis media by Swarts et al. [18].

Despite many attempts to develop objective E-tube function tests, no single reliable
diagnostic tool has been reported as a gold standard [3,21,22]. In 2015, Smith and Tysome
reported a systemic review of available E-tube function tests, which included 64 articles [16].
They concluded that no single test can be used as a gold standard, but combining different
objective tests or adding patient-reported measures can improve accuracy for the diagnosis
of E-tube dysfunction. By the combination of four manometric tests (Valsalva, E-tube
opening pressure, inflation-deflation test), Doyle et al. reported an overall sensitivity
and specificity of 95% and 83%, respectively, and concluded that the combination of the
tests together can accurately identify ears with E-tube dysfunction with high sensitivity
and specificity [20]. In this study, three different objective E-tube function tests (Valsalva,
inflation, and deflation test) plus a symptom questionnaire were performed for all cases,
and taken together to achieve a precise analysis of E-tube function.

While some studies have reported decreased E-tube function in sinusitis patients [2],
most of them were based on an analysis of mere questionnaires or previous studies. None
have directly measured the E-tube function in patients with sinusitis. Marino et al. reported
that 43.3% of patients in rhinologic clinics had symptoms of E-tube dysfunction and
that sinonasal symptoms correlated with E-tube dysfunction symptoms; however, their
evaluation was only based on symptom scores [1]. Tangbumrungtham et al. reported a
prevalence of 48.5% of E-tube dysfunction in chronic rhinosinusitis using ETDQ-7 [2].

E-tube function changes after treatment of chronic sinusitis have not been well-studied.
The E-tube dysfunction symptom resolution in chronic sinusitis patients after ESS has been
reported by Stoikes and Dutton [6]. They suggested the resolution of rhinosinusitis and
disturbance of natural mucociliary clearance in the nasopharynx after ESS as the etiology
of improved E-tube function; however, the study lacked objective E-tube function tests [6].
Improved obstruction and inflammation of the sinuses after ESS was also reported as one
of the reasons for improved E-tube function after ESS [7]. Our results revealed significant
improvement of E-tube function in sinusitis patients after complete treatment compared
with control in both subjective and objective tests. To our knowledge, this study is the
first to analyze the E-tube functions of chronic sinusitis patients with both objective and
subjective studies, and prospectively analyze after surgical treatment, and compare with a
control group.

The limitation of this study is that the possible impact on E-tube function after surgery
of nasal septal deviation and the improvement of nasal breathing in the control group was
not considered [23,24]. Other nasal surgeries were selected as a control group to compare
with the ESS group; however, to avoid this, other otolaryngologic procedures outside the
nose might have been good candidates for the control group. Using patients undergoing
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other types of nasal surgeries for control may have hindered the comparative strength, so
future studies should consider using a control group free of any nasal or otologic surgical
interventions and/or pathologies. The second limitation is that the subgroups of sinusitis
(polyp presence or dental origin, etc.) or the extent of sinusitis (analyzing each specific
sinuses) have not been evaluated for the effect on the E-tube function separately. The vidian
nerve at the floor of the sphenoid sinus or the lesser palatine nerve passing the wall of
the maxillary sinus, for example, can affect the levator palatini muscle influencing E-tube
function or cause referred otalgia influencing ETDQ-7 [25,26]. The effect of medications
including topical corticosteroids prescribed to the patients and the three excluded cases
with persistent sinusitis after ESS also burden the possibility of bias in this study. Slightly
right dependent (about 20◦) head position during ESS might have influenced the different
results of right and left E-tube function tests. Lastly, the correlation study between E-tube
function tests was not performed. In the future, studies of the influence of each specific
sinuses on E-tube function with larger sample sizes are needed.

Since E-tube dysfunction can lead to diverse otologic diseases [8,12,19], it is essential
to address and manage the function of the E-tube in managing patients with ear diseases.
The clinical significance of our study includes that the treatment of sinusitis improves
E-tube dysfunction, so clinicians should always try to seek and manage possible sinusitis
that will affect E-tube function and thus influence the otologic diseases. Although the
E-tube dysfunction is not usually considered in managing sinusitis patients, concurrent or
beforehand treatment of possible sinusitis is recommended in managing patients with ear
diseases to improve the function of the E-tube.

5. Conclusions

Compared with the patients without sinusitis, significant improvement of E-tube
function was noted after treatment of chronic sinusitis in subjective and some objective
E-tube function tests, indicating the effect of sinusitis on E-tube function. In clinical practice,
the patients with otologic diseases should be observed for concurrent chronic sinusitis and
considered for ESS (if sinusitis is present), which can improve E-tube dysfunction after
treatment of sinusitis.
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