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Abstract

Background. Defining the risk factors for Eustachian tube dysfunction can facilitate its
prevention. It is hypothesised that Eustachian tube dysfunction as measured by the
Eustachian Tube Dysfunction Questionnaire-7 is associated with obstructive sleep apnoea
syndrome.

Methods. The questionnaire was systematically translated into Hebrew and validated in the
accepted manner. This questionnaire was applied to obstructive sleep apnoea syndrome
patients before and after expansion sphincter pharyngoplasty, in pre-set time intervals. The
results were compared to those of controls from the general population.

Results. Thirty-one patients (males:females = 19:12) were enrolled in the obstructive sleep
apnoea syndrome group. Mean age was 43 years (range, 31-55 years) and mean body mass
index was 28 kg/m” (range, 27-30 kg/m*). Median apnoea-hypopnea index (pre-operatively)
was 34 events per hour. The questionnaire scores in expansion sphincter pharyngoplasty
candidates were significantly worse than in controls (p<0.001). Expansion sphincter
pharyngoplasty did not change Eustachian tube function in the long term, but was associated
with additional self-limiting Eustachian tube dysfunction in the first two post-operative
months.

Conclusion. Eustachian tube dysfunction is significantly worse in patients with obstructive
sleep apnoea syndrome compared to controls. Expansion sphincter pharyngoplasty is not
associated with Eustachian tube function improvement.

Introduction

Eustachian tube dysfunction is common. Symptoms may include aural fullness, hearing
loss, pain and an inability to equalise middle-ear pressure. Eustachian tube dysfunction
is considered a risk factor for several pathologies, such as acute and chronic otitis
media, tympanic membrane retraction, and cholesteatoma, all with their associated well-
known morbidity and rare mortality."

Risk factors for Eustachian tube dysfunction include sinusitis, smoking and gastroeso-
phageal reflux disease;*” these are seen in only a portion of patients with Eustachian tube
dysfunction. Recently, obstructive sleep apnoea syndrome (OSAS) was identified as an
independent risk factor for Eustachian tube dysfunction,®™® although OSAS alone may
be a risk factor for sinusitis® and gastroesophageal reflux disease.

Obstructive sleep apnoea syndrome is characterised by a decrease in airflow (hypop-
nea) or cessation of breathing (apnoea), resulting from recurrent upper respiratory tract
obstruction during sleep, and is frequently observed together with a decrease in oxygen
saturation.” It is the most prevalent organic sleep disorder.'” Clinical signs of OSAS
include snoring, witnessed apnoea and excessive daytime sleepiness.'' The majority of
patients with OSAS have no detectable respiratory disorder while awake."

Negative pressure in the upper airway is ubiquitous in patients with OSAS. This nega-
tive pressure results in pharyngeal soft tissue collapse, as can be observed in drug-induced
sleep endoscopy. As the middle-ear cleft is an extension of the pharynx, it is possible that
the negative pressure disturbs Eustachian tube opening, resulting in Eustachian tube dys-
function. Additionally, OSAS is known to cause: local pharyngeal oedema;'” an increase
of pro-inflammatory factors;'*'> and a change of pharyngeal connective tissue compos-
ition, with a reduction of elastin and an increase of reticular fibres.'®'”

Moderate to severe OSAS may be treated surgically. One of the most common surgical
interventions for severe OSAS is expansion sphincter pharyngoplasty. The goal of expan-
sion sphincter pharyngoplasty is to prevent pharyngeal soft tissue collapse and reduce
OSAS severity.

This study aimed to compare Eustachian tube function in OSAS patients who are can-
didates for expansion sphincter pharyngoplasty with controls, and to discuss the possible
role of OSAS in the pathogenesis of Eustachian tube dysfunction. A secondary aim was to
examine the potential negative impact of the expansion sphincter pharyngoplasty proced-
ure on Eustachian tube function.
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Materials and methods

The study was approved by the research ethics committee of a
tertiary referral medical centre, and patient consent was
obtained. The prospective data collection of all patients hospi-
talised in our medical centre for drug-induced sleep endos-
copy as a part of OSAS evaluation was performed during
2017. Excluded patients included those with an additional oto-
logical condition, patients treated with radiotherapy to the
head and neck, those with a connective tissue disorder, and
patients previously operated on for OSAS.

Eustachian tube dysfunction was diagnosed by history tak-
ing and physical examination. It was measured using a Hebrew
version of the Eustachian Tube Dysfunction Questionnaire-7,
which had previously been validated by the authors.'®

Each participant answered the Hebrew Eustachian Tube
Dysfunction Questionnaire-7 at least once. Patients treated
conservatively (with continuous positive airway pressure
(CPAP), a dental appliance or weight reduction) answered
the questionnaire a month after drug-induced sleep endoscopy
via a telephone interview. Patients who underwent expansion
sphincter pharyngoplasty answered the questionnaire in pre-
set time intervals: the night before surgery (which served as
a baseline measurement), the day of nasogastric (NG) tube
removal, and on post-operative days 7, 14, 28 and 70.

Patient’s height, weight, body mass index, smoking status
and apnoea-hypopnea index data were collected and analysed.
All results were compared to those of healthy controls, which
had been collected for the Hebrew Eustachian Tube
Dysfunction Questionnaire-7 validation in 2016.

Statistical methods

Categorical variables were described as frequencies and per-
centages. Continuous variables were evaluated for normal dis-
tribution using histograms and Q-Q plots. Normally
distributed categorical variables were expressed as means and
standard deviations (SDs), and skewed variables were
described as medians and interquartile ranges. The
Spearman’s rank correlation co-efficient was used to deter-
mine associations between continuous variables. The Mann-
Whitney test and independent samples t-test were used to
compare continuous variables between categories. All the stat-
istical analyses were two-tailed. A p-value of less than 0.05 was
considered statistically significant. SPSS software (SPSS
Statistics for Windows, version 22.0; IBM, Armonk,
New York, USA) was used for all statistical analyses.

Results

Thirty-one patients (19 males, 12 females), with a median age
of 43 years (interquartile range = 31-55 years), who underwent
expansion sphincter pharyngoplasty for moderate to severe
OSAS, were enrolled. The median body mass index (BMI)
was 28kg/m’ (interquartile range=27-30kg/m®) and the
median apnoea-hypopnea index was 34 events per hour (inter-
quartile range = 25-48 events per hour). Three patients were
excluded for loss to follow up.

The pre-operative Eustachian tube function of this cohort
was compared to that of a control group. The control group com-
prised 99 healthy volunteers (males:females =48:51), with a
median age of 55 years (interquartile range = 30-68 years).

Smoking status was similar between the surgical candidates
and the controls (Table 1). Median BMI was 23 kg/m’
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(interquartile range = 20.5-26 kg/m?). The general population
had a significantly lower average Hebrew Eustachian Tube
Dysfunction Questionnaire-7 score of 10.25 (SD=0.8); in
comparison, the patient cohort had an average score of 16
(SD =3.7) (p <0.05; Figure 1).

Eustachian tube function before and after surgery was inves-
tigated (Figure 2). Prior to expansion sphincter pharyngoplasty
(baseline measurement), the average Eustachian Tube
Dysfunction Questionnaire score was 16 (SD=3.7). On the
day of NG tube removal (usually post-operative day 5-6), the
questionnaijre score was significantly elevated, at 22 points
(SD =6.9), which was statistically significantly worse than at
baseline (Friedman test (chi-square=122.97, p<0.001) and
Wilcoxon signed-rank test). There was no statistically signifi-
cant change throughout the following week, through to post-
operative day 14, when the scores remained similar.
Post-operative days 28 and 70 were characterised by reduced
mean questionnaire scores, of 17 (SD = 1.2) and 16 (SD = 1.5),
respectively. Hence, the baseline status was reached, with no fur-
ther improvement (Table 2). There was no significant statistical
difference between the baseline Eustachian Tube Dysfunction
Questionnaire score and the scores on post-operative days 28
and 70 ( p =0.546 and p = 0.483, respectively).

There was no significant correlation between age and
Eustachian tube function score ( p = 0.473). However, significant
correlations between BMI, apnoea-hypopnea index and minimal
saturation during sleep and Eustachian tube function score were
found ( p =0.007, p =0.021 and p = 0.005, respectively).

Discussion

The pathophysiology of Eustachian tube dysfunction is com-
plex and not completely understood. Dysfunction can be
divided into the better known (and more common) dilatory
dysfunction and an inability to adequately close the tube’s
lumen in its resting position, the ‘patulous Eustachian tube’.
Dilatory dysfunction is thought to result in an inadequate sup-
ply of air to the middle-ear cleft, thereby contributing to the
creation of negative pressure in this chamber.'” Factors con-
tributing to the pathogenesis of dilatory dysfunction include
inadequate peri-tubal muscular activity, congenital malforma-
tion such as cleft palate, obstructing masses, chronic and acute
inflammation, and surface factors, such as the lack of
adequately functioning surfactant.

Eustachian tube dysfunction can result in significant mor-
bidity (and exceedingly rarely in mortality, as a complication
of otitis media). Traditionally, treatment was based on circum-
navigating the Eustachian tube malfunction by placing a ven-
tilation tube through the tympanic membrane. The advent of
balloon Eustachian tuboplasty”® has allowed for the direct
treatment of Eustachian tube dysfunction. Despite these
advancements, possible prevention by modifying risk factors
could be better utilised.

A number of methods have been developed to measure
Eustachian tube dysfunction. Each method has its own
merit, but none has been found to be an accurate and clinically
relevant tool. McCoul et al. developed the Eustachian Tube
Dysfunction Questionnaire;”' its Hebrew version has been
validated.'® The questionnaire is emerging as an important
tool for assessing Eustachian tube function.”?

Inspiratory and expiratory upper airway resistance values
are higher in OSAS patients than in normal subjects, both dur-
ing wakefulness and sleep.”>** In individuals with OSAS, air-
way abnormalities occur both during expiratory and
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Table 1. Demographics and clinical characteristics of the study and control groups

Parameter OSAS group Control group P-value
Number of participants 31 99 =
Gender distribution (males:females) 19:12 48:51 <0.05
Age (median (IQR); years) 43 (31-55) 55 (30-68) 0.12
BMI (median (IQR); kg/m?) 28 (27-30) 23 (20.5-26)* <0.05
ETDQ score (mean (SD)) 16 (3.7) (pre-op) 10.25 (0.8) <0.05
AHI (median (IQR); events per hour) 34 (25-48) - -
Smokers (% of participants) 36 40 0.76

*Body mass index data were available for only 72 of 99 participants in this group. OSAS = obstructive sleep apnoea syndrome; IQR = interquartile range; BMI = body mass index; ETDQ = Eustachian
Tube Dysfunction Questionnaire; SD = standard deviation; pre-op = pre-operatively; AHI = apnoea-hypopnea index
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Fig. 1. Eustachian Tube Dysfunction Questionnaire (ETDQ) scores for the obstructive
sleep apnoea syndrome (OSAS) patients versus controls (p <0.05).

inspiratory phases of ventilation. In order to maintain upper
airway patency during inspiration, it appears reasonable that
the forces generated by the respiratory pump muscles, which
decrease intraluminal upper airway pressure and tend to col-
lapse the airway, should be balanced by dilating forces. The
upper airway dilator muscles deliver these dilating forces in
normal subjects but fail to do so among OSAS patients.

In candidates for palate surgery due to OSAS, Eustachian
tube dysfunction, as measured by the validated Hebrew ver-
sion of the Eustachian Tube Dysfunction Questionnaire-7, dif-
fered significantly from healthy controls. This is a selected
group of patients with OSAS severe enough to warrant surgery,
with pharyngeal and palatal underlying pathologies. However,
others have found an association between obstructive sleep
apnoea (OSA) and an increased risk for Eustachian tube dys-
function. Magliulo et al. found that 20 per cent of adults with
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Fig. 2. Eustachian Tube Dysfunction Questionnaire (ETDQ) scores of expansion
sphincter pharyngoplasty candidates as a function of time from operation (p <0.001).
NG = nasogastric; post-op = post-operative

OSAS had Eustachian tube dysfunction as measured by the
Eustachian Tube Dysfunction Questionnaire-7, a metrics com-
bining manometric measurements with additional subjective
and objective tools.”” In a population-based study, patients
with sleep-disordered breathing had a 1.54-times higher risk
for Eustachian tube dysfunction.’® The Eustachian tube dys-
function prevalence of 32 per cent in infants with OSA is
increased compared to the general paediatric prevalence of
4-7 per cent.® Sivri et al. found that OSAS treatment with
six months of CPAP increased middle-ear pressure,”” although
Aksoy et al. found no such change.”®

Several studies have investigated possible mechanisms asso-
ciating OSAS and Eustachian tube dysfunction. In the paediat-
ric population, it is possible that the relationship between OSA
and Eustachian tube dysfunction reflects two different clinical
manifestations of a common anatomical abnormality such as
adenoid hypertrophy.® Adenoid hypertrophy and adenoiditis
may then lead to functional obstruction of the nasopharynx,
which subsequently leads to OSA and Eustachian tube dys-
function through blockage and inflammation of the nasal air-
way and Eustachian tube, respectively.

The increased prevalence of Eustachian tube dysfunction in
OSA patients promotes the suggestion that any patient being
evaluated for OSAS should also be screened for Eustachian
tube dysfunction, to help provide more comprehensive care.
In the adult population, where adenoid hypertrophy is less
common, smoking, rhinosinusitis, allergic rhinitis, gastroeso-
phageal reflux disease and obesity are risk factors for both
OSAS and Eustachian tube dysfunction, and may serve as
confounders in this setup.” ***! The effect of these
possible confounders on the development of Eustachian tube
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Table 2. Z scores for Eustachian Tube Dysfunction Questionnaire scores as a function of time from operation

Time point Baseline NG tube removal Post-op day 7 Post-op day 14 Post-op day 28
NG tube removal Z=-4.870
p < 0.001
Post-op day 7 Z=-4.805 Z=-1.448
p < 0.001 p < 0.148
Post-op day 14 Z=-4.852 Z=-2.067 Z=-0.351
p < 0.000 p < 0.039 p <0725
Post-op day 28 Z=-1.560 Z=-4.869 Z=-4.885 Z=-4717
p <0.119 p < 0.001 p < 0.001 p < 0.001
Post-op day 70 Z=-0.826 Z=-4.887 Z=-4.874 Z=-4.878 Z=-0.440
p < 0.409 p < 0.001 p < 0.001 p < 0.001 p < 0.660

NG = nasogastric; post-op = post-operative

dysfunction has been analysed previously; it was found that the
risk of developing Eustachian tube dysfunction was significantly
higher in the OSAS patients, even those without any
confounders.® Eustachian tube dysfunction has been shown to
be more prevalent among OSAS patients than in the general
population using several Eustachian tube assessment meth-
ods.”® This is possibly because patients with OSA often show
severe nasal obstruction, chronic sinusitis, and/or a deficit of
nasal mucociliary clearance with nasopharyngeal stagnation
of secretions.*>***°

The immediate and prolonged impact of conservative inter-
ventions (such as CPAP) and surgical procedures (such as
expansion sphincter pharyngoplasty) for OSAS, is a subject
of controversy in the literature. Because the risk of
Eustachian tube dysfunction was found to be increased in
patients with OSAS,°® treatment of OSAS could potentially
improve Eustachian tube dysfunction. The possible benefits
of OSAS surgery include a reduction in the obstructive pres-
sure of the Fustachian tube, as well as an increase in the nor-
mal physiological function of this structure. For example,
adenoid enlargement has been reported to not only occlude
the nasopharyngeal opening of the Eustachian tube but also
to impair mucociliary clearance through fibrotic changes in
the neighbouring adenoid tissue.”’ Additionally, septoplasty
and turbinoplasty are associated with improved nasal muco-
ciliary clearance.”?

« Eustachian tube dysfunction is probably worse among
morbid obese adults than controls

« Expansion sphincter pharyngoplasty is not associated with
Eustachian tube function improvement

« There is a mild worsening of Eustachian tube dysfunction in
the immediate post-operative period

In our study, there was immediate impairment in
Eustachian tube function post-operatively, probably due to
local oedema, a change in peri-tubal muscular activity, the
presence of an NG tube and oral breathing. In addition to
their direct effect of Eustachian tube dysfunction, these factors
may negatively impact mucociliary clearance. Mucociliary
function has been found to differ in patients with OSAS com-
pared to controls.”® From post-operative day 7 to 70, during a
9-week period, there was a gradual but persistent improvement
in Eustachian tube function. At post-operative day 70, 10
weeks after the operation, the surgical wound had healed com-
pletely, and the Eustachian Tube Dysfunction Questionnaire
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scores were similar to those pre-operatively. This suggests
that, in the long term, expansion sphincter pharyngoplasty
had no effect on Eustachian tube dysfunction. A temporary
negative effect of OSAS surgery on middle-ear function was
observed after palatopharyngoplasty’* and the placement of
Pillar® implants.’

Conservative management of OSA included CPAP, among
other treatment options (e.g. weight reduction and use of a
dental appliance), which is always offered prior to surgical
intervention. In our cohort (n=31), 25 patients (81 per
cent) tried using CPAP prior to expansion sphincter pharyn-
goplasty. Six patients did not try CPAP: three refused a trial,
two were unable to appropriately seal the face mask and one
suffered claustrophobia. Hence, the majority of pre-operative
(basic) Eustachian Tube Dysfunction Questionnaire-7 scores
were calculated among active CPAP-using patients. A parallel
cohort (n=43) with moderate to severe OSA patients who
efficiently use CPAP with good results (making surgery
unnecessary) could not be compared to the surgical cohort,
because significant demographic and metabolic (age, gender
distribution and BMI) differences were found, and these are
likely to be confounders (age and BMI).

This study has two major limitations. One is the relatively
small cohort size (31 OSAS patients vs 99 controls). The
second limitation, which is common to other studies, is the
possible presence of confounders that might be independent
risk factors for Eustachian tube dysfunction, such as morbid
obesity, gastroesophageal reflux disease and sinusitis, which
are more common among OSAS patients than in healthy con-
trols. In addition, tympanometry was not routinely performed
in the cohort. Manometry may pose significant discomfort for
patients undergoing pharyngopalatal surgery.

Conclusion

Eustachian tube dysfunction, as measured by the Eustachian
Tube Dysfunction Questionnaire-7, is worse in candidates
for pharyngeal surgery due to OSAS than in controls.
Surgery (expansion sphincter pharyngoplasty) is not asso-
ciated with Eustachian tube function improvement. There is
a need to further explore the association between Eustachian
tube dysfunction and OSAS in the adult and paediatric popu-
lations. The possible presence and contribution of OSAS
should be explored in patients with Eustachian tube
dysfunction.
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