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ABSTRACT

Eustachian tube dysfunction (ETD) is a condition where the Eustachian tube (ET) fails to function
normally, resulting in symptoms such as aural fullness, tinnitus, autophony, and hearing loss. ETD
can further lead to middle ear diseases such as otitis media effusion and adhesive otitis media,
which is becoming more common in the field of otology. Although the pathogenesis of ETD re-
mains unclear, recent animal studies and clinical experiments have found allergic reactions and
allergic diseases are closely related to the occurrence of ETD. As the mucosa of the ET is
continuous with that of the nasopharynx and tympanic cavity, it is reasonable to assume that the
immunological basis of the ET itself is similar to that of respiratory allergic diseases. However, due
to the special anatomical location and complex pathogenesis of the ET, there is still no unified
diagnostic gold standard. Additionally, there is an ongoing debate regarding whether ETD can be
classified as a distinct disease or even an allergic disease. Furthermore, the effectiveness of anti-
allergic therapy in patients with ETD is yet to be fully understood. Therefore, this review elaborates
on the possible mechanisms of allergic reactions in the occurrence and development of ETD, and
explores the potential role of anti-allergic therapy in managing this condition, in order to provide
new insights into the pathogenesis and prevention of ETD.
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The Eustachian tube (ET) is a tubular structure
that connects the nasopharynx and the middle
ear cavity. Its physiological functions include
ventilation and regulation of middle ear pressure,
clearance of middle ear mucous secretions, pro-
tection of the middle ear against sounds, and
prevention of retrograde infection from the
nasopharynx.” Eustachian tube dysfunction (ETD)
is a syndrome caused by 1 or more dysfunctions
of the ET, which often suggests a constellation
of symptoms and signs associated with impaired
Eustachian tube function.? Research has shown

that the overall prevalence rate of ETD in adults
in the United States is approximately 4.6%,* and
it often clinically presents as symptoms such as
aural fullness, tinnitus, autophony and hearing
loss, which severely affects which severely affect
patient quality of life. Due to the unique
anatomical position, complex pathophysiological
mechanisms, and non-specific symptoms of ETD,
there are currently no unified diagnostic
criteria.>* The main diagnostic method at present
is based on clinical symptoms and signs,
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combined with objective examinations, to
improve the accuracy of diagnosis of ETD.

In the 2015 International Consensus Statement
on Eustachian Tube Dysfunction, ETD is classified
into acute ETD (transient with symptoms and signs
for less than 3 months) and chronic ETD (symp-
toms and signs for more than 3 months), with the
latter further divided into 3 subtypes: baro-
challenge-induced ETD, patulous ETD, and dila-
tory ETD.? Dilatory ETD is the most common type
of ETD in clinical practice,® and is also one of the
important reasons for chronic suppurative otitis
media that is prolonged or repeatedly acute. It

may be related to functional obstruction,
dynamic  dysfunction(muscular  failure), and
anatomical obstruction.? Therefore, this

obstructive ETD is the focus of this review.

Currently, multiple studies have shown that ETD
is associated with allergic reactions. The possible
mechanisms of allergic reactions in ETD include:
(1) inflammation mediators and mucus damage
mucociliary clearance system function in the ET
mucosa; (2) self-inflammation of the ET leads to
mechanical obstruction caused by mucosal
inflammation and swelling; (3) inflammatory me-
diators reduce surfactant in the ET, impairing its
active opening function; (4) the spread of inflam-
mation from adjacent areas (such as the naso-
pharynx) to the ET; and (5) late-phase allergic
reactions may also participate in the development
of ETD.

However, there is still controversy regarding the
relationship between ETD and allergic reactions.
Firstly, the specific pathophysiological mecha-
nisms of ETD are not yet fully understood.
Although ETD is considered to be one of the
important causes of diseases such as otitis media
with effusion (OME) and suppurative otitis media, a
large amount of research is still focused on the role
of allergic reactions in the development of OME,
and there is relatively little literature on the asso-
ciation between allergy and simple ETD. Secondly,
it remains uncertain whether chronic dilatory ETD
is a continuation of the same pathology that causes
acute ETD, or if other pathological mechanisms are
responsible for these symptoms.? Therefore, this
article will review the research progress on
possible allergic mechanisms in ETD and aims to
provide a reference for future studies.

POSSIBLE MECHANISMS OF ALLERGIC
RESPONSES IN THE OCCURRENCE AND
DEVELOPMENT OF ETD

The immunological basis of the ET

Unified airway concept

The concept of a unified airway describes the
upper and lower airways as a single, inter-
connected unit, meaning that stimulation in one
area can lead to inflammation throughout the
entire system.® Specifically, the respiratory mucosa
of the middle ear, nose and sinuses, and lower
respiratory  tract are structurally and
physiologically uniform, consisting of
pseudostratified columnar epithelium with goblet
cells that secrete mucus and participate in active
transport of mucus and particles.® Research has
shown that the inflammatory mediators released
in respiratory diseases are the same throughout
the entire respiratory system, including T-cell
cytokines such as interleukins IL-4, IL-5, and IL-13,
as well as eosinophilic cells.” Additionally, the
middle ear mucosa, like other parts of the upper
respiratory  epithelium, evolved from the
ectoderm and has been shown in animal studies
to have the same immune reactivity to antigens
as the nasal cavity, sinuses, and bronchi.®
Nguyen et al. found parallel allergic inflammation
in the ET and nasopharynx or upper airway in
patients with atopic otitis media, further
supporting the view that the middle ear cavity is
a component of the unified airway.? Therefore, as
a conduit structure connecting the nasopharynx
and middle ear cavity, the mucosa of ET is
continuous with that of the nasopharynx and
middle ear, and it is reasonable to assume that
the ET itself has an immunological basis similar
to that of respiratory allergic diseases.

The immunomodulatory role of cytokines in the
pathogenesis of ETD

The allergic responses begin with the sensitiza-
tion phase, which occurs when the body is first
exposed to an allergen without showing clinical
symptoms. When the allergen is encountered
again, it triggers allergic reactions, resulting in
clinical symptoms. During this process, a large
number of allergic mediators are produced,
including various cytokines and chemokines. The
production and accumulation of these allergic
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mediators can trigger and sustain the allergic
response.

T helper 2 (Th2) cytokines

Allergic reactions are type | hypersensitivity re-
actions mediated by IgE and driven by Th2 cyto-
kines response.’® A large body of research has
confirmed the role of Th2 cytokines in allergic
immunity, but there are no literature reports
directly detecting allergic-related immune factors
in the ET. Therefore, if the presence of these Th2
cytokines could be detected in ETD, it would more
strongly support the view that allergy is a patho-
genic factor in ETD.

IL-4, IL-5. IL-4 and IL-5 are 2 important Th2
cytokines that are involved in IgE-mediated
allergic reactions. Studies have shown that IL-4
mainly promotes the differentiation of ThO cells
(undifferentiated T helper cells) into Th2 cells by
activating the transcription factor STATé and
inducing the expression of GATA3, promoting
the expression of IL-4 and IL-5, thus
strengthening the positive feedback loop of Th2
cell differentiation (Supplemental Figure 1A). In
short, IL-4 is responsible for initiating allergic
reactions and producing IgE."" IL-5, as a colony-
stimulating factor for eosinophils, recruits and
activates eosinophils, promoting their
differentiation and maturation, and therefore
plays an important role in the late-phase allergic
reactions.”

Although IL-4 and IL-5 have not been directly
detected in the ET, a study by Pollock et al. found
that in a rat model of OME induced by systemic
sensitization with ovalbumin (OVA) and stimulated
in the middle ear, the ET ventilation and clearance
function remained relatively stable in the group
that pre-treated with IL-4 antagonists, with normal
mucociliary function, compared with the control
group that did not use antagonists.’® In contrast,
the group pre-treated with IL-5 antagonist did
not show significant increase in eosinophils, but
exhibited more severe inflammation and edema,
with impaired mucociliary function in the ET. The
study concluded that IL-4 antagonist administered
via the middle ear can effectively restore the
ventilation and clearance function of the ET in
sensitized animals, and prevent the occurrence of
ETD. In addition, IL-4 antagonist has a stronger

effect than IL-5 antagonist in alleviating allergy-
mediated ETD. These also indirectly confirm the
presence of IL-4 and IL-5 in the ET inflammation
and their involvement in the allergic reactions
process of ETD.

In addition, the unified airway concept
mentioned earlier provides a theoretical basis for
indirectly reflecting the immune environment
within the ET. In recent years, a large number of
animal studies have found that in the allergic OME
model, the expression levels of eosinophils, IL-4,
IL-5 and other related immune factors in the mid-
dle ear mucosa and middle ear bone marrow
cavity are significantly higher than those in the
control group.”* '’ Most of these studies
observed similar results: after modeling, the ET
mucosa thickened, the ciliated epithelium was
disordered and shed, and serum IgE expression
increased. Based on this, Shi et al evaluated the
degree of mucosal changes in the ET, middle ear
cavity, and tympanic membrane tension zone,
and found that the changes in the opening at the
entrance of the ET were the most obvious,
suggesting that allergic reactions may occur
earlier in the ET and induce changes in middle
ear inflammation."” This provides indirect
evidence of the role of allergic reactions in ETD
and its complications. In addition, Wright et al.
found that IL-5 mRNA expression levels were
elevated in the middle ear mucosa of children with
persistent OME."®

IL-13. IL-13 is a key effector cytokine in allergic
inflammation, which can synergize with IL-4 to
promote B cell differentiation into plasma cells
and synthesize IgE. At the same time, it rapidly
synthesizes specific IgE when the allergen is re-
stimulated. Previous studies have shown that IL-
13 plays an important role in inducing strong
airway hyperresponsiveness and pathological
changes associated with allergic airway
diseases.’ However, there is little literature on
determining the presence and role of this factor
in OME or ETD. A recent study found that the
expression of IL-5 and IL-13 in the middle ear
mucosa of allergic OME mice induced by
intraperitoneal injection of OVA combined with
nasal stimulation was significantly higher than
that in the control group. Although the study did
not evaluate the ET patency or function of the
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allergic group, they believed that allergy is likely to
affect ET function.?°

In addition, IL-13 is also considered to play an
important role in inducing airway mucosal goblet
cell hyperplasia and mucus production. Studies
have shown that IL-13 induces goblet cell meta-
plasia by activating the epidermal growth factor
cascade, resulting in increased expression of
mucin?" (Supplemental Figure TA). Mucin is a key
factor in maintaining MCC function in the middle
ear and ET, so IL-13 may be involved in the
allergic mechanism of ETD by regulating mucin
secretion.

IL-8

Currently, there is no literature reporting direct
detection of IL-8 in ETD. However, it should be
noted that Kerschner et al. confirmed through RT-
PCR that IL-8 can significantly upregulate the
expression of middle ear mucin gene MUC5AC.??
The ET can express equivalent amounts of MUC5B
and MUCS5AC, which suggests that IL-8 may also
affect ETD by causing mucin disorder®®
(Supplemental Figure 1A). In addition, a large
number of studies have shown that early middle
ear effusion in OME may be directly related to
high expression of IL-8.24 IL-8 can bind to its re-
ceptor, causing cell deformation, degranulation,
release of lysosomes and peroxides, while
enhancing neutrophil expression of adhesion
molecules and increasing capillary permeability.
This may lead to the ET mucosal edema and
damage to mucociliary clearance function, result-
ing in ETD.

Inflammation mediators and mucus damage
mucociliary clearance (MCC) system function in the
ET mucosa

The surface of the ET is covered by a pseudos-
tratified ciliated columnar epithelium, and the cili-
ated cells, together with the overlying mucus
blanket, form the mucociliary transport system.*®
Studies have found that the cilia movement
direction, which is directed from the middle ear
cavity towards the nasopharynx, allows the ET to
expel secretions and pathogens towards the
nasopharynx.?® In  addition, the normal
functioning of the mucociliary system in the ET
can prevent excess secretions from accumulating
in the ear. However, type | hypersensitivity

reactions can affect ciliary movement and
damage the mucosal barrier function of the
respiratory tract. Tanaka et al sensitized guinea
pigs with ovalbumin and found that systemic and
local allergic reactions accelerated ciliary activity,
but may affect the ET mucus blanket and induce
mucociliary dysfunction.?® Hardy et al confirmed
that allergen stimulation in the ear can induce
inflammation in the middle ear and the ET
mucosal system, impairing the clearance ability of
the mucociliary system and leading to ETD.?’
Further animal experiments conducted by Liu
et al successfully induced type | hypersensitivity
reactions in the ET of rats through sensitization of
allergens in the peritoneal cavity and stimulation
in the middle ear." The results showed that the
experimental group had swelling and disordered
arrangement of ciliated epithelium in the ET
drum segment, as well as partial loss of cilia and
MCC dysfunction, leading to acute otitis media
with effusion (AOM).

Mucin is an important glycoprotein in the
mucociliary transport system of the middle ear and
ET, which is the main component of middle ear
effusion and plays an important role in maintaining
the function of the MCC system. However, exces-
sive production of mucin and changes in mucin
types can disrupt the normal MCC function of the
ET, ultimately leading to ETD and even middle ear
disease.?® Studies have shown that Th2-related
cytokines such as IL-4, IL-5, and IL-13 can partici-
pate in the expression and secretion of mucin
genes MUCSAC and MUC5B,%93"  further
indicating the role of allergy in the occurrence
and development of ETD.

Self-inflammation of the ET leads to mechanical
obstruction caused by mucosal inflammation and
swelling

Histological studies have shown that the levels
of allergic cell factors such as IL-4, IL-5, and eo-
sinophils are elevated at both ends of the ET,*?
indicating the possibility of allergic inflammation
in the ET. Therefore, in addition to the
mechanisms mentioned earlier, the inherent
hyperreactive inflammation of ET itself may cause
intrinsic venous engorgement and hypersecretion
of mucus, leading to mechanical obstruction and
isolation of the middle ear space, affecting gas
exchange®® If left untreated, prolonged ET
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obstruction can result in chronic inflammation of
the middle ear, which can lead to epithelial
metaplasia, increased glandular activities of
goblet cells, and an inability to clear middle ear
fluid (Supplemental Figure 1B).33

Inflammatory mediators reduce the ET surfactant,
impairing its active opening function

The surfactant in the ET is made up of lipids,
phospholipids, and four surfactant proteins (SP-A
through SP-D), which play a crucial role in altering
the rheological properties of the ET mucus,
improving the efficiency of the mucociliary system,
and enhancing immune function.***® Research
has shown that the surfactant can improve the
rheological properties of ET mucus and has an
anti-adhesive function.®>3¢ At the same time, the
surfactant can also increase the ciliary beat
frequency by reducing the depth of mucus,
effectively promoting the discharge of mucus in
the ET.** If the ET becomes inflamed or suffers
from inflammation, the increase in its opening
pressure can lead to impaired ET active opening

function, resulting in ETD (Supplemental
Figure 1C). Previous animal studies have
demonstrated that surfactant treatment can

improve ciliary function in the damaged ET and
significantly reduce middle ear fluid in guinea
pigs with OME, compared to the control
group.®’2 Therefore, it can be inferred that the
ET surfactant has a positive therapeutic effect on
ETD. It is worth noting that surfactant protein D
among the four surfactant proteins seems to have
no contribution to surface tension, but it helps to
regulate the innate immune response and
homeostasis of the ET mucosa.>’

In summary, the generation and accumulation of
inflammatory mediators in ET can lead to a
reduction in surfactant, which can in turn cause
ETD by affecting the function of the ET. Although
the impact of allergic reactions in ET on surfactant
has not been studied, we look forward to further
exploration in this area in the future.

The spread of inflammation from adjacent areas
(such as the nasopharynx) to ET

Allergic rhinitis (AR)

Although a large body of literature suggests an
association between AR and OME or ETD in

children, there is currently no clear causal rela-
tionship. A common view is that chronic ETD is
caused by long-term nasal inflammation, espe-
cially nasal allergy. Fu et al found that compared
with the non-AR control group (healthy adults), the
2 groups of ET morphology and middle ear func-
tion in 100 AR patients had statistically significant
differences (two ET morphology (3®> = 11.538,
p < 0.01), tympanogram curve (y°> = 14.519,
p < 0.01)), suggesting that AR can affect the
morphology of the ET and middle ear function,
and the more severe the AR reaction, the more
likely it is to cause ETD.*® The research results of
Ma et al also confirmed this view.*' Another
study found through analysis of the 2011-2012
US National Health and Nutrition Examination
Survey database that compared with patients
without ETD (bilateral type A tympanogram,
p = 0.039), patients with ETD had a 1.71 times
higher risk of concurrent allergy, and AR was
significantly correlated with ETD.*?* However, a
prospective study found no difference in ET
function among AR patients who underwent
nasal provocation testing. Additionally, there was
no difference in the incidence of AR between
children with OME with and without AR,
suggesting that AR is not directly related to the
occurrence of OME.*?

Currently, research suggests that there are two
mechanisms by which AR may lead to ETD
(Supplemental Figure 1D). On the one hand,
allergens inhaled by AR patients may deposit on
the surface of the nasal and nasopharyngeal
mucosa, activating mast cells containing IgE,
leading to the release of inflammatory mediators,
increasing local vascular permeability and mucus
production, ultimately resulting in obstruction of
the pharyngeal orifice of the ET and impairment of
Eustachian tube function.** On the other hand,
inflammatory mediators in the nasal mucosa may
also directly spread to the ET, leading to ciliary
clearance dysfunction and subsequent ETD.?® Shi
et al successfully constructed an animal model of
OME by using OVA systemic sensitization and
nasal stimulation method. From the tissue
structure, they found that the mucosal tissue
changes in the ET and the middle ear near the ET
were the most obvious in allergic reactions.”” This
also indicates that inflammation in the



6 Yu et al. World Allergy Organization Journal (2024) 17:100860

http://doi.org/10.1016/j.waojou.2023.100860

nasopharynx can spread to the ET and cause middle
ear disease through the ET.

Adenoidal hypertrophy (AH)

The adenoid is also considered to have a po-
tential connection with ETD, especially in its path-
ological condition. The general view is that AH can
cause mechanical obstruction of the ET or affect its
ventilation and drainage function, leading to ETD
(Supplemental Figure 1D). However, not all AH
patients will develop OME, and studies has
shown that when the adenoids are in close
contact with the torus tubarius, adenoidectomy
can significantly improve ETD, while the size of
the adenoids is completely unrelated.*®*” This
suggests that local inflammatory mediators or the
presence of biofilms may be another mechanism
leading to AH induces OME or ETD.*®* When AH
is present, the lymphocyte regulatory function of
the adenoid is lost, and various inflammatory
cytokines are passively released, increasing
vascular permeability and exacerbating damage
to the mucosa of the middle ear and ET.*?
Studies have shown that children with OME have
higher levels of histamine and subepithelial mast
cells in their adenoid tissue than those without
OME.®? In addition, a review mentioned that the
adenoid and ET may be potential target organs
for allergic inflammation, leading to long-term
dysfunction of the ET and causing bacterial or
viral reflux and middle ear infections.?®

The role of late-phase allergic reactions in the
development of ETD

Late-phase reactions is the late stage of allergic
reactions, also known as the late-phase allergic
reactions (LPR). LPR usually occurs 8-24 h after the
early-phase allergic reactions, lasting for 24-48 h,
or even several weeks, leading to excessive
allergic reactions in affected tissues.®" Hardy et al
has confirmed that sensitized rats injected with
OVA  through the tympanic membrane
developed ETD and OME, which lasted for at
least 32 h after stimulation, suggesting that these
changes were secondary to LPR.?” Therefore, it is
believed that LPR can induce ET epithelial
inflammation, leading to ET blockage, middle ear
ventilation and MCC function disorders, and even
OME. Pollock et al. used IL-4 and IL-5 antagonists
to pretreat sensitized rats injected with OVA

through the tympanic membrane, confirming that
IL-4 antagonists were effective in treating ETD and
OME caused by LPR."® These studies suggest that
LPR can further exacerbate allergic reactions in the
ET and may play a role in recurrent acute ETD or
chronic ETD and chronic middle ear disease,
which should be given attention in future research.

APPLICATION OF ANTI-ALLERGIC
THERAPY IN THE DEVELOPMENT OF ETD

Although many studies have confirmed the as-
sociation between allergic reactions and ETD, the
efficacy of anti-allergic therapy for ETD has been
questioned.®? Current anti-allergic therapy in-
cludes antihistamines, intranasal corticosteroids
(INCs), immunotherapy, etc.

Histamine and antihistamines

Histamine is the main inflammatory mediator in
early allergic reactions, which can cause high
secretion of mucosal glands and local vasodila-
tion."® Antihistamines are believed to effectively
inhibit early phase allergic reactions, reduce
mucosal congestion, and alleviate histamine-
driven symptoms. Therefore, it seems reasonable
to use antihistamines to regulate the inflammatory
response in ETD. However, there is still controversy
over whether antihistamines play a role in the
treatment or prevention of ETD.

The evidence supporting the role of histamine
or anti-histamine drugs in the development of ETD
is mainly derived from animal experiment. Downs
et al. sensitized rats through intratympanic and
intranasal histamine stimulation and found that
histamine could affect rat ET ventilation and ciliary
clearance function, leading to acute ETD.®® Ebert
et al. successfully induced acute ETD in rats
through intranasal histamine infusion, with
symptoms similar to those observed in the
previous study.’>* A recent randomized, double-
blind study tested the effects of intranasal hista-
mine and placebo stimulation on middle ear
pressure balance and gas exchange performance,
and found that histamine could cause inflamma-
tion of the local mucosa and the distal mucosa,
including the ET mucosa, thereby affecting ET
opening and causing ETD.*® In addition, many
studies have shown that the use of intra-aural an-
tihistamines in sensitized rat models can reduce
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the accumulation of middle ear fluid, improve
OME symptoms, and may be effective in treating
ETD caused by allergies.*®*2

However, most studies indicate that antihista-
mines are not effective in treating ETD. On the one
hand, this may be because the anticholinergic ef-
fects of antihistamines can reduce ciliary rhythm
frequency and increase mucus  viscosity,>?
interfering with ET drainage or absorption and
causing dysfunction of the ET epithelium. On the
other hand, antihistamines can also affect
glandular cell secretion function, causing
additional side effects such as dry mouth,
constipation, bloating, and tension. Although
second-generation antihistamines have less side
effects compared to first-generation ones, which
have anticholinergic activity,®° first-generation an-
tihistamines are still widely used, and there is
limited literature on the improvement of ETD with
second-generation antihistamines, which is one of
the reasons for controversy. A randomized
controlled trial by Chonmaitree et al found that the
use of antihistamines (chlorpheniramine maleate)
during an acute episode of OME did not improve
outcomes and instead prolonged the duration of
middle ear fluid.®" As ET is generally used for
drainage of middle ear effusion, they speculated
that antihistamines may inhibit ET function during
acute inflammation. Griffin et al. conducted a
meta-analysis and systematic review in 2006 and
updated it in 2011, finding that the use of antihis-
tamines, decongestants, or a combination of both
had no benefit in preventing or treating OME, and
the incidence of side effects was about 10%.9%¢2
Subsequently, a meta-analysis by Roditi sug-
gested that INCs and antihistamines were both
ineffective in achieving long-term improvement in
OME.®3 Therefore, antihistamines have not shown
long-term benefits in either ETD or OME, and are
not recommended as clinical treatment in multiple
guidelines and studies. However, the emergence of
second-generation antihistamines and new-
generation drugs is worth further research in the
future.

Intranasal corticosteroids

It is well known that corticosteroids have signif-
icant anti-inflammatory and anti-edema effects.
Studies have reported that corticosteroid can
improve ETD by enhancing the secretion of the ET

surfactant.®* Although INCs and antibiotics have
become the most commonly prescribed drugs in
various specialties for acute ETD patients,®® the
treatment plan for using INCs to treat ETD is still
unclear, and research in this area is limited, with
most studies focusing on treating OME.

Wau et al. conducted a small retrospective cohort
study to evaluate the effectiveness of a novel fluti-
casone propionate exhalation delivery system
(Xhance nasal spray, referred to as EDS-FLU) in
improving symptoms of ETD.®® The study results
showed that after one month of treatment, most
patients  (approximately = 79%)  experienced
improvement in symptoms, with 36% of patients
achieving a normal level on the ETDQ-7 scores.
This favorable treatment outcome may be attrib-
uted to the ability of EDS-FLU, compared to other
nasal sprays, to deliver the medication more
effectively to the nasopharynx and ET orifices. It
should be noted, however, that this study has lim-
itations in terms of sample size, exclusion of
comorbidities, and the use of tympanometry or
audiometry before and after treatment. Other
studies do not seem to support the efficacy of INCs
in treating ETD. Gluth et al. conducted a prospec-
tive RCT that included adult and relatively older
children with ETD and evaluated the effectiveness
of INCs in treating ETD based on tympanogram
and related symptoms including OME and middle
ear negative pressure.®” The results showed that
the use of INCs in treating ETD was not
supported. A systematic review by Llewellyn et al.
also indicated that INCs do not improve
symptoms and middle ear function in patients
with middle ear fluid and/or negative middle ear
pressure.®® The latest systematic  review
comparing the efficacy of existing drug
treatments for obstructive ETD in adults showed
that INCs did not significantly improve symptoms
in patients with chronic ETD (only effective in
improving symptoms in 11%-18% of chronic ETD
patients).®? This suggests that INCs are not an
effective treatment option for chronic ETD patients.

Although OME is not solely caused by ETD, the
treatment of OME has a positive impact on ETD. A
small study by El-Anwar et al. compared the
effectiveness of intranasal mometasone furoate
spray, oral prednisolone, and saline nasal spray in
treating OME.”® The results showed that systemic
or intranasal corticosteroid treatment was
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significantly more effective than saline nasal spray
(p < 0.001), and INCs were effective in treating
OME. However, most studies suggest that INCs
are not helpful in improving ETD or OME.
Williamson et al. conducted a randomized
double-blind placebo-controlled trial to evaluate
the efficacy of nasal steroid in children with bilat-
eral OME.”" The results indicated that topical
corticosteroids are unlikely to be an effective
method for treating OME in general. Berkman’s
systematic review compared the treatment
strategies for OME in terms of efficacy and
effectiveness and concluded that INCs did not
show a difference in cure rate when used alone
or in combination with antibiotics.”?> Multiple
studies have also shown that INCs have no long-
term benefits for otitis media effusion.®*”2 In
addition, clinical practice guideline for OME
developed by the American Academy of
Otolaryngology-Head and Neck Surgery Founda-
tion, the American Academy of Family Physicians,
and the American Academy of Pediatrics also
recommend against using INCs in OME.”*

Treatment of comorbidities with individual or
combined use of INCs

Considering the complexity of the development
process of ETD, there is currently insufficient evi-
dence to determine the effectiveness of combina-
tion therapy for OME or ETD.”? At the same time,
there is still no consensus on the efficacy of
antihistamines, or INCs, or combination therapy
for ETD with significant allergic diseases (such as
AR or AH) or simple ETD.

Treatment of ETD associated with allergic dis-
eases using either individual INCs or combination
therapy: Crowson et al. conducted a retrospective
case study on ETD patients with combined OME
treated with intranasal fluticasone, aiming to
determine whether this treatment can prevent the
need for tympanostomy tube placement in chil-
dren with ETD.”® The results showed that INCs
significantly reduced the number of ETD patients
requiring tympanostomy, while controlling for
gender, race, socioeconomic indicators, and the
presence of CLP or Down syndrome. However,
this trial did not involve expert evaluations of
the subjects or consider other factors
contributing to ETD, such as allergic diseases and
gastroesophageal reflux disease, which may have

influenced the accuracy of the data and results.
Ma et al. conducted a prospective controlled
cross-sectional study that included 59 patients
with AR who were treated with mometasone furo-
ate nasal spray and oral loratadine for one
month.*" The study evaluated the nasal and ET
conditions before and after treatment and found
that the AR patients’ visual analogue scale (VAS)
scores, nasal endoscopic scores, and Eustachian
Tube Dysfunction Questionnaire-7 (ETDQ-7)
scores all significantly decreased (p < 0.0001). This
suggests that the combination of INCs and anti-
histamines can significantly improve ET function as
nasal symptoms improve. This result is likely due to
the relief of AR symptoms, which improves ETD
symptoms. Although few studies have distin-
guished the therapeutic effects of using INCs to
treat patients with AR combined with ETD for the
treatment of rhinitis and ETD, the Chinese
Consensus on Eustachian Tube Dysfunction’
suggests that INCs can be given to ETD patients
with  AR. Studies have also found that
combination therapy appears to be effective in
treating ETD with AH. A recent study evaluated
the efficacy of 3-month intranasal Azelastine-
Fluticasone dipropionate combination in treating
children with AH and ETD, and found that combi-
nation therapy was significantly effective in
reducing adenoid tissue and improving ETD after
three months of treatment.”®

In addition, several studies have shown that
INCs are beneficial in treating OME patients with
AH.”77% Qverall, there is currently no consensus
on the use of INCs for the treatment of ETD or
OME. Future research should further investigate
the  duration, dosage, and appropriate
population for INCs. At the same time, in future
experimental designs, more attention should be
paid to the impact of combined AR or AH on
ETD (Supplemental Table 2 summarizes studies
on combination therapy in comorbidities).

Research summaries on the mentioned anti-
allergic  drugs have been compiled in
Supplemental Table 1.

Immunotherapy

Immune modulatory oligonucleotides (IMO) are
immunomodulators containing DNA sequences
with unmethylated CpG motifs that have the ability
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to regulate the immune response to allergens.”?
IMO can activate cell signaling pathways by
binding to Toll-like receptor 9, inducing a shift
from Th2 to Th1 immune response, resulting in a
significant reduction in eosinophil levels, as well as
IL-4, IL-5, and IL-13 levels.2? Previous studies have
shown that IMO is effective in treating and
preventing ETD in rats. In ETD rat models
induced by OVA stimulation in the middle ear or
nasal cavity, pre-treatment of IMO significantly
reduced ET passive opening and closing pres-
sures, improved ET ventilation function, and
significantly  improved  mucociliary  function
compared to the OVA-sensitized control group
without IMO pre‘freatment.”'m'82 However, there
are currently no clinical studies on this drug, and
future research should focus on elucidating the
functional differences of this drug in humans and
animals, as well as its safety and potential side
effects.

In addition, allergen immunotherapy (AIT) is one
of the methods for treating allergic diseases. It
involves exposing patients to gradually increasing
doses of allergens to induce immune tolerance,
resulting in significantly reduced or even absent
symptoms upon subsequent exposure to the
allergen. Currently, AIT has shown good efficacy in
treating AR and asthma, and several studies have
even demonstrated complete resolution of middle
ear effusion and symptoms in most OME patients
treated with AIT.232% However, there is limited
literature on the use of AIT for treating ETD, and
existing research is still lacking in terms of
sample size, biomarker assessment, and longer-
term outcomes. Fortunately, AIT has shown
promising results in treating OME, and we hope
that future research will provide another effective
treatment option for ETD.

Other treatments

In recent years, multiple studies have confirmed
that the use of topical surfactant in animal models
of ETD can quickly relieve symptoms and reduce
the opening pressure of the ET.®*®7 In a recent
phase 2 clinical trial, a surfactant (OP0201) was
administered intranasally to young children with
AOM for the first time. Although no significant
clinical differences were observed between the
treatment groups, the safety of OP0201

administration was confirmed, and no adverse
effects were reported.®®

With the gradual exploration in clinical research,
surfactant may become an effective treatment for
ETD or OME in the future.

In addition, leukotriene antagonists such as
montelukast are also considered to be effective in
treating allergic OME. Multiple studies have shown
that the use of leukotriene antagonists in combi-
nation with other drugs leads to a higher rate of
OME resolution and is more effective in preventing
chronic OME.??:7? Given the relatively safe profile
and lack of significant side effects of leukotriene
antagonists, they have potential value in the
treatment of allergic OME or ETD.

In conclusion, we believe that there is sufficient
evidence to support the association between
allergic reactions and ETD, and that the impact of
allergic reactions should be considered in the
treatment and prevention of ETD. However, there
are still many problems and challenges in this field.
For example, (1) it is still unknown whether ETD is a
separate disease, and there is currently no clear
gold standard for diagnosis, which leads to bias in
the homogeneity of the research subjects in ETD
studies. Moreover, since most mechanical ob-
structions of ET are caused by primary diseases
such as AR or AH, it is difficult to distinguish the
disease targets when evaluating the efficacy of
anti-allergic therapy for this type of ETD, which is
one of the reasons why there is no complete
treatment plan for ETD at present. (2) Although the
concept of a unified airway has been proposed, it
is still unclear whether ETD and adjacent allergic
diseases occur simultaneously or have a causal
relationship in the allergic reactions process.
Furthermore, further research is needed to confirm
whether the pathological changes and the inflam-
matory mediators involved in the development of
allergic reactions have specificity. (3) Due to the
deep location of the ET, complex surrounding
structures, and proximity to important blood ves-
sels and nerves, it is difficult to accurately dissect
ET mucosal tissue without containing muscle,
cartilage, and other surrounding tissue compo-
nents. This makes traditional biochemical detec-
tion methods inaccurate and ineffective for
detecting allergic-related immune factors in ET
mucosa. Therefore, future research should focus
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on exploring these issues in depth to provide a
more scientific basis for the exact pathogenesis
and treatment of ETD.
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