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Abstract

Purpose: To determine the effect of combining Eustachian tube balloon dilatation with triamcinolone
acetonide on inflammatory response and immune function in secretory otitis media patients.

Methods: Seventy-six (76) patients diagnosed with acute secretory otitis media in the Ninth People's
Hospital Affiliated with Shanghai Jiao Tong University, Shanghai, China were randomly assigned to
study group (SG) and control group (CG). Patients in CG received 40 mg triamcinolone acetonide
injections in the tympanic membrane weekly for 4 weeks, while SG patients were administered
Eustachian tube balloon dilatation in addition to triamcinolone acetonide injection. Pre- and post-
treatment assessments in the two evaluated groups included the proportion of T lymphocytes, serum
inflammatory molecules and Eustachian Tube Score (ETS).

Results: The study group exhibited a significantly higher efficacy (92.1 %) than the control group (68.4
%; p < 0.05). In addition, the study group exhibited higher CD8*, CD4*, CD4*/CD8" ratio and T cells
proportion after treatment (p < 0.05). Furthermore, the concentration of serum inflammatory cytokines
(PCT, IL-2, IL-4, TNF-a) in SG was significantly lower than that in CG (p < 0.05). Also, the ETS score in
CG was lower (3.53 £ 2.40) compared to SG (5.25 £ 2.02) after treatment (p < 0.05).

Conclusion: The combination of triamcinolone acetonide and Eustachian tube balloon dilation
demonstrates enhanced efficacy in alleviating symptoms, diminishing inflammatory responses and re-
establishing immune balance in the treatment of acute secretory otitis media, underscoring its significant
promise. Longer follow-up and larger sample size prospective studies are, however, warranted.
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INTRODUCTION

tube dysfunction.
maintain normal

Eustachian tube serves to
middle ear ventilation and

Secretory otitis media is a prevalent ear disease
characterized by middle ear effusion, increased
mucous membrane secretion and hearing
impairment, affecting children and adults [1].
Multiple factors could cause secretory otitis
media including upper respiratory tract infection,
immune dysregulation, allergy and Eustachian

drainage. Dysfunctional Eustachian tube may
result in fluid accumulation in the middle ear,
creating an  environment conducive to
inflammation and infection [2]. The main
symptoms of secretory otitis media include ear
fullness, with some patients also experiencing
tinnitus and earache. These symptoms
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significantly  impact patients' life  quality,
especially impairing children's speech and
cognitive development.

Conservative treatment is the first choice for
secretory otitis media, especially for patients with
initial diagnosis or mild symptoms. At present,
therapeutic options for secretory otitis media
include antibiotics, anti-inflammatory medications
and surgery, but their efficacy varies. For some
patients, allergy and immunotherapy may help to
relieve symptoms [3]. This involves the
identification and management of allergic factors
that may lead to secretory otitis media and the
corresponding allergic treatment. Some patients
experience persistent or recurrent symptoms,
necessitating more effective treatment options.
Surgical treatment may be considered when
conservative  treatment is ineffective or
symptoms last for a long time. When choosing
surgical treatment, a comprehensive evaluation
should be made according to the specific
situation and etiology of patients [4]. Eustachian
tube surgery and tympanic membrane
catheterization are common choices, but the
choice should be based on the severity of the
disease and the needs of patients.

As an innovative treatment, Eustachian tube
balloon dilation is gaining increasing attention. It
is anticipated to enhance its ventilation function,
as well as decrease the possibility of middle ear
effusion. Relative to traditional Eustachian tube
surgery, Eustachian tube balloon dilatation is less
invasive and gentler. It is now widely performed
due to its minimal anesthesia-associated
complications and minor surgical trauma, which
make it more readily accepted by patients.
Balloon dilation of Eustachian tube shows
promising application potential and the
technology and equipment are constantly
improved [5].

Triamcinolone  acetonide is a topical
corticosteroid  that  inhibits  inflammatory
responses, and reduces local congestion and
body fluid extravasation [6]. It has been widely
administered to various middle ear diseases due
to its anti-inflammatory and immunomodulatory
effects [7]. Studies have shown that long-term
use of triamcinolone acetonide is safe for
children and adults and will not cause obvious
hormone-related side effects [8]. This provides a
feasible choice for patients with secretory otitis
media for long-term treatment. This study aimed
to investigate the impact of eustachian tube
balloon dilation combined with triamcinolone
acetonide on inflammatory and immune reactions
in secretory otitis media patients.

METHODS
General information

Seventy-six (76) acute secretory otitis media
patients in the Ninth People's Hospital Affiliated
with Shanghai Jiao Tong University, Shanghai,
China were recruited. Study population was
assigned to a study group and control group,
each with 38 patients. This study received
approval from the Ethics Committee of the Ninth
People's Hospital affiliated with Shanghai Jiao
Tong University (approval no. SH9H-2023-T316-
5) and was conducted in line with the guidelines
of Helsinki Declaration [9].

Inclusion criteria

Patients between 16 and 75 years old; clinically
and audiologically diagnosed with otitis media;
intact tympanic membrane with no significant
structural abnormalities; Preoperative Ear,
Throat, and Speech (ETS) score < 5 and patients
with Acoustic immittance tympanogram results
showing type B or C were admitted into study.

Exclusion criteria

Patients younger than 16 years or older than 75
years old; who have undergone neck or head
surgery in the past three months; in whom there
was the presence of tympanic membrane
perforation or other significant abnormalities; with
acute upper respiratory tract infection and severe
systemic diseases or malignant tumors and
patients who were unwilling to comply with study
were excluded.

Treatment process

Patients in control group (CG) were treated with
triamcinolone acetonide. Before administration,
the external auditory canal of all patients was
thoroughly disinfected. Next, a 1-gram tetracaine
patch was applied to the surface of the tympanic
membrane for 5 min after which 40 mg of
triamcinolone acetonide (Kunming Jida
Pharmaceutical Co. Ltd, National Medicine
Standard no. H53021604) was injected into the
tympanic membrane and maintained for 30
minutes. The treatment regimen was once a
week for 30 days.

On the other hand, patients in study group (SG)
received Eustachian tube balloon dilatation
based on triamcinolone acetonide injection.
Eustachian tube balloon dilation surgery was
conducted using a specific kit (Spiggle & Their
Medicine Technik GmbH, Germany). The surgery
was performed under local anesthesia combined
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with  sedation, with the assistance of
laryngoscopes. A guide wire was carefully
inserted into the entrance of the patient's

Eustachian tube, followed by the advancement of
a balloon catheter through the guiding catheter to
enter Eustachian tube.

The balloon was inflated to gradually expand the
Eustachian tube without causing tissue damage.
The permeabilty and ventilation of the
Eustachian tube were determined and patients'
sensations during the procedure were monitored
to avoid discomfort or complications.

Evaluation of parameters/indices

Flow cytometry

Patients’ blood samples were collected before
and after treatment, and the human peripheral
blood mononuclear cells (PBMC) were isolated
using Ficoll density gradient centrifugation
method. The proportion of CD8* T cells, CD4* T
cells and CD4*/CD8* ratio was analyzed by
NovoCyte Flow Cytometer (ACEA Biosciences,
Hangzhou, China) and Flowjo software.

Enzyme-linked immunosorbent assay

Serum inflammation-associated molecules such
as procalcitonin (PCT), IL-2, IL-4 and tumor
necrosis factor a (TNF-a) were determined with a
commercial ELISA kit.

Treatment efficacy

The therapeutic effects in the two groups of
patients (CG + SG) were evaluated as follows:
The disappearance of symptoms such as tinnitus
and earache was considered a significant
improvement (Is); an obvious alleviation of
tinnitus and earache was regarded as effective
(Ie); no change in symptoms was considered
invalid. Therefore, the total effective rate (TE)
was calculated using Eq 1.

TE = (Is+Ie)/((CG+SG)100 .......ccevvennnnen. )
Eustachian tube function

The Eustachian tube function was assessed
using the Eustachian Tube Score (ETS). It
includes five items: Eustachian tube opening
delay index (R) assessed through objective
Eustachian Tubomanometry (TMM), and the
Valsalva action and click scores in subjective
assessment. Each item has a maximum score of

Table 2: Efficacy in the study and control groups

2, with a total possible score of 10. An ETS of £ 5
indicates impaired Eustachian tube function.

Statistical analysis

Statistical Package for the Social Sciences
(SPSS) version 23.0 (IBM, Armonk, NY, USA)
was utilized for data analysis. Data were
described as mean * standard deviation (SD) or
n (%) according to the distribution type. The
differences between SG and CG were assessed
using student’s t-test. Statistical significance was
determined with a p-value threshold of less than
0.05.

RESULTS

Patients’ baseline information

The demographic information for study and
control groups is presented in Table 1 below.
The characteristics of the two groups were

statistically comparable (p > 0.05).

Table 1: Baseline characteristics of SG and CG

Variable Control Study
group group
Age (years) 34.75+7.21  34.68+6.95
Gender Male 21 19
Female 17 19
Ear side Left 21 19
Right 17 19
Acoustic B 24 22
immittance C 14 16

Therapeutic effects of patients in both groups

The Curative effects of the two groups are shown
in Table 2 below. The gross effective rate of the
two groups showed a statistically significant
difference, with 92.1 % in SG and 68.4 % in CG
(p <0.05).

T lymphocyte subpopulation levels

Pre- and post-treatment T lymphocyte subset
levels are displayed in Figure 1. The percentages
and ratios of T cells in the two groups were
comparable before treatment (p > 0.05). After
treatment, however, CD8*, CD4* and CD4*/CD8*
ratio in SG were 24.24 + 3.39, 44.21 + 6.02, and
1.74 + 0.82, respectively. In CG, the values were
26.93 + 3.25, 38.44 + 5.70, and 1.65 + 0.78,
respectively. The results indicated that patients in
study group displayed more CD4*, CD8* T cells
and higher CD4+/CD8" ratio (p < 0.05).
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Group Significant Effective Invalid Total effective rate
Control 15 (39.5%) 11 (28.9%) 12 (31.6%) 26 (68.4%)
Study 22 (57.9%) 13 (34.3%) 3 (7.9%) 35 (92.1%)
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Figure 1: T lymphocytes percentage and ratio in two groups before and after treatment. Note: A = pre-treatment;

B = post-treatment
Serum inflammatory levels

The concentration of inflammatory molecules in
the two groups, pre-and post-treatment, are
shown in Figure 2. The concentration of IL-2, IL-
4, TNF-a and PCT in SG and CG showed no
statistical differences before treatment (p > 0.05).
However, after treatment, the concentrations in
SG were 4.31 £ 0.74 pyg/mL, 3.20 + 0.37 pg/mL,
4.67 = 0.31 pg/mL and 1.16 + 0.69 ng/mL
respectively. The values of the above serum
inflammatory molecules decreased compared
with CG (p < 0.05).

Postoperative Eustachian tube scores
Figure 3 displayed the EST scores for study and

control groups before and after treatment. The
EST scores were comparable in SG and CG
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before therapy (p > 0.05). However, the post-
treatment scores were significantly elevated in
SG (5.25 * 2.02) compared to CG (3.53 + 2.4),
with the difference being statistically significant (p
< 0.05).

DISCUSSION

Secretory otitis media is characterized as
effusion in the middle ear cavity which may
hinder sound wave transmission and cause
hearing damage [10,11]. This is especially
important for children with otitis media and
effusion (OME), because hearing impairment
may affect language and learning development.
Even for adults, hearing impairment may lead to
social and professional problems and reduce the
quality of life [12].
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Figure 2: Serum inflammatory molecules in two groups before and after treatment. Note: A = pre-treatment; B =

post-treatment
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Figure 3: ETS values in the two groups before and
after treatment

Secretory otitis media may be accompanied by
repeated middle ear infections, which not only
lead to pain and discomfort but also require
repeated antibiotic treatment, which increases
the risk of antibiotic resistance. Patients with
secretory otitis media wusually experience
inflammation and dysregulated immune function.
Therefore, it is crucial to explore the impact of
different treatment options on these aspects [13].
This study sought to investigate the effect of
combining Eustachian tube balloon dilatation with
triamcinolone  acetonide on inflammatory
response and immune function among secretory
otitis media patients.

The treatment options in children and adult
patients vary due to anatomic and multiple

factors [14]. In addition, the causes of this
disease are varied, which may include
Eustachian tube dysfunction, adenoid

hypertrophy, sinus problems and so on. It is
imperative to identify the etiology for optimizing
appropriate treatment methods. For example,
Eustachian tube surgery may be suitable for
Eustachian tube dysfunction, while
adenoidectomy may be suitable for adenoidal
hypertrophy. The final surgical decision should
be based on the professional opinions of doctors,
taking into account the specific situation and
etiology of patients. Doctors will provide advice
based on medical history, physical examination,
hearing test, imaging examination and other
information [15].

T lymphocytes are indispensable component in
the immune system and are divided into two
main subgroups: CD4* and CD8*. CD4* T cells
facilitate antibody production by B cells and
participate in humoral immune response, while
CD8* T cells are cytotoxic that directly kill cancer

cell or infected cells. The CD4*/CD8* ratio was
reported to represent immune function, a higher
ratio usually reflects favorable prognosis. Results
from this study show that both CD4* and CD8* T
cells increased significantly in SG after
treatment, with a more pronounced increase in
CD4* T cells, leading to an elevated CD4*/CD8*
ratio.

These results suggest that Eustachian tube
balloon dilatation combined with triamcinolone
acetonide may improve the immune response by
regulating the levels of T lymphocyte proportion,
particularly by increasing the number of CD4*
cells in secretory otitis media patients. This
improvement may help to enhance the resistance
of patients to infection and inflammation and is
expected to reduce the symptoms and disease
progression of patients with OME. The
percentage of T lymphocyte subsets serves as
an ideal indicator in judging the therapeutic
effect. The change in T lymphocyte subsets
reflects the regulation of the immune system,
especially the increase of CD4* cells may
represent the enhanced immune function [16].

The concentration of serum inflammatory
molecules positively correlates with  the
inflammatory response. Therefore, reducing their
concentration may help protect against tissue
damage and disease progression. Serum
inflammatory molecules are critical in regulating
and transmitting inflammatory signals in the
immune system [17]. Procalcitonin (PCT) is
widely used to represent the severity of bacterial
infection, while TNF-a is an important mediator in
the inflammatory response. Interleukins (IL-4 and
IL-2) participate in regulating the immune cells’
function and cell signal transduction. The
concentration of serum inflammatory molecules
in the two groups before treatment were
comparable, which indicated the immune status
of patients in the initial stage of the disease might
be similar. However, comparing with CG, the
concentration of PCT, TNF-q, IL-2 and IL-4 were
significantly decreased in SG.

The findings suggest that the combination of
Eustachian  tube balloon dilatation and
triamcinolone acetonide reduces the release of
inflammatory molecules, thereby decreasing the
inflammatory response. In addition, the decrease
in IL-2 and IL-4 levels represented depressed
immune reaction. This regulation of inflammatory
factors may help to protect patients from tissue
damage and promote the immune status.

Eustachian Tube Score (ETS) system is a

powerful tool to evaluate Eustachian tube
function. By comparing the ETS results before
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and after treatment, it is easy to assess the
treatment efficacy and determine the extent the
symptoms and Eustachian tube function of
patients are improved. Triamcinolone acetonide
is widely used to treat otitis media and
Eustachian tube dysfunction. It may improve ETS
by reducing inflammation and improving the
permeability of Eustachian tube [18,19].
Therefore, the comparative study evaluates the
relative effect of Eustachian tube balloon
dilatation and drug therapy on ETS. Tympanic
catheterization is a technique used to ventilate
the middle ear cavity by placing a small catheter
through the tympanic membrane. It may affect
ETS, especially by improving middle ear
ventilation, but it needs to be compared with
balloon dilatation of Eustachian tube. Balloon
dilation of Eustachian tube improves middle ear
ventilation, decreases its pressure and alleviates
symptoms, consequently improving the
subjective score of ETS.

Limitations of this study

Although this study has achieved positive
preliminary results, there are some many
limitations. Given that it is a retrospective study,
selection bias is a concern.

CONCLUSION

The combination of Eustachian tube balloon
dilation and triamcinolone acetonide
demonstrates a very high efficacy on acute
secretory otitis media, indicating its potential for
clinical application. However, longer follow-up
and larger sample size prospective studies are
needed. In addition, more in-depth studies to
reveal the precise mechanism of the combined
treatment on the immune system would be
required.
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