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ABSTRACT

Objective: Eustachian tube dysfunction is known to play an influential role in causing middle ear diseases, which are often connected with nasal and
sinusal disorders. Patients with severe symptoms may become resistant to medical treatment and surgical tubodilation. An innovative shockwave tubodi-
lation technique was applied to patients with Eustachian tube dysfunction in this study. It has recently been demonstrated that shockwave tubodilation
technigue can be successfully applied to the tube level in urology. It has now been positioned at the coronary level, where it has been safely deployed. We
believe this is the first study of its kind to demonstrate shockwaves in the Eustachian tube. This technique is based on the belief that shockwaves play an
instrumental role in wound healing by regulating macrophages. The immunomodulation achieved by shockwaves may be underestimated as a benefit
of clinical applications, which may be applicable to other macrophage-associated diseases. Accordingly, we hypothesized that shockwave tubodilation
technique might be effective in treating Eustachian tube dysfunction through immunomodulation. This study aimed to evaluate the effectiveness of
shockwave tubodilation in patients with Eustachian tube dysfunction.

Methods: Between November 2020 and February 2021, our study recruited 10 patients who displayed symptoms related to Eustachian tube dysfunction
and then underwent shockwave tubodilation therapy. Patients received regular otolaryngological visits with audiological examinations. Our investigation
consisted of the following procedures: an audiometric and impedance examination, rhinomanometry, otovideoendoscopy, the Italian nose obstruction
symptom evaluation (-NOSE) scale, the Sino-Nasal Outcome Test-22 (SNOT-22) questionnaire, and the Eustachian Tube Dysfunction Questionnaire-7
(ETDQ-7). Postoperative examinations and specialist examinations were performed for the patients after 2 weeks and 4 weeks following the procedure.
Results: The patients enrolled in the study ranged in age from 35 to 70 years old. Before surgery, 9 out of 10 patients (90%) had abnormal results on the
audiometer, but only 5 out of 10 (50%) had abnormal results 2 weeks after surgery, and 2 out of 10 (20%) had abnormal results 4 weeks after surgery. Nine
patients (90%) had abnormal impedance test results before surgery, but only 5 (50%) patients after surgery, and 2 (20%) patients 4 weeks after surgery.
The rhinomanometer results were abnormal in 9 out of 10 cases (90%) prior to surgery, but only 4 of 10 patients (40%) had abnormal results 2 weeks fol-
lowing surgery, and only one patient (10%) had abnormal results 4 weeks after surgery. Based on the results of the responses to the SNOT-22, I-Nose, and
ETDQ-7 questionnaires, patients who had undergone shockwave tubodilation therapy showed an improvement. There were no complications observed.
Conclusion: Based on subjective and objective assessments, shockwave tubodilation has been demonstrated to be effective in treating patients suffering
from Eustachian tube dysfunction. The preliminary results have provided the impetus for us to continue our research and expand the number of cases
studied to determine if the positive short-term outcomes of shockwave tubodilation have led to permanent improvement.

Additionally, only a small number of subjects were included in these studies.
With the use of the multiplanar reformation technique on computed tomog-
raphy, it was found that patients with a stenotic Eustachian tube had a small
bony framework, particularly near the isthmus, and a thick soft tissue lining,
particularly near the tympanic cavity. The condition was considered to be one
of the possible causes of tubal stenosis. These findings may prove helpful in
identifying and managing Eustachian tube disorders [7].

Eustachian tube dysfunction is common among US adults; it is estimated
that 4.6% of adults have Eustachian tube dysfunction, which rises to 48.5%
when examined by questionnaire among patients with chronic rhinosinusitis
[8]. Chronic sinonasal inflammation may lead to a dysfunctional Eustachian
tube, which may then result in middle ear diseases [2,9]. Eustachian tube dys-

INTRODUCTION

A Eustachian tube consists of an osseous posterolateral portion and a fibro-
cartilaginous anteromedial portion. An osseous portion is made up of the
petrous part of the temporal bone, while a flexible portion is made up of
the tubal cartilage and its surrounding tissue. The fibrocartilaginous portion
plays the main role in the active function of the tube. Through suspensory
ligaments, the fibrocartilaginous portion is connected to the skull base. In re-
lation to the mediosagittal plane and to the horizontal plane, the longitudinal
axis of the tube forms an angle. Adults have an angle of 45 degrees between
the longitudinal axis of the cartilaginous part of the Eustachian tube and the

mediosagittal plane, while infants have an angle of about 10 degrees. Adults
usually have an average angle of 35 degrees between the Frankfurt horizontal
plane (orbitomeatal plane) and the tubal longitudinal axis. Eustachian tubes
range in length from 31 to 44 cm in adults but are only about half that length
in newborns [1,2].

Several anatomic studies have been conducted concerning the Eustachian
tube, however these were histopathologic studies performed on cadavers,
making it difficult to correlate the findings with clinical circumstances [3-6].
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function is characterized by auricular fullness, hearing impairment, intermit-
tent tinnitus, and a feeling of imbalance.

Eustachian tube balloon dilation, developed by Sudhoff [10,11], offers a
minimally invasive treatment option for Eustachian tube dysfunction. During
this procedure, an inflatable balloon catheter is inserted through the naso-
pharyngeal ostium into the Eustachian tube under an endoscopic view. The
balloon catheter is then filled with saline to a pressure of ten bars and posi-
tioned for two minutes in the Eustachian tube. Following this step, the cath-
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Figure 1. Endoscopic view of the shockwave tubodilation technique. (A) Preoperative view of the obstructive Eustachian tube. (B) Shockwave tubodilation. (C) The appearance of the

Eustachian tube after 12 weeks of surgery.

eter is deflated and removed [12-14]. Our substantial experience in treating
Eustachian tube dysfunction led us to develop a novel combined approach
to Eustachian tube dysfunction using minimally invasive devices. It was found
that the combined procedure is an effective, safe, and comprehensive treat-
ment for tubal dysfunction in patients [9].

Research has shown that shock waves are key regulators of macrophage
functions related to wound healing. This immunomodulatory effect may also
apply to other diseases in which macrophages are involved, such as disorders
of the Eustachian tube [15,16]. Based on this concept, we developed a novel
shockwave tubodilation technique for patients with Eustachian tube dysfunc-
tion. We conducted a preliminary study to determine the feasibility and effec-
tiveness of shockwave tubodilation technique in treating stenotic Eustachian
tube dysfunction.

METHODS

Between November 2020 and February 2021, we retrospectively enrolled 10
patients with refractory otitis media with effusion related to Eustachian tube
dysfunction. It was reported that all the patients presented with rhinosinusitis
as well as severe aural fullness and compensatory difficulties, which had failed
to be resolved by medical treatment for five months. Decongestant and anti-
histamine nasal sprays were administered as part of the treatment for chronic
rhinitis and associated Eustachian tube dysfunction. Patients under the age
of fifteen, pregnant or lactating women, as well as those suffering from Me-
niere's syndrome, otosclerosis, dizziness, and tinnitus were excluded from the
study. Patients with symptoms for less than three months were also excluded.

All patients had scheduled appointments with an otolaryngologist who
performed an audiology examination. Among the examinations performed
were audiometric and impedance testing, rhinomanometry, otovideoendos-
copy, the Italian nose obstruction symptom evaluation (I-NOSE) scale, the Si-
no-Nasal Outcome Test-22 (SNOT-22) questionnaire, and the Eustachian Tube
Dysfunction Questionnaire-7 (ETDQ-7). All of the patients showed symptoms
associated with Eustachian tube dysfunction, as confirmed by the aforemen-
tioned examinations. Before minimally invasive treatment, CT scans were per-
formed on patients' Eustachian tubes in order to assess cartilage length, bone
structure, and the angle of the tube. Pure-tone audiometry was performed in
accordance with international standards (ISO 8253-1). We obtained the pure
tone average of four frequency thresholds at 500, 1000, 2000, and 4000 Hz.

A comprehensive treatment program was administered to ensure max-
imum effectiveness. The patients all underwent functional endoscopic sinus
surgery, turbinoplasty involving removal of the middle and lower turbinates,
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tubal ostium shrinkage, and shockwave tubodilation technique. The proce-
dure was performed under general anesthesia. This minimally invasive pro-
cedure involved the use of an optical fiber of 3 millimeters in diameter (Karl
Storz, Tuttlingen, Germany) and shockwave tubodilation on the ipsilateral Eu-
stachian tube. A shockwave intravascular lithotripsy system was used to per-
form the shockwave tubodilation technique [17]. In order to prevent damage
to the mucosa of the Eustachian tube, the intravascular lithotripsy balloon was
introduced within an Eicken smooth guide. After entering, the balloon was in-
flated to a pressure of 4 atmospheres. Two cycles of 10 shockwave pulses
were delivered, and each cycle lasted 10 seconds. We allowed the balloon to
remain inside the tube for an additional 40 seconds at 4 atm before removing
it (Figure 1). The procedure was then repeated on the contralateral Eustachian
tube. The interventions were performed at the Casa di Cura Santo Volto Hos-
pital in Rome following approval by an institutional review board.

RESULTS

The patients that participated in the study ranged in age from 35 to 70 years
old. A follow-up examination was performed at 2 weeks and 4 weeks postop-
eratively on the patients (Table 1). During the audiometer examination before
surgery, 9 out of the 10 patients (90%) had abnormal results, but only 5 of the
10 patients (50%) had abnormal results 2 weeks after surgery, and 2 out of 10
patients (20%) had abnormal results 4 weeks following surgery. Among the 10
patients, 9 (90%) patients had abnormal results on their impedance tests prior
to surgery, but only 5 (50%) patients had abnormal results 2 weeks after sur-
gery, and 2 (20%) patients had abnormal results 4 weeks after surgery. There
were abnormal rhinomanometer results in 9 out of 10 patients (90%) prior
to surgery, but only 4 of 10 patients (40%) had abnormal rhinomanometer
results 2 weeks following surgery, and only 1 (10%) patient had abnormal rhi-
nomanometer results 4 weeks after surgery.

The mean score of the SNOT-22 questionare before surgery was 48, and
the mean score was 4 and 0 respectively after surgery at 2 and 4 weeks post-
operatively. In the I-NOSE questionnaire, the average value before surgery was
17, and the average score after surgery at 2 and 4 weeks postoperatively was
0and 0. In the EDTQ-7 questionnaire, the mean score prior to surgery was 33,
and 2 and 4 weeks after surgery the mean scores were 7 and 7, respectively.

In our study, there were no complications observed. This shockwave did
not cause injury to the mucosa of the tubal ostium, nor did the shockwave
damage the neighboring organs. A nosebleed was not experienced as a result
of this shockwave.
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Table 1. Subjective and Objective Assessments Before and After Shockwave Tubodilation Technique

Variable Before surgery, n (%)
Total 10 (100)

Male Gender 6 (60)

Medical therapy before surgery 7 (70)

Abnormal audiometric examination 9 (90)

Abnormal impedance test 9 (90)

Abnormal rhinomanometry 9 (90)

Mean score of SNOT-22 48

Mean score of I-NOSE 17

Mean score of EDTQ-7 33

Two week after surgery, n (%) Four week after surgery, n (%)

10 (100) 10 (100)
6 (60) 6 (60)

7 (70) 7(70)
5(50) 2(20)

5 (50) 2(20)

4 (40) 1(10)

4 0

0 0

7 7

ETDQ-7, Eustachian Tube Dysfunction Questionnaire-7; I-NOSE, Italian nose obstruction symptom evaluation scale; SNOT-22, Sino-Nasal Outcome Test-22 Questionnaire.

DISCUSSION

This novel shockwave tubodilation technique was specifically developed to
treat Eustachian tube dysfunction in a safe, fast, minimally invasive manner.
This approach was developed based on an established shockwave intravascu-
lar lithotripsy system. A recent study found that shockwaves play an important
role in the regulation of macrophage functions in wound healing [16]. The im-
munomodulation represents an underappreciated effect of clinically applied
shock waves, which could be exploited to treat other macrophage-associated
conditions, such as Eustachian tube dysfunction [15,16]. The results of this
study provide support for the use of shockwave tubodilation technique on
patients suffering from disorders related to Eustachian tube dysfunction [16].

The shockwave tubodilation technique offers the advantage of a shorter
procedure duration even in the most difficult cases (1 minute in total), allow-
ing for a more effective procedure to be performed in a shorter time frame. In
addition, the shockwave tubodilation technique permits a quicker execution
of the surgical technique when compared to traditional balloon dilation (60
seconds as opposed to 120 seconds).

The present study is the first of its kind that demonstrates the use of
shockwaves on the Eustachian tube. Furthermore, it summarizes the results
of ten cases of refractory otitis media with effusion associated with Eustachian
dysfunction. In addition, the insertion of a ventilation tube into the eardrum
to treat Eustachian tube dysfunction often results in tympanic scarring and
unhealing eardrum perforations, which require hospitalization and the asso-
ciated expenses. A major benefit of the shockwave tubodilation technique is
that it does not require hospitalization. In this way, the patient can return to
normal life on the same day as the operation, resulting in an extremely low
level of absenteeism from work.

This study emphasizes the importance of evaluating both subjective and
objective data following shockwave tubodilation technique. In order to reach a
conclusion regarding the effectiveness of this specific treatment modality, fur-
ther investigation is required. In addition, a large-scale study will be required
to determine the reliability and safety of this procedure. Furthermore, this
technology has yet to be established whether it will have a long-term clini-
cal impact. This study has another limitation in that the number of cases is
relatively small. Currently, we are extending the number of cases so that the
results of the study can be precisely validated. There is also the issue of the
device's cost, which hopefully can be reduced in the future. It is also important
to note that even though all patients had completely recovered from symp-
toms of tubal dysfunction approximately three months after surgery, they all
underwent functional endoscopic sinus surgery, turbinoplasty, tubal ostium
shrinkage, and shockwave tubodilation. Therefore, it may be challenging to
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determine the true therapeutic effects of each surgical procedure. It may be
necessary to conduct further studies in order to clarify this issue.

CONCLUSION

The shockwave tubodilation technique has been demonstrated to be effective
in treating patients suffering from otitis media with effusion resulting from
Eustachian tube dysfunction. The preliminary results have motivated us to ex-
tend the number of cases studied and conduct further research to determine
whether the positive short-term outcomes of shockwave tubodilation tech-
nique may have led to long-term improvements.
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