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Abstract

Objective. To evaluate the feasibility and safety of employing a Eustachian tube video endo-
scope with a supporting balloon as a viable treatment and examination option for patients
with Eustachian tube dysfunction.
Methods. A study involving nine fresh human cadaver heads was conducted to investigate the
potential of balloon dilatation Eustachian tuboplasty using a Eustachian tube video endoscope
and a supporting balloon catheter. The Eustachian tube cavity was examined with the
Eustachian tube video endoscope during the procedure, which involved the dilatation of
the cartilaginous portion of the Eustachian tube with the supporting balloon catheter.
Results. The utilisation of the Eustachian tube video endoscope in conjunction with the sup-
porting balloon catheter demonstrated technical ease during the procedure, with no observed
damage to essential structures, particularly the Eustachian tube cavity.
Conclusion. This newly introduced method of dilatation and examination of the Eustachian
tube cavity using a Eustachian tube video endoscope and the supporting balloon is a feasible,
safe procedure.

Introduction

The Eustachian tube serves as the sole channel for middle-ear ventilation and drainage,1–3

playing a crucial role in regulating middle-ear pressure, clearing the middle-ear space and
preventing diseases.4,5 Hence, the Eustachian tube plays an important role in the middle ear.

Eustachian tube dysfunction, which includes obstructive Eustachian tube dysfunction,
baro-challenge-induced Eustachian tube dysfunction and patulous Eustachian tube dys-
function,4 can persist into adulthood. Such dysfunction has various causes, such as ana-
tomical derangements, chronic sinusitis, allergic rhinitis, adenoid hypertrophy and
gastroesophageal reflux.1 The incidence rate in adults is approximately 5 per cent,6–8

and 70 per cent of children experience at least one acute episode of Eustachian tube dys-
function before the age of 10 years,9,10 indicating the significant impact of Eustachian tube
dysfunction on health.

Various medical and surgical treatments have been explored for obstructive Eustachian
tube dysfunction, including balloon dilatation of the Eustachian tube (balloon dilatation
Eustachian tuboplasty), laser Eustachian tuboplasty11 and topical application of medica-
tions.12 Among these treatments, balloon dilatation Eustachian tuboplasty has shown
promising effects.13,14 Indications for balloon dilatation Eustachian tuboplasty may
include: symptoms such as aural fullness lasting for more than three months; a type
B/C tympanogram; a Eustachian Tube Dysfunction Questionnaire-7 (‘ETDQ-7’) score
of more than 2; and the failure of medical treatment.15 Previous studies have demon-
strated that balloon dilatation Eustachian tuboplasty can improve Eustachian tube func-
tion, based on subjective and objective measurements in patients with Eustachian tube
dysfunction.16 Additionally, balloon dilatation Eustachian tuboplasty appears to have
no significant impact on taste function, but may improve olfactory function.17

However, the lack of high-level evidence to support its use has led to some ENT consul-
tants in the UK not practising balloon dilatation Eustachian tuboplasty.18 We believe that
the existing balloon dilatation Eustachian tuboplasty techniques lack accurate operation
markers and may not be performed at the optimal position of the balloon.

In this study, we designed a Eustachian tube video endoscope and a supporting bal-
loon, and examined the feasibility of video balloon dilatation Eustachian tuboplasty in
cadavers. This study aimed to assess the safety and to optimise the clinical application
of this novel technique.
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Materials and methods

Cadaver study

Ethical approval for this study was obtained from the Ethical
Committee of the Second People’s Hospital of Foshan
(approval number: KJ2022007). In order to assess the feasibil-
ity of using the Eustachian tube video endoscope and a sup-
porting balloon for accurate positioning in the cartilaginous
portion of the Eustachian tube, we developed a procedure
for balloon dilatation Eustachian tuboplasty performed
under video guidance using the Eustachian tube video
endoscope.

A total of nine Eustachian tubes from nine cadavers, aged
30–70 years, were included in the study, with an approximately
equal distribution of left (n = 4) and right (n = 5) Eustachian
tubes. All nine cadaver Eustachian tubes had maintained
their shape and integrity, and were filled with colophony
glue. Prior to the procedure, the cadaver specimens were
fully thawed to avoid damage to the Eustachian tube mucosa
and to prevent adverse effects during the operation. The
cadaver specimens were selected for this study after being filled
with colophony glue, to aid in assessing any damage during
the procedure.

The Eustachian tube video endoscope used in this study
was a 1.2 mm diameter, soft segment endoscope (Shaanxi
FeiMiao Medical Equipment, Xi`an, China). A supporting bal-
loon, sheathed outside the Eustachian tube video endoscope,
had a diameter of 3.5 mm and a length of 16 mm, which
was advanced through the working channel of the
Eustachian tube video endoscope to ensure accurate position-
ing of the balloon in the video (Figure 1). Once the narrowest
position of the Eustachian tube was visualised, the supporting
balloon was inflated to a pressure of 10 bars (7.501 mmHg) for
2 minutes using a pressure applicator (Shaanxi FeiMiao
Medical Equipment).

Exclusion criteria for cadavers were as follows: (1) severely
narrow nasal cavity, abnormal development of the nasal cavity
or the Eustachian tube, hyperplasia, or cancer, or severely
deformed nasal cavity or Eustachian tube associated with
injury before death; and (2) unknown source of the cadaver
head, or the presence of active infectious disease.

Efficacy evaluation

Procedure is highly effective
The advancement of the supporting balloon is smooth, with
simple handling required. The internal tissue of the human
body where the lens reaches can be clearly observed during
the endoscope push process, allowing for adjustment of the
push direction based on this image. The balloon can be suc-
cessfully advanced into the Eustachian tube without any issues.
The endoscope can be used to safely withdraw the inflating
balloon. No device-related damage occurs during the test.
The regression process after the test can be observed in the
Eustachian tube and nasal cavity.

Procedure is effective
The advancement of the supporting balloon is moderately
laborious, with moderate handling required. The tissue condi-
tion in the human body where the lens reaches can be partially
observed during the endoscope push process, or can be
observed after processing, allowing for adjustment of the
push direction and completion of the push based on this
image. The endoscope can be used safely to withdraw the
inflating balloon. No device-related damage occurs during
the test. The regression process after the test can be observed
in the Eustachian tube and nasal cavity.

Procedure is ineffective
The advancement process of the supporting balloon is labori-
ous, possibly because of a sharp front end of the combined
instrument, or an inability to observe the tissue condition in
the human body where the lens reaches during the endoscope
push process. The Eustachian tube video endoscope cannot be
adjusted and advanced properly. The supporting balloon can-
not be withdrawn using the endoscope, or the lens body is
broken (non-human factors), the balloon falls off during
the operation, the balloon leaks or breaks, or the cavity of the
cadaver head is severely damaged during the operation.
The regression process after the test cannot be observed in
the Eustachian tube and nasal cavity.

Figure 1. Operating principle of Eustachian tube video endoscopy. The red rings represent the surgical markers of the Eustachian tube video endoscope and sup-
porting balloon technique. The yellow areas indicate the field of vision of the Eustachian tube video endoscope. The grey areas represent the supporting balloon of
the Eustachian tube video endoscope. The black rings indicate the main operative area of the Eustachian tube video endoscope.
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Statistics

Statistical analysis was conducted with GraphPad Prism ver-
sion 8.0 statistical software. A two-tailed paired-samples test
and chi-square test were performed, with p < 0.05 indicating
statistical significance.

Results

Study cohort clinical features

A total of nine cadavers (seven males and two females, aged
30–70 years) who had previously undergone tympanostomy
tube insertion, underwent Eustachian tube video endoscope
examination and balloon dilatation Eustachian tuboplasty of
the cartilaginous portion of their Eustachian tube, on 10
October 2020. Use of a 45° catheter was required for six of
the nine Eustachian tubes; three procedures required both a
45° and a 60° catheter, and one necessitated the use of a 30°,
a 45° and a 60° catheter.

Endoscope and supporting balloon

The Eustachian tube video endoscope consists of a hard seg-
ment and a soft segment (Figure 2a). The catheter has three
angles, 30°, 45° and 60°, which can be adjusted to change
the angle of the endoscopic soft segment to adapt to different
Eustachian tubes (Figure 2b). The supporting balloon can be
sleeved on the Eustachian tube video endoscope soft segment
(Figure 2c), and used with the catheter to advance the match-
ing balloon along the Eustachian tube video endoscope soft
segment to the appropriate position of the Eustachian tube
(Figure 2d). The schematic diagram and operational illustra-
tion of this equipment are shown in Figure 2e.

Practical application

The Eustachian tube video endoscope instrument was inserted
into the Eustachian tube to observe the position reached, with
the supporting balloon installed in the front section (soft sec-
tion) of the endoscope. We encountered no technical difficul-
ties in identifying the pharyngeal Eustachian tube orifice in the
nine human cadavers. The endoscope tip was advanced into
the pharyngeal ostium of the Eustachian tube, and the
Eustachian tube cavity was examined (Figure 3a). Then, the
balloon catheter was gently advanced through the working
channel with the endoscope until the narrowest position of
the Eustachian tube was reached (Figure 3b).

Once the balloon was correctly positioned, dilatation was
implemented using sodium chloride solution up to a pressure
of 10 bars for 2 minutes. Then, the solution from the balloon
was aspirated, and the catheter, endoscope and balloon were
carefully removed under endoscopic control.

In all cases, the catheter and balloon were correctly posi-
tioned, as confirmed by the endoscope video. After being cor-
rectly positioned in the ostium, the balloon catheter was
advanced by an assistant without resistance. After the balloon
was dilated, it was removed from the soft segment of the
Eustachian tube video endoscope, and then the Eustachian
tube video endoscope was pushed forward to observe the
state of the Eustachian tube cavity. The narrowest segment
of Eustachian tube was clearly observed (Figure 3c–d).

Post-operative results are summarised in Table 1. Two pre-
operative Eustachian tubes were open or semi-open (22.22 per
cent), and the others were closed (77.78 per cent). All post-

operative Eustachian tubes were open. After the operation,
the Eustachian tube cavity was opened, and the Eustachian
tube video endoscope could enter and exit the Eustachian
tube cavity very smoothly for observation. Moreover, the oper-
ation did not damage the mucosa of the Eustachian tube cav-
ity. None of the procedures were terminated because of
operation-related accidents.

With the application of Eustachian tube video endoscope, it
took 2.22 ± 1.20 minutes (mean ± standard deviation) to pos-
ition the balloon, and the whole operation process was easy
to implement. Balloon dilatation Eustachian tuboplasty was
shown to be significantly effective for eight Eustachian tubes
(88.89 per cent) and effective for one Eustachian tube (11.11
per cent).

Discussion

Clinical studies have showed that balloon dilatation Eustachian
tuboplasty is an effective and efficient treatment for diseases
caused by Eustachian tube dysfunction.13,14,19–21 However,
some studies have reported that balloon dilatation
Eustachian tuboplasty may not always yield ideal results. For
instance, balloon placement may result in Eustachian tube
injury22–24 associated with failure to accurately observe the
position of the balloon during advancement, and failure to
promptly stop the procedure when mucosal damage occurs.
Although computed tomography (CT) has been used in

Table 1. Post-operative results

Parameter Pre-operative Post-operative P-value

ET morphology
(n (%))

0.0007

– ET open 2 (22.22) 9 (100)

– ET closed 7 (77.78) 0 (0)

ET observation
(n (%))

<0.0001

– Whole ET
observed

0 (0) 9 (100)

– ET observed in
part

9 (100) 0 (0)

Cavity damage?
(n (%))

>0.9999

– Yes 0 (0) 0 (0)

– No 9 (100) 9 (100)

Operative
accidents? (n (%))

>0.9999

– Yes 0 (0) 0 (0)

– No 9 (100) 9 (100)

Time taken for
balloon placement
(mean ± SD;
minutes)

2.22 ± 1.20

Procedure
effectiveness
evaluation (n (%))

– Significantly
effective

8 (88.89)

– Effective 1 (11.11)

– Invalid 0 (0)

ET = Eustachian tube; SD = standard deviation
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some studies to determine the position of the balloon,23,25 it is
not possible to use CT to guide balloon placement during sur-
gery.26 Some studies have also used navigation for balloon
dilatation Eustachian tuboplasty, but navigation is not avail-
able in all hospitals and may not be easily applicable on a
wide scale.24,27 The present study aimed to verify a new design

of Eustachian tube video endoscope that can be used to dir-
ectly inspect the Eustachian tube, observe the correct place-
ment of the balloon, and examine the Eustachian tube cavity
after balloon dilatation Eustachian tuboplasty.

Patients with Eustachian tube dysfunction often exhibit
submucosal inflammatory infiltration and even follicle

Figure 2. Structure of the Eustachian tube video endoscope and its supporting balloon. (a) The shape characteristics of the Eustachian tube video endoscope.
(b) The catheter changing the angle of the Eustachian tube video endoscope soft segment. (c) Combination mode of Eustachian tube video endoscope and its
supporting balloon. (d) The angle of the supporting balloon can change with the Eustachian tube video endoscope according to the catheter used. (e)
Diagram of the equipment.
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formation in the Eustachian tube prior to surgery. Lymphatic
follicles have been described as tonsils of the fallopian tube or
Gerlach’s tonsil, and are part of the Waldeyer’s ring of lymph-
oid tissue surrounding the oropharynx and nasopharynx.
Some studies have shown that adenoid hypertrophic tissue
with ‘cobblestoning’ typically corresponds to lymphoid hyper-
plasia.28,29 Many patients who require balloon dilatation
Eustachian tuboplasty may also suffer from conditions such
as allergic rhinitis, chronic rhinosinusitis, local biofilms and
oedema of pharyngeal orifice,19,28,30,31 which can make bal-
loon placement challenging. Therefore, it is necessary to
develop an instrument that can directly inspect and visualise
the Eustachian tube cavity for accurate balloon placement.

In traditional balloon dilatation Eustachian tuboplasty, the
suitable position of the balloon is not directly observed during
advancement, which can make it challenging for the balloon to
enter the Eustachian tube in many cases.23 Moreover, trad-
itional balloon dilatation Eustachian tuboplasty may be asso-
ciated with complications such as mucosal injury,
pathological Eustachian tube dysfunction, epistaxis (nose-
bleeds), carotid artery injury (tear or pseudoaneurysm), sub-
cutaneous emphysema from mucosal injury, infection, and
anaesthesia-related complications.22 These complications
often arise from failure to accurately observe the position
reached by the balloon.

Prior to the operation, only a part of the Eustachian tube
cavity at the pharyngeal orifice is observable in most cases,

even when both Eustachian tubes are partially open. This
means that observation of the Eustachian tube is limited with-
out the use of the Eustachian tube video endoscope. Although
the structure of the supporting balloon used in Eustachian
tube video endoscopy is different from that of a traditional bal-
loon, their working principle is the same. In this study, all
Eustachian tubes were open after balloon dilatation
Eustachian tuboplasty using the supporting balloon, demon-
strating that the expansion ability of the supporting balloon
for Eustachian tubes is comparable to that of the traditional
balloon. With the guidance of the Eustachian tube video endo-
scope, the average time taken for the balloon to reach the suit-
able position was only 2.22 minutes, except for the first
operation which took 5 minutes, and the others did not exceed
3 minutes. The success rate of complete Eustachian tube open-
ing after balloon dilatation Eustachian tuboplasty was 100 per
cent in the nine cases. Moreover, the entire process was com-
pleted without any operative accident related termination, and
no mucosal damage was observed before or after balloon dila-
tation Eustachian tuboplasty, indicating the high safety of the
Eustachian tube video endoscope procedure. After balloon
dilatation Eustachian tuboplasty, the entire Eustachian tube
cavity could be clearly observed with the Eustachian tube
video endoscope, enabling effective evaluation of the
Eustachian tube after the procedure.

In terms of the angle of the external catheter used in the
operation, a 45° catheter was used for six out of the nine

Figure 3. The pre- and post-operative Eustachian tube on Eustachian tube video endoscopy. (a) The pharyngeal ostium of the Eustachian tube on Eustachian tube
video endoscopy. (b) The narrowest position of the Eustachian tube on Eustachian tube video endoscopy. (c) The post-operative Eustachian tube cavity on
Eustachian tube video endoscopy. (d) The narrowest segment of the post-operative Eustachian tube on Eustachian tube video endoscopy.
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Eustachian tubes (66.67 per cent), 45° and 60° catheters were
used for two of the nine Eustachian tubes (22.22 per cent),
and 30°, 45° and 60° catheters were used for only one
Eustachian tube (11.11 per cent); this is consistent with data
indicating that the Eustachian tube axis with reference to the
sagittal plane is approximately 42°.32,33 The design of multiple
catheters in the new Eustachian tube video endoscope can
cater to the needs of different patients during the procedure.

If the Eustachian tube video endoscope and its supporting
balloon are demonstrated to be clinically effective, with sus-
tained benefits over time, they could serve as a useful and min-
imally invasive alternative for patients with Eustachian tube
dysfunction. The findings of the present study, along with pre-
vious studies, suggest that the Eustachian tube video endoscope
may result in lower injury compared to a traditional balloon,
particularly in patients with Eustachian tube dysfunction and
those with nasopharyngeal carcinoma after radiotherapy, who
may not be suitable candidates for traditional balloon treatment.

Conclusion

Use of the Eustachian tube video endoscope technique, with its
supporting balloon, offers a promising and minimally invasive
approach for treating Eustachian tube dysfunction. The
Eustachian tube video endoscope procedure allows for direct
observation of the balloon as it is advanced, reducing the risk
of complications associated with traditional balloon techniques.
The expansion ability of the supporting balloon for Eustachian
tubes is comparable to that of traditional balloons, as demon-
strated by the successful opening of all Eustachian tubes in
the study. The use of the Eustachian tube video endoscope
also allows for better visualisation of the entire Eustachian
tube cavity before and after the procedure, facilitating more
effective evaluation. Additionally, the multiple catheter design
of the Eustachian tube video endoscope allows for flexibility
in choosing the appropriate angle for catheter insertion.

The Eustachian tube video endoscope technique may be par-
ticularly beneficial for patients with Eustachian tube dysfunction
and those with nasopharyngeal carcinoma after radiotherapy,
who may not be suitable candidates for traditional balloon treat-
ments because of increased risks of complications. However,
further clinical studies are needed to validate the clinical effect-
iveness and long-term benefits of the Eustachian tube video
endoscope. Overall, the Eustachian tube video endoscope pro-
cedure shows promise as a safe and effective alternative for
treating Eustachian tube dysfunction, with potential advantages
over traditional balloon techniques; the technique warrants fur-
ther investigation and consideration in clinical practice.

• The reported outcomes and complications of Eustachian tube balloon
surgery are wide-ranging

• This study evaluated the feasibility and safety of a Eustachian tube video
endoscope with supporting balloon for the treatment and examination of
Eustachian tube dysfunction

• The Eustachian tube video endoscope and supporting balloon technique
was used on nine corpses

• The technique was easy to perform, with no damage to essential
structures including the Eustachian tube cavity observed

• Eustachian tube cavity examination using the Eustachian tube video
endoscope and supporting balloon is a feasible, safe procedure

Acknowledgements. We thank Prof Xiao-Ming Sun, Wichita State
University, USA, for his assistance in the preparation of this article. Some of
the cadaver specimens and the laboratory for this study were provided by

Prof Youjun Yu at the First People’s Hospital of Foshan. The work was funded
by: the Scientific Research Project of Foshan Science and Technology
Administration (number: 2016AB002651), the Medical and Health Science
and Technology Plan of Longgang Shenzhen (number: LGKCYLWS2022019),
and the Guangdong University Student Science and Technology Innovation
Cultivation Fund ‘Pandengjihua’ (number: pdjh2015a0227).

Competing interests. None declared.

References

1 Seibert JW, Danner CJ. Eustachian tube function and the middle ear.
Otolaryngol Clin North Am 2006;39:1221–35

2 Sanu S, Divakaran S, Vijayakumar S, Saxena SK, Alexander A,
Gopalakrishnan S. Dynamic slow motion video endoscopy as an adjunct
to impedance audiometry in the assessment of Eustachian tube function.
Int Arch Otorhinolaryngol 2018;22:141–5

3 Augustine AM, Varghese L, Michael RC, Albert RR, Job A. The efficacy of
dynamic slow motion video endoscopy as a test of eustachian tube func-
tion. J Laryngol Otol 2013;127:650–5

4 Schilder AGM, Bhutta MF, Butler CC, Holy C, Levine LH, Kvaerner KJ
et al. Eustachian tube dysfunction: consensus statement on definition,
types, clinical presentation and diagnosis. Clin Otolaryngol 2015;40:
407–11

5 Ars B, Dirckx J. Eustachian tube function. Otolaryngol Clin North Am
2016;49:1121–33

6 Fischer JL, Riley CA, Hsieh M, Marino MJ, Wu XC, McCoul ED.
Prevalence of Eustachian tube dysfunction in the US elderly population.
Otolaryngol Head Neck Surg 2020;163:1169–77

7 Homøe P, Kværner K, Casey JR, Damoiseaux RA, van Dongen TM,
Gunasekera H et al. Panel 1: epidemiology and diagnosis. Otolaryngol
Head Neck Surg 2017;156:S1–21

8 Vila PM, Thomas T, Liu C, Poe D, Shin JJ. The burden and epidemiology
of Eustachian tube dysfunction in adults. Otolaryngol Head Neck Surg
2017;156:278–84

9 Leo G, Piacentini E, Incorvaia C, Consonni D. Sinusitis and Eustachian
tube dysfunction in children. Pediatr Allergy Immunol 2007;18:35–9

10 Lee JA, Mehta CH, Nguyen SA, Meyer TA. Hearing outcomes in children
of diabetic pregnancies. Int J Pediatr Otorhinolaryngol 2020;132:109925

11 Miller BJ, Jaafar M, Elhassan HA. Laser Eustachian tuboplasty for
Eustachian tube dysfunction: a case series review. Eur Arch
Otorhinolaryngol 2017;274:2381–7

12 Joshi KS, Ho VWQ, Smith ME, Tysome JR. The effect of topical
xylometazoline on Eustachian tube function. J Laryngol Otol 2020;134:
29–33

13 Froehlich MH, Le PT, Nguyen SA, McRackan TR, Rizk HG, Meyer TA.
Eustachian tube balloon dilation: a systematic review and meta-analysis
of treatment outcomes. Otolaryngol Head Neck Surg 2020;163:870–82

14 Huisman JML, Verdam FJ, Stegeman I, de Ru JA. Treatment of Eustachian
tube dysfunction with balloon dilation: a systematic review. Laryngoscope
2018;128:237–47

15 Siow J, Tan J. Indications for Eustachian tube dilation. Curr Opin
Otolaryngol Head Neck Surg 2020;28:31–5

16 McMurran AEL, Hogg GE, Gordon S, Spielmann PM, Jones SE. Balloon
Eustachian tuboplasty for Eustachian tube dysfunction: report of long-term
outcomes in a UK population. J Laryngol Otol 2020;134:34–40

17 Ute W, Lisa S, Brandon G, Robert P, Philipp D, Stuck BA et al. Analysis of
chemosensory function in patients with chronic Eustachian tube dysfunc-
tion prior to and after balloon dilatation. Auris Nasus Larynx 2018;45:
959–65

18 Koumpa FS, Moraitis I, Bowles P, Saunders N. Eustachian tube balloon
dilatation: a cross-sectional, survey-based study of 137 UK consultants. J
Laryngol Otol 2020;134:41–5

19 Yang H, Alonso J, Ishiyama A, Gopen QS, Suh JD, Wang MB et al. Clinical
predictors of symptom improvement following Eustachian tube balloon
dilation. Ann Otol Rhinol Laryngol 2023;132:1032–9

20 Li Y, Chen Y, Yin G, Zeng XL. Effect of balloon dilation eustachian tubo-
plasty combined with tympanic tube insertion in the treatment of chronic
recurrent secretory otitis media. Eur Arch Otorhinolaryngol 2019;276:
2715–20

21 Xiong H, Liang M, Zhang Z, Xu Y, Ou Y, Chen S et al. Efficacy of balloon
dilation in the treatment of symptomatic Eustachian tube dysfunction: one
year follow-up study. Am J Otolaryngol 2016;37:99–102

The Journal of Laryngology & Otology 251

https://doi.org/10.1017/S0022215123001202 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215123001202


22 Howard A, Babu S, Haupert M, Thottam PJ. Balloon Eustachian tuboplasty
in pediatric patients: is it safe? Laryngoscope 2021;131:1657–62

23 Jurkiewicz D, Bień D, Szczygielski K, Kantor I. Clinical evaluation of bal-
loon dilation Eustachian tuboplasty in the Eustachian tube dysfunction.
Eur Arch Otorhinolaryngol 2013;270:1157–60

24 Choi S, Lee S, Oh S, Kong SK. Navigation-assisted balloon Eustachian
tuboplasty for Eustachian tube dilatory dysfunction. Clin Exp
Otorhinolaryngol 2020;13:389–95

25 Poe DS, Hanna BMN. Balloon dilation of the cartilaginous portion of the
eustachian tube: initial safety and feasibility analysis in a cadaver model.
Am J Otolaryngol 2011;32:115–23

26 Alper CM, Teixeira MS, Rath TJ, Hall-Burton D, Swarts JD. Change in
Eustachian tube function with balloon dilation in adults with ventilation
tubes. Otol Neurotol 2020;41:482–8

27 Choi S, Oh S, Kim Y, Kwak MY, Suh MW, Park MK et al. A multicenter,
randomized, active-controlled, clinical trial study to evaluate the efficacy
and safety of navigation guided balloon Eustachian tuboplasty. Sci Rep
2021;11:23296

28 Kivekäs I, Chao W, Faquin W, Hollowell M, Silvola J, Rasooly T et al.
Histopathology of balloon-dilation eustachian tuboplasty. Laryngoscope
2015;125:436–41

29 Emerick KS, Cunningham MJ. Tubal tonsil hypertrophy: a cause of recur-
rent symptoms after adenoidectomy. Arch Otolaryngol Head Neck Surg
2006;132:153–6

30 Ma Y, Liang M, Tian P, Liu X, Dang H, Chen Q et al. Eustachian tube dys-
function in patients with house dust mite-allergic rhinitis. Clin Transl
Allergy 2020;10:30

31 Parsel SM, Unis GD, Souza SS, Bartley H, Bergeron JM, Master AN et al.
Interpretation of normal and abnormal tympanogram findings in
Eustachian tube dysfunction. Otolaryngol Head Neck Surg
2021;164:1272–9

32 Prades JM, Dumollard JM, Calloc’H F, Merzougui N, Veyret C, Martin C.
Descriptive anatomy of the human auditory tube. Surg Radiol Anat
1998;20:335–40

33 Smith ME, Scoffings DJ, Tysome JR. Imaging of the Eustachian tube and
its function: a systematic review. Neuroradiology 2016;58:543–56

252 H Zhang, Q Zhang, K He et al.

https://doi.org/10.1017/S0022215123001202 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215123001202

	Dilatation Eustachian tuboplasty with a Eustachian tube video endoscope and supporting balloon
	Introduction
	Materials and methods
	Cadaver study
	Efficacy evaluation
	Procedure is highly effective
	Procedure is effective
	Procedure is ineffective

	Statistics

	Results
	Study cohort clinical features
	Endoscope and supporting balloon
	Practical application

	Discussion
	Conclusion
	Acknowledgements
	References


