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Objectives. Balloon Eustachian tuboplasty (BET) is a novel treatment method for Eustachian tube dilatory dysfunction
(ETD). However, surgeons cannot identify the insertion depth of the catheter during BET, resulting in potential risks
such as internal carotid artery (ICA) injury. Therefore, we developed an image-guided navigation balloon catheter to
identify the insertion depth of the catheter and to establish awareness of the proximity of the ICA. This study aimed
to evaluate the technical feasibility of this image-guided navigation balloon catheter system in patients with ETD.

Methods. Twenty-nine patients (38 ears; nine bilateral; 21 right ears, and 17 left ears) diagnosed with ETD were assessed.
All patients who showed no improvement despite medical therapy with topical steroids, anti-reflux medication, and
the Valsalva maneuver for a minimum of 6 weeks received image-guided navigation-assisted BET. The 7-item Eusta-
chian Tube Dysfunction Questionnaire (ETDQ-7) score and Valsalva maneuver were used to evaluate patients’ symp-

toms preoperatively and at the postoperative follow-up.

Results. Image-guided navigation-assisted BET was safely performed in all patients. The mean total ETDQ-7 score was
25.4+7.1 preoperatively, 17.5+6.2 at 1 month, and 15.2+7.0 at 6 months (P<0.001). In total, a Valsalva maneuver
was possible for 28 of 38 ears (73.7 %) at the time of the patient’s final visit at 6 months post-procedure.

Conclusion. Image-guided navigation balloon catheters are a potentially valuable tool in patients with ETD. Their use is
also technically feasible and safe when performing BET to treat ETD.
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INTRODUCTION

Balloon dilatation of the Eustachian tube (balloon Eustachian
tuboplasty [BET]) is a novel treatment method for Eustachian
tube dilatory dysfunction (ETD) [1-3]. Since Ockermann et al.
[4] introduced endoscopic BET in 2010, evidence of its short-
term and long-term benefits has accumulated [4-7]. However,
the potential risks of BET include development of a circumfer
ential stricture, fracture of the medial cartilaginous lamina, hem-
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orrhage into the pterygoid space, and excessive widening caus-
ing a patulous Eustachian tube (ET) [8].To date, it has not been
possible for surgeons to identify the insertion depth of the cath-
eter during BET. Excessively deep insertion of the guide wire
could cause the wire to pass into the middle ear, injuring the os-
sicles or tympanic membrane [8].The catheter may also become
contorted in the ET during insertion and fail to dilate to the cor
rect position. In addition, there is a risk that the catheter could
injure the internal carotid artery (ICA) because of the close ana-
tomical relationship between the bony ET and the ICA [9]. Ca-
rotid injury has been reported during BET procedures in a ca-
daveric study [10]. Additionally, previous studies have anecdot-
ally reported catastrophic injuries and deaths during patulous
ET injection procedures [11]. To avoid causing a devastating in-
jury, it is clinically important to recognize the proximity of the
ICA. Thus, we developed an image-guided navigation balloon
catheter that could be used during BET for ETD to identify the
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Table 1. The 7-item Eustachian Tube Dysfunction Questionnaire [12]

Over the past 1 month, how much has each of the following been a problem for you? No problem Moderate problem Severe problem
1. Pressure in the ears? 1 2 3 4 5 6 7
2. Painin the ears? 1 2 8 4 8 6 7
3. Afeeling that your ears are clogged or “under water? 1 2 3 4 5 6 7
4. Ear symptoms when you have a cold or sinusitis? 1 2 8 4 o) 6 7
5. Crackling or popping sounds in the ears? 1 2 3 4 5 6 7
6. Ringing in the ears? 1 2 8 4 5) 6 7
7. Afeeling that your hearing is muffled? 1 2 3 4 5 6 7

insertion depth of the catheter and to establish awareness of the
proximity of the ICA. In this study, we evaluated the technical
feasibility of this image-guided navigation balloon catheter sys-
tem in patients with ETD.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of
the Pusan National University Hospital (IRB No. H-1810-008-
071). All patients provided written informed consent before the
study.

Patients

This study was performed at Pusan National University Hospital
between January 2017 and August 2018. The inclusion criteria
for BET were patients age =18 years who could not do a Valsal-
va maneuver for more than 6 months and who suffered from
persistent symptoms of: (1) unilateral or bilateral otitis media
with effusion, (2) tympanic membrane retraction with type B or
C tympanogram, or (3) were diagnosed with ETD. ETD was di-
agnosed when patients presented with 3 or more ET dysfunc-
tion symptoms (ear pain, ear pressure, tinnitus, cracking or pop-
ping in ears, muffled hearing, feeling that ears are clogged). All
patients failed to improve despite medical therapy with topical
steroids, anti-reflux medication and auto-inflation devices as
minimum of 6 weeks. The exclusion criteria were: (1) history of
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= An image-guided navigation balloon catheter provides sur
geons with real-time feedback on the position of the catheter
tip during balloon Eustachian tuboplasty.

= Clinical improvement—defined as the ability to perform a
successful Valsalva maneuver—was found in 73.7% of ears at
6 months post-procedure.

= All patients had improved clinical symptoms (7-item Eusta-
chian Tube Dysfunction Questionnaire) within 6 months, and
showed no complications.

= Image-guided navigation balloon catheters are a potentially
valuable tool, and are technically feasible in patients with Eu-
stachian tube dilatory dysfunction.

prior ET surgery, (2) ear tubes in place or an unhealed perfora-
tion, (3) follow-up duration less than 6 months. Clinical exami-
nations were performed 1 week, 1 month, 3 months, and 6
months after the procedure. To describe symptoms, we used the
7-item Eustachian Tube Dysfunction Questionnaire (ETDQ-7)
score [12] in Table 1 and subjective reporting of the ability to
perform the Valsalva maneuver (yes or no).

Preoperative computed tomography scan protocol

Preoperative computed tomography (CT) was used for calibra-
tion and visualization of the cartilaginous portion of ET [13].
High-resolution paranasal CT scans were conducted using a
GMS Revolution CT scanner (GE Healthcare, Milwaukee, WI,
USA) with the patients in supine position, with and without Val-
salva maneuver. The authors explained the Valsalva maneuver
and procedure to all patients prior to their CT scan. The techni-
cian was instructed to ask the patients to exhale forcefully
against a closed nose immediately before scanning. The axial
plane imaging acquisition was performed at 1-mm thickness,
215 mAs, and 120 kVp. The CT scan was performed only once
each with and without Valsalva maneuver due to radiation ex-
posure. The mean total amount of radiation exposure (dose-
length product [DLP] and the volume CT dose index [CTDlyo])
were 583.61+15.2 mGy - cm and 42.30£8.37 mGy.

Balloon dilatation using the image-guided navigation balloon
catheter

Each patient underwent BET by using both the Naviloon (bal-
loon and guide catheter) and the NET-Navigation (image guided
navigation System; Medicore, Seongnam, Korea). The balloon
catheter is designed to be inserted and inflated in the cartilagi-
nous portion of the ET for treatment of ETD. The balloon cathe-
ter consists of a flexible proximal shaft, an actuator for advanc-
ing and retracting the balloon catheter, a rigid shaft that passes
through the guide catheter, a balloon (length 16 mm, diameter
6 mm at 12 atm) at the distal end of the shaft for ET dilation,
and a distal atraumatic tip that contains an electromagnetic nav-
igation sensor (Fig. 1). The NET-Navigation target localization
error for surface registration is less than 2 mm. Although the
balloon catheter was equipped with a navigation system, the
catheter also has a black proximal endoscopic marker to aid in
positioning under direct endoscopic visualization (Fig. 2). The
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Fig. 1. (A) Photographs of the balloon catheter (arrow), guide catheter (arrowhead), and inflation device (asterisk). (B) Distal end of the balloon
catheter, comprising an electromagnetic navigation sensor (arrow), a balloon (16 mm in length and 6 mm in diameter at 12 atm; arrowhead),
and a black proximal balloon marker (asterisk). (C) Cross-sectional view of the balloon catheter consisting of an electromagnetic sensor part
(0.9 mm in diameter; asterisk), inner tube (1.2 mm in diameter; arrow) and outer tube (1.6 mm in diameter; arrowhead). (D) Flexibility of the
guide catheter. Neutral position (asterisks), right- and left-sided bending (arrows), and upward and downward bending (arrowheads).

Fig. 2. (A) Intraoperative view showing the insertion depth of the catheter tip as confirmed during a balloon Eustachian tuboplasty procedure.
The catheter tip was advanced until its tip reached the isthmus. The on-screen crosshair provided real-time localization in three dimensions.
Intraoperative view showing the internal carotid artery (asterisks). (B) Endoscopic photograph of catheter tip insertion over a black proximal
endoscopic marker (denoting canalization of the cartilaginous segment of the Eustachian tube).
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guide catheter is designed to provide a means to access the ET.
Unlike other guide catheters, this device consists of a flexible
shaft with a central lumen instead of a rigid shaft (Fig. 1). If ana-
tomical variations such as deviated nasal septum, inferior turbi-
nate hypertrophy, or narrow nasal cavity were present in the pa-
tient, surgeons can easily bend the flexible shaft according to the
anatomical variation during BET. The catheter tip was used as a
registration probe and contacted the face during the skin tracing
process. All procedures were performed with endoscopic assis-
tance (30°-view angle). A balloon was slowly passed through
the ET lumen until it reached the isthmus with the cartilaginous
portion of the ET, which was confirmed simultaneously by the

Table 2. Demographic and clinical characteristics of the treated patients

navigation system. The balloon was inflated once with sterile
water to a target pressure of up to 12 atm for 2 minutes, then
deflated for 1 minute, and then reinflated for 1 more minute
[14]. The details of a representative case are highlighted in Sup-
plementary Video 1.

RESULTS

Patients’ demographic characteristics are presented in Table 2. A
retrospective review found that image-guided navigation-assist-
ed BET had been performed in 38 ears (29 patients, nine bilat-

Total ETDQ-7 score

Patient Sex/age Side Symptom Previous tympanostomy Post—prqceQuraI . Fostprocealie
(yr) duration (yr) tube history complication Preoperative —————————

1imo 6mo
1 M/36 Right 12 Yes No 30 15 18
2 M/39 Right 14 Yes No 32 31 15
3 M/32 Left 9 Yes No 27 22 26
4 M/34 Right 7 Yes No 38 26 24
Left 7 Yes No 42 26 23
5 M/38 Right 8 Yes No 19 14 9
Left 8 Yes No 35 23 10
6 F/23 Right 1 No No 17 17 10
Left 1 No No 17 16 14
7 M/24 Right 2 Yes No 18 15 10
Left 2 Yes No 23 19 10
8 M/18 Left 3 Yes No 36 15 32
9 M/23 Left 1 No No 20 22 10
10 M/19 Right 2 No Pain (otalgia) 28 19 10
Left 2 No Pain (otalgia) 28 9 10
11 M/49 Right 10 Yes No 32 9 7
Left 10 Yes No 20 12 7
12 F/43 Right 20 Yes No 17 9 7
Left 20 Yes No 30 21 19
13 F/31 Right 16 Yes Blood-tinged nasal discharge 26 17 11
14 F/55 Right 17 Yes No 18 16 7
15 F/53 Right 12 Yes No 29 15 17
16 M/45 Left 14 Yes No 26 22 14
17 F/53 Right 5 Yes No 17 14 18
18 M/62 Left 30 Yes No 38 31 29
19 M/57 Right 18 Yes No 21 10 8
Left 18 Yes No 28 10 11
20 M/42 Right 3 No No 17 13 13
Left 3 No No 15 12 18
21 F/21 Left 7 Yes Blood-tinged nasal discharge 17 19 7
22 F/58 Right 10 Yes No 19 9 7
23 M/47 Right 10 Yes No 27 19 17
24 F/29 Right 5 No No 24 23 26
25 M/39 Right 10 Yes No 30 21 17
26 M/54 Right 15 Yes No 26 15 15
27 M/44 Right 7 No No 28 26 22
28 M/45 Left 13 Yes No 19 9 10
29 M/54 Left 4 No No 34 26 13

ETDQ-7, 7-item Eustachian Tube Dysfunction Questionnaire.



eral, 21 right ears and 17 left ears). Twenty of the patients were
men and 9 were women, with an age range of 18 to 62 years
(mean, 38.6£13.1 years). Sixteen ears had otitis media with ef-
fusion with type B tympanograms, and 22 ears had retracted
tympanic membranes with type B or C tympanograms. To eval-
uate the effectiveness of the surgical procedure, we analyzed pa-
tients’ clinical records from the final visit at 6 months post-pro-
cedure. The mean total ETDQ-7 score was 25.417.1 preopera-
tively, 17.51+ 6.2 at 1 month, and 15.2+7.0 at 6 months. Statisti-
cally significant differences were found between the preopera-
tive ETDQ-7 score and both the 1-month and 6-month follow-
up scores (P<0.001, paired #-test) (Fig. 3). It was possible to per-
form a successful Valsalva maneuver in 28 of the 38 ears (73.7%)
at the final visit. In a comparison of preoperative and postopera-
tive CT scans taken during the Valsalva maneuver, ET patency
was visually confirmed at 6 months after the operation (Fig. 4).
Otomicroscopy demonstrated that 10 of the 16 ears (62.5%)
with type B tympanograms appeared normal, with type A tym-
panograms at the time of the patients’ final visit. Additionally,
15 of the 22 (68.2%) ears with retracted tympanic membrane
appeared normal; although the remaining 7 (31.2%) of these
cases still had retraction, they showed a significant improvement
of the total ETDQ-7 score compared with the preoperative score.
There were no major complications related to balloon dilation.

P<0.001

P<0.001
50 } |

40

20 -

ETDQ-7 score

10 |

Preoperative 1mo 6 mo

Fig. 3. Total 7-item Eustachian Tube Dysfunction Questionnaire
(ETDQ-7) scores preoperatively, and at 1 month and 6 months post-
procedure.
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Two patients (two ears) had blood-tinged nasal discharge and two
ears (one patient) had otalgia, which disappeared spontaneously
within a day. BET was safely performed in all patients and was
evaluated as technically successful. In all patients, we were able
to confirm the insertion depth of the catheter and to establish
awareness of the proximity of the ICA during the BET proce-
dure (Fig. 2).

DISCUSSION

BET has emerged as a new minimally invasive intervention used
for the treatment of ETD [15,16]. In this study, we developed an
image-guided navigation balloon catheter to be used during
BET to treat ETD. We hypothesized that image-guided naviga-
tion balloon catheter insertion may be a complementary meth-
od to the standard technique, because the balloon catheter tip
can be identified during the procedure. It is critical to confirm
the position of the catheter tip during BET, as a potential risk of
the BET procedure is that a false passage may be created by the
balloon catheter, especially when introducing the catheter tip
[8,17-19]. Although cadaveric studies have documented inten-
tional dilation of the bone on postprocedural CT scans, this does
not rule out the possibility of a micro-fracture along a bony ca-
nal [4,8].To avoid catastrophic injury, it is clinically important to
recognize the proximity of the ICA.

Previous researchers have reported a variety of clinical suc-
cess rates for BET. According to the recent study of Poe et al. [20],
the Valsalva maneuver showed improvement at all follow-up
times, but there was a decline from 100% positive Valsalva ma-
neuvers after balloon dilation to 63% after a period of 7 to 14
months. Schroder et al. [21] reported a 1-year improvement rate
of 73% in 1,076 ETs in 622 patients; 82% of the patients with
initial improvement maintained their improvement for 5 years.
In a study of 42 ETs, Silvola et al. [22] reported an 80% improve-
ment rate that remained stable for 2 years. This study showed
similar results, with an improvement rate of 73.7%. Moreover,
all patients had improved clinical symptoms (ETDQ-7 scores) at
the 6-month follow-up.

In this study, there were no procedure-related complications.
BET was safely performed in all patients and considered techni-

Fig. 4. (A) Preoperative computed tomography (CT) scans during the Valsalva maneuver, showing the nasopharyngeal end of the Eustachian
tube (arrowheads). (B) Six-month postoperative CT scans during the Valsalva maneuver, showing patency of the cartilaginous Eustachian
tube (arrows). (C) Six-month postoperative CT scans without the Valsalva maneuver. No micro-fracture was found along the bony canal of the
internal carotid artery (asterisks).
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cally successful. During all of the BET procedures, we were able
to confirm the insertion depth of the catheter and establish aware-
ness of the proximity of the ICA.There is no risk of injury during
insertion posed by the surrounding surgical structures because
the catheter has a distal atraumatic tip that contains an electro-
magnetic navigation sensor. This device was deemed technically
feasible. The use of an image-guided navigation balloon catheter
during BET is simple and convenient, and no additional training
was required for otology surgeons who had experience with
conventional BET. Additionally, except for a calibration time of
roughly 10 minutes, no additional operation time is required.

Previous studies have reported that continuous visualization
of the balloon catheter may be possible using a dual endoscopic
transtympanic approach [13,23,24]. However, this technique has
not been widely adopted because of its complexity, and it also
does not provide full visualization of the balloon catheter and
ET. Our results suggest that continuous visualization of the bal-
loon catheter using the image-guided navigation balloon catheter
decreases the risk of contortion, allows the surgeon to confirm
the correct position of the catheter tip, and reduces the chance
of insertion into a false passage, such as the carotid canal.

Compared to conventional BET without navigation, radiation
exposure may be a concern because of the requirement for a
preoperative CT scan; however, as measurements of the mean
total amount of radiation exposure, the DLP and the CTDIvoL
were 583.6115.2 mGy-cm and 42.30+8.37 mGy, respectively,
which convert to an effective dose of less than 2 mSv [25,26].
The effective dose from the CT scan is broadly comparable to
that of natural background radiation (cosmic, terrestrial, and in-
ternal), which accounts for 1 mSv per year, and the average ra-
don exposure in the United States, which is 2 mSv per year [25].

Although our preliminary study demonstrated several advan-
tages of using image-guided navigation during BET, it has some
limitations. First, the number of cases identified was small, since
ETD is an uncommon disease. Second, for similar reasons, this
study had no external control group and was a single-center
study. Third, there is still no consensus on post-procedure evalu-
ation methods. However, the ETDQ-7 assesses symptoms of ET
dysfunction and is the only patient-reported outcomes tool to
have undergone an initial validation study [27]. For these rea-
sons, further multi-center studies with larger sample sizes are
required to validate our results.

Our preliminary findings indicate that image-guided naviga-
tion balloon catheter insertion allowed us to clearly monitor the
location of the catheter tip during BET. This provides the sur-
geon with real-time feedback on the position of the catheter tip
during BET and prevents the creation of a false passage using
the balloon catheter. It is a potentially valuable tool in patients
with ETD, and it is technically feasible. The application of an im-
age-guided navigation balloon catheter during BET is simple,
convenient, and effective. In conclusion, although further studies
are needed, the results of image-guided navigation balloon cath-

eter insertion were encouraging.
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